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PREFACE. 


It  ia  ihe  business  of  operative  industry  to  produce,  transform,  and  dis- 
tribute all  such  material  objects  as  are  suited  to  satisfy  tlie  wants  of  man 
kind.  The  primary  production  of  these  objects  is  assigned  to  the  husband- 
man, the  fisherman,  and  the  miner ;  their  transformation  to  the  manufactuier 
and  artisan ;  and  their  distribution  to  the  engineer,  shipwright,  and  sailor.* 
The  unworked  or  raw  materials  are  derived, — 1  from  the  organic  processes 
of  vegetables  and  animals,  conducted  either  without  or  with  the  fostering 
care  of  man  ;  2.  from  the  boundless  stores  of  mineral  and  metallic  wealth, 
arranged  upon  or  within  the  surface  of  the  earth  by  the  benignant  Parsnl 
of  our  being,  in  the  fittest  condition  to  exercise  our  physical  and  intellectual 
powers  in  turning  them  to  the  uses  of  life. 

The  task  which  I  have  undertaken  in  the  present  work,  is  to  describe 
and  explain  the  transformations  of  these  primary  materials,  by  mechanical 
and  chemical  agencies,  into  general  objects  of  exchangeable  value ,  leav- 
ing, on  the  one  hand,  to  the  mechanical  engineer,  that  of  investigating  the 
motive  powers  of  transformation  and  transport ;  and,  on  the  other  hand,  to 
the  handle railsman,  that  of  tracing  their  modifications  into  objects  of  special 
or  local  demand.  Contemplated  in  this  view,  an  art  or  manufacture  may 
be  defined  to  be  that  species  of  industry  which  effects  a  certain  change  in 
a  substancBj  to  suit  it  for  the  general  marketj  by  combining  its  parts  in  a 
new  order  and  form,  through  mechanical  or  chemical  means.  Iron  will 
serve  the  purpose  of  illustrating  the  nature  of  llie  distinctions  here  laid 
down,  between  mechanical  engineering ;  arts  and  manufactures  ;  and  handi- 
craft trades.  The  engineer  perforates  the  ground  with  a  shaft,  or  a  drift, 
to  the  level  of  the  ore,  erects  the  pumps  for  drainage,  the  ventilating,  and 
hoisting  apparatus,  along  with  the  requisite  steam  or  water  power  ;  he  con- 
structs the  roads,  the  bridges,  canals,  railways,  harbors,  docks,  cranes,  &c., 
subservient  to  the  transport  of  the  ore  and  metal ;  he  mounts  the  steam  or 
water-power,  and  bellows  for  working  the  blast-furnaces,  tlie  forges,  and 
the  cupolas  ;  his  principal  end  and  aim  on  all  occasions  being  to  overcome 
the  forces  of  inertia,  gravity,  and  cohesion      The  ores  extracted  and  sorted 

•For  forreet  and  copious  inforinBlion  npon  agricvllural  production,  I  nave  grew 
pleasure  i-i  referring  my  readers  to  Mr.  Loadon's  elaborate  Encyclopedias  of  ^grisuliure, 
Gardening,  and  Plants ;  and  for  mercantile  produetion  and  distribution,  to  Mr.  M'Cul- 
locb's  excellent  Dictionarji  ijf  Commerce  and  Commercial  A'avisatton. 
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by  the  miner,  and  transported  by  the  engineer  to  the  smelling  station,  are 
there  skilfully  blended  by.the  iron-master  (manufacturer),  who  treats  ■.Lero 
in  a  furnace  appropriately  constructed,  along  with  their  due  proportions  ol 
flux  and  fuel,  whereby  he  reduces  them  lo  cast  iron  of  certain  quality, 
which  he  runs  off  at  the  right  periods  Jnio  rough  pigs  or  regular  moulds ; 
lie  then  transforms  this  crude  metal,  by  mechanical  and  chemical  agencies, 
into  bar  and  plate  iron  of  various  sizes  and  shapes,  fit  for  the  general  market ; 
he  finally  converts  the  best  of  the  bars  into  steel,  by  the  cementation  fur- 
nace, the  forge,  and  the  tilt-iammer  ,  or  ihe  best  of  the  plates  into  tin-plate. 
When  farther  worked  by  definite  and  nearly  uniform  processes  into  objects 
of  very  general  demand  in  all  civilized  countries,  these  iron  and  steel  bars 
still  belong  to  the  domain  of  manufactures ;  as,  for  example,  when  made 
into  anchors,  chain-cables,  files,  nails,  needles,  wire,  &c. ;  but  when  the 
iron  is  fashioned,  into  ever  varying  and  capricious  forms,  they  belong  either 
to  the  general  business  of  the  foimder  and  cutler;  or  to  the  particular  call- 
ing of  some  handicraft,  as  the  iocksmith,  gratesmith,  coachsmith,  gunsmith, 

Such  are  the  principles  which  have  served  to  guide  me  in  selecting  iiti- 
cles  for  the  present  volume.  By  them,  as  a  clew,  I  have  endeavored  to 
hold  a  steady  course  through  the  vast  and  otherwise  perplexing  labyrinth 
of  arts,  manufactures,  and  mines  ;  avoiding  alike  engineering  and  mechan- 
ical arte,  which  cause  no  change  in  the  texture  or  constitution  of  matter, — 
and  handicraft  operations,  which  are  multiform,  capricious,  and  hardly  sus- 
ceptible of  scientific  investigation.  In  fact,  had  such  topics  been  introduced 
into  the  volume,  it  would  have  presented  a  miscellaneous  fairrago  of  incon- 
gruous articles,  too  numerous  lo  allow  of  their  being  expounded  in  a  man- 
ner either  interesting  or  instructive  to  the  manufacturer  and  the  metallurgist. 
I  readily  acknowledge,  however,  that  I  have  not  been  able  to  adhere  always 
so  rigorously  as  I  could  have  wished  to  the  above  rule  of  selection;  having 
been  constrained  by  intelligent  and  influential  friends  to  introduce  a  few 
articles  which  I  would  gladly  have  left  to  the  mechanical  engineer.  Of 
these  Printing  is  one,  which,  having  had  no  provision  made  for  it  in  my 
original  plan,  was  too  hastily  compiled  to  admit  of  my  describing,  wili 
suitable  figures,  the  Jlat-printing  automatic  machine  of  Mr.  Spottiswoode, 
wherewith  the  pages  of  this  volums  were  worked  off;  a  mechanism  which 
I  regard  as  the  most  elegant,  precise,  and  productive,  hitherto  employed  to 
execute  the  best  style  of  letter  press. 

I  have  imbodied  in  this  work  the  results  of  my  long  experience  as  a 
Professor  of  Practical  Science.  Since  the  year  1805,  when  I  entered  at 
an  early  age  upon  the  arduous  task  of  conducting  the  schools  of  chemistry 
and  manufactiu'es  in  the  Andersonian  Institution,  up  to  the  present  day, 
I  have  been  assiduously  engaged  in  the  study  and  improvement  of  most  of 
the  chemical  and  many  of  the  mechanical  arts.  ConsiUted  professionally 
by  proprietors  of  factories,  workshops,  and  mines  of  various  descriptions, 
both  in  this  country  and  abroad,  concerning  derangements  in  their  opera- 
tions, or  defects  in  their  products,  I  have  enjoyed  peculiar  opportunities  of 
becoming  familiar  with  their  minutest  details,  and  have  frequently  had  the 
good  fortune  to  rectify  what  was  amiss,  or  to  supply  what  was  wanting. 
Of  the  stores  of  information  thus  acquired,  I  have  availed  myself  on  the 
present  occasion ;  careful,  meanwhile,  to  neglect  no  means  of  knowledge 
which  my  extensive  intercourse  with  foreign  nations  affords. 

I  therefore  humbly  hope  that  this  work  will  prove  a  valuable  contribution 
.0  the  literature  of  science,  serving  — 

In  the  first  place,  to  instruct  the  Manufacturer,  Metallurgist,  and  Trades- 
Tian,  in  uie  principles  of  their  respective  processes,  so  as  to  render  them  in 
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reality,  the  masters  of  their  business,  and  to  emancipate  them  from  a.  Btate 
of  hondage  to  such  as  are  Mo  commonly  the  slaves  of  blind  prejudice  and 
vicious  routine. 

Secondly,  to  afford  to  Merchants,  Brokers,  Drysalters,  Druggists,  and 
Officers  of  the  Revenue,  characteristic  descriptions  of  the  commodities  which 
pass  through  their  hands. 

Thirdly,  by  exhibiting  some  of  the  finest  developments  of  chemistry  and 
physics,  to  lay  open  an  excellent  practical  school  to  stndents  of  these  kindred 
sciences. 

Fourtliiy,  to  leach  C  p     1  h    may  be  desirous  of  placing  their  funds 

in  some  productive  b    k  d  to  select  judiciously  among  plausible 

claimants. 

Fifthly,  to  enable  CI  n  f  h  Law  to  become  well  acquainted  with 
the  nature  of  those  pa    n      1    m     which  are  so  apt  to  give  rise  to  Ltigation. 

Sixlhly,  to  present  to  onr  Legislators  such  a  clear  exposition  of  our  staple 
manufactures,  as  may  dissuade  them  from  enacting  laws  which  obstruct 
industry,  or  cherish  one  branch  of  it  to  the  injury  of  many  others  :  and. 

Lastly,  to  give  the  General  Reader,  intent  ciuefly  on  intellectual  cultivation, 
a  view  of  many  of  the  noblest  achievements  of  science,  in  eifecting  those 
grand  transformations  of  matter  to  which  Great  Britain  owes  her  paramount 
wealth,  rank,  and  power  among  the  kingdoms. 

The  latest  statistics  of  every  important  object  of  manufacture  is  given  from 
the  best,  and,  usually,  from  official  authority,  at  the  cad  of  each  article.* 

The  following  summary  of  our  manufactures  is  extracted  from  Mr. 
Macqueen's  General  Statistics  of  the  British  Empire,  published  in  1836.  It 
shows  the  amount  of  capital  embarked  in  the  various  departments  of  manu- 
facturing industry,  and  of  the  returns  of  that  capital : — 


Cotton  maiiHlaclures 

Wuu]len      ditto                 

Silk             ditto                 

Linen         ditto                 

Leilher       ditto                  

Iron            ditto,  to  malting  pig  iron  - 

Iron,  hardware,  cutlery,  &c 

Copper  and  brass  ditto       -        .        .        ,        - 

China,  glass,  &c. 

Paper,  furniture,  books,  &e 

Spirits  (British),  ales,  soap,  &c.         ... 

Capil=l. 

ProOnco. 

£ 
40,973,872 
36,000,000 
8,000,000 
12,000,000 
13,000,000 
10,000,000 
25,000,000 
3,600,000 
8,600,000 
10,000,000 
37,600,000 

52,513,586 
44,250,000 
10,000,000 
15,421,186 
16,000,000 

7,098,000 
31,072,600 

4,673,186 
10,892,794 
14,000,000 
47,163,847 

9,000,000 

Totals 

201,773,872 

262,085,199 

a  conedons  of  having  used  ranch  diligence  for  many  Jem's  in 
collecting  information  for  this  work,  from  every  quarter  within  my  reach,  the 
utmost  pains  in  preparing  it  for  publication,  and  incessant  vigilance  during  its 
passage  through  the  press,  yet  I  am  fully  aware  that  it  must  contain  several 
errors  and  defects.  These  I  have  studied  to  rectify  in  the  text  of  this  fourth 
edition. 

Since  tliis  book  is  not  a  Methodical  Treatise,  but  a  Dictionary,  one  exf^n^ 
sive  subject  may  be  necessarily  dispersed  through  many  articles.     Thus,  for 
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example,  information  upon  tie  manufacture  of  Colors  will  be  found  undel 
azure ;  black  pigment ;  bone-black  ;  bronze ;  brown  dye ;  calico-printing ; 
carmine;  cartbamus;  cbromium ;  cochineal;  crayons;  dyeing;  enamels; 
gold;  gilding;  gamlDoge;  gray  dye;  green  dye;  green,  paints;  indigo; 
kermes;  lac  dye;  lakes;  madder;  massicot;  mercury,  periodide  of;  Naples 
yellow;  orange  dye;  orpiment;  paints,  grinding  of;  ochres;  paper-hang- 
ings ;  pastes ;  pearl  white ;  Persian  berries ;  pottery  pigments  ;  I'russian  blue ; 
purple  of  Cassius;  red  lead;  rouge;  Scheele's  green;  Sobweinfurth  green; 
stained  glass;  terra  di  Sienna;  ultramarine;  umber;  verditer;  vermilion; 
vitrifialjle  colors,  weld,  white  lead ;  woad,  yellow  king's. 

A  casual  c'onsulter  of  the  Dictionary,  who  did  not  advert  to  this  distri- 
bution, might  surmise  it  to  bo  most  deficient,  where  it  is  in  reality  most 
copious. 

The  elaborate  and  costly  Encyclopedias  jnd  Dictionaries  of  Arts,  which 
have  appeared  from  time  to  time  in  this  country  and  abroad,  have,  for  the 
most  part,  treated  of  the  mechanical  manufactures  more  fully  and  correctly 
than  of  the  chemical.  The  operations  of  the  former  are,  in  fact,  tolerably  ob- 
vious and  accessible  to  the  inspection  of  the  curious ;  nor  are  they  difficult  to 
transfer  into  a  book,  vrith  the  aid  of  a  draughtsman,  oven  by  a  person  but  mode- 
rately versed  in  their  principles.  But  those  of  tie  latter  are  not  unfrequently 
involved  m  complicated  manipulations,  and  depend,  for  their  success,  upon  a 
delicate  play  of  affinities,  not  to  be  understood  without  an  operative  familiarity 
with  the  pi-oeesses  themselves.  Having  enjoyed  the  best  opportunities  of 
studying  the  chemical  arts  upon  the  greatest  scale,  in  this  kingdom  and  on 
tke  Continent,  I  may  venture,  without  the  imputation  of  arrogance,  to  claim 
for  my  work,  in  this  respect,  more  precision  and  copiousness  than  its  prede- 
cessors possess.  I  have  gone  as  far  in  deseribiug  several  curious  processes 
hitherto  veiled  in  mystery,  as  I  felt  warranted,  without  breach  of  confidence, 
to  go ;  regarding  it  as  a  sacred  duty  never  to  publish  any  secret  whatever, 
wi^out  the  consent  of  its  proprietor.  During  my  numerous  tours  through 
the  factory  districts  of  Great  Britain,  France,  Belgium,  Germany,  and  Switzer- 
land, many  suggestions,  however,  have  been  presented  to  my  mind,  which  I 
am  quite  at  liberty  to  communicate  in  private,  or  carry  into  execution,  in 
other  districts  too  remote  to  excite  injurious  competition  against  the  original 
inventors.  I  am  also  possessed  of  many  plans  of  constructing  manufactories, 
of  which  the  limits  of  these  volumes  did  not  permit  me  to  avail  myself,  but 
which  I  am  ready  to  furnish,  upon  moderate  terms,  to  proper  applicants. 
May  I  venture  to  point  attention  to  the  very  insecure  tenure  by  wbidi  patents 
for  chemical  or  chemico-mechanical  inventions  are  held ;  of  which  there  is 
hardly  one  on  record  which  may  not  be  readily  invaded  by  a  person  skilled 
in  the  resources  of  practical  chemistry,  or  which  could  stand  the  ordeal  of  a 
court  of  law,  directed  by  an  experienced  chemist.  The  specifications  of 
Buch  patents  stand  in  need  of  a  thorough  reform ;  being  for  the  most  part  not 
only  discreditable  and  delusive  to  the  patentees,  but  calculated  to  involve 
them  in  one  of  the  greatest  of  evils — a  chancery  suit. 

While  I  gratefully  acknowledge  the  indulgence  with  which  this  work  ha& 
been  received,  may  I  be  permitted  to  advert  very  briefiy  to  some  of  my  pre- 
sent endeavours  to  render  it  less  undeserving  of  public  favor,  though,  after  all 
my  efforts,  it  will  by  no  means  realiie  either  my  own  wishes  and  intentions, 
or  the  expectations  of  all  my  readers  ? 

To  investigate  thoroughly  any  single  branch  of  art,  we  should  examine  it 
in  its  origin,  objects,  connexion  with  kindred  arts,  its  progressive  advance- 
ment, latest  improved  state,  and  theoretical  perfection.  The  general  princi- 
nles  on  which  it  is  founded,  whether  belonging  to  the  mechanical,  the  physical, 
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[he  chemical  sciencea,  or  to  natural  histoiT,  sliould  be  fully  expounded,  and 
tested  by  an  application  to  its  practical  working  on  the  great  scale.  The  max- 
imum effect  of  the  machinery  which  it  employs,  and  tJie  raasimum  product 
of  tbe  chemical  mixtures  and  operations  which  it  involves,  should  in  every  case 
be  calculated  and  compared  with  the  actual  results. 

Such  have  been  my  motives  in  the  numerous  consultations  I  have  had 
with  maaufacturera  relatively  to  the  establishment  or  amelioration  of  their  fac- 
tories ;  and  when  they  are  kept  steadily  in  view,  they  seldom  fail  to  disclose 
whatever  is  erroneous  or  defective,  and  thereby  lead  to  improvement.  It 
will  not  be  denied  by  any  one  conversant  with  the  productive  arts,  that  very 
few  of  them  have  been  either  cultivated  or  described  in  this  spirit.  It  is  to  be 
hoped,  however,  that  the  period  is  not  remote,  under  the  intellectual  escite 
ment  and  emulation  now  so  prevalent  in  a  peaceful  world,  when  manu- 
factories will  be  erected,  and  conducted  upon  the  most  rational  and  economi- 
cal principles,  for  the  common  benefit  of  mankind.  Meanwhile  it  is  the  duty 
of  every  professor  of  practical  science  to  contribute  hia  mite  towards  this  de- 
sirable consummation. 

It  is  under  a  sense  of  this  responsibility  that  I  have  written  the  leading 
articles  of  this  edition,  having  enjoyed  some  peculiar  advantages  in  my  profes- 
sion for  making  the  requisite  researches  and  comparisons.  I  trust  that  not 
many  of  them  deserve  to  be  regarded  as  trite  compilations  or  as  frivolous  nov- 
elties, with  the  exception  of  a  few  of  the  notices  of  recent  patents,  which  I 
have  intentionally  exhibited  as  beacons  to  deter  from  the  treacherous  quick- 
sands, not  as  lights  ta  friendly  havens.  I  have  sought  sincerely  to  make 
them  all  conducive,  more  or  less,  to  utihty;  being  either  new  confjibutions  to 
the  old  stock  of  knowledge,  or  additions  and  corrections  to  the  present  double 
volume. 

Manufacture  is  a  word  which,  in  the  vicissitude  of  language,  has  come 
to  signify  the  reverse  of  its  literal  intrinsic  meaning ;  for  it  now  denotes  every 
extensive  product  of  art  which  is  made  by  machinery  with  I  ftle  or  ni  aid  t 
the  human  hand;  so  that  the  most  perfect  manufacture  is  that  which  di'^pen'ies 
entirely  witli  manual  labor. 

In  every  well-governed  state  of  continental  Euiope  there  exi  ts  a  Board 
of  Health,  or  Conml  de  Salubrite  composed  of  eminent  physic  au'i,  chemists 
and  engineers,  appointed  to  watch  over  whatever  may  aJlect  injunously  tl  e 
public  health  and  comfort.  In  France,  this  commission  cons  sts  tor  the  cap 
tai,  of  seven  members,  who  have  the  surveillance,  in  this  respect  of  market 
factories,  places  of  public  amusement,  bakeries,  shambles  secret  medicines 
&C.  This  tribunal  has  discharged  its  functions  to  the  entire  sabsfact  on  ot 
their  fellow  citizens,  as  appears  from  the  following  authentic  report  —  JVor 
seulement  une  fowU  de  causei  d'insaliibrile  disparurent  mats  heaucoup  do 
moyens,  de  procedei  nouveavx  furent  proposes  pour  asmimr  les  Arls  el  Its 
Metiers,  qui  jusque  Id  avaient  pari  inseparables  de  ces  causes  d'lnsalubr  le 
la  plupart  de  ces  tnc^ens  eurent  un  plein  succis.  II  n'y  apas  d'exemple  que 
les  membres  du  Conseil  appell&s,  a  donner  leur  avis  sur  Us  plainles  formees 
conlre  des  fabriques,  aimt  jamais  rSpondu  qu^il  fallait  lea  snpprimer  sans 
avoir  cherche  eux-memea  a  aplanir  les  dtficuUies,  que  presentait  aux  fabri- 
cants,  Vassainissement  de  leur  art,  et  presque  loujours  ils  sont  parvenu  d  re- 
soudre  le  problime.  Le  Oonseil  de  Salubrite,  gite  Von  ne  saurait  Irop  siy- 
italer  &  la  reconnaissance  du  pubUque,  est  une  instilution  que  les  nations  itran- 
gerea  admirent,  et  ^efforceront  d'imiter  sow*  doute." 

From  this  confident  hope  of  emulation  by  other  nations,  the  auihor  of 
these  excellent  observations  would  have  excepted  tie  United  Kingdom,  had 
he  known  how  litfle  paternal  care  is  felt  by  the  government  for  the  general 
interests  of  the  people.     In  Germany,  indeed,  where  the  fatherland  feeling  is 
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strong  in  tho  breasts  even  of  those  lulers  whom  wa  are  apt  to  consider  despois, 
similar  boards  of  health  ai'e  universally  established,  whereas  our  legislative 
oligarchy  frames  laws  chiefly  for  the  benefit  of  its  own  class  and  dependents  ; 
as  happened  in  the  old  time,  when  there  was  no  king  in  Israel  to  regard  alike 
the  interests  of  the  poov  and  the  rich. 

The  Prussian  municipal  law  (^Allgememe  Landreeht)  contains  the  follow- 
ing enactments  with  regard  to  the  sale  of  spoiled  or  adulterated  victuals,  Th. 
ILTit..20.;  Abaehnitt  11,  §§  722  to  TSS.  "No  person  shall  knowingly  sell 
or  communicate  to  other  persons  for  their  use,  articles  of  food  or  drink  which 
possess  properties  prejudicial  to  health  under  a  penalty  of  fine  or  bodily  pun- 
ishment, whosoever  adulterates  any  such  victuals  in  any  manner  prejudicial 
to  health,  or  mixes  them  with  unwholesome  materials,  especially  by  adding 
any  prepai'ation  of  lead  to  liquors,  shall,  according  to  the  circumstances  of  the 
case,  and  the  degree  of  danger  to  health,  bo  liable  to  imprisonment  in  a  oor- 
Tcctioa  house,  or  in  a  fortress,  during  a  period  vai'jing  from  one  to  three  year's. 
Besides  this  punishment,  those  who  are  found  guilty  of  knowingly  selhng 
victuals  which  are  damaged  or  spoiled  (verdofhener),  or  mixed  wiSt  deleteri- 
ous additions,  shall  be  rendered  incapable  for  ever  of  carrying  on  tho  same 
branch  of  burineas.  The  articles  in  question  shall  be  destroyed  if  incorrigibly 
bad,  but  if  otherwise,  they  are  to  be  miproved  as  far  as  possible  at  the  cost  of 
tho  culprit,  and  then  confiscated  for  the  benefit  of  the  poor.  Further,  whoso- 
ever mixes  victuals  or  other  goods  with  foreign  materials,  for  the  purpose  of 
increasing  their  weight  or  bulk,  or  their  seeming  good  qualities,  in  a  deceitful 
manner,  shall  be  punished  as  a  swindler." 

It  is  singular  how,  amid  the  law-making  mania  which  has  actuated  oui 
senators  for  many  sessions,  that  not  even  one  bill  has  been  framed  for  ih^  pro- 
tection of  the  people  from  spoiled  and  adulterated  foods  and  drinks."* 

Many  novelties  of  an  interesting  and  useful  nature,  first  displayed  hi  the 
lato  Grand  Exhibition  of  the  Industry  of  all  ^Nations,  which  had  not  been  noticed 
in  the  alphabetical  places  as  patent  or  other  inventions,  are  here  described 
with  merited  commendation;  though  at  the  hazard,  sometimes,  of  a  little  re- 
petition. This  valuable  portion  of  tiie  Dictionaiy  was  accomplished  with  the 
aid  of  the  able  abstracts  made  by  the  jngeaioua  authora  of  a  series  of 
articles  inseited  in  successive  numbers  of  "Newton's  London  Journal  of 
Science," 

The  candid  critic  ivill  take  into  view  the  number  of  original  disertations 
now  introduced,  and  treated  at  considerable  length.  Ou  comparing  these 
with  the  usual  staple  with  which  similar  books  are  made  up,  he  will  recog- 
nize my  diligence  at  least,  and  make  allowance  for  a  few  oversights.  He  will 
see,  that  havmg  fully  availed  myself  of  the  tacilities  oflered  by  the  alphabeti- 
cal distiibution  of  the  subjects,  I  have  been  able  to  amend,  under  an  equivalent 
title,  what  seemed  amiis  under  the  main  head.  Thus,  for  example,  the  ele- 
gant new  art,  for  which  we  are  indebted  to  Dagueri'e,  may  be  considered  in 
connection  with  his  name,  as  also  under  the  title  Photography,  or  better  per- 
haps under  that  ofHeUography,  or  Sun-paintiug ;  since  the  solar  rays  are  the 
preferable  excitant.  As  itnasbeen  also  termed  Calotype,  under  this  name 
Sun-painting  has  been  brieily  noticed, 

In  the  mechanical  department  of  the  Dictionaiy,  I  have  received  valuable 
contributions  from  tlie  two  distinguished  engineers,  Mr.  William  and  Mr. 
Peter  Fsurbaira,  brothers.  The  first  is  generally  recognized  all  over  the  fac- 
tory world  as  eminent  for  the  originality,  gi'andeur,  and  justness  of  his  inven- 
tions. It  has  been  my  good  fortune  to  be  convei'sant  with  his  magnificent 
worliahops,  in  Manchester  and  Millwall,  during  very  many  years,  and  I  hava 
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iilways  regarded  them  as  tlie  best  mechanical  schools  in  the  kingdom.  Mr 
Fairbaitti  coinmenced  his  brilliant  career  as  a  factory  millivriffht,  by  discard- 
ing the  heavy  and  clumsy  sqnare  shafts  and  drifms  of  Arkwrjght  and  his  com- 
peers, and  replacing  them  by  slender  rods  of  wronght-iton,  and  cast-iron 
pulleys;  causing  these  to  revolve  with  such  a  velocity  as  fully  compensated 
for  their  diminished  weight,  according  to  the  true  principles  of  dynamics.  He 
thus  effected  an  immense  and  most  beneficial  revolution  in  factory-construc- 
tion, in  cotton,  corn,  flax  and  silk  miils ;  enabling  the  machinery  to  be, driven 
with  fer  less  power  and  greater  precision. 

His  next  important  step  was  a  general  improvement  in  mill  architecture ; 
the  construction  of  fire-proof  buildings ;  as  also  mounting  the  fly-wheels  of 
steam-engines,  with  teeth  on  their  periphery,  into  first  motions.  This  change 
was  condemned  by  some  millwrights  at  the  time,  but  has  since  become  general. 
The  investigation  of  the  strength  of  cast-iron  beams,  and  a  greatly  improved 
style  of  building,  by  the  introduction  of  piliisters  at  the  comers,  completed 
his  system  of  fire-proof  spinning  works.  This  plan  has  been  since  copied  in 
all  the  textile  factories. 

The  experiments  referred  to,  and  the  construcfion  of  several  iron  steam- 
boats, led  him  to  the  extensive  use  of  iron  as  as  a  material  for  shipbuilding. 
Though  Mr.  Fairbaim  was  not  the  first  to  build  iron  boats,  yet  he  and  his 
then  partner,  Mr.  Lillie,  wei'C  the  firet  to  show  how  this  material  should  bo 
best  applied. 

The  system  of  working  steam-engines  expansively,  bv  means  of  revolv- 
ing discs,  which  is  also  very  extensivdy  used,  with  the  saving  of  one  half  of 
the  fuel,  was  contrived  by  Mr.  Fairbaim  about  this  time. 

We  have  now  arrived  at  the  grand  consummation  of  his  mechanical 
genius — the  tubular  bridges  and  tubular  cranes. 

His  bridges  across  tie  Conway  river  and  the  sea  straits  of  Menai  are  such 
stupendous  and  marvellous  creations  of  engineering  enterprize,  as  to  have 
ca,st  all  former  mechanical  exploits  into  the  shade,  and  to  have  led  to  the 
notion  that  nothing  of  a  like  description  was  ever  undertaken  or  executed  by 
htm.  Hence,  perhaps,  I  may  be  blamed  for  using  the  expression  Fairbaim's 
Tubular  Bridges.  Fifty-two  tubular  bridges  have  neen  already  erected  in  this 
.ind  other  countries  by  this  unparalleled  Poniif as. Maximum. 

In  fact,  Mr.  Fmrbairn's  title  to  the  honor  of  inventing  the  genuine  rectan- 
gular tubular  bridge,  not  the  spurious  cylindrical  or  elliptic  form,  is  as  clear 
as  that  of  Sir  Isaac  Newton  to  the  invention  of  the  binomial  theorem,  or  Sir 
H.  Davy  to  that  of  the  miners'  safety  lamp. 

I  am  indebted,  with  my  readers,  to  Peter  Fairbaim,  Esq.,  of  Leeds,  un- 
doubtedly the  great  and  the  best  manufecturer  of  flax  machinery  and  flax 
mills,  for  tiie  article  Flax.  He  has  been  ably  assisted  by  the  engineers 
of  his  princely  establishment,  and  especially  by  Mr.  Robert  Busk:, 

Many  most  ingenious  and  instructive  disquiations  are  due  to  my  wortJiy 
chemical  friend,  Mr.  Lewis  Thompson,  and  that  particularly  under  the  head 
Coal,  in  tiie  body  of  the  work;  ani  in  the  following  few  remarks.  Thai 
there  is  nothing  personal  in  the  language  is  clear  from  this,  that  it  is  an  exact 
transcript  of  the  original  Government  Report 

Few  persons  at  all  alive  to  the  enormous  importance  of  the  question  at 
issue  will  consider  it  possible  to  be  too  critical  in  a  matter  so  notoriously  as- 
sociated with  our  national  power,  welfare,  and  prosperity.  After  all,  how- 
ever, the  remarks  must  speak  for  themselves.  Nevertheless,  lest  their  merits 
should  be  called  in  question,  it  becomes  necessary  to  demonstrate,  not  only 
that  they  are  correct  and  just,  but  that  even  the  gentiemen  engaged  in  fliia 
coal  investigation  themselves  bear  evidence  to  the  scientific  accuracy  of  thosa 
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very  remarks,  and  have  actually  modified  their  subsequent  reports  in  accord- 
ance with  the  principles  there  firat  developed.  But  over  and  beyond  all  tliis, 
it  will  now  be  shown,  from  practical  results  obtained  during  many  years  by 
the  most  impartial  experimentalists,  that  the  views  there  displayed  respecting 
the  calorific  power  of  fuel  are  strictly  in  accordance  with  facts  of  the  most  ob- 
vious and  certain  nature,  and  should  lead  to  a  vast  economy  in  steam  navi- 
gation. 

Without  needlessly  dilating  therefore  upon  the  value  of  the  evidence  now 
about  to  be  given,  I  shall  at  once  proceed  to  offer  the  evidence  itself,  and 
leave  the  public  to  draw  an  unbiassed  conclusion. 

In  the  first  Admiralty  Report  it  was  attempted  to  be  proved  "  that  the 
evaporative  value  of  a  bituminous  coal  is  expressed  by  the  evaporative  value  of 
its  coke,  the  heat  of  combustion  of  its  volatile  products  proving  in  practice 
little  more  than  that  necessary  to  volatilize  them."  And  this  foregone  con- 
clusion was  foimd  to  be  verified  by  column  B,  of  Table  VI.,  which  proved 
"  that,  notwithstanding  several  striking  exceptions  which  might  have  been  ex- 
pected, the  experiments  on  the  whole  show  the  worfc  capable  of  being  per- 
formed by  the  coke  alone  is  actually  greater  than  that  obtained  by  experi- 
ments with  the  original  coal." 

Again,  as  regards  the  nitrogen  contained  in  coal,  it  was  asserted,  that  the 
whole  system  of  manufacturing  coke  is  at  present  very  defective ;  that  "  an 
immense  quantity  of  ammonia  is  lost  by  been  thrown  into  the  atmosphere ;" 
and  that  "  by  a  construction  of  the  most  simple  kind,  the  coke  ovens  now  in 
use  might  be  made  to  economize  much  of  the  nitrt^n  which  invariably  es- 
capes in  the  form  of  ammonia."  And  accordingly  a  column  of  Table  VL  was 
set  apart  for  the  purpose  of  rousing  the  dormant  energies  of  coke  makers  by 
showing  "  the  amount  of  sulphate  of  ammonia  "  which,  "  by  a  construction  of 
the  most  simple  kind,"  they  could  get  from  the  coals. 

Again,  it  was  laid  down,  that  it  is  easy  from  analysis  to  examine  whether 
the  duty  performed  by  the  coal  is  to  be  attributed  fo  its  fixed  ingredients  {in- 
gredient?) or  coke  ;"  and  hence  a  column  in  Table  VI.  was  given  to  show  the 
tbeoreticEil  "  number  of  lbs.  of  water  convertible  into  steam  by  the  coke  left 
by  the  coal." 

Again,  in  the  First  Eeport,  "  the  area  of  the  damper  open  "  was  for  the 
most  part  kept  uniform  in  different  trials  with  the  same  coal ;  as,  for  example, 
witb  die  Penterfelin,  the  Duffryn,  Wards  Fiery  vein,  the  Binea,  the  Llangen- 
neck,  the  Mynydd  Newydd,  the  Graigola,  Ac.  &c.  &c.,  a  change  in  the  area 
being  the  exception.  Now  in  all  these  respects  the  Reports  !No.  2.  and  3.  dif- 
fer entirely  from  Report  No.  It  as  also  in  respect  to  certain  proximate  analv- 
scs  which  were  contained  in  No.  1.  Report, 

The  "theoretical  lbs.  of  water  convertible  into  steam  by  the  coke"  have 
disappeared  ;  the  ammonia  and  sulphate  of  ammonia  to  be  got  by  "a  con- 
struction of  the  most  simple  kind  "  have  disappeared ;  the  proximate  analyses 
have  disappeared ;  the  foregone  conclusion  respecting  the  coke  of  bituminous 
coal  has  not  only  disappeared,  but  met  with  a  direct  negative  answer  upon 
practical  trial ;  "  the  area  of  the  damper  open  "  has  been  never  twice  alike  with 
the  ^ame  coal,  nay  the  very  litharge  experiments  have  been  arranged  so  as  to 
compensale  for  the  errors  arising  from  iron  pyrites ;  and  lastly,  we  find  that  it 
b  not  only  not  "  ea^  from  the  analysis  to  examine,"  Ac,  but  even  the  calorific 
coke  theory  is  abandoned  in  Report  No.  3,,  far  it  there  appears  that  the  ana- 
lyses show  generally  that,  although  the  "  quantities  of  carbon  and  hydrogen 
regulate  materially  the  economic  values  of  the  coals,"  yet  in  spite  of  these  ana- 
lyses "  the  inquiry  would  have  been  far  from  sufficient,  had  we  not  elicited 
ie  economic  values  of  the  coals  by  actual  trial  under  the  boilers,"— a  result 
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not  varying  much  from  our  former  dictum,  that  "  a  good  Bfoker  was  of  mora 
importance  than  a  scientific  chemist  for  such  an  investigation."  And  how 
in  fact  can  it  be  otherwise,  when  we  find  that  the  analyses  were  made  on 
such  a  scale  that  "more  accurate  results  were  obtained  by  operating  upon 
three  or  four  grains  than  upon  a  larger  quantity  I ! " 

The  great  principle  contended  for  in  our  previous  remarks  was  that  the 
volatile  constituents  of  a  bituminous  coal,  so  far  from  being  worthless  in  a 
calorific  point  of  view,  were  on  the  contrary  of  the  greatest  importance.  Now 
this,  though  in  direct  opposition  to  the  deductions  of  Eeport  No.  1,  can  be 
proved  to  demonstration  from  the  results  of  Report  No.  2.;  and  hence  no 
doubt  the  reason  why  we  find  in  Eeport  No.  8  that  the  quantities  of  carbon 
and  hydrogen  regulate  materially,  &&  At  page  45  of  Report  No.  2,  a  com- 
parative experiment  is  recorded,  for  the  purpose  of  determining  whether  the 
coke  of  a  bituminous  coal  or  the  coal  itself  possessed  the  greatest  evaporative 
power ;  for  as  we  have  seen  in  Eeport  No.  1,  the  "  work  capable  of  being 
performed  by  the  coke  alone  was  actually  greater  than  that  obtained  with  the 
original  coal."  The  coal  employed  in  tJiis  experiment  was  the  Tanfield,  and 
it  yielded  65  per  cent,  of  coke  ;  the  coke  was  made  from  the  same  coal  by 
Messrs.  Cory  &  Son,  of  New  Barge  House,  Lamheth,  names  too  well  known 
for  the  excellence  of  their  manufacture  to  require  comment  here.  The  ex- 
periments were  carried  on  for  34  consecutive  houre  with  each  material,  and 
the  total  amount  of  water  evaporated  was  33,170  lbs.  or  about  15  tons.  So 
far,  however,  from  finding  that  "the  evaporative  value  of  a  coal  is  expressed 
by  the  evaporative  value  of  its  coke,"  which  in  this  case  was  65  per  cent, 
only,  lo  t  the  experiments  prove  that  the  evaporative  power  of  the  coal  was 
20-1  per  cent  greater,  weight  for  weight,  than  that  of  the  coke,  or  about  50 
percentl  greater  than  its  own  amount  of  coke!! — thus  showing  that  the  35 
per  cent,  of  volatile  ingredients  were  absolutely  equal  in  heating  power  to  the 
whole  of  the  coke  J I !  And  atrango  to  say,  this  is  borne  out  exactly  by  the 
results  obtained  in  tiie  manufacture  of  gas,  iu  which,  as  is  quite  notorious, 
each  gallon  of  tar,  weighing  from  lOJ  to  11  lbs.  is  found  to  have  a  calorific 
power  equal  to  half  a  bushel  of  coke  weighing  from  21  to  23  lbs.  There  is 
not  a  gas  engineer  in  Great  Britain  ignorant  of  this  important  fact,  nor  the 
secretary  of  a  gas  works,  who,  with  coke  at  id,  per  bushel,  estimates  coal 
tar  as  fuel  at  leas  than  2^d.  per  gallon;  aJsd  we  happen  to  have  now  before 
us  a  series  of  actual  workings  extending  over  veiy  long  periods  of  time  since 
the  year  1831,  and  made  by  the  engineer  of  the  largest  gas  works  in  the 
world,  for  the  express  purpose  of  ascertaining  the  practical  details  connected 
with  the  relative  economy  of  coal  tar,  coal  and  coke,  and  Irom  which  we  have 
deduced  the  following,  as  the  average  values  of  these  combustibles  expressed 
in  pounds  of  coal  carbonized  or  distilled  by  tlio  same  weight  of  each : — 

Tar  equal  -  -  •  ■  a  Iba 

Newcastle  coal  equal  -  -  -  -41  lbs* 

Coke  from  do.  equal    -  -  -  3|lba. 

the  "  breeze"  employed  with  the  tar  being  deducted  and  estimated  as  equal 
to  |ths  of  its  weight  of  coke. 

In  point  of  fact,  however,  the  relative  value  of  coal  and  coke  may  be  mora 
decidedly  determined  by  examining  the  heating  power  of  the  whole  of  the 
products  of  a  ton  of  coal,  and  deducting  therefrom  the  fuel  employed  in  the 
distillation.  For  example,  a  ton  of  Newcastle  coal  may  be  distilled  practi- 
cally by  H  bushels  of  its  own  coke,  and  it  will  then  yield  about  36  bushels 
of  coke,  4  bushels  of  breeze,  10  gallons  of  tai',  and  9500  cubic  feet  of  gas  of 
«pecifio  gravity  '400.     Consequently  thj  heating  power  of  the  tar  and  gas 
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laktn  together  ought,  upon  the  hypothesis  assumed  in  the  Admiralty  Repor" 
No.  1,  to  be  equal  only  to  that  of  11  bushels  of  coke,  "  the  heat  of  the  volatile 
products,  &c,,  being  only  sufficient  to  volatilize  them."  Kow  it  Jias  been  demon 
^trated  over  and  over  again,  that  every  cubic  foot  of  the  aforesaid  gas  will 
practically  boil  off  2950  grs.  of  water,  therefore  9500  cubic  feet  will  boil  oft 
4000  lbs.  of  water. 

But  since  the  H  bushels  of  coke  employed  in  carbonizing  tJie  coal  weigh 
only  about  460  lbs.,  and  the  evaporative  value  even  of  the  best  oven  coke, 
according  to  the  Admiralty  Coals  Keport,  is  only  7-91  for  every  lb.  (vide 
page  46,  Report  No.  2),  it  follows  that  the  11  bushels  in  question  would  only 
evaporate  3538  lbs.  of  water,  or  less  by  462  lbs.  than  the  gas  aloao,  without 
i-aking  into  account  the  evaporative  power  of  the  10  gallons  of  tar,  and  which 
cannot  be  assumed  at  less  than  2000  lbs.  upon  the  lowest  computation.  Con- 
sequently our  fects,  and  the  hypothesis  contained  in  the  First  Admiralty  Re- 
port stand  as  under : 

BjrpoUMab.  FiacUcal  Fsct^ 

Ona  ton  of  coals  carboniied  by  the        One  ton  ofcoa'lcBi'bonizedby  11  bushels 

heat  of  its  volatile  constitaeuta  ^ords  40    of  lofce  affords  9500  cubic  feet  of  gae,  10 

baahek  or  1680  lbs.  of  coke,  equal  to  tlio    gallona  of  tar,  and  40  bushels   of  eote, 

evaporation  of  13,378  lbs.  of  water,  from  which  latter  11  arc  to  be  deducted. 

Thua  leaving  as  tha  total  heating  power ; 

2B  bushels,  or  1218  lbs.  of  coke  equal 


or  neatly  20  per  cent,  more  than  the  coke,  a  result  which  not  only  agrees 
with  the  practical  experiraenta  made  with  the  Admiralty  boiler,  but  also  with 
the  statements  of  Mr.  Clegg,  who  indeed  makes  the  difference  greater,  that 
is,  21  per  cent,  in  favor  of  coal.  Mr.  Olegg,  in  the  second  edition  of  his 
practical  treatise  on  Coal  Gas,  just  published,  gives  the  following  as  the  rela- 
tive amounts  of  coal,  coke,  or  coal  tar  required  to  distil  one  chaldron  of 

Cool  Tar  from  24  to  27  gallons,  or  from  264  to  297  lbs. 
Coal  from  5  to  5i  cwt.,  or  from  660  to  616  lbs. 
Coke  from  !G  to  18  bushels,  or  from  672  to  756  lbs. 

He  also  estimates  coal  tar  at  3i^,  per  gallon. 

If  argumenla  of  fJiis  kind  do  not  concluavely  establish  the  validity  of  our 
first  remarks,  we  can  scarcely  hope  fo  demonstrate  any  truth  whatever ;  for 
these  concluMons  are  drawn  from  actual  data,  the  result  of  many  years  of 
labor  undertsdten  by  several  different  individuals,  in  different  beahties,  hav- 
ing discordant  interests  in  all  respects  but  one,  and  tliat  one  the  discovery  of 
the  simple  truth  with  a  view  to  practical  economy  in  fuel,  in  establishments 
where  the  fuel  accounts  annually  reach  many  thousands  of  pounds  sterhng. 

If  it  be  demanded  how  it  happens  that  these  results  differ  so  materially 
from  the  great  bulk  of  those  arrived  at  by  the  Admiralty  boiler,  we  might 
very  properly  refer  the  question  to  the  fabricators  of  the  three  Admiralty  lie- 
ports  ;  but  the  causes  of  that  difference  are  too  obvious  to  escape  the  most 
superficial  observer ;  and  therefore,  without  wearying  the  reader  by  a  tedious 
recapitulation,  wo  will  merely  eollafa  a  few  instances  from  these  Repoi'ts, 
which  prtve,  beyond  the  possibility  of  contradiction  that  the  boiler  cxperi- 
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metits  were  totally  ineoncliisive  even  upon  the  assumptiona  of  the  experi 
menters  themselves. 

We  have  before  called  attention  to  the  want  of  varied  adjustment  in  th 
open  area  of  the  damper  in  most  of  the  experiments  in  Report  Wo,  I ;  this 
objection  is  seen  very  forcibly  m  Reports  Nos.  2  and  3,  where  it  not 
unfrequentJy  happens  that  between  112  inches  of  area  and  56  inches,  the 
value  of  the  same  coal  is  found  to  vary  as  much  aa  20  per  cent.  Such  being 
the  case,  it  is  but  reasonable  to  conclude  that  where  a  coal  has  gone  on  dur- 
ing three  experiments  increasing  in  value  as  the  open  area  of  the  damper  was 
increased,  that  the  value  of  that  coal  has  not  been  developed  simply  because 
the  proper  extent  of  the  open  area  baa  not  been  reached  in  any  of  the  experi- 
ments. As  examples  where  the  area  has  been  too  small,  we  may  cite  the 
folloning : — 

PS'i"""''}    ™  ^«  "^ 

Resnlt  8-62  lbs.  7-55  ibs.  1  -89  lbs. 


Balcarras  fire  I 

feet  niae         f 

Result 


And  in  precisely  the  same  condition  are  the  Balcarras  Ariey,  Carr's  Hart- 
ley, Eedley's  Hartley,  Bate's  "West  Hartley,  Davison's  West  Hartley,  Cowpen 
and  Sidney  Hartl^,  Hill'a  Plymouth  Coals,  the  Willington  Coal,  the  Wigan 
Four  Foot  Seam,  and  a  host  of  others,  in  Report  No.  8,  all  of  which  would 
no  doubt  Lave  mvea  a  better  result  with  an  increased  opening  in  the  damper. 
Conversely,  we  find  many  others  with  too  large  an  opening,  as  for  example  : 

North  Perej)  , 

Hartley         \  "^  5«  ^* 

Eesult  I'iZlhs.  l-UTb^.  "7  54  lbs. 

Balcarras  Hftigli   (  ,,„  ..  84 

Result  6-79  Jbs.  S'65  Iba.  8-26  Ihs. 

And  about  a  dozen  more  throughout  Reports  2  and  3,  in  which  the 
greatest  effect  has  been  produced  by  the  minimum  of  area,  leading  therefore 
to  the  inference  that  a  more  restricted  opening  would  have  increased  tha 
value  of  the  fuel.     Taken  as  a  whole,  the  only  honest  inference  that  can  b» 
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dfawn  from  the  three  Reports  is,  that  the  question  sought  to  be  solved  by  the 
Admiralty  coal  investigatioa  remains  exactly  vfhere  it  was  for  a!i  practical 
purposes;  the  analyses,  whether  proximate,  ultimate,  or  lithargic,  together 
with  the  boiler  experiments,  being  in  all  senses  of  the  expression  mill,  void, 
aad  of  no  effect  or  value  whatever. 

And  as  a  proof  of  the  little  care  taken  to  insure  accuracy  to  the  whole  per- 
formance, we  find  ftt  page  10,  Eeport  No.  3,  that  even  the  simplest  rules  of 
arithmetic  have  been  violated  in  a  Table  purporting  to  show  the  average 
composition  of  tlie  coals  from  Wales,  Newcastle,  Lancashire,  Scotland,  and 
Derbyaliire.  This  table  gives,  or  ought  to  give,  the  composition  of  the  re- 
spective coals  in  100  parts,  and  strange  to  say,  the  results  do  not  amount  to 
100  in  any  single  instance:  the  Welsh  coal  is  more,  and  the  others  less  thai. 
100,  though  the  oxygen  was  calculated  from  the  loss. 
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DICTIOJ^ARY 

ARTS,  IIANUPACTUKES,  ASD  MINES. 


ABlCriKE.  A  pale  jeliow,  traiiBparent,  TJspid  eiudaliin  from  the  Afdet pedinata, 
a  specie  of  fir,  growing  in  Ihe  neighborliood  of  StT'iabiii'g,  and  hence  called  Strasburg 
turpentine.  It  eotitains  B5  per  cent,  of  a  volaljle  oil  of  an  agreeiible  smell,  coiiibined 
with  a  resin,  and  a  snioll  quantity  of  the  acid  of  pmbei",  as  well  as  the  pecaiiar  bodv 
called  abietin,  a  resin  of  an  aeid  kind,  stjlad  therefore  by  soma  abietic  add.  If  tlie 
indifferent  resin  be  removed  by  absolute  aleohol,  and  the  remainder  digested  willi 
C.I rboiiate  of  potash,  an  abietate  of  potash  is  obtained.  It  dissolves  in  petrolium,  and 
crystftllizos  ontof  it.  It  resembles  Canadian  balsam,  and  is  used  fop  attaching  niiero- 
soopio  objects  to  glass  slips. 

ACETAI^  is  the  subaoetate  of  ether;  baring  for  ils  cbemieal  symbol  3  Ac  0  -|- Ac 
Oi.     It  is  a  light  colorless  ethereous  liqnld 

ACETATE.  (AcState,  Pr, ;  Masigeaare,  Germ.)  Any  saline  compound  of  whicli  tlie 
nootio  is  the  acid  constituent;  as  aeetiite  of  soda,  of  iroa,  of  copper,  dc 

ACETATE  OF  ALUMINA,  see  Eed  Liquor  and  Moedant;  of  Copper,  see  Coppee; 
of  Iron,  see  Ikon  ;  of  Lead,  see  Ijbao  ;  of  Lime,  sea  Pveoligmous  Amd. 

ACETIC  ACID,  or,  according  to  tha  new  nomenolature  of  organic  ehemiatry,  exelylic 
acidhydTate,  being  a  compound  of  the  radical  acetyl  (Ac  Ct  H,  )  and  oxygen  (Oi).  witli 
water  (H  0),  for  it  eanuut  be  bought  in  the  dry  state.  It  is  formed  out  of  alcohol  in 
the  acetous  fermentation,  or  by  its  oxj-genation  with  air ;  it  is  produced  in  the  dry 
diitillation  of  most  noo-volatila  oi^anio  compounds,  as  of  wood,  gum,  starch,  &c.,  in 
tiie  spontaneous  decomposition  of  tlie  watery  solutions  of  citric  and  tartaric  acids,  as 
also  by  the  boiling  of  sevara!  organic  substances  with  sulphuric  acid.  It  exists  ready 
foiiued  in  several  vegftaWe  and  animal  juices.     See  GERiiAnur. 

Alcohol  is  a  compound  which,  even  diluted  with  water  and  exposed  to  the  air,  is 
not  liable  to  spoataneons  change ;  but  if  in  this  state  it  is  mixed  witii  yeast,  at  a  tem- 
]ierature  of  from  60'  to  90°  PaEr.,  it  absorbs  oxygen,  and  passes  info  acetic  acid.  T!ip 
oxygen  forms  first  water,  with  2  atoms  of  the  hydrogen  of  the  ethyl,  whereby  acetyl 
is  eeneratnJ;  therefore  ethyloxide-hydi'ata  (alcohoQ  becomes  acetyioxide  fijdrafe, 
(uldohyda),  which  by  absorption  of  two  more  atoms  of  oxygen,  constitutes  hydiated 


3" 


>i  oxygen,  c 

1  Atom  Alcohol  .^        Ci  Hj  0   +  11  0 

—  2  Atoms  Hydrogen       =  11, 

=-  Aldehyde  C,  li^  O  +  H  0 

-f-  2  Atoms  0:(ygen  Oa 

=      Acetic  Acid  Hyd.  cTTls  Ot  +  H  0. 

io  weight  on  the  hydrogen  scale  is  therefore  60  in  the  state  of  hydrate,  and 

n,  gluten,  nnd  vegetable  matters  which  contain  these  sabstnnecs,  such  as  the 
juice  of  beetroots,  operate  also  tha  oxidation  of  alcohol,  and  ihat  the  more  rapidly, 
the  more  ample  the  exposure  of  the  mixture  to  the  air.  While  sugar  is  transmuted 
into  carbonic  acid,  and  alcohol  only  through  the  intervention  of  gluten,  alcohol  suf- 
fers thatchange  by  contact  with  Bnely  divided  platinum.  It  is  hence  probable,  that 
to  w.hat  is  called  acetous  fermentation,  the  vital  action  of  the  particles  ofyaast  is  not 
indispensable,  and  that  it  belongs  rather  to  the  category  of  chemical  combustion ;  to 
the  eimtact  action  oflAsbig,  the  calatysis  ofBenfliun,  or  tUepolar  cmnhmation  o/lMdff. 
In  the  vinegar  of  wine,  malt,  or  that  m  which  organic  matter  has  been  infused, 
there  appears  a  peculiar  mould-plant,  belonging  to  the  genus  lfi«™ferinii  Pets.;  which 
c  usually  called  mr.egar  mother.     As  the  plant  grows,  it  decomposes  the  acid,  and 
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leaves  eTentually  notliing  but  water.  It  contains  protaine,  and  eonseqi-enfly  azot^ 
but  leaves  no  aefies  when  burned. 

The  snme  eireumstanoas  wliieh  govern  the  oonverBion  of  aleobol  into  vinegatj  pre- 
eidaoTer  that  of  wood  spiiit  iiitoformio  aeid(axad  of  antaX  fusel  oil  (oil  of  grain)  mio 
ralerianiuacid;  and  probably  biitvrie  acid  liaa  Bome  such  organ.  With  regard  to  the 
formation  of  vinegar,  M.  Dumaa  oliaervaa  that  every  fermentation  has  for  its  effect  to 
diaaoeiata  a  oompound  into  a  more  simple  state;  out  the  so-called  acetoos  fermenta- 
tion unites  aleohol  or  aldeh jda  with  the  oxygen  of  the  air ;  being  tha  only  ease  in 
which  fermentation  represents  a  true  combination.  He  admits,  notwithstanding,  that 
this  fermentation,  in  a  certain  point  of  view,  possesses  the  character  of  the  other  fer- 
mentive  actions,  namely,  the  concourse  of  an  oi^nized  substance,  and  of  an  orgnnio 
matter ;  the  one  being  a  ferment  (the  mother),  and  the  other  farmantable.  Tlie  eon- 
version  of  alcohol  into  vinegnr  never  happens  in  common  cases,  without  the  aid  of  an 
albuminous  substance,  and  of  circnmstancas  favorable  to  ail  fermentations,  such  a: 
tlie  presence  of  air,  not  only  at  its  commencement,  but  during  its  entire  course. 

Tile  lactic  fermentation  has  however  been  sometimes  mistaken  for  the  acetous;  but 
it  may  be  distinguislied  by  its  requiring  no  alcohol,  but  only  starchy  or  saccharine 
matters ;  and  alt^  it  begins,  expnsure  ■<  ^ir  is  not  needed.  It  has  been  lupposed  that 
acetification  is  analogous  to  nitrification,  as  to  tha  utility  of  porous  bodies  which  di- 
vide the  liquid  and  the  air ;  thus  ammonia  passed  along  with  air  through  platinum 
spimga,  gently  jgiiited  in  a  tuiie,  produoefl  nitric  acid ;  and  puraicestone,  in  like  cir- 
cumatancea,  combines  sniphurous  acid  and  oxygen  into  the  sufphuric ;  and  ao  we  hava 
leen  that  a  mixtui'e  of  alcohol  vapor  and  air  under  the  influence  of  the  same  aponge 
is  converted  by  a  true  oxidation  of  the  ether  (of  the  alcohol),  first  into  aldehyde,  and 
afterwai'ds  into  acetic  acid.  A  like  oxidation  tahes  place  in  tlie  wine  or  beer,  wiiich 
being  purposely  left  in  casks  partiiilly  filled,  rises  by  capillarity  on  the  wood  above 
the  liquid  laveC  and  ia  tiieve  subjected  to  the  porous  influence.  Tha  vinegar  ia  much 
more  rapidly  generated,  however,  by  the  various  artificia'  metlioda  of  multiplication 
of  points  of  contact  with  the  air.  presently  to  be  described. 

Vinegars  maybe  aiTonged  under  four  heads:  1.  Male  or  sugar  vin^ar;  i.  Wine 
and  fruit  vinegar;  8.  Alcohol  vin^ar;  4.  Wood  vinegar. 

1.  Malt  vinfffar  is  manufactured  most  extensively  in  the  United  Kingdom,  chiefly  in 
England,  to  the  amount  of  fully  3,000,000  of  gallons,  on  which  an  excise  duty  of  2d. 
per  gallon  is  levied,  and  for  tha  license  to  manufacture  it,  51.  annually  must  be  raid 
Tlie  total  number  of  vinegar  manufactories  in  this  country  is  about  fifty,  of  whicl!  five 
of  the  principat  Ones  are  in  London,  and  these  carry  on  at  the  same  time  the  ma.fu- 
focture  of  British  wines,  now  happily  emancipated  from  tha  trammels  of  the  Excise. 
From  @  bushels  of  malt,  properly  crushed,  lOO  gallons  of  wort  in  whole  may  ba  ex- 
tracted by  diij  sashing,  the  first  water  of  infuaion  being  of  ihe  temperature  of  160° 
Falir.,  and  the  next  two  progressively  hotter,  for  exhausting  the  soluble  saccharine 
matter.  When  the  wort  is  cooled  to  75°,  from  8  to  4  cnllons  of  good  yeast  are  stiiTcd 
into  it  in  the  fermenting  tun,  and  when  it  has  been  in  nrisk  fermentation  for  about  41) 
hoQTs.  it  is  racked  off  into  used  vin^ar  easka,  laid  upon  their  sides  in  a  room  heated 
with  a  stove  for  quick  work;  or  otherwise,  during  summer,  in  the  open  air,  under  ex- 

tusuie  to  the  sun.  The  casks  should  be  only  about  |  filled,  and  left  unclosed,  or  loose- 
f  covered  fri^m  the  rain  at  their  bung  holes,  to  favor  the  free  acidifying  action  of 
t1ie  atmosphere.  In  the  air,  the  acetic  fermentation  may  not  be  completed  till  alter 
the  lapse  of  three  months ;  but  in  atove-rooma  in  much  shorter  time,  accoi'ding  to  tha 
temperature.  The  sour  liquor  b  then  tranaferied  from  the  several  easks  by  means  of 
a  flexible  pipe,  and  pumped  into  the  stove-vat,  whence  it  is  run  into  the  clarifying  and 
flavoring  casks,  called  "  rapes,"  being  here  made  to  filter  slowly  and  repeatedly  tlirough 
condensed  heaps  of  tha  stalks  and  skins  of  raisins,  called  mpe,  which  is  tlie  refuse  of 
tlie  British  wine  manufacture.  Vinegnr  thus  made  contains  always  a  considerable 
qr.antity  of  gluten,  and  is  therefore  liable  to  become  mouldy  and  to^utrify;  to  coun- 
teract whict  a  certain  poMion  of  sulphuri.;  acid  may  be  legally,  nnd  is  always,  mixed 
with  British-made  vinegar ;  but  tliat  portion  is  too  often  overpassed  through  aval  ice, 
and  is  certiunlv  injuiious  to  health.  I  have  found  by  analysis  in  a  sample  of  vinegar, 
made  by  one  of  the  most  eminent  London  mannCicturers.  with  which  he  supplies  the 
public,  no  less  than  175  grains  of  the  strongest  oil  of  vitriol  per  gallon,  added  to  vine- 
gar containing  only  3'6  per  cent,  of  real  acetic  acid;  giving  it  nn  apparent  strength 
after  all  of  oiJy  4  per  cent ;  whereas  standard  commercial  vinegar  is  rated  at  5  per 
cent.  It  is  a  remarkable  fact,  that  tha  people  of  this  country  hove  had  their  vinegar 
palate  so  depraved,  lliat  they  prefer  tlie  vitriolized  vinegar  to  the  pure;  and  that  all 
attempts  at  introducing  a  better  article  into  general  sale  has  proved  abortive, — a  faos 
discreditable  tn  our  nation,  of  which  seveml  instances  have  come  before  me. 

The  complete  acidification  of  malt  wort  by  the  above  process  being  very  slow,  has 
given  rise  to  many  projects,  more  or  lesa  euocessfnl,  for  aeCTleriiting  it.  So  long  ago 
as  the  year  182*,  ill-.  Ham.  of  Norwich,  obtained  a  patent  for  exposing  W)rts  to  the 
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atmoepherio  8,r  apnu  a  most  estensive  fe'irfaca,  by  meana  of  a  revolving  pump,  wliich 
ciiiiseii  a  cnostaiit  eli'iwer  of  it  to  fall  'ipnn  ana  tlirim^li  a  buudle  of  biii:n  twigg 
supported  in  the  middle  uf  a  lai^e  tiitt.  The  air  had  free  accues  to  tlie  twigs.  The 
wash,  being  kept  at  a  temperature  of  from  flu"  to  lOd"  Fahr.,  by  steam  pipes  at  the 
bi'ttom  of  tbe  tun,  i.nd  vontinually  repumped,  became  moderately  acetififd  lu  48  hours. 
and  u'as  finished  iuCi>  good  vinegar,  either  by  that  process,  or  preferably  by  racking  off 
into  ciiska,  and  exposing  it  in  Ibem  to  a  tenijiemture  ■of  MS"  Falir.  for  IB  or  20 
d;>}'3.  Healao  foatid  that  a  \^ort  made  witb  1  pari  of  malt  mixed  with  S  of  raw  barley, 
properly  mashed,  atfonledby  this  means  an  excellent  vinegar.  A  wort  of  sp.  gr.  !-OljO 
(oo  oKeise  gravity)  willyialifa  vinegsr  of  revenue  prooE  orof  S  per  cent,  of  real  acetic 
ai'id.  This  quick  process  belongs  rather  to  the  oombustton  class  of  chemical  transfurm- 
ntions  than  to  that  of  the  fermentative,  as  yeast  is  not  essential,  though  it  is  found  ta 
prove  serviceable,  as  iu  the  cnrresponding  formatiou  of  acetiuacid  from  the  oxygena- 
tion of  a,lcohol  some  stale  vin^ar  is  used  aa  a  feimeiit,  or  as  a  contact  aj^ent. 

Under  Messrs.  Ham's  instructioas  four  considerable  mannfautories  of  vinegar  have 
Deen  established,  with  the  products  of  two  of  which  I  am  practiually  convereant,  and  I 
am  warranted  by  experimental  proofa  in  declaring  thit  the  vin^ar  made  by  Messii 
Hill,  Evana,  and  Williams,  of  Woreeater,  and  Messis.  HjIIs  and  Undei'wood,  otSor- 
wiuh  and  £astchea|>.  London,  are  perfect  specimens  of  Hcctie  acid  fur  family  uae,  and 
alsr)  for  manufacturing  purposes.  Tlie  latter  company  liberally  displayed,  in  the 
Si>iith  Gallery  of  the  Koyat  Kxliibition,  at  Ko.  7.  Class  3.  substances  used  as  food,  a 
model  of  Iheir  aoetifying  apnaralna,  as  miuint«d  in  their  works. 

An  excellent  vinegar  may  be  made  fi>r  domestic  purposes  by  adding  to  a  syrup  con- 
sisting of  one  pound  and  a  quarter  of  sugar  for  every  gallon  of  water,  a  quarter  of 
n  f/int  of  ^ood  yeast.  The  liquor  being  maintained  at  a  heat  of  from  76°  to  SO^Fabr., 
ocetification  will  proceed  so  well  llint  in  3  or  3  dajs  it  may  be  racked  oft  from  the 
sediment  into  the  ripening  cask,  where  it  is  to  be  mixed  wi^h  I  oz,  of  craim  of  tartar, 
and  I  oz.  of  crushed  raiains.  When  completely  fraed  from  the  sweet  laste,  it  sliould 
be  drawnoff  clear  into  bottles,  aud  closely  corked  up.  The  juices  of  carrants,  gooseber- 
ries, and  many  other  indigenous  fruits,  may  beatetined  either  alone,  or  in  combination 
with  syrup.  Vinegar  made  by  the  abuve  proi-eas  fi'om  eag;ar  sbould  have  fully  tbe 
nveuue  strength.  It  will  keep  much  better  than  malt  vinegar,  on  atcount  of  tlie 
absence  of  gluten,  and  at  the  present  low  price  of  sugar  will  not  cost  mora,  wlien 
filed  upon  beech  chips,  than  Is.  per  gallon. 

a.  Wim  vinegar  is  made  of  the  beat  quiility,  and  ou  tiic  greatest  scale,  at  Orleans  in 
Fianec,  out  of  wines  which  have  become  more  or  leas  acidulous,  and  arc,  therefore,  of 
iufei'ior  value.  When  tiie  vineiiar  is  made  from  well-fiavoured  wines,  it  is  preferable 
to  every  other  for  the  nse  of  the  table.  The  old  Method  pursued  in  the  vimagreriss 
consists  merely  iu  partially  filling  a  series  of  large  casks  placed  in  3  or  4  ranges  over 
each  other  in  a  cellar  warmed  with  a  atove  to  the  temperature  of  85°  Fahr.,  with  ilie 
wine  mixed  with  a  certain  proportion  of  ready-made  vinegar  as  a  ferment  More 
wine  is  added  iu  successive  small  portions  as  fast  as  the  first  haa  become  acetified,  tak- 
ing care  thata  free  ventilation  be  miuntained,  in  order  to  replace  the  carbonic  acid 
pi"oduced  by  fresh  ntmospherio  oxygen.  In  summer,  under  a  favorable  exposure  of 
the  windows  and  walls  of  the  fermenting  room  to  the  sun.  anificlal  lieat  is  not  needed. 
Each  cask  is  of  about  <!<)  gallons  capacity,  and  the  whole  set.  is  filled  up  j  with  vine- 
gar, to  which  2  galls,  of  wiiieare  added,  and  weekly  afterwards  2  galls,  more.  About 
8  gallons  are  drawn  olf  at  the  end  of  four  weeks  as  vinegar,  and  then  successive  addi- 
tions of  wine  are  made  as  before  to  the  casks.  These  are  laid  horiMmtally  in  rows 
upon  tJieir  gawntrees,  and  are  pieroed  at  the  upper  surface  of  the  hant  end  with  two 
boles:  one,  called  the  e^  is  two  inches  in  diameter,  and  serves  .'or  pouiing  in  the 
charges  through  a  tunnel ;  the  other  is  a"small  air-hole  nlongsido.  Tlie  casks  should 
never  be  more  than  )  full,  otherwise  a  sufficiciit  body  of  air  is  ni>t  present  in  them  for 
favouring  rapid  acetificotioB.  At  the  end  of  a  certain  period,  tliede|io8itof  tartar  and 
lees  becomes  so  grent,  that  the  casks  must  be  cleared  out.  This  reuovation  usually 
takes  place  every  ten  years;  butthecaska,  when  made  of  well-eeasoned  oak  and  bound 
with  iron  hoops,  will  last  25year8.  The  wine  as  well  aa  the  vinejnr  produced  should 
be  clarified  by  being  slowly  filtered  through  beech  chips  closely  packed  io  a  laige 
open  tun.  When  wines  ai'e  new,  and  somewhat  saccharine,  or  too  alcoholic,  tliey 
acetify  reluctantly,  and  need  the  addition  of  a  little  yeaat  or  even  water  to  the  mix- 
ture; and  when  they  are  too  weak,  they  should  be  enriched  by  the  addition  of  some 
sugar  or  stronger  wine,  so  as  to  bring  tnem  Co  a  uniform  state  for  producing  vinegar 
of  nurmal  strength.  To  fiivour  the  renewal  of  fresh  air  into  the  upper  part  of  the 
hogsheads,  it  would  be  advisable  to  pierce  a  two-inch  hole  near  to  Uie  upper  level  ol 
the  liquid  when  the  cask  is  fiillcat,  by  which  means  tlie  heavy  carbonic  acid  would  fall 
out,  and  be  replaced  by  the  ntmoaphen'c  aii'  at  the  aupei'lor  apertures. 

I  have  had  occasion  to  exaaiine  professionally  the  best  wine  vinegars  imported  int" 
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thisconntry  from  0^lBnn^  and  Ifouna  their  "peoifio  gravity  to  be  ahont  1-01 9,  and  tlieil 
percentage  of  ooetio  acid  bydrale  (crystalline  acid)  tu  befi-om  Si  to  nearly  1.  One  oibwc 
eamplea  were  supposed  to  contain  acetified  eider.  Tliie  adulteration  may  be  tested  bj 
neutraJiang  the  vinegar  with  ammonia,  and  then  adding  eolation  of  acetate  of  lime. 
Tartrate  of  lime  is  of  course  precipitated  from  the  wine  vmegar,  nhil*  the  pearly  malio 
acid  of  thB  cider  affords  no  preoipitate  with  the  lime,  but  may  be  detected  by  ace 
tate  of  lead,  by  tlie  glistening  pearly  scales  of  malata  of  lead,  hardly  soluble  in  the  cold. 

3.  Alco/vil  Vittegar. — Thia  species  has  been  hitherto  manufactured  chiefly  in  Ger- 
many, having  commenoed  soon  after  D6bereinei''s  line  discovery  of  the  combustion  o( 
alcohol  into  acetio  by  the  agency  of  p/a(i«Km  mohr.  Under  a  large  glass  bell,  he 
placed  on  shelves,  an  inch  or  two  apart^  several  saucers,  containing  spirits  of  wine,  with 
slips  of  blotting  paper  so  suspended  as  that  tJieir  lower  edges  dipped  in  the  spirits. 
Over  and  alongaide  of  these  saaeere,  othersmaller  ones  were  set,  containing  the  bluck 
platinum  powder  moistened  with  the  spirits.  The  appai'ntus  beini;  exposed  to  the  sun- 
shine, or  even  put  into  an  apartmentmodarately  warm,  a  ci)piouB  formation  of  vapoura 
takes  pMce,  with  a  manifest  increase  of  tempei'ature,  and  streaks  of  condensed  fluid  run 
down  the  sides  of  the  bell  into  the  subjacent  basin.  This  fluid  is  acetic  acid,  resulting 
from  tho  acidification  of  the  elements  of  the  alcohol  by  the  oxygen  of  the  atmospherical 
air  included.  This  interesting  transformation  ceases  with  the  exhaustion  of  the  oiyaen, 
but  it  may  ba  renewed  from  time  to  time  by  rensvation  of  the  air.  One  atom  of  alco- 
hol =  C,  H(  0  -I-  H  O  =  48  parts;  in  which  compound,  two  atoms  of  hydrogen  being 
replaced  by  two  of  oxvgen,  we  have  46  ■H4=60  parts,  or  one  atom  of  hydrated  acetic 
acid.  Hence  we  see  that 40  parts  of  absolute  alcohol  afford  60  of  radical  vinegar;  100 
parts  therefore  afford  130,  and  require  for  tliis  conversion  nearly  70  partsofosygen,  al- 
lowing two  atoms  of  osygen  for  the  abstraction  of  the  two  atoms  of  hydrogen  Since  air 
in  round  numbers  contains  a  little  more  than  one  fifth  its  volume  of  oxygen,  then  1000 
cubic  inches  wil  contain  upwards  of  200  of  oxygen,  which  will  weigh  fiflly  70  grains, 
being  the  quantity  requisite  for  the  tninsfi>rKifttioa  of  100  grains  of  alcohol  into  acetiu 
acid  in  the  aboTC  process.  Two  atoms  of  water  are  also  fiirmed,  equal  to  18  grains. 
In  practice  it  is  found  that  weak  alcohol  answers  best^  With  a  box  of  12  cnbio  feet 
capacity,  and  with  7  op  S  ounces  of  platinum  mohr  pinperly  distributed,  1  lb.  of  alco- 
hol way  in  the  course  of  a  day  be  converted  into  pure  vinegar,  fit  for  every  purpose  of 
the  kitchen  or  the  chemist  I  haveexamined  the  vinegar  manufactured  from  spirits,  and 
foundit  to  be  eioellent,  as  it  contains  no  gluten,  and  it  is  therefore  not  liable  to  change. 
It  is  not  possible  in  this  way  to  make  a  strong  acetic  acid,  nor  can  it  be  made  at  all 
on  the  large  scale  in  this  country,  on  account  of  our  revenue  laws. 

In  the  sequel  of  Dobereiner's  discoTery,  another  German  chemist^  M.  Solintzenbaoh, 
applied  the  principle  of  OKygenation  to  beers  and  other  alcoholic  liquors,  for  tlio  pur- 
pose of  converting  thera  rapidly  into  vinegar  ;  andabout  the  same  time M.Wagenmann 
contrived  his  gradualor,  or  essigbilder,  a  simple  apparatus  for  the  quick  vinegar  manu- 
facture. It  consists  of  an  oaken  tub  6i  feet  high,  S(  feet  wide,  and  8  feet  at  bottom,  set 
upon  a  wooden  frame  about  14  inches  from  the  floor.  Fifteen  inches  above  the  bottom, 
the  tnb  iapiereed  with  a  horizontal  row  of  eight  equidistant  holes,  one  inch  in  diameter. 
Five  inches  beneath  the  mouth  of  the  tub  a  strong  beeehwood  hnop  b  festened  to  the 
inner  surface,  in  order  to  support  a  circular  oaken  shelf,  the  space  round  the  edge  of 
which  is  stuifed  tight  with  hemp.  This  shelf  is  perforated  with  at  leaEt400  gimlet  holes 
of  about  i  of  an  inch,  through  each  of  which  a  porous  cotton  wick  is  letdown  several 
inches,  liangingby  a  knot  in  the  top  of  the  hole  at  its  upper  end.  In  the  same  circular 
shelf  there  are  4  holes,  IJ  inch  in  diameter,  and  18  inches  apart,  into  eachof  whichia 
fixed  tight  the  middle  of  a  stout  glass  tube  about  4  inches  long.  Theae  tubes  favour 
the  circulation  of  the  air  admittted  by  the  circumferential  holes.  One  inch  above  the 
bottom  of  the  tub  a  hole  is  pierced  for  the  reoeption  of  a  syphon  of  discharge,  the  top 
--* '    '■'  ■-'    '      ■-■     ■''      -eholesinr      ■'      * 


•e  of  which  must  stand  about  1  inch  below  the  holesin'tlie  side  of  tlie  tub,  U 

Ererent  the  liquor  collected,  tothedept^  of  about  1 2  inches  on  the  bottom,  being  spiiled. 
nto  the  empty  apace  over  thia  liquor,  the  bulb  of  a  thermometer  is  placed,  while  tlie 
stem  and  scale  project  to  show  the  interior  temperature.  ISenenth  the  lower  outer  leg 
of  the  syphnu  a  reception  cistern  is  set.  The  mouth  of  the  tub  has  a  wooden  lid,  with 
a  funnel  fixed  in  its  middle  for  the  introduction  of  the  liquor  to  he  acetified.  The  whole 
capacity  of  this  tub  from  the  bottom  up  to  within  1  or  2  mchesof  the  perforated  sliel^  is 
to  DC  filled  up  with  shavings  ofbeech-wood  (previously  boiled  in  water),  or  with  grape 
stalks,  or  birch-twigs,  all  well  soaked  with  vinegar.  This  apparatus  being  placed  in  an 
apartment^  heated  fj>  from  80*  tolOO^Fahr.,  is  to  have  its  uppermost  compartment  fill 
ed  with  liquor.  This  slowly  tilters  down  through  tlie  cotton  wick  threads,  thence  oTei 
theanr&cesof  tho  chips  or  stalls,  and  flnallyinto  the  subjacent  I'eceiver,  having  bees 
sxposediu  its  transit  very  freely  to  the  air.  The  ordinary  acetifying  mixture  consisti 
of  8  parts  of  proof  spirits,  25parts  of  river  water,  ISpartsof  good  vinegar,  and  15  parfj 
of  clear  beer  or  wine.  The  water  should  be  heated  to  aljout  150"  before  the  other  in- 
gredients are  added  to  it,  whereby  the  mixtuL-e  acouii'cs  a  genial  temperature.    Aftei 
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this  has  oeen  all  transmitted  through  the  nppariitiis,itnUlb<:  found  impcrfectlj' accti- 
fiod,  andthereforemnst  be  passed  through  oiiee  or  twice  more.  Andeineathemurealeo- 
hoi  lliat  la  present  the  slower  is  tlis  process,  it  is  ndvisable  tfl  keflpback  part  of  the  spi- 
rits at  tirst,  andtoadd  it  in  the  subBequetit  transmissions.  The  wash-cistern,  whivh  con- 
tains the  acetifying  mixtare,  shonla  be  supported  on  a  shelf  near  the  ceiling  of  the 
stove-heated  apartment,  in  order  to  be  kept  constantly  warm.  After  the  first  operas 
tiott  is  completed,  the  interior  of  the  cask  becomes  so  aetive  an  oxidizer,  that  the  addi- 
tion of  vinegarto  the  mixture  is  no  longer  necessary ;  bnt  careshonld  always  be  taken  to 
have  it  as  weil  clarified  as  possible,  in  order  to  nrevent  the  depositing  of  much  gluten 
upon  the  beech-chips.  Dr.  Kastner  prescribes  the  following  manner  of  making  a  malt 
wine  for  the  quick  vinegar  process ; — Crush  together  SOIhs.  of  pala  barley  malt,  and 
40lbs.  of  pala  wheat  .malt,  and  infuSe  them  in  100  quarts  of  water  of  122°  Fahr.,  and 
afterwards  mash  them  properly  with  300  qnarta  of  hotter  water.  The  wort  thus  made 
is  to  be  cooled,  druvn  off  from  the  grains,  fermented  with  yeaat  for  3  days,  then  the 
beer  is  to  be  barrelled'  up  for  nse. 

I  have  already  adverted  to  the  quick  acetificatJon  of  malt-wort  by  Mr.  Barn's  patent 
process.  This  has  been  nioantedu|^on  a  large  scale  of  late  years,  the  air  for  oxygenating 
the  alcohol  of  the  wash,  previously  fermented  with  yeast,  having  been  supplied  from 
two  gasometers,  alternately  moved  by  steam-engine  power.  Two  circnmstanceB  attend 
this  quick  process ;  which  are,  that  as  the  materials  are  not  thoroughly  aceljfied,  the 
product  most  be  left  for  some  time  to  ripen  in  casks,  and  the  resultmgvin&^'ar  has  not 
the  flavor  of  that  slowly  made  in  the  old  way.  I  am  informed  that  a  vinegar,  equiva 
lent  not  merely  to  5*  per  cent  has  been  produced,  but  one  five  times  stronger,  by 
operating  with  an  apparatus  13  feet  high,  14  wide  at  bottom,  and  16  at  lop,  in  ivhieli 
an  adequate  temperature  was  generated  during  the  oxidation  of  the  great  mass  of 
materi^s,  without  artificial  warmth. 

3.  Chemical  procesi. — Afetic  acid  from  the  pure  acetate  of  soda  is  formed  as  follows  ; 
— ! 00  lbs.  of  tile  puiveriiad  aait  being  put  into  a  hard  glazed  stoneware  receiver,  or 
deep  pan,  from  85  to  36  Ib^  of  concentrated  sniphnric  aeid  are  poured  in  one  elrcam 
upon  the  powder,  so  as  to  flow  under  it.  The  mixture  of  the  salt  and  acid  is  to  be 
made  very  slowly,  in  order  to  moderate  the  action  and  the  heotgenerated  as  much  as 
possible.  After  Che  materials  have  been  in  intimate  contact  for  a  few  honrs,  the  de- 
composition is  effected ;  sulphate  of  soda  in  crystalline  grains  will  occ^y  the  bottom  of 
tlie  vessel,  and  radical  vinegar,  or  acetic  acid  (hydrate),  the  upper  portion,  partly  liquid 
and  partly  in  crystals.  A  small  portion  of  pure  acetate  of  lime,  added  to  the  acid,  will 
free  it  from  any  reraMnder  of  sulphate  of  soda,  leaving  only  a  little  acetate  in  its  place; 
and  though  a  snudl  portion  of  sulphate  of  soda  may  still  remain,  it  is  unimportant, 
whereas  Uie  presence  of  any  free  suiphuric  a«id  would  be  very  injurious.  This  is  easily 
detected  by  evapoi'atin^  a  little  of  the  liquid,  at  a  moderate  beat,  to  dryness,  when  that 
mineral  a«idean  bedistinguiahed  from  the  neutral  soda  sulphate.  This  plan  of  super- 
seding a  troublesome  distillation,  which  is  due  to  M.  Mollerat,  is  one  of  the  greatest 
improvements  in  tliis  process,  and  depends  upon  the  insolubility  of  the  sulphate  of  soda  in 
Boetio  aeid.  Tlie  sulphate  of  soda  thus  recovered,  and  well  drained,  serves  anew  to 
decompose  acetate  of  lime ;  so  thatnothingbutthischeapearth  is  consumed  in  carrying 
on  the  manufacture.  To  obtain  absolutely  pure  acetic  acid,  the  above  acid  has  to  be 
distilled  in  a  glass  retprt.  Tliat  aeid,  in  its  orj^tallizable  state,  boils  at  230°  Fahr.,  or 
110°  C^  by  my  experiments  made  with  a  pure  acid  prepared  by  M.  Lemire,  of  Paiis: 
others  have  rated  its  boiling  puint  114°  and  even  120°  C. 

The  following  table  of  the  specific  gravities  of  acetic  acid,  of  successive  strengths,  \s 
the  result  of  a  series  of  experiments  made  by  me  in  Glasgow  in  May,  1819;  the  liquid 
cry stallizable  hydrate  being  reckoned  100; — 
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In  BerziUus  Jahres  kerichte  xvi.  192,  the  table  ot  Van  der  Toom  is  given  for  tht 
tucoesaive  quantities  of  dry  acetic  ftcid,  corPeaponilingtosucoeseive  densities.  HeralB« 
Hie  sp.  gr.  of  the  liydi'ftte  at  10S70,  beiiLg  the  acid  wliioli  contains  SSll  of  dry  acid 
In  my  table,  the  equivalent  hj-drate  is  uiarlted  11)82,  agrayityfelow  as  is  probably 
to  be  obtained  by  weighing  a  soluijon  of  tlie  drained  oiTstals.  An  add  of  1-06M8 
contains,  according  to  him,  61  otthe  dry;  while  an  acid  of  I'deTS  corresponds,  in  my 
table,  to  60  of  the  liydrate,  op  51  of  dij  acid  In  general  his  gravities  are  a  little 
greater  than  mine  at  oorpe8|ionding  degrees  of  acid  etrengtb.  The  above  numbera  in 
my  table  are  experimental,  not  interpolated  from  a  few  points,  and  may,  I  liopc,  be 
relied  upon.  The  greatest  densiiyaeems  to  be  prodaoed  when  two  atoms  of  waters  IS 
aremixed  with  one  of  the  hydrate  =  80,  or  2l(witli  77,  at  which  dilution  the  differences 
of  density  are  very  small,  and  minute  errors  may  have  oceurred.  When  B  atiims  of 
water  are  added  to  one  of  the  hydrate,  making  7  atoms  of  water  in  all,  then  the  a*id 
aequiiasits  primitire  liquid  density  of  iibout  1-062.  A  curious  analogy  exists  in  tbis 
respect  with  nitric  acid,  which  suifei's  the  greatest  d^ree.of  condensation,  in  tlieseiies 
of  its  dilutions,  when  one  atom  of  the  real  acid  is  combined  with  7  atoms  of  water. 

Pare  acetio  acid  pOHSesees  a  peculiar  poogent,  though  not  dis^p^eable  smell,  and  a 
strongly  acid  taste.  Itcrystallizesin  needles  and  plates  when  cooled  t«  55Tabr.,  and 
melts  when  heated  to  61".  The  specific  gravity  of  the  crystals  (taken  by  means  of 
spirits  of  turpentine)  I  found  to  be  I'lBS  at  65°  Fahr.  The  vapor  of  the  boiling 
acid  is  highly  combustible,  and  bnrns  with  a  blue  flame.  Acetic  aeidhydrate  dissolves 
camphor,  gliadlne,  rtsins,  the  fibrine  of  blood,  and  several  organic  compounds.  When 
its  vapor  is  conducted  through  a  slightly  ignited  porcelain  tube,  it  is  couverted  entirely 
into  CBi'bonic  acid  and  aoeton,  an  atom  of  the  acid  beiug  resolved  into  nn  atom  of  each 
of  the  resultants.  At  a  wliite  beat,  the  vapor  is  converted  into  carbonic  acid, 
carburetted  hydrogen,  and  water.  The  aoetjites  comport  theffisclves  at  elevated  tempe- 
ratures differently,  according  to  the  strength  of  aSinity  between  the  acid 'and  the 
base.  When  this  is  weak  the  acid  escapes  unchanged,  and  the  stronger  it  is,  the  more 
acid  Is  converted  into  aceton.  Acetate  of  liaiytes  afTords  most  of  this  spirituous 
liquor,  and  next  to  it  tlie  alkaline  acetates  and  acetate  of  lead. 

Acetate  of  capper  yields,  at  a  heat  of  400'  or  600°,  a  concentrated  acetic  acid, 
mixed  with  some  aoeton.  This  process  was  formeily  employed  for  preparing  radical 
vinegar,  as  also  that  of  decomposing  that  of  acetat«  ot  lead,  by  sulphuric  acid;  but 
both  are  now  renounced  for  the  process  by  acetate  of  soda  above  described. 

AcPtio  add  is  a  pretty  stable  componni].  as  is  evinced  by  its  compound  with  sodi 
and  potash,  beating  the  beat  of  600°  l\ihr.  without  decomposition.  Acetate  of  potash 
and  soda,  dissolved  in  much  water,  readily  mould  and  decompose ;  but  acetate  of  am- 
monia is  not  liable  to  cluiDge  in  close  vessels.  When  acetic  acid  is  distilled  along  with 
Eeroxidc  of  manganese  and  sulphuric  acid,  it  is  converted  into  formic  acid  Iodic  acid 
as  the  same  elSot  with  precipitation  of  iodine:  it  reduces  gold  from  its  chloride 
without  disengagement  of^carbonic  acid;  but  it  does  not  reduce  mercury  from  its  ni- 
trate or  sulphate,  as  formic  acid  does. 

The  simplest  rengentfor  purifying  common  vinegar  is  recently  calcined  wood  char- 
coal in  fine  powder;  with  whicli  it  may  be  digested,  or,  what  is  better,  distilled,  where- 
by a  portion  of  the  water  comes  over  tirst,  and  may  be  got  rid  of,  while  the  stronger 
vinegar  is  a  later  pi-oduet.  Attempts  are  oilen  made  to  give  wood  vinegar  the  flavor  of 
tliiit  mode  from  wme,  by  adding  acetic  ethei',  wine,  &C.,  out  never  with  complete  effect. 
The  best  disguise  is  obtabed  by  mixing  in  some  highly  flavored  Orleans  vinegar. 
Malt  vinegar  prepared  by  very  slow  fermentation  in  the  air,  acquires  a  peculiar  ethe- 
reous  odor,  which  cannot  be  imitated  artiflcially,  and  henee  persons  accustomed  to  the 
flavor  of  such  vinegar,  b~  itself  or  in  picklea,  do  not  relish  the  vinegar  made  by  the 
quick  oxidizement  process,  either  from  malt  or  spirits.  Even  subjecting  this  vinegar 
to  the  action  of  rape  accomplishes  .imperfectly  the  object  in  view. 

Wei'C  vinegar  pure,  it  would  be  -"i""'>  i>'-  »=  -""/"«" 

IS  under  SO  per  cent.  lives  _ ,   .   .  .      ,     _ 

Bseluten  and  other  organic  matter,  snch  as  caramel, 
r  burnt  su^r,  to  color  and  flavor  it,  besides  sulphuno  and  possibly  other  acids. 
Ilenoe  the  Excise  have  adopted  the  following  plan  of  acetometry  sn^ested  by  Messrs. 
Taylor.  When  pure  vinegar  is  saturated  with  quicklime,  the  liquid  takes  a  density 
doiibleof  that  due  to  the  acetic  acid  present  Thus,  an  acetate  of  lime  ofsp.gr.  1018, 
corresponds  to  a  pure  vinegar  of  1 -009 ;  butmalt  vinegar  of  that  strength  has  its  density 
raised  to  l-OH  by  the  gluten.  When  such  vinegiir  is  saturated  with  quicklime,  Ih* 
acetate  acquires  a  epeciiie  gravity  of  1-028,  fi-om  which,  if  the  five  due  to  the  gluten 
be  deducted  the  remainder,  I'OIS,  will  be  double  of  the  true  density.  Keveiiuo  proof 
vinegar,  called  'St.  34,  baa,  according  to  these  gentlemen,  the 
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The  acid  of  tliia  table  is  the  anlijdpous,  being  stronger  by  nbout  IB  per  cent,  than 
tliat  of  my  table  given  above.  The  ehemiiail  aimlyais  of  vinegar  consists  first  in  deter- 
mining tlie  presence  and  proportion  of  foreign  matter,  Wi^  this  view  500  giiiins  ol 
it  sliould  be  evaporated  by  the  heat  of  a  cblor-enlcium  bath,  the  I'esiduum  weighed  and 
osaraincd.  If  it  be  sour,  eulfhnrio  aeid  may  be  suspected,  and  its  amount  be  ascer- 
tained by  precipitation  with  nitrate  of  bary  t^  and  weighing  the  washed  and  dried  pre- 
cipitate. Every  118  parts  indicate  49  of  oil  of  vitrol;  but  if  saline  sulphates  be  pre- 
lent,  their  amou:it  may  be  ascertained  by  igniting  the  above  residuum  and  weighing 
what  remains.  Ttie  toss  in  ignition  will  ba  due  to  o^anic  matter,  acelate.^  and  su)- 
phurio  ieid.  If  an  alkaline  aeetate  be  present  after  ignition,  the  residuum  may  be  an 
alknlicn  lULrbonate.  Nitric  acid  is  beat  detected  b;^  adding  a  few  drops  of  a  dilute  sul- 
phate of  indigo  to  the  vinegar,  and  byboiUng  the  mixture;  when  the  blue  will  pass  into 
a  dirty  brown  yellow  if  nitriouoid  be  present.  In  common  cases  a  ready  mode  of  esti- 
miitinetbe  strength  of  the  vinegar  is  wanted,  and  do  reagent  is  better  lor  the  purpose 
than  the  biearbonaieof  pota-<h,  two  grains  of  which  nre  equivalent  to  very  nearly  one  of 
ETihydrous  acetic  scid.  To  100  or  1000  grs.  of  thevinegar  in  question  we  have  only  to 
add  from  a  weighed  parcel  of  pounded  bicarbonate  of  potash,  enough  to  produce  neu- 
ti'alization  by  the  test  of  Ittmns  paper,  and  the  half  number  of  grains  required  denotes  Ilia 
number  ofgrains  of  acetic  acid  in  100  or  1000  of  the  vinegar.     Or  a  normal  solution  of 


the  bicarbonate  may  be  kept  ready  made,  of  which  1000  water  BT^n  ni 
100  ot  the  salt;  then  each  20  grain  measures  expended  in  neutralizing  1000  water  grain 
esof  the  vinegar  denote  one  grain  of  real  acetic  acid.   As  (he  extrication  of  car- 


bonic acid  from  the  bicarbonate  is  apt,  however,  in  common  hands  to  cause  fallacies 
1  prefer  ammonia  as  a  general  acidimetrical  t&«t,  of  which  1000  water  grain  measures 

speoifiogi'avity  0'992  neutralise  exactly  one  atom  of  acetic  acid;  that  is,  51  grains  of 
vus  anhydrous,  or  60  of  the  hydrate;  therefore  after  abiding  that  test  ammonia  totlia 
Tinegar  faintly  reddened  with  litmus  out  of  a  graduated  glass  tube,  till  (he  neutral  tint 
of  color  be  hi^  the  number  of  water  grain  measures  of  teat  espended,  being  multiplied 
either  by  51  or  60,  will  give  for  a  product  the  per  eentage  of  anhydro.ns  or  hydrated 
acetic  acid.  This  is  the  melliod  1  have  pursued  for  very  many  yeai-s,  and  whicli  gives 
results  of  ijerfect  precision  in  a  few  minutes. 

Vinegar  is  so  extensively  employed  as  a  condiment^  that  it  should  be  of  better  quality 
than  is  commonly  on  sale  in  the  [Inited  Kingdom,  where  it  is  almost  always  conta- 
minated with  oil  of  vitrioL  AU  our  pickles  participate  in  the  same  noxious  ingre- 
dient.    The  fumes  of  vinegar,  and  even  its  odor,  as  in  the  vinegar  of  the  Three 


'/; 


H  of  Marseilles,  were  long  supposed  to  be  counteractive  of  contagi 
rnorns ;  but  they  are  rather  injurious,  by  covering  unwholesome  smells  from  want  oi 
due  cleanliness  and  ventilation,  and  sliould  never  be  relied  upon.  In  combination  with 
aliimLno,and  also  with  oxide  of  iron,  it  is  extensively  used  in  the  dyeing  and  printing 
of  cotton,  under  tb  >  names  of  red  liquor  and  icon  liqcor,  as  mordants  for  briglit  and 
dark  colors. 

According  to  Dobereioer  and  Liebig,  in  the  convei'sion  of  alcohol  into  acetic  acid  no 
Garbonio  acid  is  firmed.  100  lbs.  of  alcohol  consisting  of  52'6  carbon  +  129  hydrogen 
-|-  3i-5  oxygen,  absorb  from  the  air,  in  the  process  of  aoetifieation,  S5'2  lbs.  of  oxygen, 
which  abstract  *-4  lbs.  of  hydrogen  from  the  alcohol,  and  thus  generate  396  IbZ  of 
water,  leaving  the  substance  called  aldehyde  {dehydrogenated  alcohol),  wiiich  consists 
cf  52-8  carbon -f-8-e  hydrogen  +  68  4  oxygen. 

In  practice  we  cannot  obtain  so  much  acid  as  the  above,  but  the  theoretical  maximum 
serves  as  a  beacon,  and  the  nearer  we  can  approach  to-it  the  better.  About  S600 
3ubic  feet  of  air  contain  69  lbs.  of  oxygen,  the  quantity  barely  necessary  for  acetifying 
100  lbs.  of  alcohol;  but  as  the  air 'is  only  partially  stripped  of  that  element,  much 
more  is  needed,  and  this  excessive  enrrent  carries  off  some  alcohol,  aldehyde,  and  acetic 
acid,  and  so  lessens  the  product  If,  on  the  other  hand,  air  be  too  sparingly  sapplied, 
volatile  aldehyde  is  chiefly  formed,  which  flies  off,  and  leaves  a  mawkish  putrefying 
liquor  of  no  yalne. 

We  r:ay  complete  the  preceding  view  of  the  production  of  acetic  acid,  by  showing 
the  relatior.B  which  subsist  between  it  and  sugar,  and  starch,  through  the  medium  ol 
alcohol — four  correlative  compounds,  lOOlbs- of  oaneiu<(ar  are  convertible  into  100  Ihs. 
of  starch  sugar  or  grape  sugar,  by  luiiling  it  with  sulphuric  or  tartaric  acid,  and  abstrael- 
iug  the  aciii  by  means  of  ^alk;  and  that  weight  of  either  kind  ot  sugar  is  capable  o< 
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yielding,  bj  feroientation,  63"T  Iba.  of  alcohol.  100  lbs.  of  staivli,  if  well  aaci^hariiiea, 
should  afford  fully  li»0  Ib^  of  etiiroli  sugar,  and,  theruf^ve,  637  lbs.  alcohol,  Tlni« 
ore  the  theoretical  quantities,  but  thej  can  never  bo  realized  iii  prActice. 

A  quarter  of  good  mall,  weighing  320  lbs.,  euntaiaa  by  my  experiments  144  eulid 
extract,  wbich  should  yield,  first.  66  j  alcohol ;  aud  next  100  tijk  of^ acetic  acid  liyiirote, 
equivalent  tu  17  limi's  that  weight  of  revenue  proof  vioegar  ^  170  gallons  nearly. 

Befo.e  the  proces*  for  pyroli^neo'is  ac:J,  or  wood  Ttnegar,  mas  known,  there  was  cnlj 
one  mfthod  of  obtaining  strong  vinei!;ar  practised  by  chemisls;  and  it  is  still  followed  b; 
some  operators,  to  prepare  what  is  called  radical  or  aromatic  vinecar.  This  consists  ill 
decompoiln?,  by  heal  alone,  the  crystallized  biaacetate  of  copper,  commonly,  but  impro. 
perly,  called  distilled  Terdigris.  With  tliis  view,  we  take  a  stoneware  retort  {fig  l\ 
ot  I  size  Goiled  to  the 
qmnlitj  we  wish  to  oper 
ale  upon,  and  cott  it  with 
a  miMure  of  fire  clay  and 
boiapilun;,  lo  make  il 
iiand  the  belt  belter 
When  this  coating  is  d-j, 
we  introduce  into  the  re 
tort  the  crysIalliEcd  ace 
tale  "ligbtlj  bruised,  bal 
verj  dry  we  fill  it  as  far 
as  It  will  hold  williiul 
spilling  when  the  beak  is  considerably  [nelined  'STe  then  tel  it  la  a  proper  furnace 
We  attach  to  its  neck  an  adojiler  pipe,  and  two  or  three  globes  wilh  opposite  tnbu 
lures,  and  a  las)  elobe  with  a  vertical  tabulurs  The  apparatus  is  lelminated  b\  a 
Welter's  tube,  wiih  a  double  branch ;  the  shorter  issues  from  Ihe  last  globe,  and  the 
other  dips  info  a  flask  filled  with  distilled  vineear  Ever)  thing  being  thus  arranged, 
we  lufe  the  joinings  with  a  putty  made  of  pipeclay  and  I  nseed  oil,  and  cover  them  with 
glac  paper.  Each  globe  is  placed  in  a  separate  basm  of  cold  watfr,  or  the  whole  may 
he  put  into  an  oblong  trougli,  Ihroush  which  a  constant  stream  of  cold  wafer  is  made  lo 
flow.  The  tubes  must  be  allowed  a  day  lo  dry.  Next  day  wre  proceed  to  the  distilla- 
tion, tJLi^pering  the  heal  very  nicely  at  the  beginning,  and  increasing  il  by  very  stow 
degrees  till  we  see  the  drops  follow  each  oiher  pretty  rapidly  from  the  neck  of  the  retort, 
or  the  end  of  the  adopter  lobe.  The  vapors  which  pass  over  are  veiy  hot,  whence  a  se- 
ries of  globes  are  necessary  lo  condense  Ihem.  We  should  renew,  fi-om  lime  lo  time,  the 
water  of  the  basins,  and  keep  moift  pieces  or  cloth  upon  the  globes;  but  this  demands 
great  care,  especially  if  the  fire  be  a  Utile  too  brisk,  for  the  vessels  become,  in  that  case, 
BO  hot,  Ihat  tliey  would  Inrallibly  be  broken,  if  touched  suddenly  with  cold  water.  It  is 
always  easy  fta-  os  to  regalaie  this  operation,  according  lo  the  emission  of  gas  from  the 
etlremily  of  the  apparatus.  When  the  air  bubbles  succeed  each  other  wilh  great  ra- 
pidity, we  must  damp  the  lire. 

The  liquor  which  passes  in  the  fiist  half  hour  is  weakest;  it  proceeds,  in  some  mea- 
sure, from  a  iillle  water  sometimes  left  in  ihe  crystals,  which  when  well  made,  however, 
ought  lo  be  anhydrous.  A  period  arrives  towards  the  middle  of  the  process  when  we 
see  the  extremity  of  ihe  beak  of  the  retort,  and  of  the  adopter,  covered  with  crystals  of  a 
lamellar  or  needle  shape,  anri  of  a  pale  green  linl.  By  degrees  these  crystals  are  carri- 
ed inlo  Ihe  condensed  liquid  by  the  acid  vapon,  and  give  a  color  to  the  product.  These 
crjslnis  are  merely  some  of  the  cnpreous  salt  forced  over  by  ihe  heal.  As  Ihe  process 
approaches  its  conclusion,  we  lind  more  difiicutly  in  raising  the  vapors;  and  we  must 
then  augment  Iheiniensilyofthe  heal,in  order  to  continue  their  disengagement.  Finally, 
we  Judge  thit  the  process  is  altogether  finished,  when  the  globes  become  colJ,  notwiili- 
standing  the  furnace  is  at  Ihe  hottest,  and  when  no  more  vapors  are  evolved.  The  bre 
Biay  then  be  allowed  lo  go  out,  and  the  retort  to  cotd. 

As  the  acid  thus  obtained  is  slightly  tinseii  ivilh  copper,  it  must  be  rectified  be/ore 
bringing  il  inlo  the  market.  For  this  purpose  we  may  make  use  of  the  same  apparatus, 
only  substituting  for  the  stoneware  retort  a  glass  one,  placed  in  a  sand  bath.  All  the 
g'nbes  ought  lo  be  peifeclly  clean  and  dry.    Th   d'    'II    *  n  "         b  d    I  d  '    th 

usual  way.     If  we  divide  ihe  product  inlo  th   d  firs 

the  third  the  strongest.     We  should  not  p  h     p      ess  rj 

there  remain  in  the  last  portions  certain  in  w     h  w  lUd  ii 

the  acid. 

The  letal  acid  thus  obtained  forms  near  w  h 

employed,  and  the  residuum  forms  three  te  bo       w 

have  been  decomposed  by  the  heal,  and  are    os 
reduced  lo  the  melallic  stale,  its  oxygen  goe  m 

forms  water,  which  mingles  with  the  products  of  carbonic  acid,  carbureted  hydrogen,  and 
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3arl)or  ic  oiyde  gases  which  are  disen^^ed  :  and  there  remains  in  llie  relort  Eome  cliai- 
coil  mixed  with  metallic  co)>per.  These  iwn  comhiislihles  are  in  such  a  stole  of  division. 
Ih^il  llie  residuum  is  pyrophoric.  Hence  it  often  takes  (ire  the  moment  of  lis  hein?  re^ 
moved  from  the  cold  retort.  The  very  considerable  loss  experienced  in  this  operation 
lias  induced  chemists  to  trj  difl'erenl  methods  to  obtain  all  the  acid  contained  in  the  aee- 
late.  Thus,  for  e:iamp)e,  a  certain  addition  of  stil|  huric  acid  has  been  prescribed  ;  but, 
beside?  that  the  radical  vinetnir  obtained  in  this  way  always  contains  sulphurous  acid, 
from  which  it  is  difficult  to  free  it,  it  is  thereby  depi'ived  of  that  spirit  called  the  pyro- 
acilir,  which  tempers  the  sharpness  of  its  smell,  and  gives  an  agreeable  aroma.  It  is  to 
be  presumed,  therefore,  ihal  the  preceding;  process  will  continue  to  be  preferred  for  mak- 
ing aromatic  vinegar.  Its  odor  is  often  further  modified  by  essential  oils,  such  as  those 
of  rosemary,  lavender,  &e. 

4.  Pyroliffitons  ^cid,  or  Weed  Vircgar, — The  process  for  making  this  acid  is  founded 
upon  the  general  pn>perly  of  heat,  to  separate  the  elements  of  vegetable  substances,  and 
(0  unite  them  anew  in  another  order,  with  the  prnduel  on  of  compounds  which  did  not 
exist  in  the  bodies  subjected  to  i!s  action.  The  respective  proportion  of  these  products 
varies,  not  only  In  the  diti'erent  suLflances,  hut  also  in  the  same  substance,  according  a: 
the  degree  of  heat  has  been  ereater  or  less,  or  conducted  with  more  or  less  skill.  When 
we  distil  a  vegetable  body  in  a  close  vessel,  we  obfin  at  first  the  included  water,  or  inal 
of  vegetation ;  there  is  next  formed  another  portion  ki*  water,  at  the  expense  of  the  oxy- 
gen and  hydrogen  of  Ihc  body ;  a  proportional  quantity  of  charcoal  is  set  free,  and,  with 
the  successive  increase  of  the  heat,  a  small  poition  i<f  charcoal  combines  with  the  oxygen 
and  hydrogen  to  form  acetic  acid.  This  was  consiitered,  for  Gome  time,  as  a  peculiar  acid, 
and  was  accoidinjly  colled  fjro/'gjcojij  acid.  As  the  proportion  of  carbon  becomes 
preponderant,  it  combines  witli  the  other  principles,  and  then  some  empyreumatic  oil  is 
volatilized,  of  little  color,  but  which  beuime;  thicker,  and  of  a  darker  tint,  always  getting 
moie  loaded  with  carbon. 

Several  elastic  flnids  accompany  these  different  products.  Carbonic  acid  comes  over, 
but  in  small  quantity,  much  carburreled  hydrosen,  ami,  towards  the  end,  a  considerable 
proportion  of  carbonic  oxyde.  The  remainder  of  the  charcoal,  which  could  not  be  cairiel 
off  in  these  several  combinations,  is  found  in  the  retort,  and  preserves,  nstially,  the  form 
of  the  vegetiible  body  which  furnished  it.  Since  nrankind  have  begun  to  reason  on  the 
ditferent  operations  of  the  arts,  and  to  raise  them  to  a  level  with  scientiHc  researches, 
tliey  havB  introduced  into  several  branches  of  manufaclnre  a  mnllitude  of  improvements, 
of  which,  Ibrmerly,  they  would  hardly  have  deemed  ihem  susceptible.  Thng,  in  pa.ti'  a- 
lar,  the  process  for  carbonizing  wood  has  been  siuKnlarly  meliorated,  and  in  refei  ence  to 
the  preceding  observations,  advantage Jjas  been  derived  from  several  products  that  for- 
merly were  not  even  collected. 
The  apparatus  employed  for  obtaining  crude  vinegar  from  wood,  by  the  agency  of  heat, 
are  large  iron  cylinders.  In  this  country  they  are  made 
a  iron,  and  are  laid  horizontally  in  the  iiirnace;  in 
F  ,  they  are  made  of  sheet  iron  riveted  together,  and 
h  a  e  set  upright  in  the  fire.  Fig.  2  will  give  an  ac- 
idea  of  the  British  plan,  which  is  much  the  same  as 
h  a  opted  for  decomposing  pit  coal  in  gas  works,  only 
ha  e  eflinders  for  the  pyroligneous  acid  manufacture  nre 
a.'y  larger,  being  fieriuently4  feet  in  diameter,  and 
6  8  feet  long,  and  built  horizontally  in  brickwork,  so 
h  he  flaine  of  one  furnace  may  play  aroond  two  of 
h  m  It  would  probably  answer  better,  if  their  size  were 
b  ht  nearer  the  dimensions  of  the  gas-light  retorts,  and 
h  whole  system  of  woriung  them  were  assimilated  to 
h         coal  g:as. 

T     following  arrBngemei\t  is  adopted  in  an  excellent  esta- 
b    hment  in  Glasgow,  where  Ihe  above  large  cylinders  are 
ong,andboth  ends  of  them  project  a  very  little  beiond 
Iv       k  d    a  ad  round  plaleofcasl  iron,  wellfilted,  andfirmlj bolted 

to  It,  from  the  centre  of  which  cli.c  an  iron  tube,  about  6  inches  diameter,  proceeds  and 
tnlers.at  a  right  angle,  the  main  tube  of  refrigeration.  Thediamelerof  this  lube  maybe 
from  9  to  14  inches,  according  to  Ihe  number  of  cj'lindcrs.  The  other  end  of  the  cylinder 
is  called  the  mouth  of  the  retort ;  this  is  closed  by  a  disc  of  iron,  smeared  round  its  edge 
by  clay  lute,  and  secured  in  its  place  by  fir  wedees.  The  charge  of  wood  fotsnch  a  cylin- 
der is  about  8  cwt.  The  hard  woods — oak,  ash,  birch,  and  beech— are  aloneused  ;  fir  doe? 
not  answer.  The  heat  ts  kept  up  during  the  day-time,  and  Ihc  furnace  is  allowed  ;o  cool 
during  the  night.  Nest  mornins  the  door  is  opened,  the  ciarcoal  removed,  and  a  new 
shargc  ofwood  is  introduced.  The  average  product  of  crude  vinegar  called  pyrolig- 
ni-iius  a'id,  is  35  gallons.    It  is  mnch  contaminated  with  tar,  is  of  a  deep  brown  color, 
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:d  2^  or  the  lalter,  c 
H  porcelain  relort  ii 
BuE  that  with  binaceiate  of  ci 


gnd  has  a sp.gr,  of  J-025.  lis  total  weighl  is  Iherefore  about  300  lbs.,  but  the  cesirliari 
eharcoal  is  found  to  wei.?h  no  more  than  one  fifth  of  the  wood  eraployud;  hence  inBrlj 
Hue  hall'  of  the  ponderable  matter  of  the  wood  is  dissipitej  in  incondensable  gr^a 
Coimt  Rumforcl  slates,  that  the  charcoal  is  eiual  in  weight  lo  more  than  four  tenths  o[ 
the  wood  from  which  it  is  made.  The  count's  error  seems  to  have  arisen  from  the  slishl 
heal  of  an  oven  to  which  his  wood  was  exposed  in  a  glass  cylinter.  The  result  now 
given,  is  the  experience  ol  an  eminent  manoCicturinjt  chemist. 

The  crude  pyroligneous  acid  is  rectified  by  a.  second  disiillntion  in  a  copper  still,  in  the 
body  of  which  about  Iweni  j  gallons  of  viscid  tarry  matter  are  left  from  etery  100.  II  has 
no»r  become  a  transparent  brown  vinegar,  having  a  considerabiy  empyreumatic  smell, 
and  a  sp.  gr.  of  1'013,  Its  acid  powers  are  superior  to  those  of  the  best  householii 
vinegar,  in  the  proportion  of  three  to  two.  By  redistillation,  saturation  with  quick- 
lime, evaporation  of  (he  liquid  acetate  lo  dryness,  and  conversion  into  acetate  of  soila  by 
sulphate  of  suda,  the  empyrenmatic  matter  is  so  completely  dissipated,  thai  on  decom- 
posing the  pure  acetate  of  soda  hy  sulphuric  acid,  a  perfeciJy  coIoJ'less  and  grateful  vine- 
gar rises  in  distillation.  Its  strength  will  be  proportionable  to  -Jie  concentration  of  the 
decomposing  acid. 

The  acetic  acid  of  the  chemist  may  be  prepared  also  in  the  following  modes  : — 1.  Two 
parts  of  fused  acetate  of  potash,  with  one  of  the  sli'ongest  oil  of  vitriol,  yield,  by  slow 
distillation  from  a  glass  retort  into  a  refrigerated  receiver,  concentrated  acetic  acid.  A 
small  portion  of  sulphurous  acid,  which  contaminates  it,  may  be  removed  by  redistillation 
from  a  little  acetate  of  lead.  2.  Or  four  parts  of  good  sogar  of  lead,  with  one  part  of 
sulphuric  acid,  treated  in  the  same  way,  afford  a  sliehtly  weaker  acetic  acid.  3.  Gently 
calcined  sulphate  o_r  iron,  or  green  vitriol,  mised  with  sugar  of  lead,  in  the  proforlion  o( 
e  of  copper,  and  carefully  distilled  from 
iter,  may  be  also  considered  an  economical  process, 
copper  above  described,  is  preferable  to  any  of  these. 

"      m     ifacture  of  pyroligneons  acid  is  conilucled  in 

11      ng  way   in  Prance.    Into  large  cylindrical 

Jig    3)  made  of  riveted  sheet  iron,  and  having 

and  side  a  small  sheet  iron  cylinder,  the  woud 

making   charcoal   is   introduced.    To  the 

ar    of  this  vessel  a  cover  of  sheet  iron,   e,  is 

ich  is  fixed  with  bolts.    This  vessel,   thus 

esenls,  as  we  see,  a  vast  relort.    When  it  is 

we  have  said,  it  is  lifted  by  means  of  a  swing 

nd  placed   in   a  furnace,  d  (fig,  4),   of  a 

e  to  that  of  the  vessel,  and  the  opening  of  the 

overed  with  a,  dome,  e,  made  of  masonry  or 

The  whole  being  thus  nrranged,  heat  is  ap- 

furnace  at  the  bottom.    The  moisture  of 

1       fiist  dissipated,  but  by  degrees  the  liquor 

transparent,  and  becomes  sooty.  An  adopter 

hen  fitted  to  the  lateral  cylinder.  This  adopter 

.0  another  tube  at  the  same  degree  of  inclination 

I    which  commencea"the  condensin; apparatus.    Themeans 

of  condensation  vary  according  to  the  localities.    In  cer- 

works  they  cool  by  means  of  air,  by  making  the 

r  pass  through  a  long  ^eries  of  cylinders,  or  some- 

of  casks  connected  together; 

used  for  condensing,  when  it 

abundance.    The  most  simple 

apparatus  employed  for  this 

purpose  consists  of  two  cy 

iinders,   r,   p  (fig.   4),   Iho 


within   t 


and 


which  leave  between  fhen 
a  sufficient  space  to  allow 
a  considerable  body  of 
wnier  to  circulate  along  and 
enol  the  vapors.  This 
double  cylinder  is  adapted 
to  the  distilling  vessel,  and 
placed  at  a  ceilain  inetina- 
lion.  To  the  first  double 
lube,   F,  r,  a   second,   and 
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I  Ihiid,  entirely  s'milar,  are  connected,  which,  lo  tare  space,  return  upon  thfm- 
5cives  in  a  zigzag  fashion.  The  water  is  set  in  circulation  by  an  ingenious  ineana 
now  adopted  in  many  dilferenl  manufactories.  From  the  lower  extremilj,  g,  of  Itie 
system  of  condensers,  a  pei  f.endicular  lube  rises,  whose  leneth  shoHld  be  a  little  more 
,han  the  most  elevated  point  of  the  sjslem.  The  water,  furnished  by  a  reservoir,  i, 
enters  by  means  of  the  perpendicular  tube  through  ihe  lower  part  of  Ihe  system,  and 
611s  the  whole  space  between  the  double  cylinders.  When  the  apparalos  is  in  action, 
the  vapors,  as  ihey  condi^nse,  ra.se  (he  temperature  of  the  water,  which,  by  the  column 
in  L  G,  is  pressed  to  the  upper  part  of  the  cylinders,  and  runs  over  by  ihe  spout  k.  To 
this  point  a  very  short  lube  is  attached,  which  is  bent  towards  ihe  ground,  and  serves  as 
an  overflow. 

The  condensing  apparatus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk  in 
the  ground.  At  the  extremity  of  this  species  of  "utter  is  a  bent  tube,  e,  which  dis- 
charges the  liiiuid  product  into  the  fij-sl  cistern.  When  il  is  full,  it  eripties  itseli,  it 
means  of  an  overflow  pipe,  int  i  a  preat  reservoir  :  Ihe  tube  which  terminates  the  gutte. 
plunges  into  (he  liquid,  and  thus  intercepts  communication  with  Ihe  inside  of  the  appa- 
ratus. The  uisengaged  gas  is  brought  back  by  means  of  pipes  m  l,  from  one  of  the  sides 
of  the  conduit  to  the  under  part  of  ibe  ash  pit  of  Ihe  furnace.  These  pipes  are  furnish- 
ed wiih  stopcocks  a,  nl  some  distance  in  front  of  Ihe  furnace,  for  the  purpose  of  r™ula- 
ling  the  jet  of  the  gas,  and  interruplini;,  at  pleasure,  communication  with  the  inside  of 
the  apparatus.  The  part  of  the  pipes  which  terminates  in  the  furnace  rises  perpendicu- 
larly several  inches  above  Ihe  ground,  and  is  eipandeJ  like  the  rose  of  a  watering  can,  n. 
The  gas,  by  means  of  this  disposition,  can  distribute  itself  uniformly  under  the  vessel,  with- 
out suffering  the  pipe  which  conducts  it  to  be  obstructed  by  the  fuel  or  the  ashes. 

The  temperature  necessaiy  to  cfTect  the  carbonization  is  not  considerable ;  however,  at 
the  last  it  is  raised  so  high  as  to  make  Ihe  vessels  red  hot;  and  the  duration' of  the  process 
is  necessarily  proporlional  lo  the  quantity  of  wood  carbonized.  For  a  vessel  which  shall 
contain  about  5  meters  cube  (nearly  6  cubic  yds.),  8  hours  of  fire  is  Kufficienl,  il  is 
known  that  the  carbonization  is  complete  by  the  color  of  the  flame  of  the  gas :  it  is 
i^rsl  of  a  yellowish  red;  it  becomes  atlerwards  blue,  when  more  carbonic  oxyile  than 
carbonic  hydrogen  is  evolved  ;  anJ  towards  the  end  II  becomes  entirely  white, —  a  circum- 
stance owing,  probably,  lo  the  furnace  being  more  heated  at  this  period,  and  the 
combustion  being  more  complete.  There  is  still  another  means  of  knowing  the  state  uf 
the  process,  to  which  recourse  is  more  IVequently  had ;  that  is  the  cooling  of  the  iirst 
tubes,  which  are  not  surrounded  with  waler :  a  few  drops  of  this  lluid  are  thrown  upon 
their  Euiface,  and  if  thev  evaporate  quietly,  it  is  judged  that  the  calcination  is  sufUcieat. 
The  arlopier  lube  is  then  unluted,  and  is  slid  into  its  junction  pipe;  the  orifices  are 
immediately  slopped  with  plates  of  iron  and  plaster  loam.  The  brick  cover,  E,  of  the 
furnace  is  first  removed  by  means  of  the  swing  crane,  then  the  cylinder  itself  is  lifted 
out  and  replaced  immediately  by  another  one  previously  charged.  When  the  cylinder 
which  has  been  taken  out  of  Ihe  furnace  is  entirely  cooled,  ils  cover  is  removed,  and  ihe 
charcoal  is  emptied.  Five  cubic  meters  of  wood  furnish  about  T  chaldrons  (\oies)  and 
a  half  of  charcoal.  (For  modifications  of  the  wood-vinegar  apparatus,  see  Charcoai 
and  PvROLiGNKODS  Acti>.) 

The  difl'erent  qualities  of  wood  employed  in  this  operation  give  nearly  similar  pri>. 
ducts  in  reference  lo  the  acid  ;  but  this  is  not  the  ease  with  the  charcoal,  for  it  is  better 
the  harder  the  wood  ;  and  it  bus  been  remarked  that  wood  long  raposed  to  the  air  fur- 
nishes a  charcoal  of  a  worse  quality  than  wood  carbonized  soon  afler  it  is  cut. 

Having  described  the  kind  of  apparatus  employed  to  obtain  pyroligneous  acid,  T  shaU 
now  detail  the  best  mode  of  purifying  il.  This  acid  has  a  reddish  brown  color;  it  holda 
in  solution  a  portion  of  empyreumatic  oil  and  of  the  tar  which  were  formed  at  the  same 
time,  another  portion  of  these  proaucls  is  in  the  slate  of  a  shnple  mixture :  the  latter 
may  be  separated  by  repose  alone,  Il  is  stated  above,  that  the  distilling  apparaiua 
lerininales  in  a  subterranean  reservoir,  where  the  prodocls  of  all  the  vessels  are  mixed. 
A  common  pump  communicates  with  the  reservoir,  and  sinks  to  ils  very  bottom;  in  order 
ttiat  it  may  draw  ofi"  only  the  slralnm  of  tar,  which,  according  lo  its  greater  density, 
occupies  the  lower  pari.  From  time  lo  time  the  pump  is  worked  to  remove  ihe  tar  as  il 
isdeposiled.  The  reservoir  has  at  ils  lop  an  overflow  pipe,  which  dischai^e^  the  clear- 
est ncid  into  a  cistern,  from  which  it  is  taken  by  means  of  a  second  pump. 

The  pyroligneous  acid  thus  separated  from  the  undissolved  tar  is  transferred  from  Ihil 
cistern  into  large  sheet  iron  boilers,  where  ils  saturation  is  effected  eiiher  by  quicklime 
or  by  chalk,  the  latter  of  which  is  preferable,  as  the  lime  is  apt  to  lake  some  of  the  :ai 
into  combination.  The  acid  parts  by  saluralion  with  a  new  portion  of  the  tar,  which  is 
removed  by  skinuoers.  The  neutral  solution  is  Ihen  aliened  to  rest  for  a  sufficient,  lime 
to  let  ils  clear  parts  be  drawn  off  by  decantalion. 

The  acelaleof  lime  Ihns  obtained  indicates  by  the  hydrometer,  before  being  mixed  with 
Ihe  wateis  of  edulcnralion,  a  degree  correspooding  to  the  acidimelric  degree  of  the  acid 
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employed.  This  solution  must  be  evaporated  til!  it  reaches  a  specific  gravity  of  1-1 1 J 
( 15"  Baume),  after  which  there  is  added  to  it  a  saluraled  solution  of  sulphate  of  soda. 
The  acids  exciian^P  bases;  sulphate  of  iime  precipilates,  and  acetate  of  soda  remain?  in 
soEution.  In  some  inanufacliires,  instead  of  pursuing  the  above  plan,  the  sulphate  o1 
Euda  Is  dissolved  in  the  hot  pyroligneous  acid,  which  is  afterwards  saturated  with  chalk 
01  liine.  By  ihis  means  no  water  need  be  employed  to  dissolve  Ihe  sulphate,  and  ac- 
<»irdingly  the  liquor  is  obtained  in  a  concentrated  form  without  evaporation.  In  bolh 
modes  the  sulphate  of  lime  is  allowed  to  settle,  and  the  solution  of  acetate  of  soda  is  de- 
canted. The  residuum  is  set  aside  to  be  eduleorated,  and  the  last  waters  are  employed 
for  washing  fresh  porlions. 

The  acetate  of  soda  which  results  from  this  double  decomposition  is  aRerwards  evap- 
orated till  it  attains  to  the  density  of  1-225  or  1-23,  acconling  to  the  season.  This  so- 
lution is  poured  into  large  crystallizing  vessels,  from  which,  at  the  end  of  3  or  4  days, 
according  to  their  capacity,  the  mother  waters  are  decanted,  and  a  first  crystaHizalion  ia 
uiitaini.'d  of  rhotnboidal  prisms,  which  are  hi°;hly  colored  and  very  bulky.  Their  facettes 
are  finely  polished,  and  their  ed^es  very  sharp.  The  mother  waters  are  sutmilled  to 
successive  evaporations  and  crystallizations  (ill  they  tefuse  to  crystallize,  and  they  are 
then  burtit  to  convert  them  into  carbonate  of  soda. 

To  avoid  guesswork  proportions,  which  are  always  injurtons,  by  the  loss  of  lime  which 
they  occasion,  and  by  the  bad  results  to  which  they  often  lead,  we  should  determine 
experimentally,  beforehand,  the  quantities  absolutely  necessary  for  the  reciprocal  dccom- 
irosition,  especially  when  we  change  the  acid  or  the  snlphate.  But  it  may  be  remarked 
tha^  notwithstanding  all  the  precautions  we  can  take,  there  is  always  a  notable  quantity 
of  sulphate  of  soda  and  acetic  aeid,  which  disappear  totally  in  this  decomposition.  This 
arises  from  the  circumstance  that  sulphate  of  soda  and  acetate  of  lime  do  not  completely 
decompose  each  other,  as  I  have  ascertained  by  e):perimenls  on  a  very  considerable  scale  i 
and  thus  a  portion  of  each  of  Ihera  is  always  lost  with  the  mother  waters,  ll  misht  be 
supposed  thai  by  calcining  the  acetate  of  lime  we  could  completely  destroy  ils  empy- 
reutnatic  oil ;  hut,  though  I  have  made  many  experiments  with  this  view,  1  never  could 
abtain  an  acetate  capable  of  affording  a  tolerable  acid.  Some  manufacturers  prefer  to 
m»ke  Ihe  Hcetata  of  soda  by  direct  satTiralion  of  [he  acid  willi  the  alkali,  and  think  that 
the  higher  price  of  this  substance  ia  compensated  by  the  economy  of  liice  and  fuel  which 

The  acetate  of  soda  is  easily  purified  by  crystallizations  and  torrefaction ;  the  latter 
process,  when  well  conducted,  freeing  it  completely  from  every  particle  of  tar.  Thia 
torrefaction,  to  which  the  name  of  fusion  may  be  given,  requires  great  care  and  dexterity. 
It  is  nsnally  done  In  shallow  cast  iron  boileis  of  a  hemispherical  shape.  During  all  the 
time  that  the  heM  of  about  500°  Fahr.  is  applied,  the  fused  tn^s  must  be  diliEcmly  work- 
ed with  rakes;  an  operation  which  continues  about  24  houis  for  half  a  ton  of  materials. 
We  must  carefully  avoid  raising  the  temperature  so  high  as  to  decompose  the  acetate; 
and  be  sure  that  the  heat  is  equally  dislribnted  ;  for  if  any  point  of  the  mass  enters  into 
decomposition,  it  is  propagated  with  such  rapidity,  as  to  be  excessively  difficult  to  stop 
its  progress  in  destroying  the  whole.  The  heat  shoold  never  be  so  great  as  to  disengage 
any  smoke,  even  when  Ihe  whole  acetate  is  liquefied.  When  there  is  no  more  frothing 
up,  and  the  mass  Rows  iike  oil,  the  operation  is  finished.  It  is  now  allowed  to  cool  iu  a 
body,  or  it  may  be  ladled  oat  into  moulds,  which  is  preferable. 

When  the  acetate  is  dissolved  in  water,  the  charcoaly  matter  proceeding  from  the 
decomposition  of  the  tar  mnst  be  separated  by  filtration,  or  by  boiling  up  the  liquor  to 
the  speciSc  gravity  1-114,  when  the  carbonaceous  matter  faUs  to  the  bottom.  On  eva- 
porating the  clear  liquor,  we  obtain  an  acetate  perfectly  fine,  which  yields  beautiful 
crystals  on  Cooling.  In  this  state  of  purity  it  is  decomposed  by  sulphuric  acid,  in  order 
to  separate  its  acetic  acid. 

This  last  operation,  however  simple  it  appears,  requires  no  little  care  and  skill.  The 
acetate  of  Soda  crystallized  and  ground  is  put  into  a  copper,  and  the  necessary  quantity 
of  sulphuric  acid  of  1-842  (about  35  per  cent,  of  the  salt)  to  decompose  almost,  bat  not 
all,  the  acetate,  is  poured  on.  The  materials  are  left  to  act  on  each  other ;  by  degrees 
the  acetic  acid  quits  its  combination,  and  swims  upon  the  surface  ;  the  greater  pnrt  of 
the  t>;suliing  sulphate  of  Soda  falls  in  a  pulverulent  form,  or  in  small  granular  crystals, 
to  the  bottom.  Another  portion  remains  dissolved  in  the  liquid,  which  has  a  speciSc 
gravity  of  1*08.  By  distillation  we  separate  this  remainder  of  the  sulphate,  and  finally 
obtain  acetic  acid,  having  a  specific  gravity  of  1-05,  an  agreeable  taste  and  smell,  tbongh 
towards  tile  end  it  becomes  a  little  emmTettmatJc,  and  colored;  far  wbicli  reason, 
Ihe  la^'t  portions  muEtt  be  kept  aoart  The  acid  destined  for  table  use  o-ight  to  be 
distilled  in  an  alembie  whose  capital  and  condensing  worm  are  of  silver;  and  to 
n  ake  it  very  fine,  it  may  be  afterwards  infused  Over  a  little  pure  animal  chireoal — 
Ihe  well  washed  residuum  of  the  Prussian-blae-worka  black. 
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An  eicise  dutj'  of  2i,  is  feritd  on  everj-  gallon  of  the  nbove  proof  vinegar,  ilt 
si-ciglli  is  not,  however,  estimated  diroctly  by  its  spfcific  frravity,  but  by  the  specififf 
giatAy  whicli  it  assumes  when  fiafuratetl  with  quiclclime.  The  decimal  fracrrEa  of  Ihe 
spRcil.B  gravity  of  the  calcareous  acelale  is  very  nearly  the  doiihle  of  (hat  of  the  pure 
vinegEi  T  or,  1-009  in  vinegar  beciimes  1-0(8  in  acetate  of  time.  The  rinM|:ar  of  mail 
contains  bo  much  mucilage  or  Klulen,  (hat  when  il  has  only  the  same  acid  strength  as 
the  above,  it  has  a  densily  of  I.(I0I4,  but  il  becomes  only  1-023  when  converted  into 
acGlale  or  lime:  indeed,  0-005  of  its  density  is  due  lo  mucilaginous  matter.  This  fact 
^ows  Ihe  fallacy  of  trusting  to  the  liyJromeler  for  determiaii.!  Ihe  strength  of  vinegars, 
which  may  be  more  or  less  loaded  with  vegetable  gluten.  The  proper  test  of  this,  as  of 
all  other  acids,  is,  the  quantity  of  alkaline  matter  which  a  given  weight  or  measure  or  il 
will  saturate.  For  this  purpose  Ihe  bicarbonate  of  potash,  coramoniy  called,  in  the 
London  shops,  carbonate,  maj  be  employed  very  conveniently.  As  11  is  a  very  uniform 
substance,  and  its  atomic  weight,  by  the  hydrogen  radix,  is  100-584,  while  the  atomic 
weight  of  acetic  acid,  by  ihe  same  radix,  is  51-563,  if  we  estimate  2  grains  of  the  bicar- 
bonate as  equivalent  lu  I  of  the  real  acid,  we  shall  commit  an  appreciable  error.  Hence, 
a  solution  of  the  carbonate  containing  200  grains  in  100  measures,  will  form  an  acetic 
meter  of  the  most  perfect  and  convenient  kind  ;  for  Ihe  measiirps  of  test  liquid  expended 
in  saturalii^  any  measure,— for  instance,  an  ounce  or  lOOO  grains  of  acid, — will  indi- 
cate Ihe  number  of  grains  of  real  acetic  acid  in  that  quantity.  Thus,  1000  grains  of  the 
above  proof,  would  ret|uire  9«  measures  of  the  acetimetiical  alkaline  solution,  showing 
thai  it  contains  BO  grains  of  real  acetic  acid  in  1000,  or  5  per  cent. 

It  is  common  to  add  to  puriBed  wood  vinegar,  a  little  acetic  ether,  or  caramelized 
(burnt)  sugar  lo  color  it,  also,  in  France,  even  wine,  to  flavor  it.  Its  hlanchinj:  eflect 
njion  red  cabbage,  which  il  has  been  employed  to  piclile,  is  owing  lo  a  lillle  sulphurous 
acid.  This  nay  he  removed  by  redislill alien  wilh  peroKyde  of  manganese.  Indeed, 
Slollze  professes  lo  purify  the  pyroligneous  acid  solely  by  disljllinK  il  with  peroxyde  of 
manganese,  and  then  digesting  it  wilh  bruised  wood  charcoal ;  or  by  distilling  it  with  a 
mixture  of  sulphuric  acid  and  manganese.  But  much  acid  is  lost  in  this  case  by  Ihe  for- 
Dialion  of  acelale  of  that  metal. 

Birch  and  beech  aflbrd  most  pyroligneoos  acid,  and  pine  the  least.  It  is  exclusively 
employed  in  [he  arts,  for  m»st  purposes  of  which  it  need  not  be  very  highly  purified. 
It  is  mGch  used  in  calico  printing,  for  preparing  acelale  of  iron  called  Iron  LittuoB,  and 
acetate  of  alumina,  called  HiJ>  LiftuoH ;  which  see.  It  serves  also  lo  make  sugar  of 
load ;  yet  when  it  contains  its  usual  quantity,  after  reetiUcalion  of  tarry  matter,  the 
acetate  of  lead  will  hardly  crystallize,  but  forms  csuliHower  concretions.  This  evil  may 
be  remedied,  I  believe,  by  boiling  ihe  saline  solution  with  a  very  little  nilric  acid,  which 
causes  the  precipitation  of  a  brown  granular  substance,  and  gives  Ihe  liquor  a  reddish 
tinge.  The  solution  beiiig  afterwards  treated  wilh  braised  charcoal,  becomes  colorless, 
itnd  inmishes  regulaf  crystals  of  acelale  or  sugar  of  lead. 

Pyroligneons  acid  possesses,  in  a  very  eminent  degree,  anti-put rescent  properties.  PleA 
steeped  in  it  for  a  ii5w  hours  may  be  afterwards  dried  in  tlie  air  withont  corrapling;  bul 
it  becomes  hard,  and  somewhal  leather-tike  i  so  that  this  mode  of  preservation  does  not 
answer  well  for  bolcher's  meat,  Fisli  are  sometimes  cured  with  it.  See  Piho-acettc 
SpiRiTi  PvBOJtiuc  Etheb;  Pvroxolic  Spirit;  PvHOLioNfious  Acid  and  Vine  gab. 

In  1S3S,  S,eS8,918  gallons  of  Tioegar  paid  duty  in  England ;  in  1839,  2,969,66^ ; 
and  in  1840,  8,031,180;  upon  which  the  gross  amount  of  duty  was,  respeetivelj, 
21,908^.  8a ;  24,448;.  17s.  ed. ;  and  25,978;.  12*  9rf. 

In  Scotland,  in  the  sime  years,  Ig,fi2e  gallons;  14,S32;  and  12,937;  on  which  the 
duty  charged  was,  respetlively,  ISOl  4t  4d. ;  121i  2t ;  and  111/.  IBt  Id 

In  Ireland,  in  the  same  years,  48,168  gallons;  50,508;  and  56,812;  oa  which  tlis 
duty  charged  was  40  U.  6«.  in.;  420/.  I8«.;  nod  48  B?.  12«. 

ACETIMETEE.  An  apparatus  for  datermining  the  strength  of  vinegar.  Seethe 
preceding  article  for  a  desoi-ipiion  of  my  simple  method  of  aoetimetry. 

ACETONE    The  new  chemical  name  ot pyro-acetio  apiriti 

ACID  OF  ABSENIO.     {Acide  arsBmque,  Fr. ;  ATuniham'f,  Germ.)     See  ARSENia 

ACIDS.  A  olnaa  of  chemical  substances  characterized  by  the  property  of  combining 
with  and  neutralizing  the  alkaline  and  other  bases,  and  of  thereby  forming  a  peculiar 
class  of  bodies  called  salts.  The  acids  which  constitute  objects  of  special  manufacture 
for  eommeroial  purposes  are  the  folio winjt : — acetic,  arsenious,_oavbomc,  chromic,  citric, 
hydi-ooyanio,  malio,  muriatic,  nitiic,  oxalic,  phosphoric^  sulphuric,  tartaric,  which  ace. 

ACIIUMETER.    See  ALKAUaBTEa. 

ACROSPIRE.  {Flvanuie,  Fr. ;  Slatthnm,  Germ.)  That  part  of  a  germinating  seed 
which  botanists  call  the  plumula,  or  plumes.    See  Beer  and  Mait. 

ACTINISM.  Some  years  uga,  Mr.  R.  Hunt  announced  that  he  had  diaeovered  tliiit^ 
Bssociated  with  the  light  and  bent  derived  from  the  suo,  there  is  another  principle  most 
actlTe  in  producing  changes  in  the  organic  and  ino^anio  worlds,  which  he  has  called 
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A^Hrthm,  from  the  Greeb  for  a  ray  of  tho  boil  lie  has  given  tha  following  striking 
evidences  of  tlie  tmth  of  hia  discovery,  derived  from  tlia  vei;etable  wnrld.  That  tlit 
SL-tinie  principle  was  neeeiiaary  to  germination  wits  shown  bytiie  fncl.  that  eeedn  placed 
under  the  innuenee  of  the  eolar  rays  transmitted  ihrongh  yellow  glaas  wonld  not  gei^ 
miiinte,  beeaase  yellow  glass  prevents  the  pnawige  of  the  aetinio  piineiple.  Acei'rd- 
inirly;  during  spring  the  solar  beam  ccntiuned  a  lai^er  amoimt  of  the  actmio  principle 
than  at  any  other,  because  it  was  necessary  at  that  season  for  the  germination  of  seeds 
and  the  development  of  buds.  In  summer,  afjain,  tliere  was  a  large  proportion  of  the 
light-giving  principle  necessary  to  the  formation  of  Qie  woody  poilionst^  plants;  and 
towards  autumn  the  oaloriao  heat  giving  or  ripening  principle  of  the  soUr  vaj's  in- 
creased. It  resulted  from  these  principles  that  the  recent  u^e  in  greenhouses  of  white 
Gei'man  sheet  glass  was  most  objectionable.  Under  tbis  kind  of  glass,  plants  were 
subject  to  an  injurious  solar  influence  which  they  bad  not  suffered  under  the  old  crown 
glass.  It  became  therefoie  necessary  to  discover  some  method  to  cut  off  those  pnra- 
tbermio  rart,  which,  passing  through  the  white  ghifB,  scorched  and  browned  particular 
portiuns  of  the  leaves,  without  cutting  off  the  othpr  portions  of  the  rays  which  were 
necessary  in  the  growth  of  the  plant.  With  tliis  view  Mr.  Hnat  lias  devised  and 
applied  at  the  Kew  observatory  a  green  glass  stuined  with  oxide  of  copper,  which 
etfectually  excludes  the  injurious  parathermic  rays,  wi.ile  it  admits  the  other  solar 
rays  necessary  for  the  plant,  as  freely  as  ordinary  wliite  glass.  In  the  manufacture  of 
this  green  glass  it  was  essential  tlint  no  manganese  should  be  used,  as  was  the  case  in 
white  glass.  If  manganese  were  used,  the  glass  woold  after  a  whilo  assume  a  piiikisli 
hiie,  which  would  moi'e  freely  admittha  burning  rays, 

ADDITIONS.  Sneh  articles  as  are  added  to  the  fermenting  wash  of  the  distiller  are 
distinsuished  by  this  trivial  name. 

ALIPOCIRE.  Fr.  {Fdtmachs,  Germ.)  The  falty  mailer  generated  in  dead  bodies 
buried  under  peculiar  circnmstances.  In  IT86  and  ITST,  when  the  churchyard  of  the 
bmocenia,  al  Paris,  Was  cleaned  out,  and  Ihe  bones  transported  to  the  catacombs,  it  was 
discovered  that  not  a  few  of  (he  cadaire)  were  converletl  into  a  saponaceous  while  sub- 
Btauce,  more  especially  many  of  those  which  had  been  interred  for  fifteen  years  in  one 
pit,  10  the  amount  of  1500,  in  coffins  closely  packed  together  These  bodies  were  flat- 
tened, in  consequence  of  Iheir  mutoal  pressurcj  and,  though  Ihcy  generally  retained 
their  shape,  (here  was  deposited  round  the  bones  of  several  a  grayish  white,  somewhat 
softj  fleiibte  substance.  Fourcroy  presented  to  the  Academy  of  Sciences,  in  1789,  a  com- 
prehensive memoir  upon  this  phenomenon,  which  appeared  lo  prove  that  the  fat);  bod; 
was  an  atnmoniacal  soop,  containing  phosphate  of  lime ;  that  the  fol  was  similar  to  sper- 
maceti, as  it  assumed  on  eIow  cooling  a  foliated  crystalline  structure ;  as  also  to  wax,  as, 
when  rapidly  cooled,  it  became  crannlar  :  hence  he  called  i(  ^dirorire.  Its  metting  point 
was  52-S'  C.  (laO-S"  Faiir.).  He  likewise  compared  this  soap  lo  (he  fat  of  fatl-stones, 
and  supposed  it  lo  be  a  natural  product  of  the  slow  decomposition  of  all  aninial  matter, 
except  hones,  nails,  and  hairs. 

This  substance  was  again  exeminad  by  Che\Teul  in  1)^12,  and  was  found  by  him  to 
cnn'ain  mai^aric  acid,  oleic  acid,  combined  with  a  yellow  coloring,  odorous  matter,  bo 
sides  ammonia,  a  little  lime,  potash,  osyde  of  iron,  salts  of  lactic  acid,  an  aiotizcd  suh- 
Etance ;  and  was  therefore  considered  as  a  combination  of  mar^ aric  and  oleic  acids,  in 
variable  proportions  (whence  arose  its  variable  fnsibility),  bnt  that  it  was  not  analogous 
with  eiluer  spermaceti  or  cholesterine  {gallstones).  TheSe  fat  acids  are  obviously  gene- 
rated by  the  reaction  of  the  ammoaia  upon  the  margarine  and  oleine,  though  they  even- 
tually lose  the  greater  pari  of  (hat  volatile  alkali, 

Accordune  to  the  views  of  both  Gay  Lussac  and  Chevreul,  this  adijiocm  proceeds 
Bfilety  from  (he  pre-existing  fat  of  iha  dead  body,  and  not  fi'orn  the  flesh,  tendons,  or  car- 
tilages, as  had  been  previously  imaliined ;  -which  had  led  to  some  expensive  and  abortive 
■tiampts,  upon  the  great  scale  of  manufacture,  to  convert  the  dead  bodies  of  cattle  into 
adipociie,  for  the  purposes  of  the  candle-maker  or  soap-boiler,  by  exposing  them  for  some 
lime  lo  the  action  of  moisture. 

Von  Hartkol  ro»de  experiments  during  25  years  upon  this  subject,  from  which  *e 
inferred,  (hat  (here  is  no  formation  of  adipocire  in  bodies  buried  in  dry  ground  ;  that 
in  moi't  earth  Ihe  fat  of  the  dead  body  does  not  increase,  but  changes  into  a  fetid 
saponaceous  substance,  incapable  of  being  worked  into  either  soap  or  candles  ;  thai  Ihe 
dead  bodies  of  mammalia  immersed  in  running  water,  leave  behind  after  3  years  a  pure 
fat,  which  is  more  abundant  from  young  than  from  old  anminls;  that  the  intestines 
ail'ord  more  fat  than  the  mnsclest  that  from  this  fal,  without  any  puritication',  candles 
may  he  made,  as  void  of  smell,  as  hard,  and  as  white,  a?  from  bleached  wax;  that  from 
cadavers  immersed  fur  3  years  in  stagnant  water,  more  fat  is  procured  than  horn  tho«e 
in  running  water,  but  that  it  needs  to  be  purified  before  it  can  be  made  into  soap  or 
candles. 

The  cause  of  the  lifference  between  Hankofs  and  ChevreuVs  results  cannot  be 
assigned,  as  the  latter  has  not  published  his  promised  remarks  upon  Ihe  subject.    Al 
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»ny  rats,  oaad  sniuial  matter  can  bo  worked  up  move  profltoWy  tlac  in  making 
artificial  adipocire, 

ADIT,  The  horizontnl  entrance  of  a  mine.  It  k  aoriietimes  called  the  drift.  See 
MiNiso  and  Metailuboy. 

A  nULTE RATIOS,  Tlie  debasing  any  prodnct  of  manufaetare.  eapecially  ehenu- 
cal,  by  the  introduelion  of  cliesp  materiak  The  art  of  nseertaining  the  geniiiceiitas 
of  tlie  several  products  will  be  taught  under  the  speoifia  objects  of  mauufncture. 

^rnER     See  Eiuer. 

AFFINITY.  -  The  etiemii-a!  term  denoting  the  peculiar  jittfacUve  force  which  pro- 
dui'ea  the  combination  of  dissimilar  sub^tnuces;  euch  as  of  an  alkali  with  an  si^id,  or 
pf  aulphnr  with  a  metid.  It  is  ott^n  cidled  eiectise  attraction,  to  distinguidb  it  from 
eorpnscalar  or  cohesiTC  attraction,  by  which  particles  of  like  kinda  of  matter  araaim- 
bined ;  and  because  it  displays  the  power  of  selecting  its  preferable  associates.  Its 
full  diseuBflion  belongs  to  chemistry. 

AUARIC.  a  species  of  boletus  or  fungus,  which  grows  in  dangliiHs;  with  the 
(alts  uf  iron  il  affords  a  black  dye.    It  is  said  to  be  convertible  into  a  kind  of  Chun  ink. 

AGATE.  A  silicious  mineral  which  is  cut  into  seais  and  other  forms  for  the  coarser 
kinds  of  jewellery.    See  Gem. 

AIR.    See  Ventilation, 

jlL.ABASTER.ia  a  stone  usually  white,  and  soft  enough  to  he  scralched  by  iron., 
riiere  are  two  kinds  of  it :  the  gypseous,  which  is  merely  a  natural  semi-cryslaliine  sui.. 
phale  of  lime  ;  and  the  calcareous  nlabaster,  which  is  a  carbonate  of  lime.  The  oriental 
alabaeier  is  always  of  the  latter  kind,  and  is  most  esteemed,  because  it  is  agreeably 
'ariegated  with  lively  colors,  and  especially  with  zones  of  honey-yellow,  yellow-bruwn, 
red,  &c. ;  it  IS,  moreover,  susceptible  of  taking  a  marble  poLsh. 

The  fitieness  of  the  grain  ol'  alabaster,  the  untformily  of  its  texture,  the  beanly  of  its 
polislied  surface,  and  its  semi -transparency,  are  the  qualities  which  render  it  valu<ible  la 
the  sculptor  and  to  the  manufacturer  of  ornamental  lojs. 

'I'lie  Kmeslone  alabaster  is  frequently  found  us  a  yellowish- white  deposite  in  certain 
fountains.  The  most  celebrated  siuing  of  this  kind  is  that  of  the  baths  of  San  Filippo, 
in  Tuscany.  The  water,  almost  boiling  hoi,  runs  over  an  enormous  maes  of  slalactiies, 
which  it  has  formed,  and  holds  the  carbonate  of  lime  in  solution  by  means  of  sulphnret- 
ed  hydrogen  (according  to  M.  Alexandre  Brongniard),  which  escapes  by  contact  of  ihe 
Btmosphere.  Advantage  has  been  taken  of  this  property  to  make  basao  relkvoa  of  con- 
siderable hardness,  by  placing  moulds  of  sulphur  very  obliquely,  or  almost  upright,  in 
wooden  tubs  open  at  the  hollom.  These  tubs  are  surmounted  at  the  top  with  a  lari^e 
wooden  cross.  The  water  of  the  spring,  after  liaving  deposited  in  an  external  conduit 
or  cistern  Ihe  coarser  sediment,  is  made  to  flo*  upon  this  wooden  cross,  wheie  it  is 
scattered  jnlo  little  streamlets,  and  thence  lets  fall,  upon  the  sulphur  casts,  a  precipitate 
so  much  the  finer  the  more  nearly  vertical  the  mould.  F^ytm  one  to  four  months  are  re- 
quired for  this  operation,  according  to  the  thickness  of  the  deposited  crust.  By  analo- 
gous processes,  the  artists  have  succeeded  in  moulding  vases,  figui'es  of  animals,  and 
oiher  objects,  in  relief,  of  every  diiferent  form,  which  require  only  to  be  tcimraed  a  little, 
and  aHerwartls  polished. 

The  common  alabaster  is  composed  of  sulphuric  acid  and  lime,  though  some  kinds  of 
it  eflervesee  with  acids,  and  tliercfore  contain  some  carbonate  of  lime.  This  alabaslet 
occurs  in  many  different  colors,  and  of  very  different  degrees  of  hardness,  but  it  is  always 
EoRer  than  marble.  It  forms,  usually,  the  lowest  beds  of  the  gypsum  qunrrias.  The 
sculptors  prefer  the  hardest,  Ihe  whitest,  and  those  of  a  granular  texture,  like  Carrara 
marble,  and  so  like  that  Ihey  can  only  be  dislinguished  by  the  hardness. 

I'he  ahtbaster  is  worked  with  the  same  tools  as  marble;  and  as  It  is  many  degrees 
sofier,  il  is  so  much  Ihe  more  easily  cut;  but  it  is  more  difficult  lo  polish,  from  lis  little 
solidity.  After  il  has  been  fa-ihiuned  into  the  desired  form,  and  smoothed  down  with 
pumice  stone,  it  is  polished  with  a  pap-like  mixture  of  chalk,  soap,  and  milk  ;  and,  last 
of  all,  finished  by  friction  with  flannel.    It  is  apt  to  acquire  a  yellowish  tinge. 

Besides  the  harder  kinds,  employed  for  the  sculpture  of  large  figures,  there  is  a  sofier 
alabaster,  pure  white  and  semi-transparent,  from  which  small  ornamental  objects  are 
made,  such  as  boxes,  vases,  lamps,  stands  of  time-pteeee,  &c.  This  branch  of  bn.'iness 
is  much  prosecuted  in  Florence,  Leghorn,  Milan,  &c.,  and  employs  a  great  many  tui  aing 
lathes.  Of  all  the  alabasters,  ihe  Florentine  merUs  the  preference,  on  account  of  iis  beauty 
and  uniformity,  so  that  it  may  be  fa-thioneil  into  figures  of  considerable  sir.e :  for  which 
purpose  there  are  large  work-shops  where  it  is  cut  with  steel  saws  into  blocks  and  maS' 
sc!  of  various  shapes.  Other  sorts  of  gypsum,  snch  as  that  of  Salzbui^  and  Austria, 
contain  sand  veins,  and  hard  nodules,  and  require  lo  be  quarried  by  cleaving  and  blasting 
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operations  vhich  are  apt  to  crack  it.  aai  nnfit  it  for  nil  indicate  objects  of  sculptura. 
It  ia  besidea  vf  a  gray  shade,  and  oft^n  staiueJ  with  dnrtcr  colors. 

T.lie  alabaster  best  adiipted  for  Ilia  fine  arts  is  pietty  wliile  wben  newly  broken,  and 
beoumes  whiter  on  theaurface  by  drying.  It  may  becasilyeut  with  tlieknifeoroliiBel, 
anil  tinned  itit«  many  pleasing  slinpes  by  suitable  steel  tools.  It  is  worked  either  by 
the  hand  nione,  or  with  the  aid  of  a  turning;  lathe.  Tlie  turning  tools  should  not  be  tuo 
tbin,  or  sharp-edsed;  but  auoli  as  are  employed  for  ivory  and  brasa  are  most  snitalile 
far  alabaster,  and  are  chiefly  used  to  shave  and  to  scratch  the  surface.  The  objects 
wliich  cannot  be  turned  may  be  fa-^hioned  by  tlie  rasping  tools,  or  with  minnte  files, 
sueii  as  variegated. foliage.  Fine  chisels  and  graving  tauls  are  also  used  fur  the  better 
pieces  of  statuary. 

Fur  polishing  such  worka,  a  peculiar  process  is  required;  pamiee  stone,  in  fine 
powder,  serves  to  smooth  down  the  surfaces  very  well,  but  it  soils  the  whiteness  of  the 
alabaster.  To  take  away  the  unerennesa  and  iw^hneBa,  dried  ahave-graaa  (e^uiaetai/t 
answers  best.  Frictions  with  thi*  plant  and  water  polish  down  the  asperiiiea  left  by 
the  chisel:  the  fine  streaks  left  by  the  grass  may  be  removed  by  rubbing  the  pieces 
with  slaked  lime,  finely  puWeriiea  and  sifted,  made  into  a  paste  or  putW  with  water. 
The  polish  and  satin-lustre  of  tlie  surface  are  oommunicated  by  friction,  arat  witii  soap- 
water  and  lime,  and  finally  with  powdered  and  elutriated  talc  or  French  chalk. 

Such  articles  as  consist  of  several  pieces  are  joined  by  a  cment  composed  of  quick- 
lime and  white  of  egg,  or  of  well-calcined  and  well-sifted  Paris  plaster,  mixed  with 
the  least  possible  quantity  of  water'. 

Alabaster  objacteare  liable  to  become  yellow  by  keeping,  anit  are  especially  injured 
by  smoke,  duet,  &a.  They  may  be  in  some  measure  restored  by  washing  with  soap 
and  water,  then  with  clear  water,  and  again  poliahed  with  shave-graas.  Greasc-spota 
may  be  removed  either  by  rubbing  with  talc  powder,  or  with  oil  of  turpentine. 

The  surface  of  alabaster  may  be  etched  by  covering  over  the  parts  that  are  not  to 
be  touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead, 
and  immersing  the  articles  in  pure  water  after  the  varnish  has  set.  The  action  oi 
the  water  ia  continued  fiom  20  to  50  lioura.  more  or  less,  according  to  the  depth  to 
which  the  etching  is  to  be  cut.  After  removing  the  vamleh  with  oil  of  turpentine, 
the  etched  places,  which  are  necessarily  deprived  of  Iheir  polish,  should  be  rubbed 
with  a  bmsh  dipped  io  finely-powdered  gypsum,  which  gives  a  kind  of  opacity,  con- 
trasting well  with  the  rest  of  the  saiface. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  apiritnona  tinctures 
of  dyeing  plonta,  or  with  colored  oils,  in  the  same  way  as  m  jrblca. 

This  substance  has  been  hardened,  it  ia  said,  by  exposing  it  to  the  heat  of  a  baker's 
oven  for  10  or  20  honrs,  after  taking  it  out  of  the  quarry,  and  giving  it  the  figure, 
rouglily,  which  it  is  intended  to  bare.  After  this  exposure,  it  must  be  dipped  for  two 
minutes  in  runnit^  water ;  when  it  is  cold,  it  must  be  dipped  a  second  time  for  the 
same  period.  On  being  exposed  W  the  air  for  a  few  days,  alabaster  so  treated  acquires 
a  marble-lilie  hardnes?.  1  doubt  the  truth  of  this  last  statement.  I  believe  a  much 
better  means  of  induration  would  be  bj  soaking  it  in  solution  of  alum.  Alabaster  is 
by  the  mineralogist  considered  as  hydrous  gypsum ;  and  consists  of  one  atom  of  sul- 
phuric acid,  one  atom  of  lime,  and  two  stoma  of  water. 

ALBATA.  A  white  metal  like  silver;  see  Copfkb,  of  which  it  is  an  alloy  witl 
nickel  and  zinc 

ALBUM  GR^ICUM.  The  white  dung  of  dogs,  sometimoa  used  to  soften  leather 
in  the  process  of  dressing  it  after  the  depilatory  action  of  lime.  It  is  essentially  phos- 
phate of  lime  and  mucus. 

ALBPMINE,  an  animal  product,  like  white  of  egg,  which  is  diffused  through  the 
whole  body,  and  is  on  acoonnt  of  the  multifarious  uses  which  it  subserves  in  the  vital 
economy  called  Proteine.  It  couaists  of  carbon  550;  hydrogen  7T}7;  oxygon  22'0; 
oiote  16'92. 

ALCARAZZAS.  A  species  of  porous  earthenware,  made  in  Spain,  for  cooling 
liquora.  Alcarazzaa  are  mode  of  a  aandy  mar),  made  up  into  a  dough,  with  a  solution 
of  salt,  and  very  little  fired.  M.  Fourniy  has  mounted  a  factory  of  them  in  Pai'is  under 
the  Greek  title  of  Bygroceramen. 

ALCOHOL.  The  well-known  intoxicating  liquor  procured  by  distillation  from  vari- 
ous vegetable  juices,  and  infusions  of  a  saccharine  nature,  which  have  undergone  the  vi- 
nous fermentation.  Common  nlcohol.or  proof  spirit^  as  it  iscalled.contoins  about  one-haU 
its  weight  of  water.  It  may  be  concentrated  tilt  its  snacifio  gravity  becomes  50  low  aa 
0'S25,  by  limple  redistillation  at  asteam  or  water-b>ith  heat;  but  Io  make  it  strongei*,  we 
must  mix  witb  it.  In  the  still  or  retort,  dry  carbonate  of  potash,  chloride  of  calcium, 
dry  lime,  or  some  other  substances  stronijly  attractive  of  water,  and  then  it  maybe  ob- 
tained of  a  epeeiflo  gravity  so  low  aaO'THl  at  le°  Reaumur  (G8*Fohr.),  water  being  1 '000 
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At  0'825,  it  coDlains,  sttU,  1 1  per  ceat.  of  water ;  and  in  (lijs  state  it  is  ss  Tolalile  as 
ibsolute  alcohol,  on  account  oi'  the  infeiior  tieneily  of  the  aqueous  vapor,  compared  to 
the  alcoholic .  Indeed,  accurdins  to  Yelin  and  Fuchs,  the  boilini;  point  of  anhydrous 
alcohol  is  higher  than  of  thai  which  contains  2  or  3  per  cent,  of  water  i  hence,  in  l}ie 
diilillalion  ot^  alcohol  of  94  per  cent.,  the  first  portions  that  eorae  over  are  more  a(]ueous 
than  [he  following.  Absulnle  alcohol,  has  its  boiling  point  at  ItiRJ"  Fahr.  j  but  when 
it  holds  more  than  6  per  cent,  of  wotei',  the  first  portions  that  come  over  are  riehesi  in 
alcohol,  and  the  temperature  of  the  boiling  point,  or  of  the  epirlluous  vapor,  ts  always 
higlier  the  longer  the  disiiUaiion  continnes.  Accoi'ding  to  Gruning's  researches,  ihe 
following  temperatures  of  the  alcoholic  vapors  correspond  to  the  accompanying  contents 
of  alcohol  in  per  centage  of  volume,  which  are  disengaged  in  the  boiling  td' the  spirituous 


Alcoholic  con. 

T.mp«r.lu„. 

Kill  ■it.ii.s 

Temn6r.lure. 

vQ,,or. 

'"'Ci'Juii-''' 

Fahr.  170-0 

93 

92 

Fahr.  189-8 

71 

20 

ni'8 

92 

90 

192  0 

68 

172 

85 

Iti4 

66 

172  ■« 

B04 

196  -4 

61 

90 

174-6 

70 

201 

50 

176 

05 

203 

42 

50 

205-4 

36 

3 

180 -8 

83 

40 

207-7 

28 

2 

80 

35 

210 

13 

1 

185 

78 

30 

212 

0 

0 

187-4 

76 

■" 

Gfoning  undertook  this  invastiaatJon  in  order  to  ampioy  the  thermometer  as  no 
alcohol-moter  In  tha  di^tillatiim  of  spirits:  for  which  purpose  he  thrust  the  bulb  of 
the  thei-mometeT  through  a  eork,  inserted  into  a  tube  Rxea  in  the  capital  of  the  stil!. 
Tlia  state  of  the  barometei*  ought  also  to  be  considered  in  making  comparative  expei'- 
imtnts  of  this  kind.  Sinea,  by  this  method,  the  fllcuholio  oonteat  maj  be  compHi-ed 
with  the  temperatnre  of  the  vapor  that  passes  over  at  any  time,  so,  also,  the  contents 
of  the  wliole  distillation  may  be  Ibiind  appronimately ;  and  the  method  serves  as  a 
convenient  means  of  making  oontiuual  obsei-raitions  on  the  progress  of  the  distillation. 

The  Abbs  Tidal  of  Toulon  conati-ucCed  a  few  years  ago  an  instrument  which  ho 
termed  the  EbtdlilioH  Alcoolinetre,  for  estimating  the  strength  of  alcohol  from  the  tem- 

Seratiire  of  its  boiling  point.  It  is  on  awkward  apparatus,  consisting  of  a  large  cylin- 
i-ioiil  glass  bulb,  like  that  of  a  wbsel  barometer,  containing  merunry,  and  a  floating 
gl»o  bead,  with  a,  thread  attached ;  the  other  and  of  which  passed  over  a  little.pull^y, 
and  was  terminated  by  a  counterweight.  Concentric  with  this  pulley  a  ^i-aduated  flat 
Hng  of  brass  was  flxad,  on  which  an  index  traversed  with  the  pultey,  as  it  was  moved 
by  tlia  thread  in  its  ascent  by  the  mercury  in  its  espansions  by  Ihaheat  of  the  alcohol, 
placed  in  a  little  cylinder  into  which  the  bulb  was  plunged.  This  cylinder  was  sub- 
jected U>  the  flama  of  a  little  sjiirit  lamp.  I  fonna  the  instrument,  as  thus  made  in 
I-'rnnce,  diffieult  to  mannKe,  easily. derangei!  by  a  loss  of  a  drop  of  the  mercuiy,  and 
ilifficult  to  repair.  I  therefore  substituted  a  simple  thermometer,  with  a  very  narrow 
bore  from  212"  to  l?*"  Fahr.  and  *onseqnently  along  range  of  scale  betweet  these 
two  points.    The  aeala  was  divided  as  follows: 


Temp.  Fahr. 

*«,. 

Temp.  F.l,r. 

Sp.  Or. 

178-60 
179-15 
lSO-4 
182-00 
183-40 

0-fl20  P. 

0-9821  10  tr.  P. 
o-94-:n  90 

0-9B0     40 

lSS-6 
IS9-0 
191-8 

0-95fi5  BO  U.  P. 
0-9729  00 
0-9788  10 
0-98SO  80 
0-992     90 

The  above  table  is  the  inaan  of  a  great  many  experiments.  P.  means  proof  spirils  oi 
Die  British  eitcise  standai-d ;  U.  P.  denotes  under  proof. — In  the  Pharmaceutical  Juar- 
aal.  vol.  1.  p.  166.,  there  is  a  lii^taue-i  accouot,  with  e»2raving9,  of  the  two  instruments. 
The  lirst  of  the  follo^vin^  two  tables  of  the  boilini  points  of  alcohol  of  diiferenl 
sirciigtha  may  be  compared  with  my  short  oue  given  above. 
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Oru 

,., 

M.. 

Alcohol 

j,„,,. 

A!,.^hol 

Bollin" 

in  100. 

in  idO. 

roiiilT 

S 

M-r  c. 

94 

16B7*'  C. 

10 
13 

sag 

91-0 

95 

76 '99 
76-93 

20 

as 

89-1 
87 'o 

97 
98 

76'eo 
7S-85 

30 

8tf-2 

99 

7Q-90 

35 

85 '0 

100 

77-03 

40 

84'1 

60 

81'9 

70 

80 '9 

15 

SO 

7S-7 

85 
BO 

79-4 

71fO 

95 

78-4 

Proof  spirit  of  sp.  gr.  0'93  at  60°  Fahr.  consists  of  absolute  alcoliol  of  gravity  0'794, 
and  of  distilled  water  very  near  equal  weights;  bat  in  volumes,  of  126  of  aieoliol  and 
100  of  water;  therefui-e  100  measures  of  such  spirits  oontaia  5o-l5  of  tlie  alcohol 
^(ai«  )'  ^y  '^^  table  of  Gay  Lossao,  spirits  that  'contain  55-75  of  absolute  al- 
eohtS  have  a  specific  gravity  of  0-921S  instead  of  0-9200;  while  spirits  of  0'9200,  ao- 
cording  to  Gaj  LuBsats  coutarn  56-66  in  100  by  volume.     By  the  table  of  Tralles,  spii-its 

"5  =00-6"  of  Gilpin's 


id  alcoliol ;  and  hence 


alcoliol  by  OayLussac;  whereas  by  Gilpin's  table,  spirits  of  0-9300  contain 
alcoholofO-825  +  81-3  ofwaterbyweight:  and  i2£- =121 -2121  by  volume.     Again, 
1  divided 


0-835 
by  3( 
1  tlio  100  by  volume.     No^ 


103-2121  gives  a  quotient  of  69-S3  as 
!t  as  606  by  Gay  Luasac's  table  ei- 
probably  on  the  side  of  the  Fi-euch 


121-3121  +  81-2=203-2121;  1 
the  alcohol  of  0-825  in  tlit 
ceeds  58-88  by  0-73,  thero  la 
ebcmist. 

The  temperature,  corresponding  to  u  certain  per  ccnla?e  of  alcohol  la  vapor,  sngKesta 
theemploymenlofaconvenieutmelhodforobtainii.ff,  at  one  process,  a  spirit  as  ftee  from 
waler  as  it  can  be  made  bj-  mere  distillation.  We  place  over  the  lop  of  the  capital  a. 
tvaler-bath,  and  lead  gp  Ihrough  it  O  Spiral  pipe  from  the  slill,  which  there  passes  oblique- 
ly downwards,  and  proceeds  to  Uie  refrigeratory.  If  Ibis  bath  be  maintained,  by  a  constant 
influs  of  cold  water,  at  a  certain  temperature,  only  the  alcoholic  vapot  corresponding  to 
that  lemperatare  will  pass  over,  and  the  rest  will  be  recondensed  and  retnrned  into  the 
stdl.  if  we  keep  the  temperature  of  the  water  ar  174°,  for  example,  the  spirituous  va- 
por which  jiasses  over  will  contain  90  per  cent,  of  absolute  alcohol,  according  to  the 
preceding  table.  The  skilful  use  of  this  principle  constitutes  the  main  improvement  in 
modem  distilleries.    See  Distillation  and  Sriix. 

Another  method  for  concentrating  alcohol  is  that  discovered  by  Siimmering,  founded 
upon  the  properly  of  ox  btadders  to  allow  water  to  pass  throngh  and  evaporate  oat  of 
them,  but  not  to  permit  alcohol  to  transpire,  or  only  in  a  slight  degree.  Hence,  if  an 
OS's  bladder  is  filled  with  spirit  of  wine,  well  tied  at  the  mouth,  and  suspended  in  a  worm 
lace,  the  water  will  continually  exhale,  and  the  alcohol  will  become  nearly  anhydrous ; 
for  in  this  way  alcohol  of  97  or  98  per  cent,  may  be  obtained. 

According  to  Summerin?,  we  should  take  for  lliis  purpose  the  bladder  of  an  ox  or  a  calf, 
soak  it  for  some  time  in  water,  (hen  inflat*  It  and  free  it  from  the  fat  and  the  attached 
vessels  i  which  is  to  be  also  done  to  the  other  surface,  by  turning  it  inside  out.  After  it 
isagaininflatedand  dried,  we  must  smear  over  the  outer  side  twice,  and  the  inner  side  four 
jmes,  with  a  solution  of  isinglass,  by  which  its  texture  is  made  closer,  and  the  concen- 
jation  of  the  alcohol  goes  on  belter.    A  bladder  so  prepared  may  serve  more  than  a 
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hiinilreij  times.  Itintistbecliiirgod  with  the  spirits  to  be  eonccntrati'd,  lenvingaamall 
e[i«ce  vacant,  it  is  then  to  be  tightly  bound  nt  the  moiitli,  and  suspended  in  a  wai  m 
situation,  at  a  teniperatnre  of  122°  Fahi'.,  over  a  sand-bath,  or  in  tlie  neiRhborliood 
of  an  oven.  The  snrfHce  of  the  bladder  remains  moist  with  tlio  \sateP  as  long  a-i  the 
sp.gr.  of  thcooQtained  ppirLt  is  greater  than  0.9fi2.  Weak  spirit  loses  its  water  quiekei' 
than  strong;  bat  iu  from  6  to  12  hours  the  alcohol  may  be  concentrated  when  a 
Biiilable  heat  is  employed.  This  eflOnomioal  method  is  partieuUrly  appiioable  in  ob- 
taining alcoliol  for  the  preparation  of  TnmiBheB.     When  flie  aleohol  is  ' '-" 

other  purpose   "         ■  ■     -      ■  ■      • -  ■  ■         ..        ■•■ 

the  bladder,    .    .  -_,  —        .- -  „ ,  .    —    „   

wlien-  the  vessel  that  contains  the  spirit  is  bound  over  with  a  bladdi-r  wiiicli  d 
come  into  contact  with  the  liquid.    Thus,  too,  all  other  liquora  oontuining  alcohol  nn<3 
water,  aa  wine,  eider,  Ac,  may  be  mademoreapirituous. 

To  procure  absolute  alcohol,  we  must  take  chloride  of  aalcinm  recentlyfnsed,  reduce 
it  til  a  coarse  powder,  and  mix  it  with  its  own  weiaht  of  spli'its  of  wine,  of  sp.  ^r.  0.838, 
iu  a  bottle,  which  is  to  be  well  stoppered,  and  to  be  ugitAted  tilt  the  salt  U  dissolved. 
The  clcir  solution  is  to  be  poui'ed  into  a  retort,  and  half  of  the  votame  of  tlie  alcotiol 
employed,  or  so  mnoh  aa  bus  the  sp.  gr.  0,791  at  78'  Fnhr.,  is  to  be  distilled  off,  drop 
by  drop,  at  a  gentle  heat.  Quicklime  has  also  been  employed  for  the  same  purpose, 
but  it  IS  less  powerful  and  oooveniaat.  Alcohol,  nearly  free  from  watei-,  may  be  ob- 
tnined  without  distillation,  by  addins;  dry  carbonate  of  potash  to  a  spirit  of  wine,  ol 
Ep.gr.  O'SaD.  The  water  combines  with  the  potash,  and  liilla  to  the  bottom  in  a  dense 
liquid,  while  the  pure  spirit  floats  on  the  surtiiea.  This  contains,  however,  a  little 
nlkali,  which  can  he  separated  only  by  distillation. 

Anhydrous  aleohol  is  composed  by  weight  of  52'18  carbon,  IS'Ol  hydrt^en,  and 
31 -78  of  osygen.  It  has  for  its  symbol  C.  H>  Oi  —  C.  H.,  Hj  Oj;  or  one  atom  oi 
ether  -j-  one  atom  of  water;  it  is  therefore  a  bj'd  rate  of  ether.  It  has  a  very  powei'fiil 
attraction  for  water,  and  absorbs  it  from  the  atmoBphere  ;  therefore  it  mast  be  kept  in 
^ell-closed  vessels.  It  also  robs  vegetable  and  animal  bodies  of  their  moisture ;  and 
hence  common  alcohol  is  employed  for  preserviiiK  anatomical  preparations.  Alcohol 
ia  a  solvent  for  many  substances ;  resins,  essentiul  oils,  camphor,  are  abundantly  dis- 
solved by  it,  forming  varnishes,  perfumed  siiiiila,  4c.  The  solution  of  a  resin  or  essen- 
tial oil  in  alcohol  becomes  milky  on  the  addition  of  water,  which,  by  its  attraction  for 
alcohol,  separates  these  substances.  Several  salta,  especially  the  deliquescent,  are 
dissolved  by  itj  and  some  of  them  give  a  color  to  its  flame  ;  thus  the  solutions  of  tlie 
salts  of  etrontia  in  alcohol  burn  with  a  crimson  flame;  those  of  copper  and  bornx 
green,  lime  reddish,  and  baryta  yellow, 

When  water  ia  mixed  with  alcohol,  heat  and  a  condensation  of  volume  are  the  result; 
these  effects  being  greatest  with  64  per  eenl.  of  alw>liol  and  48  of  water,  and  thence 
decreasing  with  a  greater  jiroportion  of  water.  For  aleohol  which  contains  90  per  cent, 
of  water,  this  condensation  amonnta  to  i-9i  per  cent,  otlJie  volume;  for  80  pet  cent., 
2'87 ;  for  10  per  cant,  3'44;  for  80  per  cent,  3-78 ;  for  40  per  cent.,  844 ;  foi-  80  per 
cent,  2-72 ;  for  SO  per  cent.,  1-72 ;  for  10  per  cent,,  0T2.  Hence,  t»  estimate  the 
qnantity  of  alcohoHn  any  spirit,  it  is  necessaiy  that  the  specifle gravity  be  ascertained 
Rireaehdeterminateproportion  of  alcohol  and  water  that  are  mixed  together.  When 
this  ia  done,  we  may,  by  means  of  an  aerometer  constmcted  for  liquids  lighter  than 
water,  determine  the  strength  of  the  spirit^  either  by  a  scale  of  specific  gravities  or  by 
an  arbitrary  graduation  eoppesponding  to  certain  commercial  objects,  and  thus  we  may 
determine  tl'.B  percentage  of  alcoliol  in  whisky  or  brandy  of  any  ati'engt]i  or  purity.  An 
areometer  intended  for  this  use  has  been  called  an  aleoholmeter,iD  particular  when  the 
scale  of  it  is  so  gradoated  that  insl«adof  the  specific  gravity,  it  indicates  immediately 
the  percentage  of  anhydrous  alcohol  in  a  given  weight  or  volume  of  the  liquid.  The 
scale  graduated  according  to  the  percentage  of  pure  alcoholby  weight,  constitutes  the 
aieoholmeter  of  Eichter;  and  tliat  by  the  percentage  in  volume,  the  alcobolmeter  of 
Tralles  and  Gay  Lussac 

As  liquors  are  sold  in  general  by  the  measure,  not  by  the  weight,  it  is  oonvcnicnt, 
therefore,  to  know  the  alcoholic  content  of  the  mixtures  in  the  percentage  by  volume 
Tralles  has  constructed  new  tables  upon  the  principles  of  those  of  Gilpin,  in  which  the 
proportion  is  given  by  volnme,  and  anhydrous  alcohol  is  assumed  for  the  basis  which  al 
'O^Fahr.,  has  a  specific  gravityofO'79Stlcompared  with  water  at  its  maximum  density, 
►r  a  specific  gravity  of  0*7946  compared  with  water  of  the  temperature  of  60°  Faliv. 
Gilpin's  alcohol  of  0'82B"contains  92'6  per  cent,  by  volume  of  anhydrous  alcohol. 

According  to  the  experiments  of  Tralles  alcohol  contracts  between — 26°  C.  and 

'-  87  C.  with  tolerable  uniformity  ;  for  each  degree  Ihe  contraction  is  01)0846  of  the 
' '"       '--'   '      '     "efolk    ■      ■  '■ .        >  . 


e  of  the  alcohol.     In  ihe  following  table  its  contractions  are  reckoned  down- 
ivards  fram  the  boiling  point  by  Oay  Lussac. 


I      t™p. 

Volmna       j       Temp. 

Yoiu.. 

Temp. 

Volume. 

i        78=-4 

1      ir-i 

1         68°-4 
1          6S°-4 

1000- 
S94-4 

9S8'6 

0737 
9709 

4S°-4 
28°'4 

9G5-3 
9600 
954-4 
94B-9 
943-6 

2S''-4 

13°-4 
IS"-* 

933-e 

ea9-3 

924-5 
919-0 

Spirituous  vapor  pnesed  through  an  ignitad  tulie  of  glass  or  porcelain  h  converted 

into  earbonic  oxide,  -water,  hydrogen,  cnrburetted  hjdi-ogen,  olefiant  gas,  naphthaline, 

mj  }      matic  oil,  aod  earboa ;  according  to  the  degree  of  heat  and  nature  of  the  tube 

tb       p      uetB  vary.    Anhydrous  alcoliol  is  a  non-eondnctor  of  eleotrieitj,  but  ia  da- 

pised  by  ft  powerful  voltaie  battery.    Alcohol  bums  in  the  air  wiUi  a  blue  flame 

t    ca  b  nio  aoid  and  water;  the  water  being  heavier  than  the  spirit,  because  4e 

p    t      f    leohol  contain  8  of  liydrt^en,  which  form  64  of  w-ater.    In  oxygen  Ihe 

mb    t    o  is  aocompaoied  with  great  heat,  and  this  flame,   directed  through  a 

11 1  be  powerfully  ignites  bodies  exposed  to  it. 

It  w       oisten  Band  in  a  capsule  with  absolute  alcohol,  andcoverit  with  pre  vi  on  sly 

h       d       kel  po-wder,  protoside  of  nickel,  cobalt  powder,  protoxide  of  cobalt,  protox- 

d      f        nium,  oxide  of  tin  (these  six  bodies  being  procured  by  ignition  of  tlieir 

1  te     n  a  crucible),  or  finely  powdered  manganese  peroxide,  combustion  tates 

pi    e,      d  continues  as  long  as  the  epirituons  vapor  laata. 

T)     r  llowing  table  exhibits  the  per  centaee  of  anhydrous  alcohol  by  volamc,  ■!  t 
1  m|  e  of  GO"  Fahr.,  in  correspondence  with  the  specific  gravitieji  of  the  spirits, 

w        b      s  conaidered  at  CO"  Fahr.  to  hava  a  specific  gravity  oi'  0-9991. 

Alcoholmelrieal  Table  of  Tralles. 
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14 

55 
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21 
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13 

13 
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22 

12 

60 
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10 

12 
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9845 

13 

62 

22 

9834 

63 

9059 

23 

13 

11 

64 

9036 

14 

ysi2 

Jl 

6t 

9013 

15 
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10 

66 

R9S9 

24 

16 
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67 

8965 

24 

17 

9781 
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68 

8941 

24 
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10 

09 

8917 

9761 

!0 

70 

20 

9751 

10 

71 

8867 

25 

9741 

10 

72 

8842 

35 

32 

9731 

10 

73 

8817 

25 

23 

9720 

11 

9710 

10 

8765 

26 

25 

9700 

10 

76 

26 

2(i 

9(i83 

11 

77 

8712 

27 

H7 

9679 

78 

8685 

9668 

79 

99 

9657 

80 

8631 

27 

30 

9646 

SI 

28 

31 

9634 

12 

28 

9623 

12 

83 

33 

9609 

13 

84 

8518 

29 

ALCOHOL. 
Alcoliolmc'iricBl  Table  of  Tralles  (amtinaed). 


ucM  :  m 
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ih»  «r  S'- 

34 

9596 

85 

8488 

20 

35 

9583 

8458 

30 

as 

9570 

87 

8428 

30 

37 

953li 

8397 

31 

38 

83(55 

32 

39 

80 

8332 

33 

9510 

91 

8299 

33 

41 

9494 

92 

34 

42 

947S 

93 

8230 

35 

43 

9461 

94 

8194 

36 

44 

8157 

37 

96 

8118 

39 

97 

8077 

4T 

m 

8034 

43 

9373 

■99 

7988 

46 

49 

9354 

100 

7939 

49 

50 

9335 

Remarks  on  the  preceding  Table  of  Alcohol.. 

The  third  column  of  this  tiible  exhibits  the  ilifferenees  of  the  specific  gravilies,  which 
give  the  denoxninator  of  the  fraction  for  sach  densities  us  ore  not  fonnd  suiiicientlf  near 
in  (he  table ;  and  the  dilTerenee  of  their  numerators  is  the  next  greatest  to  the  density 
found  in  the  table.  For  example ;  if  the  specific  gravity  of  the  liquor  fonnil  for 
60=  Fahr.  =  9605  (the  per  centage  will  be  between  33  and  34),  the  difference  from 
9609  (which  is  the  next  greatest  number  in  the  table)  =  4,  and  the  fraction  is  *. ■ 
therefore  the  tcne  per  centagc  is33,''_.  From  the  constniciion of  this  table  the  per 
centage  Of  alcohol  by  we^ht  may  also  be  found.  For  instance  ;  we  multiply  the  number 
representing  the  volumes  of  olcobot  (given  in  the  table  for  any  detemunale  specific 
gravity  of  the  mistare)  by  the  specific  gravity  of  the  pure  alcohol,  that  ip,  by  7939, 
and  the  product  is  the  number  of  pounds  of  alcohol  in  so  many  pounds  as  the  specific 
gravity  innltiplied  by  100  gives.  Thus,  in  the  mixture  of  3510  specific  gravity,  there  are 
40  measures  of  alcohol!  hence  there  are  also  in  95,100  pound^  of  Ibis  spirit 
7939  +  40  =  31-756  poatids  of  alcohol;  and  in  100  pounds  of  the  spirits  of  0-9510 
specific  gravity,  33'39  pounds  of  alcohol  are  contained. 

As  the  preceding  table  gives  the  true  alcoholic  content  when  the  portion  of  spirit  under 
trial  has  the  nonmil  temperature  of  60°  Fahr.,  the  following  table  gives  the  per  centage  of 
alcohol  for  the  specific  gravities  correspnading  to  the  accompanying  temperatures. 

For  example ;  if  we  have  a  spirituous  liquor  at  80°  Fahr.,  whose  specific  gravity  is 
U-9342,  the  alcohol  present  is  43  per  cent,  of  the  volume,  or  that  specific  gravity  at  iliat 
temperolure  is  equal  to  the  specific  gravity  0-9427  at  the  nornwl  (emperature  of 
60"  Fahr.    This  table  may  also  be  employed  for  every  degree  of  the  thermomeler  and 
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23  ALCOHOL. 

eveiy  per  cenlaae,  so  as  to  save  corapolaiion  for  the  interi'als.  It  is  evident  from  iu 
Epc.lion  ihal  a  cliti'ercnce  of  5°  Kohr.  in  llie  temperature  chaniies  the  specific  gravity  of 
the  liquor  by  i  dilference  nearly  er|ual  to  1  volume  per  cent,  of  alcoliot ;  tlius  at  35° 
Bad  85"  Fahr.  the  very  same  specific  gravity  of  the  liquor  shows  nearly  10  volunios  pei 
cent,  of  alcoliol  more  or  les3 ;  the  same,  for  example,  at  60  and  40  per  cent, 

The  importnntte  of  extreme  accuracy  in  determinin;  the  density  of  alcoholic  mi.iliires 

in  the  United  KinEdom.  on  aceoant  of  tlie  sreat  revenue  deiived  from  ihem  la  ihe  Slate, 

and  their  consequent  high  price  in  commerce,  induced  Ibe  Lords  of  the  Treasury  a  few 

yfors  tt-o  to  request  Ine  Royal  Society  to  examine  the  constmction  and  mode  of  applying 

h     ns  n  use  for  ascertaining  and  charging  i  he  duly  on  spirits.    This  instrO- 

m        w  n and  described  in tiie  law  as  Sikess  hydrometer, possesses,  in  many 

e«       s,  d     d-d    d  anlages  over  those  formerly  in  use.    The  committee  of  the  Royal 

Soc  a  definite  mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as 

abs  be;  and  can  be  more  readily,  and  nrith  equal  accuracy,  idenii fled 

q  or  condition  to  which  recourse  can  be  had  in  praclice,  namely, 

p     h    gra  The  commillee  further  proposed,  that  the  standard  spirit  be  Ihal  which, 

and  water  alnne,  shall  have  a  specific  sf^vity  of  0-92  at  tiie 

p  Fahr.,  water  being  unity  al  tiie  same  lemperatare ;  or,  in  olher 

d      h  h      at  62°  weigh  ^^  or  ^|  of  an  equal  bulk  of  water  at  the  same 

Th  d      nther  weaker  Ihan  the  old  proof,  which  "Os  \^,  or  0'923 ;  or  in  the 

prcporlion  of  nearly  1-1  gallon  of  ihe  present  proof  spirit  per  cent.  The  proposed 
standard  wUl  contain  nearly  one  half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  give  the  indication  of  strength ;  not  upon  an  arbitrary 
Bcalc,  but  in  leriiis  of  specific  gravity  at  the  temperaHare  of  62^. 

The  committee  recommend  the  conslrnction  of  an  equation  lable,  which  shall  indicate 
the  same  strength  of  spidt  at  every  temperature.  Thus  in  standard  spirit  at  62°  the 
hydrometer  would  indicate  920,  which  in  this  table  would  Rive  proof  spirit.  If  that 
same  sptril  were  cooled  to  40°,  Ihe  hydrometer  would  indicale  somehkiher  number;  but 
which,  being  combined  in  the  lable  with  Ihe  temperature  as  indicated  by  the  Ihermomclec, 
should  still  give  proof  or  standard  spirit  as  the  result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  qoalily  of  the 
spirit  by  any  number  over  ornnder  proof,  but  to  indicale  at  once  the  number  of  gallons  of 
standard  spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  nnder  examination. 
Thus,  instead  of  saying  S3  over  proof,  it  is  proposed  to  insert  123  ;  and  in  place  of  35-4 
under  proof,  lo  insert  its  difference  lo  100,  or  64-6. 

It  has  been  considered  expedient  to  r::cDmmend  a  second  table  to  he  constructed,  so 
HS  to  show  the  bulk  of  spirit  of  any  slrenith  at  any  temperature,  relative  to  a  standard 
bulk  of  100  gallons  al  62°.  In  this  table  a  spirit  which  had  diminished  in  volume,  at 
any  given  temperature,  O'T  per  cent.,  for  example,  would  be  expressed  by  99'3  ;  and  a 
spirit  which  had  Increased  at  any  given  temperature  O'T  per  cent.,  by  100  7. 

When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  and 
thermometer,  these  tables  will  give  lirsl  the  proportion  or  standard  spirit  at  the  observed 
lempernture,  and  next  the  change  of  bulk  of  such  spirit  from  what  it  would  be  at  the 
standard  temperr  ure.  Thus,  at  the  temperature  of  51",  and  with  an  indication 
<sp.  gr.)  of  8240,  -00  gallons  of  the  spirit  under  examination  would  be  shown  by  the 
^rsl  table  to  be  eqosl  to  164-S  gallons  of  standard  spirit  of  that  temperature  ;  and  by  Ihe 
second  table  it  would  appear  that  99-3  gallons 'of  the  same  spirit  would  become  100  at 
62°,  or  in  reality  contain  the  164-8  gallons  of  spirit  in  that  state  only  in  which  it  is  to 
be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alnne  be  used  for  charging  the 
duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  of  0'92  at 
62°  in  100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or  below  62=),  it  i» 
considered  essential  to  have  a  third  table,  combining  the  two  lormer,  and  expressing  this 
relation  direclly,  so  that  upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present  state.  In  this  table 
Ihe  quantities  should  be  set  down  in  Ibe  actual  number  of  gallons  of  standard  spirit  at 
62°,  equivalent  lo  100  of  Ihe  spirit  under  examination ;  and  the  column  of  quantities 
may  be  expressed  by  the  term  vatne,  as  it  in  reality  expresses  the  proportion  of  the  only 
valuable  substance  present.  As  Ihis  will  be  ti.e  only  table  absolutely  necessary  lo  be 
used  with  the  instrument  for  the  porinses  of  ihe  excise,  it  may,  perhaps,  be  Ibcught 
unnecessary  to  prini  the  former  two. 


(  iddOlt 
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The  following  specimen  latle  has  been  given  by  iiit 
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'he  mixture  of  alcohol  and  waler,  fall 
icli  Ihe  specific  gravily  is  0-825  al  60= 
re.  The  specific  gravilj  of  waler  at  6( 
er  to  compare  the  specific  gravities  ^ivi 
.  when  the  specific  gravity  of  water  at 
it  be  divided  by  !)i},9"81. 


'n  as  spirit  in  Mr.  Gilpin's  taKes,  is  lliat  of 
'alir.,  water  being  unity  at  the  same  temper- 
'  being  1000,  at  62°  it  is  99,981.  Hence,  in 
1  by  Mr.  Gilpin  wilh  those  which  would  rc- 
32"  is  taken  at  unity,  aif  Ihe  former  numbers 


Table  of  the  Specific  Gravities  of  different  Mixtures,  by  Weight,  of  Alcohol  and  Water, 
at  different  Temperatures;  constructed  by  Mr.  Gilpin,  for  the  use  of  the  British  Eevt>- 
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Table  or  the  Siieciiie  Gravities  of  itiffcrent  Mixtures,  fcc  (continiied). 
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Eiperimenta  were  made,  by  direction  of  the 
wLich  showed  that  the  error  inlroiuceil  " 
Ibunded  oa  Gilpin's  numbers  must  be  quite  insensib 
The  discrepancies  thus  detected,  on  a  mixtuie  of  a  giv-i 

e  instance  lo  iinily  in  Ihe  fourth  place  of  decimals. 


,  to  Terify  Gilpin's  tables, 
itfcngth  of  spirits  by  tables 
the  practice  of  the  revenue, 
■nsth,  did  not  amount  in  any 
careful  inspection  of  euch 


documents  the  coimnitlee  are  of  opinion,  that  Gilpin's  tables  possess  a  degree  of  acciirocy 
far  surpassing  wliat  could  be  ei:pccted,  and  sufficiently  perfect  fur  all  practical  or  scien- 
liiic  purposes. 

rting  the  apparent  speviile 
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The  hydrometer  constructed,  under  the  directions  of  the  Coiiimissionets  of  Excise,  bj 
Mr.  Bale,  has  N  scale  of  4  inches  in  leneth  divided  into  100  parts, 
and  9  weights.  It  has  Uius  a  tange  of  900  divisions,  and  expresses 
specific  gravities  at  the  temperature  of  62°  Fahr.  In  order  to  render 
lliis  instrament  so  accurate  a  measurer  of  the  specific  gravity,  at  the 
standard  temperature,  as  la  involve  no  error  of  an  appreciable  amount,. 
Mr.  Bate  has  constructed  the  weights  (which  in  this  instrument  are  im- 
mersed in  the  Raid  of  different  specific  gravities)  so  that  each  succes- 
sive weight  should  have  an  increase  of  bulk  over  the  preceding  weight 
equal  to  thai  purl  of  the  stem  occupied  by  the  scale  gnd  an  increase 
of  weJKht  sufficient  Co  talie  the  whole  of  the  scale,  and  no  more,  down 
to  Ihe  liauid.  This  arrangement  requires  great  accuracy  of  worliman- 
ship,  and  enhances  the  price  of  the  instrument.  But  it  allows  of  in- 
creased strength  in  the  ball,  where  it  is  Terjr  mnch  required,  and  it 
gives,  upon  inspection  only,  the  indicatitin  (apparent  speeilic  gravity) 
by  whicli  the  general  table  is  to  be  examined  and  the  result  ascertain^. 
¥is!.  5  represents  this  instrument  and  two  of  lis  nine  ballast  weights. 
It  comprehends  all  speeilic  eravlties  between  820  and  1000.  It  indi- 
cates true  <:pecLfie  gravity  with  almost  perfect  accuracy  at  the  temper- 
ature of  62^  Fahr  ,  but  tt  does  not  exclude  other  instruments  from 
beini;  used  in  conjunction  witli  tables  The  latter  are,  in  fact,  inde- 
pendent of  Ihe  instrument  and  may  be  used  ^iilh  gravimeters,  or 
any  instrument  aflording  indications  by  specific  grivity  at  a  given 
temperature     bEE  Spiwts. 

The  com  nercial  value  of  spinluoas  liquors  beine  much  lower  in 
Fnnce  than  in  England  a  less  sensible  instrument  becomes  sufficient 
tjr  the  wants  of  that  country.  Baume's  anl  Cartiers  hydrometers, 
with  short  arbitrary  scales,  are  very  mnch  emplojed,  but  they  haie  been  lately  snpcr 
seded  by  an  ingenious  and  ready  instrument  contiived  by  M  Gay  Lussac,  and  called 
fay  him  an  okoomelre.  He  takes  for  the  teim  of  compaiison  pare  aleohtl  bj  volume, 
at  the  lemperalure  of  15"  Cent.,  and  represents  the  strength  of  it  by  100  ccnfirno, 
""■""""■"'"""      Consequently,  the  strength  of  a  spirituous  Lquid  i    ''  •         - 


times  in  volume  of  pure  alcohol  which 
Cent.  The  instrument  is  formed  like  a  commo 
temperatare  of  15°  Cent.  Its  scale  is  divided  i 
denotes  a  centime  of  nlcohol;  the  division  0  a 
to  pure  water,  and  the  division  100  at  its  lop,  I 
spirituous  liquor  at  15'  Cent.  (59=  Fahr.)  it 
example  !  if  in  spirits  supposed  at  the  temperalii 
it  indicates  that  the  strength  of  this  liquor  i 


at  the  tetnperature  of  15° 
1  hiriromeler,  and  is  gradaited  for  the 
ito  100  parta  or  degrees,  eacli  of  which 
.  the  bottom  of  the  stem  corresponds 
D  pure  alcohol.  When  immersed  in  a 
announces  its  strength  directly.  For 
re  of  15°  Cent,  it  sinks  to  the  division  50, 
per  cent., :  " 


of  pure  alcohol.  In  our  new  British  proof  spirit,  it  would  sink  to  nearly  57,  indicating 
67  bj-  volume  of  pure  alcohol,  allowing  for  ctindensation,  or  50  by  weight.  A  table  ot 
correction  ia  given  for  temperature,  which  he  calls  "  Table  of  real  strength  of  spirituous 
liquors."  Tiie  lii-st  vertical  column  of  this  table  contains  the  temperatures,  from  0°  to 
30°  Cent.,  and  the  first  horizontal  line  the  indications  of  the  alcoom^tre.  In  the  same 
table  we  have  most  ingenionsly  inserted  a  correction  for  the  volume  of  the  spirits  when 
the  tempera' lire  differs  from  15°  Cent.  If  we  take  (000  litres  or  gallons,  measured  at 
the  temperature  of  3°,  of  a  spiiituDus  liquor  whose  apparent  strength  is  441^ ;  its 
real  strength  at  15°  will  from  the  preceding  mode  of  correction  be  49"'.  On  heating  this 
liquid  to  15°,  in  order  to  find  its  real  specific  gravity  or  strength,  its  bulk  will  become 
greater ;  and,  instead  of  1000  litres  or  gallons,  which  it  measured  at  2°,  we  shall  have 
1009  at  15°  C.  This  numlier  is  Inscribed.in  smaller  characters  in  the  same  square  cell 
with  the  real  force,  precisely  under  "190.  All  the  numbers  in  small  characters,  printed 
under  each  reoi  s'?wig;ft,  indicate  the  volume  which  1000  litres  of  a  spiritaous  liquor 
would  have,  when  measured  at  the  temperature  at  which  its  apparent  strength  is  taken. 
In  the  above  example,  ihe  quantity  in  litres  or  gallons  of  pare  alcohol  contained  in  1000 
litres  or  gallons  of  the  spirits,  jneasared  at  the  temperature  of  2^,  will  be,  therefore, — 
1009  lit.  X  0-49  =  494  Ut.  41. 

This  quantity  of  pure  alcohol,  thus  estimated,  is  called  ricknens  of  spirit  fn  alcoliot,  or 
simply  richnesx. 

Let  us  take  an  esample  similar  to  the  preceding,  but  at  a  higher  temperature  than 
15°  Cent.  Suppose  we  have  1000  litres  measured,  at  the  temperature  of  25°,  of  spirits 
trhnse  apparent  strength  b  5311,  what  is  the  real  quantity  of  pure  alcohol  which  this 
spirit  contains  at  the  temperature  of  1S°  1  We  shall  find  in  the  table,  first  of  all,  that 
tlie  real  strength  of  the  spirits  is  49i:'3.  Aa  to  its  bulk  or  volume,  it  is  very  clear 
that  the  1000  litres  in  cooling  from  25°  to  15°,  will  occupy  a  smaUer  space.  This 
voliune  will  be  993  litres ;  it  is  inscribed  directly  bcbw  49t'3,  the  real  strength.    W« 
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I  consider  Hie  preceding  table,  wliioh  I  have  extracted  from  the  longer  tsoloB  o 
M.  Guy  Liissac,  as  na  !m]>oi-tane  ix^ditianta  tlie  resonrcea  of  British  dealers  an<]  manU' 
faetaring  cheniiets.  With  tlie  aid  of  Jiis  iittle  iriBtninioiil,  wliich  may  be  got  for  a 
ti'ifle  from  its  ingenious  malier,  M.  CoUardeau,  Rue  Fiiubuig  St.  Martin  at  I'ariB,  cr 
constpucted  by  one  of  tlie  Loudon  hydi-ometer  artists,  tlieper  centags  of  real  aleolio^ 

^„A  ti.a  -^..i  ««!.,.  ^r„„,.„„;.j. -i: -he  deteraiined  to  siSloient  nicety  f:r 

.....  ._  ,   nthisei 


try.    It  has  been  adopted  by  tlie  Swedish  goTeTnment,  with  M.  Ga;^  Luasac's  table*. 

aL  Gay  Lnasac'a  table  eives,  liy  inspection,  the  true  bulk  of  the  apiiits  as  enrreoted 
for  tempaJHture ;  that  ia  flieir  volume,  if  of  the  normal  temperature  of  15'  Cent.  (SB» 
Fnhr).  Kow  this  is  important  infoi'inntioii;  for,  if  a  person  buys  1000  gallons  of  spirits 
in  hot  weather,  and  pays  for  them  eiaetly  aeeording  to  their  strength  corrected  for 
temperature,  he  will  not  have  1000  gallons  wlien  the  we...her  ie  in  its  mean  atate.  He 
May  lose, in  this  way,  scTeral  gallons,  wiHiout  being  aware  of  it  from  his  hydrometer. 

Hometimea,  after  moist  autumns,  when  damaged  grain  abounda,  the  alcohol  distilled 
fi^om  its  fermented  wash  oontaina  a  peculiar  Tolotile  body.  When  we  apply  our  noae 
to  this  speciea  of  apii'its  in  ils  hot  state,  the  volatile  sniiatance  dbsotved  in  it  irritates 
tlie  eyea  and  nostrila;  it  has  very  nearly  the  same  smell  aa  an  aleoholie  solulioo  of 
cyanogen,  as  any  chemist  may  discover  by  slandino  near  the  discharge  pipe  of  the 
refrigeratory  worm  of  a  raw-^raiu  whisty  stilL  Suuh  spirits  intoxicate  more  strongly 
than  pare  apirits  of  the  snme  strength,  and  excite,  in  many  persons,  even  temporary 
fieiiay.  It  is  a  volatile  fatty  matter,  of  a  very  fetid  odor,  when  obtained  by  itself,  aa 
I  have  procured  it  in  cold  wenther  at  ^ome  of  the  great  distilleries  in  Scotland.  It 
doe*  not  combine  with  bases.  At  the  end  of  a  tew  months,  it  spontaneoHsly  decomposes 
in  the  spirits  and  leaveaihem  in  a  leaa  imnseoiia and  noxious  Aate.  By  largely  dilut- 
ing the  spirita  with  water,  and  distilling  at  a  moderate  t«mperutnre,  the  greater  part 
of  tills  oil  may  he  separated.  Part  of  it  comes  over  with  the  strongest  alcoliol,  and 
pnrt  with  the  latter  ru linings,  which  are  called  by  tlie  distillers  strong  and  weak  feints. 
The  intermediate  portion  is  purer  spiiit  The  feints  are  always  more  or  less  opalescenl^ 
or  become  so  on  dilution  with  water,  and  then  throw  u|>  an  oily  pellicle  upon  their 
surface.  The  charcoals  of  light  wood,  such  as  pine  or  willow,  well  calcined,  and  in- 
fused in  sniBoient  quantity  with  the  spirits  prior  to  rectification,  will  deprive  them  of 
the  greater  part  of  that  oily  contamination.  Animal  charcoal,  well  calcined,  has  also 
been  found  uaeful ;  hut  it  mnst  he  maoeraffid  for  aooie  time  with  the  empyreamatie 
spirit^  before  distillation.  Another  mode  of  separating  that  oflen^ve  oil  is,  to  agitate 
the  impure  spirits  with  a  quantity  of  a  Git  oil.  such  as  olive  oil,  or  oil  of  almonds,  to 
decant  off  the  oil,  and  re-distil  tiie  spirits  with  a  little  water. 

l^igestion  and  agitation  with  calcined  magnesia,  for  some  time,  followed  by  filtration 
and  diatillation,  are  alao  good  means  of  improving  the  flavor  of  alcohol  The  taste 
of  tile  oil  of  grains  is'hcit  recogniaed  by  agitation  with  water,  whereby,  on  standing, 
tlie  diluted  spirit  thi'ows  up  a  film  of  oil.  visible  by  I'eilacted  light,  fl  the  spirit  be 
mi^Eed  with  a  few  drops  of  nitrate  of  silver  and  exposed  for  some  time  to  sunshine,  the 
oil  will  react  upon  the  oxide  of  silver,  and  cause  abi-own  tinge;  but  if  there  be  no  oil 
present^  the  spiiite  will  remain  limpid.  If  one  part  of  hydi'ate  of  potash,  dissolved 
in  a  little  water,  be  mixed  with  1 60  parts  of  spirits,  and  if  ihe  mixture  be  wall  shaken, 
Ihi'u  slowly  evaporated  diiwn  to  15  parts  and  mixed  willi  15  parta  of  dilute  snlplinrio 
acid  in  a  phial,  to  be  then  corked,  lliere  will  soon  exhale  from  the  mixture  a  peculiar 
ofii-nsive  odor,  charaoteristio  of  tlie  quality  and  origin  of  tlie  imoure  spirit^  whether 
obtained  from  raw  grain,  from  matt,  from  potatoes,  rye,  arraek,  ram,  brandy.  Ao, 
Thia  excellent  process  may  be  used  alao  for  toting  wines.  Lime  and  alkalis  always 
injure  tiie  flavor  of  ar-l  ;ot  spirits  of  all  binds. 

Some  forei™  cbemisi»  diii'ct  empyreumatic  or  rank  spirita  to  bs  rectified  with  the 
addition  of  chloridB  of  lime.  I  have  tried  this  method  in  every  way,  and  on  a  con- 
aiderable  scale,  but  nevet-fonnd  ihe  spirits  to  be  improved  by  it.  Iney  were  rather 
deteriorated.    See  Bhasot,  Distihation,  Feuuexi.ition,  Gin,  Rum,  and  Whiskt. 

Anhydraus  or  absolute  alcohol,  when  swallowed,  nuts  as  a  mortal  poison,  not  only 
by  its  peculiar  stimulus  on  the  nervous  system,  but  by  its  abatracfing  tJie  aqueous 
particles  from  the  soft  tissue  of  the  stomach,  with  which  it  comes  in  contact,  so  as  t,<i 
destroy  its  ot^anization. 

The  absence  of  water  in  nicoho!  may  be  tested  by  sulphate  of  copper  calcined  to 
whitenesa,  which  imparts  a  blue  tin9;e  to  the  liquid.  4G  parte  of.  ahaolute  alcohol 
contain  6  parts  of  hydrogen ;  and  hence,  by  being  burnt  in  a  tubulated  globular  re- 
ceiver connected  with  a  condensing  worm,  tiney  afford  54  parts  of  watei'.  If  the  spirit 
was  free  from  oil,  the  water  will  be  quite  pure,  as  the  carbonic  acid  flies  ofT. 

Tlie  high  price  of  alcohol  in  this  country,  in  couseqaence  of  the  heavy  fiscal  duties. 
and  its  low  prica  in  most  other  countries,  where  it  is  nearly  duty  free,  lias  led  to  its 
vmtrahand  importation  under  varioim  disguises.    Sometimes  it  is  inti-odaced  under  tha 
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nmsk  of  oil  of  turpentine,  from  which  it  can  be.  eufGciently  freed  by  rectiflcHtion  fuz 
the  purpose  of  tbe  gin  miinufauturera  Sometimes  it  U  disguised  with  wood  naphtiia, 
or  vood  rinegar;  from  the  tattef  of  whicliitmay  be  separated  by  diatillHtion  in  a  water 
batli;  but  from  thefurmertt  ia  mure  difSeult  to  eictricate  it.  of,  alcuholaiid  wood  spirit 
nre  neafly  equally  volatile.  It  h:is  also  been  di^uised  with  coal  naphtlis ;  but  Irocn 
this  it  may  be  easily  sepjirated  by  distillation,  on  aououni  of  the  great  difference  bi>- 
tiveeii  the  boiling  points  of  the  two  iiquidfi;  besides,  coal  naphtha  will  not  combine 
with  water,  as  alwhol  does. 

Whi-n  the  object  is  to  discover  whether  wood  spirit  coniatns  alcohol,  we  may  pro- 
ceed as  follows; — Add  to  the  suspected  liqnid  a  little  nitric  Reid,  of  specific  gravity 
I -45.  If  alcohol  be  presen^  in  even  small  proportion,  an  effervescence  will  ensne, 
from  the  evolution  of  etherised  nitrous  gas,  wim  its  characteristic  etliereous  smell. 
On  treating  the  mixtui-e  with  a  nitrous  solution  of  meroary,  as  in  the  process  for  fnl- 
miiiate  of  mercury,  an  efferveseance  will  take  place,  the  dense  vapor  of  etherised 
mercurial  gas  will  appear,  and  a  certain  proportion  of  fulminate  will  be  formed,  cor- 
respimding  pretty  closely  to  the  proportion  of  alcohol  in  the  wood  naphtha  mixture. 

As  the  lioiling  point  of  wood  spirit  is  only  about  145'',  while  that  of  alcohol,  of  like 
specific  gravity  (0-826),  is  ITS"  R,  a  good  eriterinn  of  the  proportion  of  llie  two  liqaids 
present  in  the  mixture  may  be  found  in  its  boiling  temperature. 

I'ure  wood  spirit^  when  mixed  with  the  above  nitric  acid,  becomes  of  a  rubv  tint, 
'is  tranqaiL     Alcohol  continues  colorless,  but  enters  into  violent  ebnlhtiou. 


nearly  all  dissipated  in  fumes. 
Iiol  diluted  with  water  has  a  le 


Aleolio!  diluted  with  water  has  a  less  resultant  density  than  wood  spirit  of  like 
strength  similarly  diluted.  While  alcohol  thus  becomes  ot  O'02O,  wood  spirit  becom^a 
O'SaS  or  0-927, 

If  wi'od  spirit  he  contained  in  alcohol,  it  may  be  detected  to  the  greatest  minute- 
ness ly  the  test  of  caustic  potiieh,  a  little  of  which,  in  powder,  causing  wood  spirit  to 
become  speedily  yellow  and  brown,  while  it  gives  no  tint  to  alcohol.  Thus  I  percent, 
of  wood  spirit  may  he  discovered  in  any  sample  of  spirits  of  wiue.  For  furtlier  delails 
upon  this  analytical  inquiry,  see  nr.y  pamphlet  entitled  The  Eevetaie  ia  Jtopardy. 

ALDEHYDI^;  a  name  compnundea  out  of  afcoAoi  dehi/dro^eaaied,  being  a  substance 
formed  by  depriving  alcohol  of  its  hydrogen.  The  jirocess  is  too  intricate  for  descrip- 
tion liere.  It  is  a  limpid  liquid,  of  0-790  specific  gnivily,  boiling  at  21  ■8"  0.,  and  not 
reddenina  litmHs.  It  has  a  peculiar  ethereous  smell;  when  its  vapor  is  inhaled  it 
causes  suffocation,  and  even  in  araall  qoautitiea  aspRsmodieeoastrictJon  of  the  thorax. 
It  is  composed  of  4  atoms  of  carbon  ^24,  4  of  hydrog6n^4,  and  3  of  oxygen -=1G; 
or  ill  100  of  84-55,  9'09  and  86  SS  respectively.     It  ia  very  inflammaUe. 

ALE.  TTie  fermented  infusion  of  pale  malted  burlej-,  combined  with  infusion  of 
hops.    See  Beeb. 

ALEMHIC,  a  Still  ;  which  see. 

ALEMBBOTH,  salt  oE  The  salt  of  wisdom,  of  the  alchemists;  a  comjiound  of 
bicliioride  of  mercury  and  sal  ammoniac,  from  wliich  the  old  wliito  precijiitatc  of 
mercury  is  made. 

ALGAROTH,  ^wder  o£  A  compound  of  oxide  and  chloride  of  antimony,  being 
a  precipitate  obtained  by  pouring  water  into  the  acidulous  chloride  of  that  metal. 

ALtJABOVILLA.  This  substance  ia  called  by  the  Spaniards  Atparoba,  from  the 
™=omW.in,.p  it  bears  to  the  fi  uit  of  the  Carob  {CeratoiUa  liliinui),  which  is  a  native  of 
'     of  Spain  aud  rortngal.     The  substance  lately  ai  " 

B  Profipii  pallida,  according  ti 

of  it  lo  this  country  in  the  j-eai . 

mure  or  less  with  the  extractive  exudation  of  tlie  seeds  and  husks.  According  to  a 
more  rei-ent  determination,  algnrovilla  is  said  to  be  the  product  of  the  tree  Juga  Miu' 
thic  of  iianta  Mattha,  a  province  of  New  Cartlmgena, 

It  ia  an  astringent  substance  replete  with  tannin,  capable,  by  its  infusion  in  water, 
of  tanning  leather,  for  which  purpose  it  possesses  more  than  four  times  Ibe  power  ot 
gorid  oak  bark.  Its  active  matter  is  very  soluble  in  water  at  a  boiling  temperature. 
The  seeds  are  merely  nutritive  and  demulcent,  but  contain  no  astringent  property. 
This  resides  in  the  husks.  Tlie  seeds  in  the  entire  pod  constitute  about  l-5th  of  the 
weight,  and  they  are  three  or  four  in  number  in  each  oblong  pod.  Alcohol  of  60  per 
ceiil^  over  proof  dissolves  64  pai'ts  in  lUO  of  this  substance.  The  solution  consists 
chiefly  of  tiinnin.  with  a  very  little  lesinons  matter,  Wat«r  dissolves  somewhat  more 
af  it,  and  affords  a  vety  sty  pi  ic- tasted  solution,  which  precipitates  solution  of  isinglasj 
vci-y  copiously,  like  infusion  of  galls  and  catechu.  lb  solution  forms  with  sulphate  of 
iron  a  block  precipitate,  which  ii  kept  fluating  by  means  of  the  gum  present,  and 
thereby  constitutes  good  ink.  My  report  to  the  raercliant  was  written  with  a  com- 
tiinatiou  thus  nide,  in  proportions  taken  at  random;   and  there  U  no  doubJ  that  by 
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nsing  B  stronger  decoction  of  tbe  ftlgarovilla,  alonjr  wilh  a  proper  proportion  of  cop- 
poraa,  an  excellent  blHck  ink  niigfit  be  prepared  without  any  otJier  addition. 

I  find  thflt  a  decoction  of  thi>  algnrovilla  affoi'ds  with  cotton  cloth,  mordanted  with 
tin  solution,  as  also  witU  acetat;  of  alumiua  liquor,  a  brilliitnr.  jellow  dye ;  the  form<:r 
being  the  brighter  and  fuller  ol  the  two. 

A  tincture  of  algarovilla  inight  be  used  ae  an  astringent  in  medicine ;  or  piobably 
«  deeoolionof  the  whole  Bubstanoe  wotdd  be  preferable,  ou  account  of  the  demulcent 
qualitj  of  the  seeds  wiien  bruised.  As  an  ai-tiole  of  commerce  it  eannot  be  rated  nt  a 
high  price,  aor  shoald  it  pay  much  duty  lill  its  valne  as  an  article  of  manufactures  or 
medicine  be  fully  ascertained. 

ALIZARINE.    See  Madoer. 

ALKALI  A  cksB  of  chemical  bodies,  distinguished  eliiefly  by  their  solubility  in 
water,  and  their  power  of  neutralizinir  aciila.  so  as  to  form  saline  compounds.  The 
alkalis  of  manufactaring  importance  ate.  ammonia,  potash,  and  soda.  These  alkalis 
change  tbe  pnrple  color  of  red  cabbage  and  radishes  to  a  green,  the  reddened  tine- 
tore  of  litmus  to  a  parple,  and  the  color  of  tnrraerio  and  many  other  yellow  dyes  to 
a  brown.  Even  when  combined  with  caibonic  acid,  the  tlu'ee  alkalis  exercise  this 
discoloring  power,  wliich  the  alkaline  cai-ths,  lime,  and  hai'ytcs,  do  not.  The  same 
three  alkalis  have  an  acrid,  and  somewhat  urinous  taste;  tlie  first  two  are  energetic 
sotrents  of  animal  matter;  and  tlie  three  combine  with  oils  so  as  to  form  soaps.  They 
nnitfl  with  water  in  every  proportion,  and  also  with  alcohol;  and  the  three  combine 
wilh  water  alter  being  carbonated. 

ALKALI — ORGANIC;  on  okoasio  bases.  Many  plants  and  ingredients  of  plants 
which  esereise  a,  powerful  speeifio  operation  upon  the  living  system  of  man  and  other 
auimals  contain  peculiar  coinbinatiima  which  liave  in  chemistry  a  decidedly  alkaline 
reaction ;  and  have  hence  been  called  alkaloids.  They  unite  directly  with  both  hy- 
dros-en and  oxygen  acids,  and  in  this  reapeot  differ  essentially  from  methyloxide,  ac- 
thyloxide,  and  amyloxide.  Sertflrnler  was  the  first  disooyerer  of  these  bases,  having 
recogniaed  in  opium  tlie  alkaloid  now  called  morphia.  Soon  afterwards  Pelletier  and 
Oaventon  discovered  nnali^ous  b.nses  in  the  strychnos  nux  vomica,  as  also  in  white 
hellebore.  As  these  bases  possessed  in  a  remarkable  degree  the  peculiar  action  of 
each  plant  upon  the  human  system,  cbembts  set  themselves  diligently  to  search  in  the 
poisonous  and  narcotic  extracts  for  similar  principles.  From  the  discovery,  however, 
of  qoinia,  cinchonia,  piperine,  &<i.,  it  appeared,  that  not  only  the  poisonous  ingredients 
of  plants,  but  others  possessed  of  peoiihar  medicinal  qualitje^  constituted  peculiar  al- 
kaloids. These  occur  in  plants  always  combined  with  organic  acid",  which  are  also 
often  of  a  peculiar  nature.  Thus  the  base  of  opium  occurs  combined  with  meconic 
acid,  and  the  base  of  chelidoniiim  with  chelidonic  acid.  The  acid  constituent,  how 
ever,  is  often  the  malic  or  one  of  the  forms  of  the  tannic. 

Wohler  first  made  the  discovery  that  through  the  decomposition  of  oyanate  of  am- 
monia urea  was  formed,  which  poasesa-'d  the  property  of  combining  with  several  acids, 
especially  the  nitric  and  oxalic,  under  like  conditions  with  the  bases  existing  in  nature. 
Unverdorben  extracted  from  animal  empyreurantio  oil  several  basic  componnds. 
such  as  odorine,  ammoline,  Ac.,  and  Runge.out  of  coal-tar  obtained  kyauol  and  leukol. 
Fritazche  obtained  by  the  decomposition  of  anthranilio  acid,  aniline,  whose  identity 
with  kyanot  has  been  since  shown  by  Hofmann.  Zinin  made  tbe  discovery  that  by 
the  operation  of  sulphuretted  hydrogen  upon  nitrobenzide  and  upon  nitronaphtalide, 
certain  oi^anic  bases  were  formed  with  separation  of  sulphur,  such  as  aniline,  benzi- 
dine, naphtalidine,  idc.  Laurent  discovered  lophine  and  amarine,  bases  which  result 
through  the  operation  of  ammoaia  upon  oil  of  bitter  almonds.  Thiosinnamiue  is 
formed  by  the  action  of  ammonia  upon  the  volatile  oil  of  mustard,  &a. 

Compoaiiiim  of  alkaloids  or  organic  baaea. — The  whole  of  these  bases  Contain  nitro- 
gen combined  with  carbon  and  hydrogen,  and  moat  of  them  contain  also  oxygen. 
These  alkaloids  combine  also  with  hj-dmgen  and  oxygen  acids,  as  ammonia  does,  aud 
thereby  are  distinguished  essentially  fram  aethyloxide,  metbyloxide,  and  amyloxide. 
"    e  reckon  ammonia  as  a  hydrogen  basis,  the  organic  bases  mnst  belong  t*  the  same 


category.     Their  oxygen  constituent  does  not  correspond  to  their  capacity  of  si 
tion,  which  follows  from  the  fact,  that  alkaloids  exist  which  are  free  from  oxygen. 

The  prodadion  of  the  organic  bases  is  different  according  as  they  belong  to  volatile 
or  non-volatile  bodies.  The  volatile  may  be  obtiiined  when  the  plants  in  wliich  thej 
exist  are  distilled  with  a  somewhat  dilute  potash  lye.  Tlie  distilled  liqnor  contoins 
always  besides  the  organic  base  a  little  ammonia.  It  is  to  be  exactly  saturated  with 
sulphuric  acid,  then  evaporated  by  geutle  heat,  and  the  reminder  treated  with  ahwlnte 
alcohol  or  with  ether,  in  which  tlie  sulphuric  salt  of  the  organic  base  dissolves  Tliis 
solution  is  to  bemixedwiUi  water,  the  spirit  is  to  be  disUlled  oft  the  remainder  decern- 
piffled  with  potash  lye,  next  agitated  with  ether,  which  dissolves  out  the  alkaloid,  whiih 
remains  after  the  evaporation  of  the  ether.     In  this  way  nicotine  is  obtained.    The  non 
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volatile  bases  are  commonly  obhained  by  e:(tractiag  the  constitaents  of  llie  plant  vith 
wnter  nciiialated  witb  Bulpjiui-ic  or  muiiatie  aeiil,  aud  fi-om  the  concentrated  solution 
precipitating  tlie  bnaes  by  means  of  an  alkaline  Bubstanee,  Butli  bs  putasli,  limp,  am- 
monia, or  magiieain.  Tlie  pfeeipitate  is  to  be  dried  and  boiled  in  alcohol,  wliich 
dissolves  the  allialoiJ.  This  may  be  pui'ified  by  ri^peated  erysUUizatJons  aided  \>y 
auimal  charcoal,  &c. 

ALKALIMETER.  An  instvument  for  measurfng  tlie  alkaline  foree  or  purity  of 
any  of  the  alkalis  of  commerce.  It  is  founded  on  the  principle,  tliat  the  quantity  of 
real  alkali  present  in  any  eample  is  proportional  to  the  quantity  of  acid  which  a 
given  weight  of  it  can  neutralize. 

ALKAUMETBY.  Nearly  forty  years  have  elapsed  since  I  was  led,  by  peculiai 
ciicumstances,  to  construct  a  very  aimjiie  melliod  of  testing  alkalis,  the  ],-inciple  of 
which  I  soon  afterward  applied  to  acids,  bleaching  powder,  dye-stuffs,  and  nost  othe/ 
chemical  substances  extensively  used  in  manufactures.*  In  1S14  and  1815,  during  the 
summer  vacation  of  my  Glasgow  classes,  I  was  engaged  in  delivering  courses  of  lectures 
on  chemistry  in  tlie  Belfast  Academical  Institution,  and  had  tnnny  of  the  most  emi- 
nent members  of  the  Linen  Board  of  tliat  town  for  my  pupils.  Bting  occasionally 
consulted  upon  Ihe  qualities  ol'  the  alkalis,  which  were  used  to  ihe  value  of  210,000/.  by 
the  liaen  bleachers  of  Ireland,  I  saw  the  importance  to  them  of  a  simp.L  Silkalimelrical 
(est,  both  for  purchasing  and  for  usin^;  their  barUlas  and  potashes.  The  following 
extract  from  the  Belfast  NeiBS  Letter,  of  July  9lli,  181(i,  will  show  the  nature  of  mv 

"  This  day  one  ol  the  porters  of  the  Linen  Hall,  Belfast  was  called  into  the  libra" 
room  at  the  request  of  Dr.  Ure,  who  being  quite  nnltnown  to  Dr  L  re  and  never 
having  seen  any  experiments  made  with  acids  and  alkalis  he  look  the  n  trument  at 
our  desire,  which  being  filled  with  colored  acid,  by  pouring  t  slo  vlj  o  a]  I  era  ed 
alkali,  which  we  had  previously  prepared,  he  uscertaiaed  exactly  th  per  cenlage  of 
genuine  alkali  in  the  mixture.    Belfast,  Sath  June,  1816. 

"  John  8  Fe  gcson  Chi  rman 
James  M  Dokkel  BI  D 

JOHM  M     tSTOOPE 

S.  Thomson,  M.  D." 
Of  these  gentlemen,  two  were  leading  members  of  tke  Linen  Board,  and  the  olheis 
Ihe  two  principal  physicians  of  the  town.  The  publication  of  the  details  of  my  methnd 
of  alkalimetry  was  detoyeit  till  arrangements  were  made  for  its  general  tntroducl  ion, 
onder  the  direction  of  the  Linen  Board  of  Dublin,  whose  professor  of  chemistr-.  Mr. 
W.  Hisgins,  as  well  as  Dr.  Barker,  professor  of  chemistry  in  Trinity  College,  ^ranted 
certilicates  of  the  "  accuracy  and  the  national  importance"  of  the  instrument.  The 
alkaline  matter  then  imported  into  Irelaad  wasoflea  lai^ly  contaminated  with  common 
salt,  even  to  Ihe  extent  of  80  or  90  per  cent.  During  the  protrastin' .ion  of  the  Board, 
I  lent  my  Treatis..'  on  Alkalimetry  to  Dr.  Henry,  of  Manchester,  who  inadvertently  pub- 
lished an  account  of  it,  though  with  reference  to  me,  in  t'<e"ext  edition  <i,'  \ili  Ehmeala 
of  Cketnisiry.  Having,  in  the  lorg  inten-il  since,  coni' .vea  .«dny  moditicatious  of  the 
instrument,  and  Iiavlng  extended  its  pri).cip)'  "  cesiing  other  articles  I  am  induced  to 
offer  it  now  to  the  world,  in  consequence  of  the  recent  appearance  of  a  publication  upon 
the  same  subject,  bj  two  very  ingenious  chemists  of  Liebig's  school,  Drs.  R.  Fresenius 
aad  H.  Will.  Of  their  system  of  alkalimetry,  Glc,  a  copious  abstract  appeared  in  the 
Mmialea  dor  Chimk  nod  Pharmacie  Ibr  July  last,  and  about  the  same  time  a  pamphlet 
was  published  by  Winter,  at  Heidelbei^,  under  the  title  A'cuc  Verfakrvmgsadaen  zur 
Beslimmang  dea  Wcrthes  der  Pollascke  itwl  Soda,  der  Saitreti,  «iui  det  Bruutislem ;  or 
"  New  Processes  fur  determining  the  Value  of  Potash  and  Soda,  of  Acids,  and  Black 
Oxide  of  Mat^anese."  However  accurate  these  processes  may  be,  and  however  apt 
for  a  German  or  French  student  of  chemistry,  they  are,  in  my  apprehension,  not  at  all 
fitted  for  the  familiar  use  of  mannracturers  and  dealers  in  any  country,  and  certainly 
not  for  those  of  the  United  Kingdom. 

Descroizillw  was  the  first  person  who  contrived  an  inslramenl,  caUed  an  alkulim- 
cler,  to  ascertain  the  alkaline  strength  of  potash  and  soda,  without  much  calcula- 
tion. His  method  was  described  in  the  Aicaahi  de  Chiniie  for  1806,  lorn,  Ix., 
and  a  translation  of  it  appeared  in  onr  PkUosophicat  Magazine,  vol.  xxvlii.,  for  July 
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and  AuKQsl  of  the  following  year.  H'la  apparatus  consisted  of  a  glass  tabe,  S  or  S 
inches  long,  and  7  or  8  lines  in  diameter,  closed  at  one  end,  but  terminated  at  Ihe 
nther  in  a  kind  of  small  funnel  (with  a  beak  or  spout),  connected  to  the  tube  by  a 
narrow  neck,  having  a,  calibre  of  iwo  lines  and  a  half.  Upon  the  shoulder,  under 
Ihe  throat,  theie  was  a  bole  for  admitting  air  to  the  long  tube  in  the  act  of  being 
emptied,  by  sloping  its  mouth  downward.  This  cjlindrical  vessel  was  to  contain 
38  grammes  of  water,  which  space  was  divided  into  76  equal  parts,  which  it  wal 
extremely  important  10  proportion  accurately.  The  liquor  was  prepared  by  taking 
concentrated  sulphuric  acid,  at  66'^  Buumc  (1-845  spec,  gray.),  and  diJutinR  il  with 
nine  limes  its  weight  of  water,  Tbe  insirument  being  poised  in  a  balance,  he 
introduced  into  it  rery  exactly  two  grammes  of  the  above  test  acid,  and  u'hen  the 
instrument  stood  upright,  he  scratched  a  line  at  the  level  of  the  liquor,  and  thus 
proceeded  by  addition  of  snecessire  grammes  to  graduate  the  whole,  till  36  were 
added,  after  which  he  subdivided  these  spaces  by  lines  into  72  demi-EJamme  volumes. 
He  then  proceeds  lo  describe  eight  different  subsidiary  articles  required  for  his  opcr- 

"  Mk^limetrical  trials  of  potash. — Weigh  exactly  one  dcmi-gramme  of  potash,  j:!  it  intii 
a  glass,  and  pour  upon  it  about  four  tifths  of  a  decilitre  of  water ;  facilitate  the  solution  of 
[he  potash  by  stirring  it  with  a  small  chip  of  wood,  'hree  or  four  limes  in  an  hour  a^J  a 
half,  a  minute  at  eadi  time.  When  the«olntion  is  tJected,  pour  it  into  the  small  tin 
measure.  No.  4,  which  Is  to  be  then  filled  up  with  water ;  pour  it  back  again  into  Ihe 
glass,  in  which  you  must  still  poor  a  measure  full  of  pure  water;  stir  this  new  mixture 
also  three  or  four  times  within  half  an  hour,  in  order  to  facilitate  Ihe  precipitation  of  a 
slight  sediment,  which  soon  falls  down.  This  sediment  being  completely  formed, 
slope  Ihe  glass  with  caution,  in  order  to  fill  with  clear  liquor  the  small  measure ;  then 
empty  this  last  into  another  large  glass  ;  after  this  place  round  the  edges  of  a  plate 
drops  of  syrup  of  violets;  pour  also  into  the  alkalimeter  test  liquor  until  the  line 
marks  Oi  Lake  il  afterward  with  the  left  hand,  inclining  it  upon  Ihe  glass  which' con- 
tains the  raoiety  of  the  clean  alkaline  solution  :  the  acid  liquor  will  fall  into  il  by  hasty 
drops,  or  in  a  very  smalt  thread,  which  you  may  moderate  at  pleasure,  by  retarding  the 
entrance  of  the  air  at  the  lateral  hole  or  vent,  upon  which  must  be  placed  the  end  of 
the  finger;  at  the  same  time,  with  a  small  stick  or  match,  assist  Ihe  E.ixture  and  fa- 
cilitate the  development  of  the  carbonic  acid  which  is  manifested  by  effervescence. 
When  you  have  emptied  the  alkalimeter  to  about  Ihe  line  41),  try  if  the  saturation 
approaches,  by  drawing  your  small  stick  from  the  mixture,  and  resting  il  upon  the 
drops  of  syrup  of  violets,  which  should  become  green,  if  the  potash  (s  not  of  a  very 
inferior  quality.  If,  on  the  contrary,  the  violet  color  is  not  altered,  or  what  would 
be  worse,  if  it  be  changed  into  red,  there  would  be,  in  the  first  case,  an  indication  of 
s'uration,  and  in  the  second  a  proof  of  super-saturation.  But  this  is  not  tbe  case  with 
good  potashes;  at  that  line,  the  liquor  tried  can  aller  the  syrup  of  violets  into  green 
only;  or  cause  to  return  lo  the  violet,  and  even  to  the  green,  the  drops  which  had  been 
changed  into  red  at  the  time  of  a  former  trial;  we  must,  therefore,  in  general  add  more 
acid,  which  occasions  a  new  effervescence.  This  addition  must  always  be  made  with 
caution,  and  we  must  tooth  every  time  a  drop  of  syrup  of  violels  in  order  to  stop. 
When  at  last  the  latter  assumes  a  red  hue,  then,  after  having  restored  the  alkalimeter 
to  a  perpendicular  position,  in  order  to  see  nl  what  line  the  testing  liquor  stops,  you 
must  reckon  one  degree  less,  in  order  to  compensate  the  excess  of  saturation.  The 
mean  term  of  potashes  is  56;  this  I'aplies  that  they  require  for  their  saturation ^/(^-/i'b 
hvndredlks  of  their  weight  of  SBlphi.-ic  acid." 

For  the  analysis  of  commercial  sodas  of  ell  kinds,  M.  Descrolzilles  prescribes  using 
ten  and  a  half  deci-grammes  of  this  alkali,  instead  of  the  ten  deci-grammes  for  potashes, 
and  proceeds  as  above  detailed.  In  his  table  of  results  annexed,  we  find  American 
potashes  called  GCP  to  63'^. 

American  pearlashcs         -  -  .        50°   lo  55° 

Dantzic  potash       -  -  -  -         ^5     lo  55 

Alicant  soda  -  -  -  -        2U     to  33 

It  is  obvious,  from  these  statements,  that  the  alkalimeter  so  made  and  graduated 
denoied  comparative,  but  not  absolute,  quantities  of  alkalis  present  in  the  eom- 
mercial  samples.  The  rest  of  his  very  long  memoir  is  occupied  with  what  he  calls  the 
graduation  of  potashes  and  sodas,  the  economy  of  their  graduation,  the  proportions  of 
^rbonic  acid  in  them,  the  processes  of  can stifi cation,  Ihe  presence  of  potash  in  all 
lime  which  is  burnt  by  a  wood  firp^  or%iu  of  neutral  soda,  and  probable  origin  of 
oalrum ;  without  any  more  explicit  instructions.  The  instrufflcnl,  as  left  in  this  vague 
Slate,  never  was  employed,  nor  conld  it  come  into  use,  among  English  manufacmrerfl 
uid  dealers. 
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The  nrxt  allcaliineter,  of  which  an  account  has  been  published,  waa  ajrown.  In  con- 
sirufliag  Ihis  instrumenl,  1  availed  myself  of  the  lights  recently  ahed  on  chemical  pro- 
[>uriioii9  hy  Be.  Dallou's  atomic  theory,  and  I  ihu?  made  it  to  represent,  iiul  relative,  but 
absolute  measures  of  Ihe  amount  of  real  alkali  existing  in  any  commercial  S3in]ile. 
The  (est-liquor  used  al  that  time  was  sulphuric  acid,  nbich  is  most  readily  and  nccnrutcl; 
diluted  to  the  requisite  degree  by  means  of  a  glass  bead,  very  carefully  made,  of  Ihe 
siiecific  gravity  that  Ihe  standard  acid  should  have.  In  order  to  make  ihe  test-liquor, 
Ihprefore,  nothing  more  is  requisite  than  to  pat  the  bead  into  distilled  water,  and  to 
add  to  it  somewhat  dilute  but  pure  sulphuric  acid,  slowly  and  with  auilation,  till  tiie 
bead  rises  from  Ihe  bottom,  and  floats  in  the  middle  of  (he  liquor  at  the  temiiemture  of 
60-'  Fahr.  The  delicacy  of  this  means  of  adjustment  is  so  great,  that  a  single  degree  of 
increase  of  heat  wiU  cause  the  bead  to  sink  to  the  bottom — a  precision  which  no  hydrom- 
eter  can  rival.  The  test-tube,  about  14  inches  long,  contains  generally  1,000  grains 
of  water,  and  is  gradnated  into  iOO  equal  pans  by  means  of  equal  measures  of  mercury. 
The  test-liquor  is  faintly  tinged  with  red  cabbage  or  litmus;  so  that  the  change  of 
color,  as  it  approaches  to  the  saturating  pitt.  jn  adding  it  to  100  grains  uf  the  com- 
mercial ijkali,  becomes  a  sure  guide  in  conducting  the  experiment  to  a  succ»>"ful  issue. 
One  hundred  measures  of  this  test-liquor  neutraliie  exactly  100  grains  of  absolute  soda 
(oxide  of  sodium),  and  of  course  very  nearly  130  of  potash.  A  bead  may  also  be  ad- 
justed for  test-liquors,  of  whieh  1,000  grain  measures  neutralize  100  of  potash,  and 
therefore  66f  of  soda,  as  well  as  other  proportions,  for  special  purposes  of  greater 
minuteness  of  research.  One  maybe  so  graduated  as  to  indicate  clearly  a  difference  of 
yL_j  of  a  grain  of  ammonia.  In  making  snch  nice  esperiments,  it  is  of  course  requisite 
to  free  the  alkaline  matter  beforehand  from  s-'phurets,  sulphites,  and  hyposulphites,  by 
igniting  it  in  contact  with  chlorate  of  polasu,  as  long  since  recommended  by  Gay- 
^ussac.  With  such  means  in  careful  hands,  all  the  problems  of  alknlimetry  may  be 
accurately  solved  by  an  ordinary  operator. 

On  the  same  principle,  my  ^cviimder  is  constructed ;  puce  water  of  ammonia  is 
made  of  such  a  standard  strength  by  an  adjusted  glass  bead,  as  that  1,000  grain  meas- 
ures of  it  neutralize  exactly  a  quantity  of  any  one  real  acid,  denoted  by  its  atomic 
weiKbt,  upon  either  the  hydrogen  or  oxygen  scale  or  radix  ;  as  for  example,  40  grains 
of  sulphuric  acid.  Hence  it  becomes  a  universal  acidimeter;  after  the  neutral iialion 
of  10  or  100  grains  of  any  acid,  as  denoted  by  the  well-defined  color  in  the  litmus- 
tinted  ammonia,  the  test-tube  measures  of  ammonia  expended  being  multiplied  by  the 
atomic  weight  of  the  acid,  the  product  denotes  the  quantity  of  it  present  in  10  or  100 
grains.  The  proportion  of  anv  one  free  acid  in  any  substance  may  thus  be  deter- 
mined with  precision,  or  to  one  fiflieth  of  a  grain,  in  the  course  of  five  minutes.  Like 
methods  are  applied  to  Chloromelry,  and  other  analytical  purposes,  with  equal  facility  ; 
adapting  the  test-liquor  to  the  particular  object  in  view.  Instead  of  using  beads  for 
preparing  the  alkalimetric  and  acidimelric  test-liquors,  specific  gravity  bottles,  or  hy- 
drometers, may  of  course  be  employed ;  but  they  furnish  incomparably  more  tedious, 
and  less  delicate  means  of  adjustment.  To  adapt  the  above  methods  to  the  French 
weights  and  measures,  now  used  generally  also  by  the  German  chemists,  we  need  only 
substitute  IOO  deci-grammes  for  100  grains,  and  proceed  in  the  graduation,  &.C.,  as 
already  described. 

The  possession  of  two  reciprocal  test-liquids  affords  ready  and  rigid  means  of  veriii- 
cntioD.  For.  microscopic  anal'ses  of  alkaline  and  acid  mutter,  a  graduated  tube  of 
small  bore,  mounted  in  a  frame.wilh  a  valve  apparatus  at  top,  so  as  to  let  fall  drops  of 
any  size,  and  at  any  interval,  is  desirable  i  and  such  1  have  employed  for  many  years. 
Of  this  kind  is  my  ammonia-meter,  uted  in  the  ultimate  analysis  of  guanos  and  other 
aeotized  products,  in  conjunction  with  a  modified  apparatus  on  the  prfnciple  of  that 
of  Varrentrapp  and  Will.  It  maybe  remarked,  that  when  the  crude  alkali  eonta-.ns 
some  hyposulphite,  it  should  not  be  calcined  with  chlorate  of  polasli,  because  one  atom 
jf  hyposulphurous  acid  is  thereby  converted  into  two  atoms  of  sulphuric,  which 
of  course  saturate  double  the  quantity  of  alkali,  previously  m  combination  with  the 
hyposulphurous  acid.  In  such  cases  it  is  preferable  to  change  the  condition  of 
the  sulphurets,  sulphites,  and  hj-posulphitea,  by  adding  a  little  neutral  chromate  of 
potash  to  the  alkaline  aolulion,  whence  result  sulphate  of  chromium,  water,  and 
sulphur,  three  bodies,  which  will  not  afteet  the  accuracy  of  the  above  alkalimetrical 
process. 

In  the  j?Biiais  of  Philosophy  for  October,  1817, 1  described  a  new  instroiaent  for 
analyzing  the  earthy  and  alkaline  carbonates,  and  for  determining  the  qnantily  of  base 
present  in  them  from  the  volume  of  carbonic  acid,  disengaged  by  their  solution  in  acids, 
tipon  the  data  of  the  atomic  theory.  This  method  was  applied  to  Ihe  analysit  of  iha 
earhonates  of  ammonia,  soda,  potash,  lime,  matmeBian  limestone  (dolomitr),  So. 

"The  indications  of  the  above  analytical  instrnment  are  so  minute  as  lo  ':!!«ble  us, 
by  the  help  of  the  old  and  well-known  theorem  for  computing  the  proporlicts  cf  two 
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Bielals  Irom  the  specific  gravity  of  aa  alloy  to  deduce  tiie  proportions  of  the  bases  from 
the  volume  of  gns  dbengagcd  by  a  given  weight  of  a  Diiied  carbonate."" 

That  small  instrument  consisted  of  a  bent  glass  tube,  open  at  one  end,  and  terminated 
a',  the  other  with  an  egg-shaped  bnlb  from  two  to  three  inches  in  diameler,  and  il 
inquired  for  operating  with  it,  about  five  pounds  of  quickailver.  The  following  glass 
Vl>f  aratns  {fig-  6)  will  be  found  more  generally  convenient,  and  equally  e!:Bct.  A  is 
a  cylinder,  2  inches  in  diameler,  and  14  inches  long.  It  con- 
tains 10,000  grains  of  water  in  the  graduated  portion;  O,orzero 
being  at  the  top.  It  has  a  lubulure  in  the  side  close  to  the 
bottom,  through  the  cork  of  which  a  short  lube  passes  tight,  and 
is  connected  to  a  collar  of  caoutchouc,  E,  which  serves  for  a  joint 
to  the  upright  lube,  b,  resting  near  its  open  upper  end  in  a 
hooked  wire.  Throngh  the  cork  in  the  incufft  of  the  cylinder, 
the  taper  tail  of  the  flask  c  passes  air-light.  The  small  tube  f, 
open  at  both  ends,  is  cemented  at  bottom  into  the  tail  of  c,  and 
rises  to  the  shoulder  of  the  flask.  The  cork  of  c  is  perforated, 
find  receives  air-tight  the  tapertube  r,  which  can  also  be  closed 
with  the  stopcock. 

In  operating  with  this  apparatus,  proceed  as  folloics  ;— 
Fill  the  cylinder  with  water,  and  cover  its  surface  with,  half 
an  inch  of  oil.  Insert  the  tail  of  the  flask.  Put  into  tlie  tlask 
c,  58'6  grains  ofcarbonateofpotash,  or  45-2or  carbonate  of  soda, 
according  as  common  pearl-ash  or  soda-ash  is  to  be  tested,  along 
with  as  much  water  as  will  cover  fully  the  lower  end  of  d,  and 
then  introduce  this  tube.  Have  a  bottle  containing  aboat  40 
parts  of  oil  of  vitriol,  previously  mixed  with  60  of  water,  and 
cooled.  TaUeof  this,  in  a  pouring  or  dropping  glass,  100  watei 
grnin  measures,  and  suck  this  quantity  gradually  up  into  the  tube 
r,  then  shut  the  stopcock.  On  opening  it  slightly  the  add  will 
fall  into  c,  and  as  slowly  as  may  be  prudent.  The  carbonic  acid 
gag,  forthwith  disengaged,  will  depress  the  water  in  A,  cause  an 
overflow  of  it  from  the  lube  b,  which,  being  held  in  the  left  hand, 
must  have  its  swanbeak  placed  over  a  basin,  and  prt^essively 
lowered  to  the  level  of  the  descending  water  in  the  cylinder. 
When  all  the  sulphuric  acid  has  been  introduced  by  the  right 
hand,  the  orifice  of  B  is  lobe  corked,  and  the  iube  E  continually 
lowered  with  the  left,  till  the  eflervescence  being  finished,  the 
water  in  A  remains  stationary.  The  nnmba  on  the  centigrade 
scale,  oppositetothesorfaceof  the  oil,  deducting  100  grain  meas- 
ures for  the  bulk  of  dilute  acid  added,  denotes  the  per-centage  of  pure  carbonate  of  pot- 
ash, or  of  soda,  in  the  sample  nnder  examination.  The  above  prescribed  weights  of  these 
two  carbonates,  when  pure,  disengage  each  by  the  action  of  sulphuric  arid  (used  here 
in  small  excess)  10,000  water  grain  measures  of  carbonic  acid  gas,  or  100  measures 
of  the  scale  on  a.  The  cylinder  which  I  employ  contains  about  12,000  water  grain 
measures,  so  that  the  bottom  of  the  centigrade  scale  is  fully  two  inches  above  the  level 
of  the  lower  tubulore.  This  capacity  and  the  graduation  into  120  parts,  will  be  found 
cenvenienl  in  certain  cases,  particularly  in  analyzing  bicarbonates  of  potash  and  soda.J 
We  may  estimate  10j.>XI  water  grain  measures  of  carbonic  acid  at  60°  Fahr.,  l 


8-4  grains,  and 
we  applied  the  vernier  c.    . 
be  an  awkward  operator  who 
(he  above  means,  to  one  part 
In  operating  upon 


perceive  what  a  magnified  scale  we  should  ] 
here,  as  we  dii  to  barometers.     At  any  rate,  he  B 
determine  the  value  of  an  alkaline  earbonale 


a  thou 


nd. 


_     _  1,  jnarles,  &c.,  42'1   grains  should  be   taken  as   the 

nndard  weight  of  assay,  because  that  weight  of  pure  carbonate  of  lime  should  give 
out  on  solution  in  dilute  muriatic  acid  10,000  wafer  grain  measures  of  carbonic  acid 
gag.  Since  100  water  grain  measures  of  liquid  hydrochloric  acid,  specific  gravity  1'14, 
will  supersaturate  the  lime  in  the  above  weight  of  carbonates,  that  qnantily  may  be 
used  in  the  experiment.  The  preceding  instrument  will  be  found  more  convenient  in 
experimenting,  as  also  the  system  of  indication,  than  one  on  similar  principles  con- 
structed by  the  ingenious  Dr.  Mobr,  of  Coblenz. 

In  esamining  bicarbonates  of  potash  and  of  soda,  the  weights  to  be  used  in  the  above 
apparatus  are  42  grains  of  the  former,  and  35}  grains  of  tiie  latter,  each  of  which 

-  ;«rf.onory  of  Chmialry.  1821. 

lest-lnbs  seventyllvB  gratn's  of  water,  and'filli  °g?t  up  to  the  line  lOft  with  concentraled  sulphuric  acid. 
This  mlxlnre  being  poured  in  successive  portions  Into  the  Hasli  c  (teptcaenled  mucli  loo  large  in  pro- 
)<ortton  to  the  cylinder  i),  will  ensure  Ihe  expulsion  of  atllhe  carbonic  acid  from  c,  which  rnav )>e  attsr- 
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qoantitieg,  if  the  salta  be  perfect,  will  disengage  10,000  -wnter  grain  measures  uf  car- 
bonic acid  gas,  by  the  action  of  sulphuric  aeid.  There  will  be  no  harm  in  taking  the 
formerly  prescribed  measure  of  the  sulphuric  acid  thou<ih  considerably  less  would 
answer  the  purpose.  The  centigrade  measures  of  pas  ohtnined  b  A  will  Indicate  the 
carboncled  stale  of  the  two  alkalis  reapeclirely.  Their  alkaline  force  may  be  most 
rcadilj'  ascertained  by  my  old  alkaliraeter,  with  colored  test  acid.  Since  the  bicar- 
bonalcB  usually  Bold  in  our  shops,  especially  that  of  soda,  are  far  from  beinsr  exact 
atomic  compounds,  they  should  be  always  examined,  both  for  their  base  and  acid, 
wliieh  may  also  be  well  done  in  the  following  way,  where  the  quantity  of  carbonic  acid 
fins  ia  (lelcrmined  by  weight  instead  of  by  volame. 

l''or  this  purpose,  a  small  compact  appara.tus  of  the  annexed  form  (Jig'.  1)  will  be 
found  couTenient;  It  is  to  be  used  In  conjunction  with  my 
allsalimeter.  A  in  thedolted  line  is  the  phial  for  receiving 
the  carbonate  to  be  tested,  b,  tiie  funnel  into  which  the 
test  add  is  to  be  poured;  c  c,  an  inrerted  syphon  tilled 
with  pieces  of  chloride  of  calcium  for  absorbing  the  aqueous 
vapors  exhaled  by  the  carbonic  acid.  The  loss  of  weieht 
ill  the  phial  above  that  an  the  tube. of  test  acid  shows  the 
quantity  of  acid  gas,  and  the  indication  of  the  alkalimeler 
tibe,  that  of  alkaline  base,  from  which  data  the  proportion 
ofneutraJ  carbonate  and  bicarbonate  may  be  imraediilely 
deduced.  Thas,  100  grains  of  bicarbonate  of  soda  should 
give  out  5If  grains  of  carbonic  acid,  and  saturate  JT  6  cen- 
tiE:rade  measures  of  the  test  acid,  equivalent  to  37  b  grains 
of  real  soda.  But  if  neutral  carbonate  of  soda  be  present, 
less  gas  will  be  given  out,  and  more  or  less  alkah  miy  be 
indicated,  according  to  the  degreeof  dryness  of  the  neutial 
soda.  The  amount  of  water  in  the  bicarbonate  may  be  de- 
termined by  igniting  20  grains  in  a  test  lube,  connected  with 
the  chlorealcLum  inverted  syphon  ;  lOJ  grains  of  carbonic 
acid  gas  should  be  expelled,  and  2J  of  water, makingatolal 
loss  of  I2il  grains,  of  which  2J  will  be  found  as  water  ab- 
sorbed by  the  chlorcalcium.  But  since  a  very  moderate  heat 
suffices  to  expel  the  second  atom  of  carbonic  acid  from  the 
bicarbonate  of  soda,  the  readiest  mode  of  estimating  its 
quality  is  to  heat,  over  a  spirit  lamp,  in  a  small  flask,  or 
retort,  connected  air-tighl  by  a  tube  with  the  mouth  of  the 
cylinder  A,  (fig-  6)  70j  grains  of  the  supposed  bicarbon- 
ate. Of  the  perfect  salt  this  quantity  should  give  out  pretty 
lores  of  gas;  and  whatever  aliquot  part  of  this  volume  is 
evolved  will  indicate,  without  calculation,  the  relative  value  of  the  substance  as  a 
bisalt.  Thus  if  S,5<H)  grain  measures  of  gas  are  obtained,  85  parts  of  bicarbonate 
of  soda  are  present  ia  100.  The  crystalline  form  of  bicarbonate  of  potash  is  a  tolerably 
good  criterion  of  its  quality. 

The  quantity  of  caustic  alkaL  mixed  with  carbonate  may  be  readily  determined, 
with  sufficient  accuracy,  by  the  expert  use  of  my  alkalimeteri  because,  till  the  caustic 
portion  be  nearly  nentraliaed,  litlle  or  no  carbonic  gas  is  expelled.  When  the 
effervescence  at  length  begins,  the  test  measures  already  expended  denote  the  per- 
centage of  caustic  alkali.  It  is  not  right  to  disregard  the  alkali  which  is  present  in  the 
slate  of  sulphtirel,  because  as  sucliil  is  efleclive  in  many  processes  of  the  chemicalarls; 
in  the  manufacture  of  yellow  soap,  crown  glass,  in  the  bleaching  of  linen  and  cotton 
goods,  &c.  The  alkalimeter,  directly  applied,  will  show  the  alkali  present  in  this  form, 
when  compared  with  that  indicated  after  ignition  of  the  crude  alkali  with  chlorate  of 
potash,  or  after  its  treatment  with  yellow  ehromate  of  potash.' 

A  few  years  ago  I  had  the  followii^  apparatus  made  for  the  ready  analysis  of  car- 
bonates, by  ascertaining  the  lossof  we^ttil  they  suffered  from  Ihcdisengagemenl  of  their 
earbonicacidgas.duringlheirsolulioninanacid.  A,B(j!g.  S)  are  two  globes,  of  about 
two  inches  in  diameter  each;  a  has  its  inferior  neck  strangled  into  a  bore  nearly  capil- 
lary 1  B  stands  lower,  with  its  centre  line  on  a  level  witli  the  narrow  neck  of  a.  The 
tubes  of  these  globes  are  about  one  half  inch  in  diameter,  c  is  shut  at  top  with  a  per- 
forated cork,  through  which  enters,  air-tight,  a  small  glass  tube,  which  is  bent  across  tn 
the  mouth  of  the  tube  z,  and  (hen  passes  down  into  it  a  Utile  below  the  centre  UnK  of 


exactly  10,000  grain 
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ler  more  than  half  filled  with  sulphuric  acid/whrn  the 
s  of  (he  carbonates.  The  standard  weight  of  car. 
IHjnaieof  soda=  ^i^  grains,  or  of  carbonate  of  polasn  = 
31^  grains,  is  then  put  into  A,  having  previoasly  laid  a 
minute  globe  of  glass  over  the  lower  orifice ;  the  cork, 
with  it9  small  tube,  is  now  firmly  adjusted ;  and  the  appa- 
ratus is  weighed  in  its  upright  position,  either  by  suspen- 
sion with  a  hoob  to  the  end  of  llie  beam,  or  by  reslingiion 
the  scale  in  a  light  socket  of  any  kind.  It  is  next  laid  bold 
of,  and  incliaed  so  as  to  cause  a  little  of  the  acid  in  a  to  pass 
over  into  A.  Effervescence  ensues  with  greater  or  less 
vehemence,  according  lo  the  nature  of  the  carbonate  and 
quantity  of  the  acid  introduced.  Should  it  be  too  violent, 
and  threaten  an  overflow  bj  intumescence,  it  can  he  in- 
stantly abated  to  any  degree  by  Ihe  slightest  slope  of  the 
instrument.  Now,  this  power  of  Control  forms  the  pe- 
culiar feature  and  advantage  of  this  contrivance  j  whereas 
in  all  other  forms  of  such  apparatus  Ihatlknow,  whether 
by  sucking  over  or  pouring  in,  if  a  little  too  much  acid 
conies  upon  the  carbonate,  the  experiment  is  efi'eclually 
marred.  The  gas  disengaged  in  a  must  necessarily  tra- 
verse the  sulphuric  acid  in  b,  and  '.'e  stripped  of  its 
moisture  before  escaping  into  the  air.  Having  super- 
saturated  the  alkaline  base,  and  cooled  the  apparatus, 
we  weigh  it  again,  and  the  loss  of  weight  in  grains  and 
tenths  denotes  the  per-cencage  of  soda  or  potash,  provided 
their  neutral  carbonates  had  been  the  subjects  of  e«peri. 
mcnt.  For  limestone,  on  the  same  plan  of  compulation, 
2'2l  grains  may  be  taken.  It  deserves  to  be  noted,  that  the 
present  instrument  has  only  one  junction,  and  needs  no 
apt  by  its  swelling  to  burst  the  glass  tuhes  that 


I  have  already  stated,  that  water  of  ammonia  of  standard  strength,  faintly  tinted 
with  litmus,  atfnrds  a  most  exact  and  convenient  acidimeter,  when  poured  or  let  fall 
f   m     g    dualed  dropping-tube.     Bicarbonateof  potash  also,  when  dissolved  in  water, 
b        000  grain  measures  contain  one  atom  of  the  salt  counted  in  grains,  is  a  good 
for  the  same  purpose  !  for  if  ihe  centigrade  measures  expended  in  effecting 
n  ion  are  multiplied  by  the  atomic  weight  of  ihe  ^ven  acid,  the  product  is  the 

q       ti         grains  of  acid  present. 

id  m   ry  may  be  likewise  exactly  performed  hy  measuring  in  the  cjlindric  gas- 
™  fig     6)    the  volumes  of  carbonic  acid  gas  disengaged  from  pure  bicarbonate  ot 

p    as  oda,  by  a  given  weight  of  any  acid,  taking  care  (o  use  a  small  excess  of  the 

Th  s,  for  example,  16'S  grains  of  dry  and  30J  of  hydrated  sulphuric  acid  disen- 
gage 10,000  water  grain  measures  of  gas  imm  bicarbonate  of  potash.  Therefore,  if 
201  grains  of  a  given  sulphuric  acid  be  poured  into  the  flask  otfig.  fl.  upon  about  50 
grains  of  the  bicarbonate,  powdered  and  covered  with  a  little  water,  it  will  cause  the 
evolution  of  a  volume  of  gas  proportioned  to  its  strength.  If  the  acid  be  pure  oil  of 
vitriol,  that  weight  of  it  will  disengage  10,000  grain  measures  of  gas;  but  if  it  be 
weaker,  so  much  less  gas — the  centigrade  measures  of  which  will  denote  the  peivcent- 
Bge  value  of  the  acid.  If  the  question  be  put,  how  much  dry  acid  is  present  per  cent. 
in  a  given  sulphuric  acid,  then  16'8  grains  of  the  acid  under  trial  must  be  used ;  and 
the  resulting  volume  of  carbonic  acid  gas  read  on  the  scale  will  denote  tlie  per-cenlase 
of  dry  acid-t 

For  nitric  acid,  we  should  take  22"6  grains;  for  hydrochloric  orinurintic  ncid,  15'34  ; 
for  acetic  acid,  21'6;  for  citric  acid,  24-6 ;  for  tartaric  acid,  28  grains;  then  in  each 
case  we  shall  obtain  a  volume  of  carbonic  acid  gas  proportioned  to  the  strength  and 
patily  of  these  acids  respectively.  The  nitric,  hydrochloric,  and  acetic  acids  are  re- 
ferred to  in  their  anhydrous  state;  the  tartaric  and  citric  in  their  crystalline.  If  the 
latter  two  acids  be  pure,  a  solution  of  34'6  grains  of  the  first  and  of  23  of  the  last 

■  l.m  water  griin  measnres  of  sulphuri 
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trill  diaengs^e  from  BO  grains  of  bieavbonate  of  potash  10,000  grain  measures  of  ci 


s  follows,  i 


Dry  Sulphuric  aciJ 

"     Hydrochloric 

Crystallized  Tartaric 
«  Citric 

Each  of  these  qnantities  of  real  acid,  with  25 
11  give  off  10  grains  of  carbonic  add  gas 
!,  being  reckoned 


9- 127 
12-33 
8-29 
11-67 
13-31 
15-13 
groins  of  bicarbo[uite  of  potash, 
anJ  hence  whatever  weight  tbe  apparatus 
n  grains  and  tenths  of  a  grain,  denotes  the 
per-centttge  of  acid  in  the  sample  under  trial,  without  tlie  ne- 
cessity of  any  arithmetical  reduction.    Poisons  accustomed  to 
the  French  metrical  system  may  use  deci-grammes  instead  of 
gram',  and  they  Vlll  arrive  at  the  same  per-eentage  results. 

The  preceding  experiments,  in  reference  to  the  weight  of  car- 
bonic acid  gas  exppUed  fol  the  purpose  f  either  alkalimetry  or 
icidimetry,  may  also  be  made  by  means  ofiiie  ordinary  apparatus 
lepiesented  mjig  9  A  is  a  small  matrass  which  contains  the 
acid  or  carbonatea  alkali  at  its  bottom ;  and  conversely  the  alkali 
or  acid,  for  their  niutsal  decomposition  in  the  small  test-tube, 
shown  first  at  b  nearly  upright  and  filled,  but  afterward  nt  a, 
iioiizontal  and  emptied  b  is  a  bulbous  tube  filled  with  frag- 
mpnta  of  chlorcalcium  for  absorbing  the  aqueous  vapor  that 
ris»s  with  the  carbonic  acid  gas,  and  d  c  h  a  small  bent  tube 
which  dips  into  the  liquid  m  the  matrass.  The  weighings,  &c., 
miy  be  conducted  as  already  detailed ;  and  when  the  effer- 
vescence 13  completed,  the  residuary  gas  is  sucked  up  through 
3  while  the  atmospheric  air  enters  to  replace  it  at  the  orifice  d 
ol  thp  bent  tube 

The  NEW  methods  which  pervade  the  whole  treatise  of  Drs. 
Fresenins  and  Will  are  all  based  on  the  principle  of  estimating 
altalinity,  acidity,  and  the  oxygen  in  manganese  (or  chlorom- 
etry)  by  the  weight  of  carbonic  acid  gas  evolved.  As  in 
taking  these  measures  the  gas  must  be  discliai'ged  without 
carrying  water  off  with  it,  an  elegant  and  ingenious  little  piece 
of  apparatus  has  been  invented  by  the  authors  for  effecting  thot 
purpose,  and  it  will  do  it  well,  a  and  b  (Jig.  10)  are  two  flasks  (wiiie-moutlied 
medicine-bottles  may  be  employed),  a  must  have  a  capacity  of  from  2  oancea  to  2| 
ounces  of  water;  it  is  advisable  that  b  should  be 
somewhat  smaller,  say  of  a  capacity  of  about  1  to 
Ij  ounces.  Botli  flasks  are  closed  by  means  of 
doubly  perforated  corks.  These  perforations  serve 
for  the  reception  of  the  tubes  a,  e,  and  d.  c  is  a 
tube  bent  twice  at  right  angles,  which  enters  at 
its  one  end  just  into  the  flask  a,  but  descends  at 
its  othei  end,  near  to  the  bottom  of  b.  These  tubes 
are  open  at  both  ends  when  operaling;  except  the 
top  end  b  of  the  tube  a,  which  is  closed  by  means 
of  a  pellet  of  wax.  The  substance  to  he  ex- 
amined is  weighed  and  put  into  the  flask  a,  into 
which  water  is  then  poured  to  the  extent  of  one 
third  of  its  capacity,  b  is  filled  with  common 
EngUsh  sulphuric  odd  to  about  half  its  capacity. 
Both  flasks  are  then  corked  (by  which  they  be- 
come united  by  the  rectangular  tube),  and  the  ap- 
paratus is  weighed. 

The  air  of  the  whole  apparatus  is  next  rarefied  by 
applying  suction  to  the  tube  d:  the  consequence  is, 
that  the  sulphuric  add  contained  in  b  ascends  into 
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tlie  lute  c,  aniJ  thus  n  porlion  of  il  flows  over  into  b,  Immedialelj'  upon  its  coming 
into  contact  with  the  carbonate  contained  in  a,  carbonic  acid  gas  is  disengaged,  and  in 
its  escape  must  necessarily  traverse  the  oil  of  vitriol  in  a,  and  lliereia  deposita  all  ila 
aqueous  vaiior  before  issuing  from  d.  The  sulphuric  acid  in  passing  over  into  a  heats 
the  mixture  at  the  same  time,  and  thus  promotes  the  expulsion  of  the  gas.  Whenevei 
this  ceases  to  flow,  a  little  more  sulphuric  acid  must  be  sent  over  into  a  by  suctior. 
frOQi  d  (or  rather  from  a  recurved  lube  attached,  pro  tempore,  to  il)  ;  an  arlifice  which 
may  be  repented  till  no  more  gns  can  be  expelled,  even  when  the  contents  of  a  art 
heated,  as  Ihey  must  be  at  the  end  by  the  escess  of  oil  of  vitriol. 

"  From  the  aperture  b  of  ihe  tube  a,  which  has  been  all  ihe  time  closed,  the  bit  of 
wax  is  now  to  be  removed,  and  to  the  tube  connected  with  d,  suction  is  to  be  applied, 
till  nil  the  carbonic  acid  lodged  in  the  apparatus  be  replaced  by  atmospheric  air.  The 
whole  is  to  be  then  cooled,  wiped,  and  weighed;  the  loss  of  weight  indicates  exactly 
the  quantity  of  carbonic  acid  which  existed  in  the  carbonate  submilted  to  experiment. 
The  process  is  no  less  neat  than  it  is  simple,  and  does  honor  to  the  ingenuity  of  its  in- 
ventors. Their  mode  of  deducing  the  per-centage  of  alkali  from  the  quantity  of 
carbonic  acid  discharged  in  the  operation  is  also  quite  exact,  and  suitable  for  con' 
Unental  chemists  familiar  with  jlrttmme  weights  and  calculations,  but  certainly  not  for 
persons  conversant  only  with  ounces,  drams,  and  scrnples,  or  even  with  grain  subdi- 
visions. The  whole  book,  however  excellent,  needs,  for  ..le  British  public,  transpo- 
sition, before  it  can  serve  in  this  country  the  purpose  intended  by  its  scientific  authors. 
Thus,  in  section  4,  where  several  res'.ilts  of  iheir  analyses  are  given,  the  statements 
have  a  somewhat  mysterious  aspect.  Should  any  one  ask  why  the  oracular  number  of 
4-83  grammes  of  carbonate  of  soda  is  used  as  their  standard  weight  for  analysis,  he 
can  obtain  no  response  in  the  hook,  either  in  a  note  or  anywhere  else.  A  German  or 
French  student,  familiar  with  chemical  compnlation,  will  probably  be  able  to  discover 
thai  4-83  grammes  of  pure  carbonate  of  soda  contain,  by  Berzelins's  tables  of  alomio 
weights,  2  grammes  of  carbonic  acid;  for  53-47  (1  alom  of  carbonate):  22'15  (]  of 
carbonic  acid);  i4'83  1  2-00.  Such  is  the  simple  solution  of  this  apparent  enigma, 
and  of  some  other  similar  puzzles  in  the  book.  Indeed,  unless  the  reader  is  aware  of 
that  proportion,  he  can  not  see  the  grounds  of  the  accordance  in  Ihe  results  between 
experiment  and  theory,  or  why  the  numbers  2'010,  1.993,  and  2-020,  are  presented  as 
specimens  of  great  precision.  This  accordance  gives  satisfaction  when  it  is  known 
that  these  numhers,  in  experiments  1,  2,  and  3,  oscillate  on  one  side  or  other  so  near  to 
the  theoretical  number  200.  But  4  grammes  and  83  cenli-grammes,  as  also  1  gramme 
and  995  railli-grammes,  are  awliwaiil  weiehts  for  an  ordinary  English  chemist  or 
apothecary,  which  woald  require  a  month  or  two's  residence  in  the  laboratories  of 
Giessen  and  Paris  to  manipulate  with  readiness. 

Again,  in  testing  carbonate  of  potash,  our  authors  take  6-29  grammes  as  Iheir  unity  of 
weight,  undoubtedly,  because,  if  pure,  it  should  dischai^e,  by  saturation  with  the  sul- 
phuric acid,  2  grammes  of  carbonic  acid.  Here,  however,  they  have  not  stuck  so  rigidly 
as  the  school  of  Giessen  usually  does  to  Berzelins's  atomic  numbers ;  for  his  atom  of 
carhonaleof  potash  is  69-42;  whence,  22-15  169-42  ::  2-00;  6-68,  hydrt^en  =  1-00 ; 
or  276-44  :  866-33  :  :  2-00  :  6-268  oxygen  =  100. 

Admilting  the  value  of  the  new  method  in  testing  neutral  carbonates,  il  can  not  be 
directly  applied  to  the  mixed  carbonate  and  bicarbonate  of  soda,  so  commonly  sold 
in  this  country  for  bicarbonate  ;  nor  is  it  applicable  to  the  ease  of  a  mixture  of  enuslic 
and  carbonated  alkali,  wilhool  ibe  tedious  process  of  previous  treatment  with  car- 
bonate of  ammonia  and  heat. 

The  new  German  method  of  acWt'mWrj  consists  in  determining  how  much  carbonic 
acid  gas  is  disengaged  from  a  standard  bicarbonate  of  soda,  by  a  given  weight  of  any 
acid.  The  twin-flask  appariitus  (_fig.  10)  is  used.  The  weighed  portion  of  acid  is 
put  into  A,  and  a  sufficient  quanlily  of  the  soda  into  a  test-tube,  which  is  suspended 
upright  with  a  silk  thread  fastened  by  the  pressure  of  the  cork  to  the  mouth  of  the 
flask.  On  letting  the  tiiread  loose,  the  test-lube  falls,  and  the  cork  being  instantly  re- 
placed, the  whole  gas  evolved  is  forced  to  pass  throBgh  the  sulphuric  acid  in  n,  and 
there  to  deposite  its  moisture.  The  experiment  is  conducted  in  other  respects  as  already 
described  for  alkalimetry. 

The  following  extract  from  Drs.  Fresenius  and  Will's  Nev>  methods  of  Alkalimetry, 
fee,  will  show  Ihe  Giessen  plan  of  calculating  results: — 

"The  amount  of  anhydrous  acid  contained  in  the  hydraled  acid  under  examination 
is  determined  from  the  amount  of  carbonic  acid  escaped,  as  follows  i — 

"Two  measures  of  carbonic  acid  bear  the  same  proportion  to  one  measure  of  the 
snhydrous  acid  in  question,  as  the  amount  of  carbonic  acid  expelled  does  to  the  amount 
Bought  of  anhydrous  acid.  Thus,  lei  us  suppose,  for  instance,  we  have  examined 
liilule  sulphuric  acid,  and  obtained  1-5  grammes  of  carbonic  acid,  the  arrangement 
would  be : — 
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550  (2  X  275)  :  Ml  =  1-5  : ;» 

ic  acid  opprateil  upon  consecjuently  ' 
iciii.  Let  us  suppose  the  weigiil  of  l 
phuric  acid  under  examinaliDn  would  c 


"  Section  XXIX.  Slating  Ike  Qiiantiliei  of  the  vartoui  ^cidt  to  be  nsed  in  Ikeir 
Eraminalion. — To  enable  our. readers  at  oace,  withoul  Ihe  trouble  of  cakulation,  to 
determine  from  the  weight  of  carbonic  acid  expelled,  the  exact  amount  of  anhydruus 
acid  contained  in  those  acids  which  are  of  most  frequent  occurrence,  we  have  subjoined 
lists  of  certain  qnantities  to  be  laken  of  each  acid  fur  experiment,  so  that  the  number 
of  centi-grammes  of  carbonic  acid  expelled  vf  ill  directly  indicate  the  per-centoge  amount 
of  anhydrous  acid  in  Ihe  acid  under  examiaalion. 

"  Mulliples  of  those  weights  may  of  course  be  sabstiluled  for  the  nambers  ?ivcn, 
according  to  the  de^ee  of  dilution  of  Ihe  actd  under  e»an..4:i(ion.  In  such  cases  the 
number  of  cenli-grammes  of  the  carbonic  acid  expelled  must  be  divided  by  the  same 
number,  which  haa  served  as  tlie  mulliplier, 

"  These  numbers-are  obtained  by  dividing  the  atomic  weight  of  the  acid  by  S50 
(2  X  275,  one  eq.  of  carbon),t  us  follows  :— 

"  Two  eq.  of  carbonic  acid,  corresponding  to  i 
ined,  how  much  should  be  taken  of  the  latter  1' 
acid? 

"  Tlie  arrangcmenl  of  sulphuric  acid,  for  instance,  is  as  follows  ; — 
550:501=  1-00  !X 

2  =  0-91  (or,  more  correcliy,  0-911). 

"  When  examining  acids,  it  is  most  advisable  to  use  that  multiple  of  the  unity  (nc- 
tordins  to  tlie  degree  of  coacentralion)  which  will  expel  from  one  lo  two  grammes  oi 


Tnity  0-91  gram 

mes  (or,  more  eorrectlv,  OBI 

MuUipies:— 

2X0911=    1-832 

4  X  0-911  ~    3'e44 

5  X  0-911  —    4-555 

6  X  0-911=    5-466 

7  X  0-911  =    6-377 

8  X  0-911  -    7-288 

9  X  0-911  ~    8-199 

10  X  0-911—    9-110 

15  X  0-911  -  13-605 

20  X  0-91I—  18-220 

30  X  0-911  =  37-330 

"  &c 

"  Thus,  knowing  that  0-9 !  of  anhydrous  sulphuric 
scid,  it  will  be  easy  lo  deterniine  what  multiple  oughl 
gree  of  concentration  of  the  acid  to  be  examined.''^ 


Jad  Ihe  tealing  of  Black  Oxide  qf  Mnnganeae  for  Us  available  Oxygen. 
The  value  of  manganese  may  be  estimated  very  exactly  by  measoring  the  quantity 
of  chlorine  which  a  given  weight  of  it  produces  with  hydrochloric  acid  ;  the  chlorine 
b<.-in!;  at  the  same  lime  estimated  by  the  quantity  of  solution  of  green  sulphate  of  iron, 
which  it  will  peroxidiie.  A  process  of  this  kind  was  long  ago  practised  with  chloride 
oflime  (bleaching  powder  or  liquor)  by  Dr.  Dalton  ;  and  it  has  been  since  improved 
by  Mr.  Wnltercrum.  As  the  conversion  of  two  atoms  of  green  sulphate  of  iron  into 
red  salpbate  requires  only  one  atom  of  oxygen,  this  change  may  be  effect.-d  by  the 
reaction  of  one  atom  of  chlorine  in  liberating  one  atom  of  oxygen,  while  this  appro- 
oriates  one  of  hydrogen  from  (he  hydrocliloric  acid. 

'  Nea  lUiOiiii  of  AlhaKme'Ty,  i)c.,pp.  93,  B4. 

t  A  lypoetaphics)  error  in  Mr.  Bull-icfg  edition ;  il  ihci'U  te  corbamc  acii. 

iXca  MiUUfhufAtha/imtlTy,  4c.,  pp.  lOS-lUJ, 


inGoogle 
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The  weiglil  of  2  atoms  of  green  sulphate  of  iron  is  278  =  (139  X  2),  consisting  of 
atoms  ufproloxiJe  =  72,  X  2  ofsulphork  udd  =  SO,  X  14  of  water  =  126;  in  all  =  278 
aail  this  weight  is  equivalent  to  36  of  chlorine,  to  8  of  oxygen,  and  tii  44  ofperojide  of 
manganese.*  Therefore,  if  we  lalse  a  solnUon  of  copperas,  containing  278  groins  ia 
1,000  water  grain  measnies,  thai  volume  of  liquid  will  represent,  by  the  conversion  of 
its  protoxide  into  peroxide,  exactly  one  atom,  either  of  peroxide  of  manganese  =  44 
grains,  or  1  alom  of  chlorine  =  36.    Hence  the  following  plan  of  research  ; — 

Into  the  Ha.sk  or  phial  c  of  my  chloromelric  apparatus  (Jig.  II),  put  100  grains  of  the 
'      tested,  and  into  the  globes  a,  e,  pour  oat 


m  ed 

e  P  1    o         per  c  nla^e  of  p  „ 

nese  present  in   ihe   sample;  or  being  muhiplied  by  36,  a  product  which  will  denote 
the  quanlily  of  chlorine  by  weight  which  100  grains  of  it  can  serve  to  generate. 

Since  one  atom  of  pure  manganese  (44  grains),  in  producing  36  grains  of  chlorine, 
consumes  2  aloms  =  74  grains  of  hydrochloric  acid,  the 'quantity  of  this  acid  expended 
from  the  graduated  tubes,  beyond  the  dae  proportion  of  chlorine  obtained,  will  show 
how  much  of  the  acid  is  on  profitably  consumed  by  foreign  substances  in  the  manganese. 
In  fact,  every  grain  of  chlorine  should,  with  pyrolnsite;  be  generated  by  an  expenditure 
of  Utile  more  than  2  grains  of  real  mnrialic  acid,  or  10  grains  weight  of  the  dilute  acid,  = 
about  9  grain  measures  of  the  graduated  tube.  Liquid  hydrochloric  acid  of  spec.  grav. 
1'093  contains  in  1,000  grain  measures  exactly  200  grains  of  renl  acid.  Hence  100  grains 
of  pure  jiyrosulite  should  produce  abont  82  grains  of  chlorine,  and  consume  abont  169 
of  real  muriatic  acid  =  845  gntin  measures  of  liquid  acid,  spec.  grav.  1'093,  Instead 
of  taking  100  grains  of  manjtanese  as  Ihe  testing  dose,  10  or  20  grains  may  be  taken 
according  to  the  dimensions  of  the  apparatus  and  the  exactness  of  the  operator. 

But  if  it  be  wished  to  obtain  direct  per-cenlage  of  manganese  by  the  graduated  tubes 
without  the  trouble  of  reduction,  then  for  a  dose  of  10  grains  lake  a  solution  of  fresh  green 
copperas  (free  from  adhering  moisture),  containing  632  grains  in  10,000  grain  measures. 
Proceed  as  above  directed.    If  the  manganese  be  a  pnre  peroxide,   10  grains  of  if 
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will  generate  as  much  chlorine  aa  will  peroxidize  exactly  1,000  grain  n. , 

dezrees  by  llie  teat-lube  of  tlie  eopperas  solution.  But  if  the  laaagaaese  cnntain 
only  40  or  50  per  cent,  of  peroxide,  then  40  or  SO  centigrade  measures  of  the  said 
Bolulion  will  be  equivalenl  lo  ibe  chlorine  evolved  fi-om  11  by  the  reaction  of  hjdro- 
cbloric  acid. 

If  the  object  is  on  the  other  hand  to  ohtain  direct  indications  as  to  chlorive,  then  a 
test  soJalion  of  copperas,  containing  772  grains  in  10,000  grnin  measures,  will  serve 
to  show,  by  the  perosidizemenl  <Jf  each  10  grain  ineBsures,  or  of  one  d^ree  of  ihe  ctn 
testimal  scale  of  the  test-tnbe,  the  reaction  of  one  grain  of  chlorine  aiailable  foj 
ble«chins,  &c,,  in  the  cliloride  of  lime  or  of  soda,  &,c.  The  test  solutions  of  copperas 
Ehould  be  kept  in  well-corked  bottles,  containing  a  little  powdered  sulphnret  of  iron  at 
their  bottom,  which  is  to  be  shaken  up  occasionally  in  order  to  preserve  the  iron  in  the 
state  of  protoxide. 

The  manganese  should  always  be  treated  with  dilute  nitric  acid  before  submitting  it 
to  the  above-described  ordeal ;  and  if  it  exhibits  effervescence,  KM)  grains  of  it  should 
be  digested  with  the  acid  for  a  sulficient  time  lo  dissolve  out  all  the  carbonates  present, 
then  thrown  upon  a  filler,  washed  and  dried  before  weighing  it  for  the  testing  opera- 
tion. The  loss  of  weight  thereby  sustained  denotes  the  per-centnge  of  carbonates,  and 
if  calcareous  it  will  measure  Ihe  waste  of  acid  that  would  ensue  from  that  source  alone, 
in  using  (bat  manganese  for  the  production  of  chlorine. 

Tkal  manganese  is  most  chlorogetioaa  which  contains  no  carbonates,  the  least  pro- 
portion of  oxide  of  iron,  and  of  sesquiositle  of  manganese. 

The  plan  of  testing  mans;ane5e  with  oxalic  and  sulphuric  t  cids  was  originally  prac- 
tised by  IM.  Berthior  and  Dr.  Thomson,  but  is  lately  modified  by  Drs.  Fresenios  and 
Will,  who  employ  oxalate  of  potash,  as  likely  to  afford  more  exact  results.  Thev  pre- 
icribe  a  multiple  by  3  of  993  mt  11  [.grammes  =  2'i>T9  grammes,  as  the  quantity  of 
manganese  best  adapted  to  experiment;  bm  Ibis  qaantity  will  not  be  found  convenient 
bj  ordinary  British  operators. 

I,  therefore,  take  leave  to  prescribe  the  following  proportions ;  Inlo  the  vessel  A 
of  my  twin-globe  apparatus  (jig.  S),  put  100  grains  of  the  ground  manganese  under 
trial,  along  with  250  grains  of  oxalate  of  potash  and  a  little  water  ;  poise  the  whole  in 
the  scale  of  a  balance;  then,  by  gentle  inclination,  cause  a  tittle  of  the  strong  sulphuric 
acid  to  pass  from  b  up  into  a.  The  oxygen  thereby  liberated  from  the  manganese, 
reacting  in  its  nascent  state  upon  the  oxalic  acid,  will  convert  it  into  carbonic  acid  gas  ; 
which,  in  passing  through  b,  will  deposite  its  moisture  before  escaping  into  the  air. 
Whenever  the  extrication  of  gas  ceases,  afier  such  a  quantity  ofoil  of  vitriol  has  been 
introduced  into  the  globe  a,  as  both  to  complete  the  decomposition  of  the  oxalic  acid 
and  to  bent  the  mixture,  withdraw  the  cork  for  e.  moment,  to  replace  the'carbonic  acid 
with  air,  Ihen  cool,  and  weigh  the  apparatus.  The  loss  of  weight,  in  grains,  will 
denote  the  per-centage  value  of  the  manganese;  that  Is,  the  proportion  per  cent, 
of  perfect  peroxide  in  the  sample.    If  the  manganese  be  pure  no  black  powder  should 

The  preceding  experiment  is  founded  upon  the  following  principle;  One  atom  of 
peroxide  of  manganese  =  44,  contains  one  atom  of  oxygen  separable  by  sulphuric  acid, 
and  capable  of  converting  one  alom  of  osalio  acid  into  two  atoms  of  carbonic  acid, 
also  =  44,  which  fly  off;  and  cause  therefore  a  loss  of  weight  equal  lo  thai  of  the- 
whole  peroxide.  To  one  atom  of  oxalic  acid,  which  consists  of  three  atoms  of  oxygen, 
and  two  of  carbon — if  one  atom  of  oxygen  be  added,  the  sum  is  obviously  four  atoms 
of  oxygen  and  two  of  carbon:^  2  atoms  of  carbonic  ncJd. 

The  apparatus  (fi,;,  10)  of  Drs.  Presenilis  and  WiH  will  answer  perfectly  well  for 
making  the  same  experiment,  the  manganese  being  put  into  a,  with  about  two  and  a 
half  times  its  weight  of  oxalate  of  potash,  and  the  sulphuric  acid  being  drawn  over  inlo 
the  mixture  by  suctici,  as  above  described. 

The  economy  of  any  sample  of  manganese  in  reference  to  its  consumption  of  acid,  in 
generating  a  given  quantity  of  chlorine,  may  be  ascertained  also  by  the  oxalic  acid 
tost:  44  grains  of  the  pure  peroxide,  with  .93  grains  of  neotral  oxalate  of  potash, 
and  98  of  oil  of  vitriol  diseniage  44  grains  of  carbonic  acid,  and  afford  a  completi; 
neutral  solution  ;  because  the  one  half  of  the  sulphuric  acid,  =  49  grains,  goes  to  forrs 
en  atom  of  sulphate  of  manganese,  and  the  other  half  to  form  an  atom  of  salphale  of 
potash. 

The  deficiency  in  the  we^ht  of  carbonic  acid  thrown  off  will  show  the  deficiency  of 
peroxide  of  manganese;  the  quantity  of  free  sulphuric  acid  may  be  measured  by  a  lest 
solution  of  bicarbonate  of  potash,  and  the  quantity  neutralized,  compared  lo  the  car 
honic  gas  produced,  will  show,  by  the  ratio  of  98  to  44,  the  amout.t  of  acid  unprofitable 
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In  fig.  e,  the  lube,  d,  may  also  be  graduated,  and  may  conlain  the  qusntily  of 
acid,  for  the  purpose  either  3f  nllialimelry  or  Bciilimetry ;  and  if  the  lower  orifiee  be 
capillary,  it  will  allow  none   of  its  contents  to  flow  out,  l.ll  the  st  ipcock  i      '      ■ 


It  the  lop 

In  fig.  7,  such  a  tube  as  c  (fig.  6,  may  be  substituted  with  advantage  ici 
the  funnel,  b;  and  as  that  tube,  c,  may  be  made  of  such  dimensions  as  to  contain 
■enough  of  acid  to  supersaturate  liie  bases  of  the  carbonates  in  the  phial.  A,  there  will 
be  no  necessity  for  a  separate  vessel  to  hold  the  decomVosin?  acid.  Thus  the  apparatus 
becomes  very  light,  convenient,  and  may  be  placed  in  the  small  scale  of  a  fine  balance  j 
whereas  the  twin  matrasses  of  Drs.  Fresenius  and  Will  {fig.  lu),  as  fornisbed  by  Mr. 
Bullock,  require  a  very  lai^e  pan  or  scale  to  stand  in.  I  (latter  myself  that  the  in- 
strument,^g-,  7,  so  mounted,  will  be  found  an  acceptable  present  to  practical  chem- 
ists, and  that  it  will  enable  them  readily  to  examine,  not  only  carbonates,  hut  also 
manganese  and  bleacfcinjr  substances,  with  great  precision,  by  the  weight  of  carbonic 
acid  gas  disengaged,  on  the  principles  above  explained. 

Into  the  twin  globe  apparatus  <jlg,  8).  after  the  sulphnric  acid  is  poured  into 
B,  a  little  water  should  be  ponred  into  c,  before  the  carbonate  is  introduced  into  the 
latter.  By  this  means,  the  capillary  throat  of  the  tnbe  under  A  will  not  be  npt  to  gel 
olioked  with  concrete  salt. 

The  following  quotations  are  from  the  work  of  Drs.  Fresenius  and  Will,  as  edited 
by  Mr.  Bulloek  for  the  English  reader.  An  accurate  comparison  may  thus  be  mode 
between  the  relative  utility  of  their  methods  and  mine  lo  IhF  practice  of  ordinary 
operators ; — 

"  Section  XXXrV.  Examliiaiim  of  Manganese :  having  at  the  samt  time  due  regard 
to  the  dmoanl  of  Acid  Teqjiired  for  Ui  complete  Decomposition. — We  have  stated,  a( 
Section  30,  that  it  is  not  a  mailer  of  indifference,  with  regard  to  the  amount  of  acid 
employed  in  the  production  of  chlorine  from  manganese,  what  are  the  minerals  which 
■■■     substance  contains  in  admintiire  with  the  peroxide.    The  following  modifiea  ' 


of  our  method  will  give  Ihe  most  correct  information  o 
"Sulphuric  acid   of  commerce  is   taken,  and  its  a: 

mined,  as  directed  at  Section  26,  or  by  means  of  aa 

Eulpituric  acid  as  much   is  weighed  into  a  {fig.   10), 

grammes  of  anhydrous  acid. 
"The  following  table  will  show  the  amount  which  . 

tlie  various  degree  of  concentration  of  the  acid  : — 


this  point : — 
lount  of  anhydrous  acid  deler- 
ecurate  hydrometer.  Of  this 
as  lo  give  an  amount  of  5-47 

ught  to  be  taken,  acoording  tc 


^"Kri. 

^ItZl 

n'ti^n'"""" 

1-8485 

81-54 

6-708 

1-8336 

76-65 

7-136 

1-8480 

81-13 

6-742 

1-8313 

76-24 

7-174 

1-8475 

80-73 

6-776 

1-R2fl0 

75-83 

7-213 

1'8467 

80-31 

6-811 

1-8261 

75-42 

1-8460 

79-00 

6-846 

1-8233 

1-8449 

79-49 

6-881 

1-8206 

74-61 

7-331 

1-8439 

79-09 

6-916 

1-8179 

74-20 

7-371 

1-8424 

78-68 

6-951 

1-R147 

■     73-79 

1-8410 

78-28 

6-987 

1-8115 

73-39 

7-45.') 

1-8393 

77-84 

7-027 

1-8079 

72-97 

7-495 

1-8376 

77-40 

7-067 

1-8043 

7;i-57 

7-537 

1-8356 

77-02 

7-101 

"As  much  water  is  then  poured  into  a  as  will  fill  the  flask  to  about  one  fourth; 
■nd,  lastly,  from  6-5  to  7  grammes  of  nenlrnl  oxalate  of  potash,  or  from  5-5  to  fl 
grammes  of  neutral  oxalate  of  soda,  are  added;  2-98  grammes  of  the  (finely-pounded  J 
manganese  to  be  examined  are  then  weighed  (the  manganese  must  have  been  pre- 
liouslv  te'ted  for  carbonate  alkaline  earths  :  compare  this  section  at  the  end)  into  a 
small  clasq  tube,  such  as  used  In  acidimetry,  and  described  in  Section  25.  About  the 
same  quantity  of  pure  pyrolnsite,*  in  powder,  is  then  put  into  another  similar  (uhe. 
The  tube,  with  the  manganese  lo  be  examined,  is  then  suspended  in  A  {fig.  10),  as 
described  at  Section  26,  and  the  apparatus  prepared,  as  directed  at  Section  3.    The 

•"Any  variety  of  pjrolusile  will  serve  this  purposs.  proi-ided  it  b«  free  from  other  manEanesa  ores. 
If  It 'onlttina  heavy  spar,  it  may  be  employed  directly;  but  should  it  contain  alumina  oi  lime,  it  must 
be  nested  first  with  dilute  nitricr  acid,  st  s  gentle  heat,  until  all  soluble  parts  have  been  dissolved ;  it 
I)  then  washed  ind  dried.    Artificially  prepared,  hydralcit  peroxide  of  manganese  may  be  sitislitulid 
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le  scale  o!"  a  balance,  tt^ulher  with  the  other  little  lube 
esBcily  weiifhed. 
'■  i  tie  corn:  ol  A  is  men  somewhat  raised  lo  allow  the  Utile  tube  with  the  manganese 
lo  fall  into  the  flask.  The  evolulion  uf  earbanic  acid  comioeaces  immediately,  and 
continues  until  all  Ihe  manganpse  is  decomposed.  When  thp  opprali<>a  begins  to  gel 
on  mnie  slowljr,  the  flash,  a,  is  placed  in  boilin°  water,  and  allowed  lu  remain  there 
until  no  more  bubbles  appear.  The  Utile  wax-stopper  is  then  removed*  from  a,  the 
flask.  A,  taken  oat  of  the  hot  water,  and  suclina  applied  to  d,  anlU  the  sucked  air 
tastes  no  lunger  of  carbonic  acid.  The  apparatus,  after  having:  been  allowed  to  cuol, 
is  wiped  dry,  and  replaced  in  the  original  scale,  where  the  little  tube  with  the  pyro- 
lasite  still  remains;  Mreigbls  are  then  substituted  for  the  loss  of  carbonic  acid.  The 
number  of  centigrammes  required,  divided  by  three,  directly  indicates  the  per-cenla°e 
amount  of  peroxide  of  manganese  {vide  Section  32).  The  cenligrammea  subalitutpd 
for  the  loss  of  carbonic  acid  are  then  removed  from  the  balance,  and  the  little  lube 
with  ihe  pyrosulile  is  thrown  into  A.  (The  lillie  wax-stopper  must  of  course  pre- 
viously be  replaced  on  a).  If  no  fresh  evolution  of  carbonic  acid  takes  place,  the 
manganese  examined  consists  of  pure  pyrosulile,  and  the  experiment  is  at  an  end.  Bui 
should  a  fresh  evolution  of  carbonic  acxi  talte  place,  the  operation  must  be  further 
fonducted,  and  brousht  to  n  close,  exactly  as  just  staled  {vide  mprdi.  The  apparatus 
is  then  replaced  on  the  balance,  with  an  additional  weight  of  three  grammes  on  the 
same  scale.  If  Ibis  is  sufficient  to  restore  a  perfect  equilibrium,  no  loss  of  acid  has 
taken  place;  the  manganese,  Indeed,  contains  other  matters  in  admixture,  bul  only 
tuch  OS  do  not  consume  any  acid.  But  if  the  scale  with  ihe  apparatus  sinks,  this  is  a 
certain  sign  that  a  portion  of  the  acid  has  been  lost  by  combining  with  the  oxides  which 

to  restore  the  perfect  equilibrium  of  the  balance,  multiplied  by  0-6114,  immediately 
indicates  bow  much  anhydrous  sulphuric  acid  has  been  wasted  in  the  decomposition  of 
lOD  parts  of  the  manganese  under  examinalion.  The  same  number,  mnltiplied  by 
0-333,  indicates  the  amount  of  acid  wasted  in  every  100  parts  of  sulphuric  acid  em- 
ployed for  the  decomposition  of  the  manganese  in  question.  The  same  number,  multi- 
plied by  0-5552,  indicate  bow  much  nnhydrona  hydrochloric  acid  would  be  wasted  in 
the  decomposition  of  100  parts  of  the  manganese.  The  same  number,  multiplied  by 
0-333,  indicates  also  how  much  acid  would  be  wasted  In  every  JOO  parts  of  hydrochloric 
Bcid  employed  for  the  decomposition  of  the  manganese. 

"  These  figures  result  from  the  following  equations  : — 
"I.  375  (eq.  of  carbonic  acid);  501  (eq.  of  soipbnric  acid)  =  the  carbonic  acid  oh- 

tained  mimia  (in  proportion  lo  the  sulphuric  acid  used)  :  x. 

2=lhi3  carbonic  acid  x  401,  i.  e.  x  1-822. 
Thus,  Ihe  number  oblitlned  for  x  indicates  tJie  amouni  of  sulphuric  acid  correspondin* 
10  the  amouni  of  carbonic  acid  obtained  minss^ 

"IL  a-H8  of  manganese:  100=i  of  equation  I. :  j^. 
x=x  of  I.  X  ^3|,"-  e.  X  0-33557. 

"  The  I  of  the  first  equation  tells  us  how  much  sulphuric  acid  has  been  wasted  without 
contributing  to  the  decomposition  of  ■2-98  grammes  of  the  manganese;  the  x  of  the 
second  etjuation  tells  us  the  same  for  JOO  parts  ofmnni^aneBe. 

"  If,  therefore,  the  amount  of  carbonic  acid  oblained  miitaa  he  directly  multiplied  by 
tlie  product  of  the  quotients  of  I.  and  II., 

1-822  and  0-33557, 
i.  e.  with  0'6n4I  (the  number  given  above),  the  amouni  of  anhydrous  sulphuric  acid 
wasted  in  the  decomposition  of  every  100  parts  of  m.anganese  will  immediately  be 

"  III.  5'4T  (tlie  amount  of  sulphuric  acid  used)  : 
IO0=the  I  of  I. :  X. 
i^lheiofl.  X^-J2,  i.e.  X  0-18282. 
"  Of  5-'n  of  sulphuric  acid,  the  x  of  I.  has  been  wasted,  100  corresponds  to  the  x 
o!  Til. 

"  The  I  of  III.  is,  therefore,  found  directly  by  multiplying  the  amount  of  carbonin 
arid  obtained  minui  with  the  product  of  the  quotients,  i-823  and  0-18282,  t.  f.~ 
0'3330I. 

"  The  figures  for  hydrochloric  acid  are  found  in  Ihe  same  manner  (4'967  of  bydrw 
chloric  acid  must  be  taken  instead  of  5-47  of  the  sulphuric  acidj.'t 

*  "  This  must  or  neoessltr  be  done  while  the  flask  is  still  slaniling  in  Itia  hot  water,  oi  else  the  sul- 
phuric acid  ivill  recede  upon  the  apparatus  bein-  rsmoved  ttom  llie  hot  water." 

t  Nair  Mtlluid)  of  Alkahmelry,  and  of  delemBtnris  Iht  Comnit'ClllI  Vulut  of  Jddi  asi  Uimgaiae. 
By  Dis.  C.  B.  Fresenius  and  H  WJIJ.    Edited  by  J  lloyd  Bollock :  pp.  113-m. 
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ALKANA,  is  the  name  of  (he  root  snd  leaves  of  Lattsama  itiermu  which  have  h"en 
ion^  employed  in  the  East,  to  dye  the  nails,  teelli,  hair,  ^rments,  fi-e  The  leaves 
grrmnd  and  miT.ed  with  a  little  limewaler,  aerve  for  jjeing  the  (ails  of  horses  m  Persia 
and  Turkey. 

AT.KANET,  the  rnot  of,  {^luJmna  tiwctoria.)  A  species  of  busloss  cultnated 
chiefly  in  the  neighborhood  of  MontpelUer.  It  affords  a  fine  red  color  to  alcohol 
and  oils;  bnt  a  dirty  red  to  water.  Its  principal  nee  is  for  colonn"  ointments  cheesea, 
and  pominaJes.     The  spirituons   tincture   gives   lo   while   marnle   a  braut  ful  deej 

ALLIGATION.  An  arithmetical  formula,  jscful,  on  many  occasions  for  ascertiining 
the  proportion  of  constituents  in  ft  midure.  when  they  have  nnJereone  no  rl  an^e  of 
volume  by  chemical  action.  When  alcoholn,  'iquors  are  mixei  w  th  water  there  is  a 
conrlensatinn  of  hulk,  which  renders  that  arithmetical  rule  inappt  cable  The  lame  thing 
holiis.  in  some  measure,  in  the  union  of  metals  by  fusion.    See  Allot. 

ALLOY.  (Mliage,  Fr. ;  Lcgirwig,  Germ.)  This  term  formerly  signified  accmponnd 
of  j;old  and  silver,  with  some  metal  of  inferior  value,  but  now  means  any  cumpoimd 
of  any  two  or  mort  melals  whatever.  Thos,  bronze  is  an  alloy  of  copper  and  tin  ;  brass, 
an  alloy  of  copper  and  zincj  and  type  met^l,  an  alloy  of  leitd  and  antimony.  All  the 
alloys  poB?ie5s  metallic  lustre,  even  when  cut  or  broken  lo  pieces ;  they  are  opaque !  are 
excellent  conductors  of  heat'  and  electricity  ;  are  freqaently  susceptible  of  crystallizing  i 
are  more  or  less  ductile,  malleable,  elastic,  and  sonorous.  An  alloy  which  consists  of 
melals  differently  fnsible  is  asually  malleable  in  the  cold,  and  brittle  when  hot,  as  is  ex- 
emplified wilh  brass  and  gong  melal. 

M  n  of  deflnite  or  eqaivalenl  proportions  of  the  simple  component 

m    alloys  seem  lo  form  in  any  proportion,  like  combinations  of  salt  or 

WW  t  is  probable  that  peculiar  properties  belong  to  the  equivalenl  or 

ra       as         empliSed  in  ihe  saperim  qaatity  of  brass  made  in  thai  proportion. 

O     m         oe         alloy  indifTerentiy  with  every  other  metal,  but  it  is  governed  in  this 

[>e  ec     BT    fiinilies;  thus,  silver  will  hardly  nnite  with  iron,  but  it  combines 

w  opper,  and  Irad.    In  comparing  the  alloys  with  their  constituent 

m  th  w       difTerences  may  be  noted  ;  in  general,  the  ductility  of  ihe  alloj'  is 

h  he  separate  metals,  and  sometimes  in  a  very  remarkable  degree;  on 

rary         al   y  is  usually  harder  than  the  ciean  hardness  of  its  constituents.  The 

m  nalgams  are,  perhaps,  exceptions  to  this  rule. 

T  fi  y  is  rarely  the  mean  between  thai  of  each  of  its  constituents,  but  is 

d  someliines  leas,  indicating,  in  the  former  case,  an  approiimalion, 

receifure,   of  the  particles  from  each   other  in   the   act  of  their 

S  tables  of  binary  alloys  exhibit  this  circumstance  in  experimental 


Gold  and  zinc 

Gold  and  silver 

Gold  and  tin 

Gold  and  iron 

Gold  and  bismuth 

Gold  and  lead 

Gold  and  anlimon 

Gold  and  copper 

Gold  and  cobalt 

Gold  and  iridium 

Silver  and  line 

Gold  and  nickel 

Silver  and  lead 

Silver  and  tin 

Silver  and  lead 

Silver  and  bismoth 

Iron  and  bismuth 

Silver  and  antimony 

Iron  and  antimony 

Copper  and  zinc 

Iron  and  lead 

Tin  and  lead 

Copper  and  paJladium 

Tin  and  palladium 

Copper  and  bismuth 

Tin  and  antimony 

Lead  and  antimony 

Nickel  and  arsenic 

Palladium  and  bisimilh. 

ll  would  be  hardly  possible  to  infer  th(  mellini?  point  of  an  alloy  from  that  or  each  of 
lis  constituent  metals;  but,  in  genera,  the  fusibility  is  increased  by  mnlual  afli- 
riily  in  their  slate  of  combination.  Of  this,  a  remarkable  instance  is  aflorded  in  the 
fusible  metal  consisting  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  which  melts  at  Vrm 
heat  oi  boiling  water,  or  213^  Fabr.,  though  the  melting  point  deituced  from  the  mean  of 
its  ■ximponcnts  should  he  514°.  This  alloy  may  be  rendered  still  more  fusible  ^y  adding 
a  very  tittle  mercury  lo  it,  when  it  forms  an  escellent  material  for  certain  anatomical  in- 
jections, and  for  filling  Ihe  hollows  of  cnrions  teelh.  Nor  do  the  Colors  of  alloys  ilepenJ, 
.11  any  considerable  degree,  upon  Iliusc  of  the  separate  melals;  Ihus,  the  color  of  copper, 
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instead  of  bein?  rendered  paler  by  a  large  addition  of  zi»v  's  thereby  coatertea  into  the 
rich-looking  pinchbeck  mElal. 

By  means  of  ailoys,  we  mulliply,  as  it  were,  (he  numbers  of  usefu!  metals,  and  some- 
limes  ^ive  usefulness  [o  such  as  are  separately  of  liltlc  value.  Since  these  cum[>ounds 
can  he  formed  only  by  fasiun,  and  since  many  metals  are  apt  to  oiiydize  readily  at  theii 
melting  temperature,  proper  precautions  must  be  taken  in  making  alloys  to  jicevenl  this 
oecniTence,  which  is  incompatible  with  theit  formation.  Thus,  in  combining  tin  and  lead, 
rosin  or  grease  is  usually  pul  on  the  surface  of  the  melting  metals,  the  carbon  produced 
by  the  decomposition  of  which  protects  them,  in  most  cases,  safficiently  from  oxydbement. 
When  we  wish  to  combine  tin  with  iron,  as  in  the  tinning  of  cast-iron  tea  kcllles,  we 
rub  sal  ammoniac  npon  the  surfaces  of  the  hot  metals  in  contact  with  each  oilier,  and 
(bus  eictude  the  atmospheric  oiygen  by  means  of  its  fumes.  Whea  (here  is  a  notable 
difl'erenee  in  the  specilic  gravities  of  the  metals  which  we  wish  to  combine,  we  oflen  Rod 
sreal  diffienUies  in  oblnininj;  homogeneous  alloys;  for  each  metal  may  tend  lo  assume 
the  level  due  to  its  density,  as  is  remarkably  exemplified  in  alloys  of  gold  and  silver 
made  without  adequate  stirring  of  (he  meltins  metals.  If  (he  mass  be  lar^e,  and  slow 
of  cooling,  after  il  is  cast  in  an  upright  cylindrical  form,  the  metals  sometimes  separate, 
to  a  cerlain  degree,  in  the  order  of  Iheir  densities.  Thus,  in  casting  lar^e  bells  and 
cannons  wilh  copper  alloys,  Ihe  bottom  of  (he  casting  is  apt  to  contain  too  mnch  copper  and 
the  top  too  much  tin,  unless  very  dexterous  manipulation  in  mijdng  the  fused  materials 
have  been  employed  immediately  before  the  instant  of  pouring  out  the  melled  mass. 
When  such  inequalities  are  observed,  (he  objects  are  broken  and  re-melted,  aner  which 
they  form  a  much  more  homogeneous  alloy.  This  artifice  of  a  double  melting  is  oI\en 
had  recourse  to,  and  especially  in  casting  the  alloys  for  the  specula  of  telescopes. 

When  we  wish  to  alloy  three  or  more  melals,  we  often  experience  difficnliics,  either 
because  one  of  (he  melals  is  more  oxydahle,  or  denser,  or  more  fusible,  than  the  others, 
or  because  there  is  no  direct  affinity  between  two  of  the  metais.  In  the  latter  predica- 
ment, we  shall  succeed  belter  by  combining  the  three  metals,  first  in  pairs,  for  example, 
and  then  meUing  the  two  pairs  together.  Thus,  it  is  difficult  to  unite  iron  with  bronze 
directly ;  but  if,  instead  of  iron,  we  use  tin  plaie,  we  shall  immediately  succeed,  and  the 
buinxe,  in  this  manner,  acnuires  valuable  qualities  from  the  iron.  Thus,  also,  lu  render 
brass  better  adapted  for  certain  purposes,  a  small  quantity  of  lead  ought  to  be  added  to 
it,  but  this  cannot  be  done  directly  with  advantage:  it  is  belter  lo  melt  the  li  ad  first 
along  with  Ihe  zinc,  and  then  to  add  this  alloy  to  the  melting  copper,  or  the  copper  to 
thai  alloy,  and  fuse  Ihem  tosrether. 

We  have  said  that  the  difference  of  fusibility  was  often  an  obstacle  to  metallic  com- 
binadon  ;  but  this  cu-cumstance  may  also  be  turned  lo  advantage  in  decomposing  certain 
Elloys  by  the  process  called  eliqualion.  By  this  means  silver  may  be  separated  from 
copper,  if  a  considerable  qnantity  of  lead  be  first  alloyed  with  the  said  copper;  this 
alloy  is  next  exposed  to  a  heat  just  sufficient  to  melt  the  lead,  which  then  sweats  out,  so 
lo  speak,  from  the  pores  of  the  copper,  and  carries  along  with  il  the  greater  part  of  the 
silver,  for  n  hich  it  has  a  strong  afEnily.  The  lead  and  the  silver  are  afterwards  sepa- 
rated from  each  other,  in  virtue  of  their  very  difierent  oiydabllity,  by   the  action  of 

One  of  the  alloys  most  useful  to-  the  arts  is  brass ;  it  is  more  ductile  and  less  easily 
oiydized  than  even  its  copper  consliluent,  nolwiihs'ianding  the  opposite  nature  of  the 
^inc.  This  alloy  may  exist  in  many  different  praporlions,  nnder  which  it  has  diiferent 
names,  as  tomtMic,  similor,  pinchbeck,  &c.  Copper  and  lin  ibrm,  also,  a  compound  of 
remarkable  utility,  known  nnder  the  names  of  hard  brass,  for  the  bushes,  steps,  and 
bearings  of  ihe  axles,  arbors,  and  spindles  in  machinery  ;  and  of  bronze,  hell-metal,  &u. 
Gold  and  silver,  in  their  pure  stale,  are  too  soft  and  flexible  to  form  either  vessels  or 
coins  of  sufl'  aent  slrenslh  and  durability ;  but  when  alloyed  with  a  little  copper,  they  ac- 
quire the  requisite  hardness  and  stifiness  for  (hese  and  other  purposes. 

When  we  have  occasion  lo  unite  several  pieces  of  Ihe  same  or  of  different  metals,  we 
employ  Ihe  process  called  soldering,  which  consists  in  fixing  tr^elber  the  surfaces  by 
means  of  an  inlerposed  alloy,  which  rausl  be  necessarily  uiore  fusible  (ban  the  metal  or 
tnntaXb  to  be  joined.  Thai  alloy  must  also  consist  of  metals  which  possess  3  strong 
nfiinity  for  (he  substances  lo  be  soldered  together-  Hence  each  metal  would  seem  lo 
requite  s  parliculor  kind  of  solder,  which  is,  to  a  certain  e):tent,  true.  Thus,  the  solder 
for  gold  trinkets  and  plate  is  an  alloy  of  gold  and  silver,  or  gold  and  copper ;  tlial  of 
silver  trinkets,  is  an  alloy  of  silver  and  copper;  that  of  copper  is  either  fine  tin,  (or 
pieces  that  mnsl  not  he  exposed  lo  the  flre,  or  a  brassy  alloy  called  hard  snider,  of  which 
(he  xiae  forms  a  considerable  proportion.  The  solder  of  lead  and  linplate  is  tn  alloy  of 
lDa.i  and  tin,  and  that  of  lin  is  (he  same  alloy  with  a  little  bismuth.  Tinnmg,  gilding, 
ami  silvering  may  also  be  reckoned  a  species  of  alloys,  since  the  tin,  gold,  and  silver  are 
^uperlicially  united  in  these  cases  to  other  melals. 

Metallic  alloys  possess  usually  more  tenacity  than  coiiJd  be  inferred  from  Cieir  con- 
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s'itnentsj  thus,  an  alloy  of  twelve  pails  of  lead  wilh  one  of  ziac  has  a  teaacily  lioulile 
tnal  of  z'mc.  Metallic  alloys  are  much  more  pasiiy  oxydized  thau  Ihe  eeparnle  metals,  it 
phenomenon  which  may  be  aseribtfcl  to  ihe  increase  uf  afiinily  for  oxygen  which  resulta 
from  Ihe  tendency  of  the  one  of  Ihe  o.-LydeB  to  combine  with  ihe  other.  An  alloy  of  tin 
ani  lead  heated  lo  redness  lakes  fire,  and  continues  to  burn  for  some  lime  like  a  piece 
of  bid  turf. 

Every  alloy  is,  in  reference  to  the  arts  and  manufactures,  a  new  metal,  on  account  of 
tls  chemical  and  physical  properties.  A  vast  Held  here  remains  to  be  explored.  Not  above 
silly  alloys  have  been  studied  by  the  chemists  out  of  many  hundred  which  maybe  made; 
and  of  these  very  few  have  yet  been  practically  employed.  Very  siiebl  modificiitiona 
oflen  constitute  very  valuable  improvements  upon  metallic  bodies.  Thus,  llie  brass  most 
esteemed  by  turners  at  the  lalhe  contains  from  two  to  three  per  cent,  of  lead ;  but  such 
brass  does  not  work  well  under  the  hammer;  and,  reciprocally,  the  brass  which  is  best 
under  the  hammer  is  too  tough  for  turning. 

That  metallic  alloys  tend  lo  be  formed  in  definite  proportions  of  (heir  constituents  is 
clear  from  the  circumstance  thai  the  native  gold  of  the  auiiferoas  sands  is  an  alloy  wilh 
silver,  in  the  ratios  of  I  atom  of  silver  united  to  4,  5,6, 12  atoms  of  gold,  but  never  wilh 
a  fiactional  part  of  an  atom.  Also,  in  making  an  amalgam  of  I  part  of  eilver  with  12 
or  15  of  mercury,  and  afterwards  squeezing  the  mixture  ihrough  chamois  leather,  ibe 
amalgam  separates  into  2  purls  i  one,  conlaining  a  small  proportion  of  silver  and  much 
mercury,  passes  through  the  skin;  and  ihe  other,  formed  of  I  of  silver  and  Sof  mercury, 
is  a  comnonnd  Jn  definite  proportions,  which  cryEiailizes  readily,  and  reniains  in  l^e  knot 
of  the  bag.  An  analogous  separ»tion  takes  place  in  the  tinning  of  mirrors;  for  on  load- 
ing them  with  the  weights,  a  liquid  amalgam  of  tin  is  scjiieezed  out,  while  another  amal- 
pum  remains  in  a  solid  Ibrm  composed  of  lin  and  mercury  in  uniform  alomic  proportions. 
But,  as  alloys  are  generally  soluble,  so  to  speak,  in  tacb  other,  this  definneness  ot  com- 
bination is  masked  and  disappears  in  most  cases. 

M,  Chaudet  has  made  some  ejperimcnla  on  Ihe  means  of  deteclins  the  metals  of 
alloys  by  the  cnpelling  fuinace,  and  ihey  promise  ustful  applicationiq  The  te-^ling 
depends  upon  Ihe  appearances  exhibited  by  the  metals  and  t^eir  alio)  s  when  healed  on  a 
cupel.  Pure  tin,  when  heated  this  way,  fuses,  becomes  of  a  graj  ish  black  color,  fumes 
a  little,  exhibits  incandescent  points  on  its  surface,  and  leaves  an  oxyde,  which,  when 
withdrawn  from  the  fire,  is  at  first  lemon-yellow,  but  when  i»ld,  while.  Antimony 
melts,  preserves  its  brilliancy,  fumes,  and  leaves  the  vessel  colored  lemon-yellow  when 
hot,  but  colorless  when  cold,  except  a  few  spots  of  a  rose  tint.  Zinc  hnrns  brilliantly, 
formings  cone  ofoxyde;  and  the  oxyde,  mudi  increased  in  volume,  is, when  hot, green- 
ish, but  when  cold,  perfectly  white.  Bismulh  fumes,  becomes  covered  with  a  coal  of 
melled  oxyde,  part  of  which  sublimes,  and  ihe  rest  enters  the  pores  of  the  cupel ;  when 
cold,  the  cupel  is  of  a  fine  yellow  color,  with  spots  of  a  jireenish  hne.  Lead  resembles 
bismuth  very  much ;  the  cold  cupel  is  of  a  lemon-yellow  color.  Copper  melts,  and  be- 
comts  covered  with  a  coat  of  black  oxyile  ;  sometimes  spots  of  a  rose  tint  remain  on  the 

AUoj-s.— Tin  75,  antimony  25,  melt,  become  covered  with  a  coat  of  black  oxyde, 
have  very  few  incandescent  points;  when  cold,  the  oxyde  is  nearly  black,  in  con- 
sequence of  the  action  of  the  antimony  i  a  jsj  pari  of  antimony  may  be  ascertained  in 
this  way  in  the  alloy.  An  alloy  of  antimony,  containing  lin,  leaves  oxyde  of  tin  in  Ihe 
cupel:  a  jJij  part  of  tin  may  be  detected  in  this  way.  An  alloy  of  tin  and  zinc  gives  an 
oxyde  which,  whQe  hot,  is  of  a  green  tint,  and  resembles  phUosophie  wool  in  appearance. 
An  alloy  containing  99  tin,  I  zinc,  did  not  present  the  incandescent  points  of  pure  lin, 
and  gave  an  oxyde  of  greenish  tint  when  cold.  Tin  95,  bismuth  5  patt?,  gave  an  oxyde 
of  a  gray  color.  Tin  and  lead  give  an  oxyde  of  a  rusty  brown  color.  An  alloy  of  lead 
and  tin,  containing  only  1  per  cent,  of  the  latter  metal,  when  heated,  does  not  expose  a 
clean  surface,  like  lead,  but  is  covered  at  times  with  oxyde  of  lin.  Tin  75,  and  copper 
25,  did  not  melt,  gave  a  black  ojyde  :  if  the  heat  be  much  elevated,  the  under  part  of 
the  oxyde  is  white,  and  is  oxyde  of  tin  ;  the  upper  is  black,  and  comes  from  the  copper 
The  cupel  becomes  of  a  rose  color.  If  the  lin  be  impure  fi'om  iron,  the  oxyde  produced 
by  it  is  marked  wilh  spots  of  a  rast  color. 

The  degree  of  effinily  between  melals  may  be  in  some  measure  estimated  by  the 
greater  or  less  faci'ity  with  which,  when  of  different  degrees  of  fusibiUty  or  \'oliiiililj', 
Ihej  unite,  or  with  which  they  can,  ader  union,  be  separated  by  heat.  The  greater  or 
less  tendency  lo  separate  into  differently  proportioned  alloys,  by  long-con  tinned  fusion, 
may  also  giv«  some  informarion  upon  the  subject.  Mr.  Hatchelt  remarked,  in  his 
elaborute  researches  on  metallic  alloys,  that  gold  made  standard  with  the  iisual  precaul 
tions,  by  silver,  copper,  lead,  antimony,  Jic,,and  then  cast, after  Iongfusion,into  vertica- 
bars,  was  by  no  means  a  uniform  compound  ;'bul  that  the  lop  of  the  bar,  corresponding 
[0  the  metal  at  the  bottom  of  the  crucible,  contained  the  larger  proportion  of  gold. 
Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles  should  be  employed,  and 
tlie  liquefied  metals  should  be  alternately  poured  finm  the  one  into  the  other.    To  pre 
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iilso  be  oooasionally  stirred  up  with  ■  rod  uf  pottery  wiirfl. 

The  most  direct  evidence  oi'  i  eiiemicnl  cliange  ItnTiHg  been  effected  in  olioj's  i». 
wlion  th«  eompoaad  melts  at  a  lower  temperature  than  the  mean  of  its  iiij^edients! 
Iron,  wliicli  is  nesfl;  infusible,  acquires  almost  tha  fusibility  of  ||;old  wbeD  allo^-ed  with 
tbis  precious  metal  The  analogy  is  liere  strong  vith  the  increaae  of  solubility  wbich 
salts  atNiuire  by  mixture,  as  is  exemplified  in  tbe  difficulty  of  crystallizing  residnums 
of  saline  solutions,  or  mother  waters,  as  tJiey  are  called. 

Wliea  there  is  a  strong  affinity  between  tlie  two  metiils,  their  alloy  is  gencrall  f 

denser  than  tbe  mean,  and  vim  versA.    This  is  exemplified  in  tlie  alloys  of  copper  witb 

ziiiG  and  tin  on  the  one  hand;  and  with  copper  and  lead  on  the  otiier.     When  oue 

af  the  metals  is  added  in  excess,  tliere  resnlt  an  atomic  eompouni]  anil  an  iudcfiiiite 

cumbination,  as  would  appear  from  Muaoheiibroefc'B  experiments.     Thus, 

1  of  lead  with  4  of  silver  give  a  density  of  10-480. 

1  do        2  do  11'032. 

1  do        3  do  10-831. 

Tlie  proportion  of  the  constituents  is  on  this  principle  estimated  in  France  by  Ihe  icsl 

nf  the  iaH  applied  to  pewter;  in  which  the  weight  of  thealloyed  hall  is  compared  with 

that  of  a  hair  of  pure  tin  or  standard  pewter  cast  in  the  same  mould.     Alloys  po^sc^a 

the  elasticity  belonging  to  the  mean  of  their  constituents,  and  also  the  spei'ifio  caloric 

According  t«  M.  Itudbeiv;,  while  lead  solidifies  at  325°  C,  and  tin  at  228°,  aiidllicii' 

atomic  alloy  at  18t°,  which  he  calls  the  fixed  point,  fur  a  compound  Pb  Sji). 

'n.„„»tin„  ^t^^.„„■.^■.f.  :„.„„^|,^  lesson  nlWs  than  on  their  components;  towhic'- 

axeeptions,  08  lor  e" '     ""''   ''       "        '^  "        ■ 

eated  1o  redness  bu 

twometa!fi  ascopper  and  tin,  are  combiiied,wliicliosidize  at  different  temperatni-.  . 
tliej  may  be  separated  by  Vision  with  exposure  to  the  air,  an  artifice  practised  on 
tlie  church  bells  in  France  to  procuL-e  tJn  for  making  oanoon  metal  bronze.  Cupella- 
tion  of  the  precious  metals  is  a  like  phenomenon. 

An  alloy  too  slowly  cooled  is  often  apt  to  favor  the  crystallization  of  one  or  more 
of  its  components,  and  thus  to  render  it  brittle ;  ond  hence  an  iron  mould  is  pri;fcr- 
able  to  one  of  sand  when  there  is  danger  of  such  a  result. 

It  is  not  a  matter  of  indifference  in  what  order  the  metals  are  melted  together  in 
DiaHng  an  alloy.  Thus,  if  we  combine  SH)  parts  of  tin  and  10  of  copper,  and  to  this 
alloy  odd  10  of  antimony;  or  if  we  combine  10  parts  of  antimony  with  10  of  copper, 
and  add  io  that  alloy  90  parts  of  tin,  we  shall  have  two  alloys  chemically  the  same; 
and  still  it  will  be  easy  to  discover  that,  in  other  respects,  fusibility,  tenacity,  Ac, 
they  totally  difi'er.  Whence  this  reiiilt!  Obviously  fi  om  tbe  nature  of  their  eombi- 
imtiofl,  dependent  upon  tlia  oilier  pui'sued  in  the  preparation,  and  wliich  continues 
after  the  mixture.  In  tite  alloys  of  lead  and  antimony  ali^o,  if  the  beat  be  raised  in 
combining  the  two  metals  together  much  above  their  fusing  points  the  alloy  becomes 
liai'sh  ami  brittle;  probably  because  some  alloy  formed  at  that  high  temperature  13 
not  solub'e  in  the  mass. 

In  common  cases  (he  specific  gravity  aSbrds  a  good  criterion  whereby  to  juHge  of  the 
proportion  of  (wo  metals  in  an  alloy.  Bui  a  very  fallacious  rule  has  been  given  in  some 
I  espcctabie  worts  for  computing  the  specific  (rravity  thai  should  result  from  the  alloying 
of  given  qnantities  of  two  metals  oflinown  densities,  supposing  no  chemical  condensation 
or  CKpansion  of  volume  to  take  place.  Thus,  it  has  been  taught,  that  if  gold  and  copper 
be  united  in  equal  weights,  the  computed  specific  gravity  is  mcrelf  Ihe  arithmetical 
mean  between  the  numbers  denoting  the  two  specific  gravities.  Whereas  the  specific 
eravily  of  any  alloy  must  be  computed  by  dividing  the  sum  of  the  two  weights  by  Ihe 
;:um  of  the  two  volumes,  compared,  for  convenience  sake,  to  water  reckoned  unify.  Or, 
in  another  form,  the  rule  may  he  staled  thus : — Multiply  Ihe  sum  of  the  weights  into 
the  products  of  the  two  speciRc-gravily  numbers  for  a  numerator  ;  and  multiply  each 
specific  gravity-number  inlo  the  we^ht  of  the  other  body,  and  add  the  two  piwlucis 
logulher  for  a  denominator.  The  quotient  obtained  by  dividing  the  said  numerator  by 
Itc  denominator,  is  the  truly  computed  mean  specific  grovilj  of  the  alloy.  On  com- 
jiaf  ing  with  that  density,  the  density  found  by  experiment,  we  shall  see  whether  expan- 
sion or  condensalioa  of  volume  has  atteaded  Ihe  metallic  combination.  Gold  having  a 
specific  gravity  of  19-36,  and  copper  of  8'87,  when  they  ate  alloyed  in  eqna]  weights,  give, 
by  the  fallacious  rule  of  the  arilhmeiical  mean  of  the  densities IL =  I4'll  j 

whereas  the  fiehlly  computed  mean  density  is  only  12'16.  It  is  evident  that,  on  con- 
paring  the  first  result  u.ilh  experiment,  we  should  be  led  la  infer  thai  ihere  had  been  a 
prodigious  condensation  of  volume,  though  expansion  has  aeluaily  taken  place.    Let 
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dC  ALUH. 

W,  V!  be  the  two  weighle;  P,  p  the  two  specific  gravities,  then  Sf,  tlio  mcim  spteifil 
gravity,  is  given  by  iKe  formula 

M  -  l^''+^)P?  ...  2  A  =  -E=r)'=  twiee 
Pw-fpW  P  +  p 

die  error  of  the  aritlimetieal  mean  ;  which  is  therefore  iilways  in  excess. 

Alloys  of  a.  somewhat  complex  oharaoter  are  made  by  Sir.  Alexander  Parlies,  of 
Birmingham,  of  a  white  or  pafe  color,  by  malting  together  33i  lbs.  of  foreign  zinc,  64 
of  tin,  \i  of  iron,  and  3  of  copper ;  or  50  zinc,  48  tin,  1  iron,  and  3  copper ;  or  any  in- 
termediate proportion  of  zinc  and  copper  may  be  used.  The  iron  and  Copper  are  first 
malted  together  in  a  cruuihle,  the  tin  is  neit  introdiiceil,  in  such  quantities  n1  -  ' '—  - 


la  not  to  Bolidifv  the  ii^n  and  copper;  the  ainc  is  added  laatly,  and  tha  whole  mixed 
uy  stirring.  The  flux  recommended  for  this  alloy  is  1  pait  of  lime,  I  part  of  Cumber- 
land (iron  f )  ore,  and  3  part^  of  sal  ammoniac 

Another  of  hia  alloys  is  composed  of  66  lbs.  of  foreign  zinc,  S3i  tin,  3}  antimony; 
or  70}  zinc,  191  tin,  and  2}  antimony;  oi-  any  interraediiita  proportions,  and  with  or 
without  fli-senie.  He  uses  blaekflux.  When  to  be  applied  to  theslieofJiing  of  ships, 
from  8  to  16  oz,  of  metallic  arsenic  are  added  t«  every  100  lbs.  of  alloy.  A  tliird  class 
of  alloys  oonsists  of  equal  pnrta  of  iran  and  nickel;  thacO(.(er  is  nest  added,  and  lastly 
the  zinc,  or  tha  copper  and  zinc,  may  be  added  aa  an  aUi>y.  100  lbs.  may  consist  of 
mi  lbs.ofironand  nickel  (partoujiioiee),  and  10)  Ibe.  of  foreign  zinc  ;  or  80|  lbs.  of 
alloy  of  iron  and  nickel  {p.  a.),  46  copper,  and  26)  zino  ;  or  any  intermediate  prooor. 
tionsof  zincand  copper.  He  uses  also  an  alloy  of  60  lbs.  of  copper,  20  of  zinc,  and  20 
of  silfer;  or  60  copper,  10  nickel,  10  silver,  and  20  zinc;  the  copper  and  niokel  being 
first  fused  together.  His  fiflh  alloy  is  called  by  him  a  nonnionduetor  of  hent  I  It  is 
made  of  25  nickel,  25  iron,  and  50  topper;  or  15  nickel,  25  iron,  end  60  copper;  the 
Umt  being  added  atler  tJia  fusion  of  tha  others. 

Mr.  Pai'kes  also  proposes  to  deposit  metals  by  means  of  electricity  from  their  iodides, 
chlorides,  and  phosphates,  while  in  ftision  by  heat,  either  singly  or  combined  with 
compatible  Itaioidx. 

ALMOND.  {Amande,  Fr. ;  Mandet,  Germ.)  There  are  two  kinds  of  almond  which 
do  not  differ  in  chemical  composition,  only  that  the  bitter,  by  a  curious  chemical  re- 
action of  its  constituenfs,  generates  in  the  act  of  distillation  a-quantity  of  a  volatile  oil, 
which  contains  hydrocyanic  acid.  Vogei  obtained  from  bitter  alnionda  8'5  per  cent 
of  husks.  After  [Kiunmng  the  kernels,  and  heating  tliem  to  coagulate  the  albumen,  he 
pioeured,  by  expression,  28  parte  of  an  unctuous  oil,  which  did  not  eontwo  the  smallest 
particle  of  hydfocjanie  acid.  Tlie  whole  of  the  oil  could  not  be  extracted  in  this  way. 
The  expressed  mass,  treated  with  boiling  water,  afforded  sugar  and  gum,  and,  in  conse- 
quence of  the  heat,  some  of  that  acid.  The  sugar  constitates  G'5  per  cent,  and  the  gum 
8, .  The  T^etable  albumen  extracted,  by  means  of  caustic  potash,  amounted  lo  SO 
parts;  the  vegetable  fibre  to  only  6.  The  poisonous  aTOmatic  oil,  according  to  Robi 
quet  and  Boutrott-Charlard,  does  not  exist  ready-formed  in  the  bJtter  almond,  but 
seems  to  be  produced  under  the  influence  of  ebullition  with  wnter.  These  chemista 
have  shown  that  bitter  almonds  deprived  of  their  unctuous  oil  by  the  press,  when 
treotedfiratby  alcohol,  and  then  by  water,  affiird  to  neither  of  these  liijtiids  any  vola- 
tile oil.  But  alcohol  dissolves  out  a  peculiar  white  ciystalline  body,  without  smell,  of 
a  sweetish  taste  at  first,  and  afterwards  bitter,  to  which  they  gave  Uie  name  of  amyg- 
daiine.    This  substance  does  not  seem  convertible  into  volatile  oil    See  Auygdaltse, 

Sweet  almonds,  by  the  analysis  of  Boullny,  consist  of  64  jiai-ts  of  the  bland  almond 
oil,  6  of  uncrystalliaible  sugar,  3  of  gum,  24  of  v^tabla  albumen,  24  of  ivooJy  fibre, 
6  of  husks,  3'S  of  water,  0'5  of  acetic  acid  including  loss.  We  thus  see  that  sweet 
almimds  contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 

ALMOHD  OIL,  A  bland  fixed  oil,  obtained  usually  from  bitter  almonds  by  the 
action  of  a  hydraulic  press,  either  in  the  cold,  or  aided  by  hot  iron  plates.    See  Oil, 

ALOE.  A  series  of  trials  has  been  made  within  a  few  years  at  Paris  to  ascertain 
the  comparative  strength  of  cables  made  of  hemp  and  of  the  aloe  from  Algiers ;  and 
lliey  are  said  to  have  all  turned  to  the  advantage  of  the  aloe.  Of  cables  of  equal  size, 
that  made  of  aloe  raised  a  weight  of  2000  tilogrammea  (2  tons  nearly) ;  tliat  made  of 
hemp,  a  weight  of  only  400  kilogrammes.  At  the  exposition  of  objects  of  national  in- 
dustry, some  years  ago,  in  BrusaeH  I  saw  aloe  cordage  placarded,  as  being  far  prefer- 
able to  hempen;  but  I  believe  without  just  grounds. 

ALUDEL.  A  pear-shaped  vessel  open  at  each  end,  of  which  a  series  are  joined  for 
distilling  mercury  in  Spain.    See  Mebcubi. 

ALUM.  {Al>m,Yr.i  Alamn,Geta\.)  A  saline  body,  consisting  of  the  earth  of  clay, 
called  alumina  by  the  chemists,  combined  with  sulpliorie  acid  and  yotaah,  or  sulphuric 
acid  and  ammonia,  into  a  triple  compound.  Itoccnrs  inthecrystalhzedformof  cctahe- 
drons.  has  an  aeerb  flubacid  taste,  and  reddens  tlie  blue  eohir  of  litmus  or  red  cabbage. 
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ALUM.  6] 

Alum  worlis  existed  many  centuries  ago  at  Roccha,  formerly  jaltnil  Edessa,  m  Syritij 
rhetice  tliR  ancient  name  of  Roch  alum  eiven  to  (his  salt.  It  was  afterwards  made  at 
Foya  Nova,  neai  Smjma,  and  in  the  neighboihood  of  Constantinople.  Thp  Genoese, 
i.aj  other  Iriding  people  of  Italy,  imported  alum  froni  these  places  into  western  Europe, 
for  the  use  (if  the  dyers  d"  red  cloth.  About  the  middle  of  the  fifleenlh  century,  alum  be?an 
to  be  manufactured  at  La  Tolfa,  Viterbo,  and  Volaterra,  in  Italy ;  alter  which  time  tlie 
Importation  of  oriental  alum  was  prohibited  by  the  pope,  as  detrimental  to  the  ioleregls 
of  his  dominions.  The  manafacture  of  this  sfJt  was  extended  lo  Germany  at  the  begin- 
ning of  the  aixleenlh  century,  and  to  England  al  a  somewhat  later  period,  by  Sir 
Thomas  Chaloner,  in  the  reign  of  Elizabeth.  In  its  pure  state.  It  does  not  seem  to  have 
been  known  to  theancietilS!  for  Pliny,  in  speaking  of  something  like  plumose  alum, 
says,  that  it  struck  a  block  color  with  pomegranate  juice,  which  shows  that  the  green 
vitriol  was  not  separated  from  it.  The  alypleria  of  Dioscorides,  and  the  alum'ra  of 
Pliny,  comprehended,  apparently,  a  variety  of  saline  substances,  of  which  sulphate  of 
iron,  as  well  as  alumina,  was  probably  a  constituent  part.  Pliny,  indeeil,  says,  that  a 
substance  called  in  Greek  'Yj^,  or  watery,  probably  from  its  very  soluble  nature,  which 
was  milk-while,  was  used  for  dyeing  wool  of  bright  colors.  This  may  iiave  been  the 
mountain  butter  of  the  German  mineral<^sts,  which  is  a  native  sulphate  of  alumina,  of 
a  soft  texture,  waxy  Instre,  and  nnciuous  to  the  touch. 

The  only  alum  manufactories  now  worked  in  Great  Britain,  crfi  those  of  Whitby,  in 
England,  and  of  Hurletl  and  Campsie,  near  Glasgow,  in  Scotland ;  anu  tbese  derive  the 
acid  and  eartby  constituents  of  the  salt  from  a  mineral  caOed  alum  slate.  This  mineiaJ 
has  a  Uueish  or  greenisi  black  color,  emits  sulphuroas  fumes  when  heated,  and  acquires 
thereby  an  aluminous  taste,  llie  alum  manufactured  in  Great  Britain  contains  pu.^h 
as  its  alkaline  constituent ;  that  made  in  France  contains,  commonly,  ammonia,  eitiicr 
alone,  or  with  variable  quantities  of  potash.  Alum  may  in  general  be  examined  by  water 
of  ammonia,  wluch  separates  from  its  watery  solutions  its  earthy  basis,  in  the  form  of  a 
\i^hl  llocculent  precipitEUt;.  If  the  solution  be  dilute,  this  p.Lztpllate  will  Boat  long  as 
on  opalescent  cload. 

[f  we  dissolve  alum  in  20  i^rts  of  water,  and  drop  this  solution  slowly  into  water  or 
caustic  ammonia  till  this  be  nearly,  but  not  entirely,  saturated,  a  bulky  white  precipitate 
will  fall  down,  which,  when  properly  washed  with  water,  is  pure  aluminous  earth  or 
clay,  and  dried  forms  10*S2  per  cent,  of  the  weiRht  of  the  alum.  If  this  earth,  while 
$till  moist,  be  dii'solved  in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neutral 
OS  possible,  the  EuJphale  of  alumina,  which  requires  only  two  parts  of  cold  water  for  its 
solution.  If  we  now  decompose  this  solution,  by  pouring  into  it  water  of  ammonia, 
there  appears  an  insoluble  white  powder,  which  is  sobsulphateof  aluminn,or  basic  alum; 
and  contains  three  times  as  ranch  earth  as  exists  in  the  neutral  sulphate.  If,  however, 
we  pour  into  the  solution  of  the  neutral  salphale  of  alumina  a  solution  of  sulphate  of 
potash,  a  white  powder  will  fall  if  the  solutions  be  concentrated,  which  is  true  al«m  i  but 
if  the  solutions  be  dilute,  by  evaporatii^  tlieir  ujivture,  and  cooling  it,  crystals  of  alum 
will  be  obtained. 

When  newly  precipitated  alumina  is  boiled  in  a  solution  of  alum,  a  portion  of  the 
cijilh  enters  into  combination  with  tlie  salt,  constitutini;  ia  insoluble  compound,  whi^li 
falls  in  the  form  of  a  white  powder.  The  same  combination  takes  place  if  we  decom- 
pose a  boiling  hot  solution  of  alum  with  a  solution  of  potash  till  the  mixture  appears 
nearly  neutral  by  litmus  paper.  This  insoluble  or  basic  aluro  exists  native  in  the 
alum-stone  of  Tolfa  near  Civita  Vecchia,  and  it  consists  in  100  parts  of  19-72  parts  of 
sulphate  of  potash,  61-99  basic  salphate  of  alumina,  and  l8-i9  water.  Wiien  this 
mineral  is  treated  with  a  due  quantity  of  sulphuric  acid,  it  dissolves,  and  is  converted 
into  tlie  crystallizable  alum  of  comtnei'ce. 

These  experimental  facts  develop  the  principles  of  the  manufacture  of  alum,  which 
is  prosecuted  under  various  modiGcations,  for  its  important  uses  in  the  arts.  Alum 
seldom  occurs  ready-formed  in  nature;  occasio-iilly,  as  an  elUorescence  on  stones,  and  in 
certain  mineral  waters  in  the  East  Indies.  Th^  alum  of  European  commerce  is  fabricated 
arlifidally,  either  from  the  alum  schists  or  stones,  or  from  day.  The  mode  of  nianufaclurc 
differs  according  to  the  nature  of  these  earthy  compounds.  Some  of  them,  such  as  the 
nlam-stone,  contain  ail  the  elements  of  the  salt,  but  mixed  with  other  matters  from 
wliich  it  must  be  freed.  The  schists  contain  only  the  elements  of  two  of  the  constituents, 
namely,  clay  and  sulphur,  whi<Ji  are  convertible  into  sulphate  of  alumina,  and  this  mny 
be  then  made  Into  alum  by  adding  the  alkaline  ingredient.  To  this  class  belong  the 
alim-slates,  and  other  analt^us  schistfi,  containing  brown  coal. 

1 .  ilfanii/aci'ure  of  Jhmfrom  the  Aban  Slone. — Tlie  alum-stone  is  a  rare  mineral,  being 
found  in  moderate  quantity  at  Tolia,  and  in  larger  in  Hungary,  at  Eereghszasz,  and  Mus- 
zos;,  where  it  forms  entire  beds  in  a  hard  substance,  partly  characteriiied  by  numerous 
cavities,  containing  drusy  cryslaJliza lions  of  alum-stone  or  basic  alum.  The  larger 
lumos  fontain  more  or  fewer  flints  disseminated  through  them,  and  are,  according  tc 
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Aeir  quality,  either  picked  out  lo  malte  Blum,  or  are  thrown  away,  Tlie  sorleJ  piceei 
are  roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina,  assoriatea 
witli  [he  sulphate  of  alumina,  loses  its  water,  and,  as  burnt  day,  loses  its  alh"uly  fut 
llnm.  It  becomes,  therefore,  free  ;  and  during  the  subsequent  exposure  to  the  weatliei 
the  stone  sets  disintegrated,  and  the  alum  becomes  soluble  in  water. 

The  coicination  is  perfoimed  in  commoti  lime-kilns  in  the  ordinarj-  way.  In  tie 
regulation  of  the  fire  it  is  requisite,  here,  as  with  gypsum,  to  prevent  any  fusion  or 
nnning  t»ffi;ether  of  the  stones,  or  even  any  disengagement  of  sulphnric  or  sulphurous 
acids,  which  would  caiise  a  corresponding  defalcation  in  the  product  of  alum.  For  this 
reason  the  contact  of  the  ignited  stones  with  carbonaceous  maltef  ought  to  be  avoided. 

The  calcined  alnm-stoncs,  piled  in  heaps  from  2  lo  3  feet  h^h,  are  to  be  exposed  lo 
Ihe  weather,  Dud  meanwhile  they  must  be  continually  tept  moist  by  sprinkling  ihem 
with  water.  As  the  water  combines  with  the  ahun  Ihe  stones  crumble  down,  and  fait, 
eventnally,  into  a  pasty  mass,  which  must  be  Ikiviated  with  worm  water,  and  allowed  Xa 
settle  in  a  Ini^  cistern.  The  clear  snpemat'int  liquor,  being  drawn  off,  must  bf 
evaporated,  and  thea  cijstallized.  A  second  crystallization  finishes  the  process,  and  fur- 
nishes a  marketable  atum.  Thus  the  Bomaji  alum  is  made,  which  is  covert  with  a 
fine  red  film  of  peroxyde  of  iron. 

2.  Mum  Mamifacmre  from  AHm  Schist. — The  greater  portion  of  the  alum  found  in 
British  commerce  is  made  from  alum-slate  and  aiioli^us  minerals.  This  slate  contains 
more  or  less  iron  piTites,  mixed  with  coaly  or  bituminous  matter,  which  is  occasionally 
so  abundant  as  to  render  them  somewhat  combustible.  In  the  strata  of  brown  coal  and 
bituminous  wood,  where  the  upper  layers  lie  immediately  under  clay  beds,  they  consist 
of  the  coaly  substance  tendered  impure  with  clay  and  pyrites.  This  triple  mixture 
constitutes  the  essence  of  all  good  alom  schists,  and  it  operates  spontaneously  towards 
the  production  of  sulphate  of  lamina.  The  coal  serves  to  make  the  texture  open,  and 
t  alt  w  th  '  and  moisture  to  penetrate  freely,  and  to  change  the  sulphur  and  iron  pre- 
m     a   d  and  oxyde.    When  these  schists  are  exposed  to  a  high  temperature  in 

n  w  h  an-  he  pyrites  loses  one  half  of  its  snlphor,  in  the  form  of  sublimed 
u  phn  phn    us  acid,  and  becomes  a  black  sulphuret  of  iron,  which  speedDy 

a  on  and  dianges  to  sulphate  of  iron,  or  green  vitriol.    The  brown  coal  schists 

mm  n  some  green  vitriol  crystals,  spontaneously  formed  in  them.  The 
u  ph  of  u  ransfers  ils  acid  to  the  day,  pn^essively,  as  the  iron,  by  the  action 
f  h  aur  n  h  a  e  elevation  of  temperature,  becomes  perosydized  ;  whereby  sulphatt 
f  imna  p  odn  d.  A  portion  of  the  green  vitriol  remains,  however,  undecomposed, 
and  Eo  much  the  more  as  there  may  happen  to  be  less  of  other  salifiable  bases  present  in 
the  clay  slate.  Should  a  little  magnesia  or  lime  be  present,  tlie  vitriol  gets  more 
completely  decomposed,  and  a  portion  of  Epsom  salt  and  gj'psum  is  produced. 

The  manufacture  tf  alum  from  alum  schists  may  be  distributed  under  the  six  following 
heads: — 1.  The  preparation  of  tJie  alum  slate.  2,  The  lixivialion  of  the  slate.  3.  The 
evaporation  of  the  lixivium.  4.  The  addition  of  the  saline  ingredients,  or  the  pre- 
cipitation of  the  alum.  5.  The  washing  of  the  aluminous  salts ;  and,  6.  The  crys- 
lullization. 

1.  Preparation  of  ihe  Mum  Slate. — Some  jilum  slates  are  of  snch  a  nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  they  get  spon- 
taneously hot,  and  by  degrees  fall  into  a  pulverulent  mass,  ready  lo  be  lixiviated.  The 
greater  part,  however,  reqiiire  the  process  of  nstnlation,  from  which  they  derive  many 
advantaees.  The  cohesion  of  the  dense  slates  is  thereby  so  much  impaired  that  their  de- 
composition becomes  more  rapid;  the  decomposition  of  thepjT't  is  q  '  U  ned  by  the 
expulsion  of  a  portion  of  t!ie  sulpbnr;    and  the  ready-formed  g  n  partlj 

decompMed  by  the  heat,  with  a  transference  of  its  sulphuri    ad         h  and 

ihe  production  of  sulphate  of  alumina. 

Such  ainm-slatcs  as  contain  too  little  bitumen  or  coal  for  the  p       ss  m  st  be 

interstralified  with  layers  of  small  coal  or  brushwood  over  an  rf  At 

Whitby  the  alum  rock,  broken  into  smalt  pieces,  is  laid  upon  ah  z  ntn  b  d  fael, 
composed  of  brushwood;  but  at  Hurlett  small  coal  is  chiefly       d  he  bed. 

When  about  ibur  feet  of  the  rock  is  piled  on,  fire  is  set  to  the  bolt  m  n    a     up  and 

whenever  the  mass  is  fairly  kindled,  more  rock  is  placed  over  the  top.  At  Whitby  this 
piling  process  is  continued  till  the  calcining  heap  is  raised  to  the  height  of  90  or  lOOftel. 
The  horizontal  area  is  also  augmented  at  tnc  same  time  tin  it  forms  a  great  bed  nearl] 
200  feel  sriuare,  having  therefore  about  100,000  yards  of  solid  measurement.  The  ra- 
jiidity  of  the  combusliou  is  tempered  by  plastering  up  the  crevices  with  small  schist 
mobtened.  When  such  an  immense  mass  is  infiamed,  Ihe  heat  is  sure  to  rise  too  high, 
and  an  immense  waste  of  sulphur  and  sulphuric  acid  must  ensue.  This  evil  has  been 
noticed  at  the  Whitby  works.  At  Hurlett  the  he^-ht  to  which  the  heap  is  piled  is  only 
a  few  feel,  while  the  horizontal  area  is  expanded ;  which  is  a  much  more  judicious  ar- 
rangement.  At  Whitby  130  tons  of  calcined  schist  produce  on  an  average  1  ton  of  alum. 
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Til  this  ImmiJ  climate  it  woulJ  be  advisable  to  pile  up  on  Ihc  top  of  the  horizontal  sliata 
of  brushwood  or  coal,  and  schist,  a  pyramidal  mass  of  schist,  whieb  having  its  surrace 
plastered  smoolh,  with  only  a  few  air-holes,  will  protect  the  mass  from  the  rains,  and  at 
Ihe  same  time  prevent  the  combusljon  from  becoming  too  vehement.  Should  heavy  rains 
supervene,  a  gutter  must  be  scooped  out  round  the  pile  for  reeeiving  the  aluminous  lixi- 
vium, and  conducling  it  into  the  reservoir. 

It  may  be  observed,  that  certain  alum  schists  contain  abundance  of  cnrr.bustible  matter, 
!o  keep  upa  suitable  calcinin?  heal  after  (be  fire  is  once  kindled  j  and  therefore  nothing 
is  needed  bat  the  first  layer  of  brushwood,  which,  in  this  case,  may  be  laid  oTer  the  first 
bed  of  the  bitaminous  schist. 

A  continual,  bat  very  slow  heal,  with  a  smothered  fire,  is  most  beneficial  for  the 
ustulation  of  alum  slate.  When  the  fire  is  loo  brisk,  the  sutphuret  of  iron  may  run 
with  the  earthy  matters  into  n  species  of  slag,  or  the  sulpharwill  be  dissipated  in  vapor, 
by  both  of  which  accidents  the  product  of  alum  will  be  impaired.  Those  bituminous 
olum  schists  which  have  been  used  as  l^el  under  steam  boilers  have  soffered  such  a 
violent  combustion  that  their  ashes  yield  almost  no  alum.  Even  the  best  regulated 
calcining  piles  are  apt  to  burn  loo  briskly  in  high  winds,  and  shoald  have  their  draught- 
holes  carefully  stopped  under  such  circumstances.  It  may  be  laid  duwn  as  a  general 
rule,  that  the  slower  the  combnslion  the  richer  the  roasted  ore  will  be  in  sulphate  of 
alumina.  When  Ihe  calcination  iscorpplete,  the  heap  diminishes  to  one  half  its  oiiginal 
bulk !  it  is  covered  with  a  light  reddish  ash,  and  is  open  and  porous  in  the  interior,  so 
that  the  air  can  circulate  freely  throughout  the  mass.  To  favi-  this  access  of  air,  the 
masses  should  not  be  loo  lofty  ;  and  in  dry  weather  a  little  water  should  be  occasionally 
sprinkled  on  them,  which,  by  dissolving  away  some  of  the  saline  matter,  will  mat^e  the 
interior  more  open  to  the  atmosphere. 

When  the  calcined  mineral  becomes  thoronghly  cold,  we  may  proceed  to  the  lixiviation. 
But  as,  fiom  the  first  construction  of  the  piles  or  beds  till  their  complete  calcination, 
many  weeks,  or  even  months,  may  elapse,  care  ought  to  be  takea  to  provide  a  sufficient 
number  or  extent  of  them,  so  as  to  have  an  adequate  supply  of  material  for  carrying  on 
the  liiLvialing  and  crystallizing  processes  during  the  course  of  the  year,  or  al  least  during 
the  severity  of  the  winter  season,  when  the  calcination  may  be  suspended,  and  rtie 
lisiiviation  becomes  nnstttisfaclory.  The  beds  are  known  to  be  sufficiently  decomposed 
by  the  efflorescence  of  the  salt  which  appears  upon  the  stones,  from  the  strong  aluminons 
taste  of  the  ashes,  and  from  the  appropriate  chemical  test  of  lixiviating  an  aliquot  average 
portion  of  the  mass,  and  seeing  how  much  alum  it  will  yield  to  solution  of  moriate  or 
sulphate  of  potash. 

2.  Tie  LixivialUm. — The  liiiviation  is  best  performed  in  stone-built  cisterns  ;  those  ol 
wood,  however  strong  at  first,  are  soon  decomposed,  and  need  repairs.  They  ought  to  be 
erected  in  the  neighborhood  of  Ihe  calcining  heaps,  to  save  the  labor  of  transport,  and  so  ar- 
ranced  that  the  solutions  from  the  higher  cisterns  may  spontaneously  flow  into  the  lower. 
In  this  point  of  view,  a  sloping  terrace  is  the  best  situation  for  an  alum  work.  In  the 
lowest  part  of  this  terrace,  and  in  the  neighborhood  of  the  boilmg-house,  there  ought 
to  be  two  or  more  large  deep  tanks,  for  holding  the  crude  lixivium,  and  they  should  be 
piotected  from  the  rain  by  a  propei  shed.  Upon  a  somewhat  hishet  level  the  cisterns 
of  the  clear  lixivium  may  be^ikced.  Into  the  highest  range  of  cisterns  the  calcined 
mineral  is  to  be  put,  taking  care  to  lay  the  largest  lumps  at  the  bottom,  and  to  cover 
them  with  lighter  ashes,  A  sufiicient  quantity  of  water  is  now  to  be  rnn  over  it,  and 
allowed  to  rest  for  some  time.  The  lixivium  may  then  be  drawn  off,  by  a  stopcock 
connected  with  a  pipe  at  the  bottom  of  the  cistern,  and  run  into  another  cistern  at  a 
somewhat  lower  level.  Fresh  water  must  now  be  poured  on  the  partly  exhaasled 
schist,  and  allowed  lo  remain  for  a  sufficient  time.  This  liiivium,  being  weak,  should 
te  run  off  into  a  separate  tank.  In  some  cases  a  third  addition  of  fresh  water  may  be 
requisite,  and  the  weak  lixivium  which  is  drawn  olT  may  be  reserved  for  a  fresh  poition 
ol  calcined  mineral.  In  order  to  save  evaporation,  it  is  always  requisite  lo  strengthen  weak 
tf^f  by  employing  Ibem  instead  of  water  for  fresh  ^rtions  of  calcined  schist.  Upon  the 
inEcnious  disposition  and  form  of  these  lixiviating  cisterns  much  of  the  economy  and  suc- 
cess of  an  alum  work  depend.  The  hydrometer  should  be  always  used  to  determine  the 
dei;ree  of  concentration  which  the  solotions  acquire. 

The  lixiviated  stone,  beins  Ihus  e\haosted  of  its  soluble  ingredients,  is  to  be  removed 
from  the  cisterns,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it  may  be  Icll 
either  spontaneously  lo  decompose,  or,  after  drying,  may  be  subjected  to  anollier  calei- 

The  density  of  the  solution  may  be  brought,  upon  an  average,  up  to  the  sp.  gr,  of 
from  1'09  to  1-15.  The  latter  density  may  always  be  obtained  by  pumping  up  the  weak- 
er solutions  upon  fresh  calcined  mine.  This  strong  liquor  is  then  drawn  ofi",  when  tk 
sulphate  of  lime,  the  oxyde  of  iron,  and  the  earths  are  deposited.  It  is  of  advantage  ta 
'eave  the  liquor  exposed  for  some  lime,  whereby  the  green  vitriol  may  pass  into  a  p'Jr 
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sulphate  of  iron  with  the  dcposUion  of  some  oiyde,  wliile  the  liberaled  aiid  may  pomhin, 
wilh  sume  of  Ihe  day  preseni,  so  as  lo  increase  Ihe  qunmily  of  siilphale  of  «lujnina. 
The  mannfncture  of  aium  is  the  more  imperfeel,  as  the  iiUantity  of  sulphale  of  iron  Jell 
nnJecomposeii  is  greater,  and  therefore  every  eipedicnl  ought  lo  be  tried  to  convert  the 
sulphate  of  iron  into  sulphate  of  slumina. 

3  The  ecaporalion  of  Ihe  Scliisl  Lixkiiim. — As  t)ie  ainminous  liquors,  however 
well  settled  at  iirsl,  are  apt,  on  the  great  scale,  lo  depo^ile  eartJiy  matters  in  the  course 
of  their  concentration  by  heat,  Ihey  are  best  evaporaleil  by  a  surface  Set,  snch  as 
(hat  employed  at  Hurlell  anil  Campsie.  A  water-tight  stone  cistern  must  be  built, 
having  a  layer  of  well  rammed  clay  behind  the  flogs  or  tiles  which  line  its  bottom 
and  sides.  This  cislern  may  be  4  or  5  feel  w.^e,  2  or  3  feet  deep,  and  30  or  40 
feet  lone,  and  it  is  eovertd  in  by  an  arch  of  stone  ov  bricliwork.  At  one  extremity  of 
Ihis  tunnel,  or  covered  canal,  a  fire-grale  is  set,  and  al  the  other  a  lofty  chimney 
is  erecLed.  The  cistern  beinz  filled  ;,i  the  brim  with  the  alum  ley,  a  strong  fire  is 
ItindJed  in  the  reverheratory  prate,  ani.  the  flame  and  hot  air  are  forced  lo  sweep  along 
the  snrfaie  of  llie  liquor,  so  as  to  Veep  it  in  constant  ebullition,  and  to  carry  oH"  the 
aqueous  parts  in  vapor.  The  soot  which  is  condensed  in  the  process  falls  lo  the  bollom, 
and  leaves  the  body  of  the  liquor  clear.  As  the  concentration  goes  on,  more  of  the 
rough  liKivinm  is  run  in  from  the  settling  cistern,  -laced  on  a  somewhat  higher  level,  till 
the  whole  itels  charged  wilh  a  clear  liquor  of  a  spteific  gravity  sufficiently  high  for  trans- 
ferring into  the  proper  lead  boilers. 

At  Whitby,  the  lead  pans  are  10  feet  long,  4  feel  9  inclies  wide,  2  feet  3  inches  deep 
at  the  one  end,  and  2  feet  8  inches  deep  at  ihe  other.  This  increase  of  depth  and  cor- 
responding slope  faciUiaies  Ihe  decantalion  of  the  coneentraled  lixiviom  '(v  means  of 
a  syphon,  applied  al  Ihe  lower  end.  The  bollom  of  ihe  pan  is  supported  by  a  series  of 
paraQd  iron  bars,  placed  very  near  each  other.  Jn  these  lead  pan^  the  liqnor  is  concen- 
tiaied,  at  a  brisk  boiling  heal,  by  means  of  the  flame  of  a  floe  beneath  them.  Every 
morning  the  pans  are  emptied  into  a  setlling  cistern  of  stone  or  lead.  The  specific  gra- 
yilyof  (he  liquor  should  be  about  1-4  or  1-5,  beina;  a  saturated  solution  of  (he  saline  mai- 
lers present.  The  proper  degree  of  density  must  vary,  however,  wilh  different  kinds  of 
lixivia,  and  according  lo  Ihe  different  views  of  the  manufnclurer.  For  a  Uqaor  which 
consists  of  two  parts  of  sulphale  of  alumma,  and  one  part  of  sulphate  of  iron,  a  specific 
gravity  of  1-25  may  be  suflicient;  hut  for  a  solution  which  contains  Iwo  parts  of  sulphate 
of  iron  to  one  of  sulphate  of  alumina,  so  that  the  green  vitriol  must  he  withdrawn  first  of 
all  by  crystallization,  a  specific  gravity  of  14  may  be  requisite. 

The  construction  of  an  evaporaiing  furnace  well  adapted  lo  the  concentration  of  alu- 
minous and  othfer  crude  lixivia,  is  described  under  Soda.  The  liquor  bas-'ia  may  be  made 
of  liles  or  flags  puddled  in  clay,  and  secured  at  the  seams  wilh  a  good  hydraulic  cement. 
A  mortar  made  of  quicklime  mixed  with  the  exhausted  schist  in  powder,  and  iron  turn- 
ings, is  said  to  answer  well  for  this  purpose.  Sometimes  over  Ihe  reverberalory  furnace 
a  flat  pan  is  laid,  instead  of  ihe  arched  lop,  into  which  ihe  crude  liquor  is  put  for  neu- 
tralization and  partial  concentration.  In  Germany,  such  a  pan  is  made  of  copper,  because 
iron  would  waste  too  fast,  and  lead  would  be  apt  lo  mell.  From  this  preparation  basin 
the  under  evaporaiing  trough  is  gradually  supplied  with  hot  liquor.  At  one  side  of  this 
lower  trough  there  is  sometimes  a  door,  through  which  Ihf  sediment  may  he  rated  out 
as  it  oecumulnles  apon  the  bottom.  Such  a  contrivance  is  convenient  for  this  mode  of 
evaporation,  and  it  permits,  also,  any  repairs  lo  be  readily  made ;  but,  indeed,  an  appa 
rains  of  this  kind,  well  monnted  at  firsi,  will  serve  for  many  years. 

fn  the  course  of  the  flnal  concentration  of  the  liquors,  it  is  customary  to  add  some  o' 
tlie  mother  waters  of  a  former  process,  the  quantity  of  which  miisl  be  regulated  by  a 
pmper  analysis  and  knowledge  of  their  contents.  If  these  mother  waters  contain  much 
free  sulphuric  acid,  from  Ihe  peroxydalion  of  their  sniphate  of  iron,  Ihey  may  prove  nseful 
in  dissolving  a  portion  of  the  alumina  of  the  sediment  which  is  always  present  in  greatei 
or  Ies5  quanlily. 

4.  The  precipilatitm  of  the  Jlum  by  addrng  Alkaline  Sails. — As  a  general  rule,  il  is 
most  advantageous  to  separate,  flrst  of  all,  trom  the  concentrated  clear  liquors,  the  ahtm 
in  the  stale  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline  matter,  and 
lo  leave  the  mingled  foreim  salts,  such  as  the  sulphate  of  iron  or  magnesia,  in  solution, 
instead  of  trying  to  abstract  these  salts  by  a  previous  crystallization.  In  this  way  we 
not  only  simplify  and  accelerate  the  mannfaclure  of  alum,  and  leave  Ihe  mother  waters 
to  be  worked  up  al  any  convenient  season,  bnt  we  also  avoid  tlie  risk  of  withdrawing 
any  of  the  sulphate  of  alumina  with  the  sulphate  .of  iron  or  magnesia.  On  Ihis  account, 
llie  concenlralinn  of  the  liquor  ought  not  to  be  pushed  so  far  as  that,  when  it  gels  cold, 
it  slionld  throw  out  crystals,  bul  merely  to  the  verge  of  this  point.  This  density  may  be 
delermined  by  aiiilable  experiments. 

Tlie  clear  liqiuir  shouhl  now  be  run  off  into  the  precipilalion  cistern,  and  have   Ihe 
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proi'er  quanlity  of  sulphate  or  muriate  of  potash,  or  rmpHre  sulphate  or  carboijale  of 
ammonia  added  to  it.  The  sulphate  of  potash,  which  is  liie  best  precipitant,  forms  18'34 
pails  out  of  100  of  crystallized  alum ;  and  therefore  thai  quantity  of  il,  or  its  cqiiivBlenl 
in  muriate  of  potash,  or  other  potash  or  ammoniacal  salts,  must  he  introduced  into  the 
aluminous  liquor.  Since  sulphate  of  potash  takes  10  parts  of  cold  water  to  dissolve  it, 
but  is  tnoch  more  soluble  in  boiling  water,  and  since  Ihe  precipitation  of  alum  is  more 
abundant  the  more  concentrated  the  mingled  solutions  are,  it  would  be  prudent  10  add 
Ihe  salphate  solution  as  hoi  as  may  be  convenient ;  but,  as  muriate  of  potash  k  fully 
Ibiee  times  more  soluble  in  cold  water,  it  is  to  be  preferred  as  a  precipitant,  when  it  can 
be  procured  at  a  cheap  rate.  It  has,  also,  the  advantage  of  decomposias;  the  sulphate  of 
iron  present  into  a  muriate,  a  salt  very  dilficult  of  crystallization,  aud,  therefore,  less 
apt  lo  contaminate  the  crystals  of  alum.  The  quantity  of  alkaline  salts  requisite  to 
precipitate  the  alum,  in  a  granular  powder,  from  the  lixivinm,  depends  on  their  rich- 
ness in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the  liquors  ia 
sulphate  of  alumina  on  the  other ;  and  it  must  be  ascertaiaed,  fur  each  lar^e  quantity  ol 
product,  by  a  preliminary  experiment  in  u  precipitation  glass.  Here,  an  aliquot  measure 
of  the  aluminous  liqnorbeingfalten,  the  liquid  precipitant  must  be  addti  in  successive 
portions,  as  long  as  il  causes  any  cloud,  when  the  quantity  added  wUI  be  indicated  by 
the  graduation  of  the  vessel.  A  very  exact  approximation  is  not  practicable  upon  the 
great  scale ;  but,  as  the  mother  waters  are  afterwards  mixed  together  inone  cistern,  any 
excess  of  the  precipitant,  at  one  time,  is  corrected  by  excess  of  aluminous  sulphate  a 
another,  and  lie  resulting  alum  meal  is  collected  at  the  bottom.  When  the  precipilit- 
ed  saline  powder  is  thoroughly  settled  and  cooled,  the  sapemaiant  mother  water  must 
be  drawn  off  by  a  pninp,  or  rather  a  syphon  or  stopcock,  into  a  lower  cistern.  The 
more  completely  this  drainage  is  elTected,  the  more  easily  and  completely  will  the  aium 
be  purified. 

This  mother  liquor  has,  generally,  a  specific  gravity  of  1-4  at  a  muhuni  temperature 
of  Ihe  atmosphere,  and  consists  of  a  sataraled  solution  of  sulphate  or  muriate  of  black 
and  red  oxyde  of  iron,  with  sulphate  of  magnesia,  in  certain  localities,  and  muriate  of 
soda,  when  the  soaper's  sail  has  been  used  as  a  precipitant,  as  also  a  saturated  solution 
of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  lo  lime,  lo  the  fresh  lixivia,  a 
portion  of  that  sulphate  is  converted  into  alum ;  bat,  eveninnJIy,  the  mother  water  must 
be  evaporated,  so  as  lo  obtain  from  it  a  crop  of  ferruginous  crystals;  after  which  il  be- 
comes capable,  once  more,  of  giving  up  its  alum  to  the  alkaline  precipiiants. 

When  the  aluminous  lixivia  contain  a  great  deal  of  sulphate  of  iron,  it  may  be  good 
policy  to  withdraw  a  portion  of  il  by  crystallization  before  precipilaling  the  alom.  Willi 
this  view,  the  liquors  must  be  evaporated  to  the  density  of  I-4,  and  then  run  off  into 
crystallizing  stone  cisterns.  After  the  green  Titriol  has  concreled,  the  liquor  should  be 
pnmped  back  into  the  evaporating  pan,  and  again  brought  lo  the  densill'  of  1-4.  Ott 
adding  to  it,  now,  the  alkaline  precipitants,  the  alnm  will  fall  down  from  thi?  concentrat- 
ed solution,  in  a  Tery  minute  cryslaltine  powder,  Tery  easy  to  wash  and  purify.  Bot  this 
method  requires  more  vessels  and  manipulation  than  the  preceding,  and  should  only  be 
had  recourse  lo  from  necessity ;  since  il  compels  us  to  carry  on  the  manufacture  of  both 
the  valuable  alum  and  the  lower  priced  salts  at  the  same  time ;  moreover,  the  copperas 
estracled  at  first  from  the  schist  liquors  carries  with  it,  as  we  have  said,  a  portion  of  the 
sulphate  of  alumina,  and  acquires  thereby  a  dull  aspect;  whereas  the  copperas  obtaiaed 
aflcc  the  separation  of  the  alom  is  of  a  brilliant  appearance. 

5.  The  v)naki!tg,orcdalair'ition,of  the  Mum  Powder.— This  crystalline  pulverulent 
matter  has  a  brownish  color,  from  the  admiKture  of  the  ferruginous  liquors ;  but 
it  may  be  freed  from  it  by  washing  with  very  cold  water,  which  dissolves  not  mora 
tlian  one  sixteenth  of  its  weight  of  alum.  After  stirring  Ihe  powder  and  the  water 
well  toijether,  the  former  must  be  allowed  to  settle,  and  then  the  washing  must  be 
drawn  off.  A  second  washiag  will  render  the  aluin,  nearly  pure.  The  less  water 
is  employeil,  and  the  more  effectoally  it  is  drained  off,  the  more  ccmpltle  is  the 
process.  The  second  water  may  be  used  in  the  first  washiag  of  another  portion  ot 
alum  powder,  in  the  place  of  pure  water.  These  washings  may  be  added  to  the  sehiat 
b'xivia. 

G.  The  cryst/miialUm.—'The  washed  alum  is  put  inti 
v«ter  to  dissolve  it  at  a  boiling  heati   fire  is  applied,  a 

stirring.  Whenever  it  is  dissolved  in  a  saturated  stale,  il  is  run  on  mtotne  crystallizing 
vessels,  which  are  called  rockiiig  casks.  These  casks  are  about  five  feet  high,  three  feel 
wide  in  the  middle,  somewhat  narrower  at  ihe  ends ;  they  are  made  of  very  slroi^  staves, 
nicely  fitted  to  each  other,  and  held  together  by  strong  iron  hoops,  which  are  driven  oa 
vro  lempore,  so  that  they  may  be  easily  knocked  off  t^ain,  in  order  to  take  the  staves 
asunder.  The  concentrated  solution,  during  its  slow  cooling  in  these  close  vessels,  forms 
large  regular  crystals,  which  hang  down  from  the  top,  and  project  from  the  sides,  whilu 
a  thick  layer  or  cake  lines  the  whole  interior  of  the  cask.    At  the  end  of  eight  or  ten  days 
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au:f  or  less,  aeccorilino  to  Ihe  weather,  the  hoops  and  staves  are  reniov€d,  when  a  tBs!(. 
of  apparently  foM  atuin  is  disclosed  to  view.  Tiie  workman  now  [tierces  tliis  mass  witli 
ft  pickaxe  at  ttie  sirle  near  the  bottom,  and  allows  the  mother  water  of  the  interior  to  riin 
oil' on  the  sloping  stone  floor  into  a  proper  cistern,  whence  i(  is  taken  and  added  to  another 
qnanlityof  washed  powder  lo  be  crystallized  with  il.  The  alum  is  neit  broken  into 
lunips,  exposed  in  a  proper  place  10  dry,  and  is  then  pnt  into  (he  finished  bint;  for  the 
tnarket.  There  is  sameiimes  a  titlle  Insoluble  l)aste  alum  (snbsatphate)  left  at  the  bnl  torn 
of  the  easli.  This  being  mixed  with  the  former  mother  liquors,  gets  sulphuric  add  fiom 
them  ;  or,  being  mixed  with  a  little  sulphuric  acid,  il  is  equallj'  converted  into  alum. 

When,  instead  of  potash  or  its  salts,  the  ammobiacal  salts  are  used,  or  putrid  urine, 
with  the  aluminous  lixina,  ammoniacal  alum  is  produced,  which  is  perfectly  similer  10 
the  potash  alnm  in  its  appearance  and  properties,  Al  a  gentle  beat  both  lose  their  wa- 
ter of  crystallization,  amounling  to  45§  per  cent,  for  the  polash  alum,  and  ^IS  for  the  am- 
monJBcfll.  The  quanlily  of  acid  is  the  same  in  both,  as,  also,  very  neaily  the  ..nanlilyof 
alumina,  as  the  following  analyses  will  show  :— 

Potash  aluTn.  Ammonia  alum. 

Sulphate  of  polash           -  -  18-34  Sulphate  of  ammonia  '.S-SS 

Sulphate  of  alumina       -  -  36-20  Sulphate  of  alumina          -  38-64 

Water           ...  -  45-46  Water      ....  48-4S 


Or  otherwise,  Po 
atom  sulphate  of  notas 
alumi 
water 

ash  alum, 
h     -  1089-07 
a     -  2l4e-80 
-     -  S6GH-52 

S938-3tl 

]  atom  sulphate  of  a 
1 
34  water    - 

a  alum. 

-  716-7 

-  2149-8 

-  £699-5 

5566-0 

Or,  Potash  Dlun 
Alumina         ,        ,        , 
Polash 

Sulphuric  acid 
Water   -        -        .        . 


100-00  100-00 

When  healed  pretty  strongly,  the  ammoniacal  alum  loses  its  sulphuric  acid  anil 
ammonia,  and  only  the  earth  remains.  This  is  a  very  convenient  process  for  procuring 
pure  alumina.  Ammoniacal  alum  is  easily  distinguished  from  the  other  by  the  emell  of 
ammonia  which  it  exhales  when  triturated  with  quicklime.  The  Roman  alum,  made 
from  alum-stone,  possesses  most  of  the  properties  oif  the  schist-made  alums,  but  it  has  a 
few  peculiar  characters !  it  crystalliies  always  in  opaque  cubes,  whereas  Ihe  common 
alum  crystallizes  in  transparent  octahedrons.  It  is  probable  that  Roman  alum  is  a 
sulphate  of  aluioina  and  potash,  with  a  slight  excess  of  the  earthly  ingredient.  It  is 
pennanent  when  dissolved  in  cold  water;  fur  afier  a  slow  evaporation  it  is  recovered  in 
A  cubical  form.  Bat  when  il  is  dis^lved  in  water  heated  lo  II(P  Fahr.  and  npwards,ci 
when  its  solution  is  healed  above  this  pitch,  fiuhsulphale  of  aliimina  falls,  and  on 
evaporation  octahedral  crystals  of  common  alnm  are  obtained.  The  exact  composiiion 
(if  the  Roman  alimi  has  not  been  determined,  as  far  as  I  know.  It  probably  diilers 
from  the  other  also  in  its  water  of  crystallization.  The  Roman  alum  contains,  according  to 
SIM.  Thenardand  Roard,  only  jig  of  sulphate  of  iron,  while  Ihe  common  commercial 
dlums  contain  fc'uo.  II  may  be  easUypurifiedbysJlution,  granulation,  cr;"stalliza(ion,  and 
washing,  as  has  been  already  expicdtied. 

Alum  is  made  extensi.ely  in  France  from  an  artificial  sulphate  of  alumina  For  thia 
purpose  clays  are  chosen  as  free  as  possible  from  carbonate  of  lime  and  oxjde  of  iron 
They  are  calcined  in  a  reverberatory  famace,  in  order  lo  expel  the  water,  to  peroxydiz 
the  iron,  ai^  to  render  the  alarotna  more  easily  acled  on  by  the  acid.  The  expulsion  of 
the  water  renders  the  clay  porous  and  capable  of  absorbing  the  snlphnnc  acid  by 
capillary  attraction.  The  peroxydation  of  the  iron  renders  it  less  sol  ble  n  Ihe 
sulphuric  acid;  and  the  silica  of  the  clay,  by  reacting  on  the  alumina  mpars  its 
igaregation,  and  makes  it  more  readily  attracted  by  the  acid     The  clay  sho  ild  the  ef  re 
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be  moderately  calcined;  Ijut  not  so  as  to  indnntte  it  like  pottery  ware,  for  it  would  then 
sillier  a  species  of  silicious  combination  which  would  make  it  resist  the  action  of  acids. 
The  clay  is  usually  calcined  in  a  reverbeMtory  furnnce,  the  flame  of  which  serve! 
tlicreafter  to  beat  two  evaporating  pans  and  a  basin  for  containing  a  mixture  of  tlie 
calcined  clay  and  sulphuric  acii'-  As  soon  as  the  clay  has  become  friable  in  Ihe  furnace 
it  is  taken  out,  reduced  to  powder,  and  passed  through  a  fine  sieve.  With  100  parts  of 
the  pulverized  clay,  45  pacts  of  snlphuric  acid,  of  sp,  gr.  1'45,  are  well  mixed,  in  a 
stone  hasin,  arched  over  with  brickwork.  The  flame  and  hot  air  of  a  reverberalory 
furnace  are  made  to  play  along  the  mixtnre,  in  the  same  way  as  described  for  evaporaiina 
(he  schist  liiiuoi-s.  See  Soda.  The  mixture,  being  stirred  from  time  to  lime,  is,  at  the 
end  of  a  few  days,  to  be  raked  out,  and  lo  he  set  aside  in  a  warm  ^ace,  for  the  acid  lo 
work  oil  the  day,  during  six  or  e^ht  weeks.  At  the  end  of  this  time  it  must  be  washed, 
to  extract  the  su'phale  of  alumina.  With  this  view,  it  may  be  treated  like  the  roasted 
alum  ores  above  described.  If  potash  alam  is  to  be  formed,  this  sulphate  of  alumina  is 
evaporated  to  the  specifie  gravity  of  ]-38 ;  but  if  ammonia  alom,  to  the  specific  gravity 
of  only  1-24  j  because  the  sulphate  of  ammonia,  being  soluble  in  twice  its  weight  of 
water,  will  cause  a  precipitation  of  pulverulent  alum  from  a  weaker  solniion  of  sulphate 
of  alumina  than  the  less  soluble  sulphate  of  potash  could  do. 

The  alum  stone,  fiom  wliich  the  Roman  alum  Is  made,  contains  potash.  The 
Elloivin^  analjBia  ol  aiumle,  by  M.  Cordier,  places  this  fact  in  a  clear  light : — 

Sulphate  of  potasn         -  .  .  .         l^-SS 

Sulphate  of  alumina     -  -  -  .        38'i)0 

Hydrate  of  alumina      ....        42-97 

1(10-00 

To,  transform  this  compound  into  alum,  it  is  merely  necessary  lo  abstract  the  hydrate 
of  alumina.  The  ordinary  alum  stone,  however,  is  rarely  so  pure  as  the  above  analysis 
would  seem  lo  show ;  for  it  contains  a  mi:iture  of  other  substances ;  and  the  above  are  in 
Jilferenl  proportions. 

Alum  is  very  extensively  employed  in  the  arts,  most  particularly  in  dyeing,  lake 
making,  dressing  sheep-skins,  pasting  paper,  in  clarifying  liqaors,  fcc.  Its  purity  for 
the  dyer  may  be  tested  by  prussiate  of  potash,  which  will  give  solution  of  alum  a  blue 
lint  in  a  few  minutes  if  it  contain  eveli  a  very  minute  portion  of  iron.  A  bitirf'  nut-gall 
IS  also  a  good  test  of  iron. 

Alum  liqaors. — In  the  alum  works  on  the  Tortshire  oousl^  8  different  liquors  are 

1st  "! 

gu^e  of  the  alum-makei'. 

2d.  "Clarified  Liquor."  The  raw  liquor  is  brought  to  the  boiling  point  in  lead 
pans,  and  suffered  to  stand  in  a  cistern  till  it  has  cleared:  it  is  then  called  clari- 
fied liquor.    Its  gravity  is  raised  to  10  or  11  pennywdghts. 

8d.  "Concentrated  Liqaor."  Clarified  liqnor  is  boiled  down  to  about  20  penny- 
weights. This  ia  kept  merely  as  a  test  of  the  comparative  Talne  of  the  potash 
salfa  used  by  the  alura-niaker. 

4th,  "Alum  Mother  Liquoi-."  The  alum  pans  are  fed  with  clarified  liquor,  which 
is  boiled  down,  to  about  26  or  80  penn_yweiglits,  when  a  proper  quantity  of 
potash  salt  in  solution  is  mixed  with  it,  and  the  whole  ran  into  coolers  to 
eryatallize.  The  liquor  pumped  from  those  rough  crystals  is  called  "aZum 
motherB." 

Stli.  "  Salts  Mothers."  Tlie  alum  mothers  ore  boiled  down  to  a  erystallidng  point, 
and  afford  a  crop  of  "Rough  Epsom,"  which  is  a  sulphate  ot  magnesia  and  pro- 
toxide otiron. 

ath  and  1th.  "Alum  Washings."  The  rongh  crystals  of  Alam  (tfo.  i)  nro  washed 
twice  in  water,  the  first  washing  being  about  4  pennyweights,  the  second 
about  2i,  the  diference  in.  gravity  being  due  to  mother  liqtior  clinging  to  the 
crystals. 

8th.  "Tun  Liquor."  The  washed  crystals  are  now  dissolved  in  boiling  water,  and 
run  into  the  "roching  tuns"  (wood  vessels  lined  with  lead)  to  crystallize.    The 


mother liqnor  of  the  "roch  alum"  is  called  "tnn  liquor;"  it  is,  of  c( 

quite  so  pure  as  a  soljition  of  roch  alum  in  water. 
The  alum-makei-'H  sp.  gr.  bottle  holds  80  pennyweights  of  water,  nnd  by  10  penny 
wtiijhts  he  means  10  more  than  water,  or  90. 
The  numbers  on  Twaddle's  hydroreeter,  divided  by  2-5,  give  alum-matera'  penny- 
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Tlie  alum  malier  tests  liia  siimp.es  of  potash  Efilts  compHratively  by  (lipsolving  eqna 
weights  of  til 0  different  samiilas  in  equal  measures  of  alum  liquor  »t  20  pennjwpiglita, 
Heated  up  to  tbe  boiling-point,  and  weighing  the  quantity  of  alum  crystals  produced 

For  the  abovo  infoimation  I  am  indebted  to  my  fi'iend,  Mr.  Maarice  Seantan,  who 
euperintended  for  some  time  the  Mulgrare  alum  irorliB. 

He  informs  ma  that  61i  tons  of  the  alum  reek  at  the  Mulgrave  Worlia,  to  tha  north 
of  Wliitby,  yield,  after  caleination,  &«..  one  ton  of  alnm. 

It  has  bean  oomputad  that  iTitli  sulphur  at  6i.  per  ton,  snlphurio  aeid  of  sp.  gr,l  -750 
can  be  produced  at  3i.  per  ton,  ineludiog  the  mere  enat  of  making;  this  aeid  contains 
antomaofwater:  17*  tons  of  this  acid,  OBd  87i  tons  of  sulphate  of  potash,  with  the 
pipe-clay,  will  form  474  tons  of  alum ;  so  that  the  nett  coat  -would  be  622i.  for  tlu 
acid-H04'I'.  for  the  sulphate  of  potash, =1669?. ;  nhioh  Btim  diyided  by  4l4,  gives  n 
quotient  of  51.  6».  for  the  nett  cost  of  I  ton  of  aium  by  the  direct  process.    ■ 

A'  the  pit  1  "too  of  aium — rook  or  nune,  costs  8i.  4s. ;  to  ■wliioli,  adding  the  oost  of 
the  potash  salt  for  1  ton  of  alum,  8t  IBs.,  they  constitnte  together  an  amount  of  6'.  IH". 
From  the  latter  sum  11. 10s.  must,  howevei',  be  deducted  for  the  Talue  of  rongh  Epsonv 
Efllt  produced,  leaving  a  balanae  of  6?.  9s.  for  the  cost  of  a  ton  of  raiae-^um,  prior  to 
evaporation  and  crystaUizatJon. 

A  patent  was  obtained  in  November,  1889,  by  Mr.  William  "Wiesman,  of  Duesburg, 
for  improvementa  ia  the  maimfecture  of  alum.  He  subjects  potter's  elny  to  a  moderate 
red  heat,  grinds  it,  and  subjeots  the  powder,  in  leaden  pans,  to  the  action  of  ocincen- 
frated  sulphuric  acid  (76°  Beaumfi),  taking  care  to  nse  esoees  of  clay  and  a  moderiite 
h^ftt.  This  mixture  is  to  be  stinted  till  it  a  dry,  then  treated  withboilbg  water,  in 
order  to  dissolve  the  sulphate  of  alumina  formed.  So  far  the  process  is  old  and  well 
hnown.  The  novelty  consislH  in  freeing  the  saline  solution  from  iron  by  terroojannre 
of  potassium  (prussiats  of  potash^  When  the  iron  has  been  all  thrown  down  in  the 
form  of  Prussian  blue,  the  liquor  is  allowed  to  settle,  the  supei'natant  pure  sulphate  ia 
drawn  oft,  and  evaporated  till  it  forms  on  cooling  a  concrete  masB,  which  may  be 
moulded  into  the  shape  of  bricks,  Ac,  for  the  convenience  of  packing. 

Atiaii,  m-anw/aciwe  of. — The  maanfacture  of  alum  from  clay  oud  clay  slate,  or  shnlfi, 
is  now  beginning  to  assume  a  considerable  aspect  in  tlie  liat  of  onr  manufactures,  and 
several  improvements  iu  this  way  have  lately  been  patented,  which  promise  to  extend 
liu^ely  this  branch  of  industry.  One  in  partionlar,  for  the  fabrication  of  alum  from  tlie 
ash  or  re^due  left  after  the  combustion  of  a  kind  of  coal,  called  Boghead  coal,  seems 
based  on  the  Bound  principle  of  industrial  economy  which  tnms  every  waste  prodnot 
to  profitable  account.  It  was  but  the  other  day  that  this  very  Boghead  ash  was  a 
serious  impediment  to  the  sale  of  the  coal,  and  perceptibly  diminished  its  price  in  the 
.  market  How,  however,  it  oonstitates  a  decided  item  of  value,  and  powerfully  vindi- 
cates the  right  of  chemistry  to  the  title  of  a  useful  and  profitable  science.  In  preparing 
alum  from  clay  or  shale,  it  is  of  infinite  importanoe  tliat  so  much  and  no  more  heat  be 
applied  to  the  clay  or  ehole,  in  the  fii'st  instance,  as  will  just  expel  the  .water  of  oom- 
bination,  without  inducing  contiafitiun.  A  temperature  of  600"  Fahr.  is  well  adapted 
to  eifeot  this  object,  provided  it  be  maintained  for  a  sufficient  period.  When  this  has 
been  carefully  done,  the  silicate  of  alumina  remaining  is  easily  enough  act«d  upon  by 
Eulphuiic  aeiS,  cither  slightly  diluted  or  of  tlie  oi'dmary  oommerein^atrength.  Tlie  beat 
form  of  apparatus  ia  a  leaden  boiler,  divided  into  two  parts  by  aperfoi-ated  septum  or 
partition,  also  in  lead — though  on  a  very  large  scale,  brickwork  set  ia  clay  might  be 
employed.  Into  one  of  the  eompartmenta  the  roasted  day  or  shale  should  be  put,  and 
diluted  sulphuric  acid  being  added,  the  bottom  of  the  other  compartment  may  be  ex- 
posed to  the  aotioa  of  a  well-regulnted  fire,  or — what  is  better — heated  by  means  of 
steam  through  the  agency  of  a  coil  of  leaden  pipe.  In  tliis  way  a  circulation  of  tJie 
fluid  takes  place  tbroughont  the  mass  of  shnle;  and,  as  the  alumiua  dissolves,  the  dense 
Duid  it  produces,  falling  contiaoally  towards  the  bottom  of  the  boiler,  is  replaced  by 
dilute  acid,  whioh,  becoming  in  its  turn  saturated,  falls  like  the  first ;  and  ao  on  in 
Guceeasion,  until  either  the  whole  of  tlie  alnmina  is  taken  up,  or  the  acid  in  great  part 
neutralized.  The  solution  of  aulphate  of  alumina,  thua  obtained,  is  somelJmes  evapo- 
rated to  dryness,  and  sold  under  the  name  "concentrated  alum;"  but  more  generally  it 
is  boiled  down  until  of  the  specific  gravity  of  about  1 '85,  then  one  or  other  of  the  tnr- 
bonates,  muriate,  or  sulphates  of  potash  or  amnionin,  or  a  mixture  of  thcEe,  ia  added  to 
the  boiling  fluid  ;  and  as  soon  as  the  solution  is  oomiileta,  the  whole  is  run  out  into  a 
coolei'  to  crystallize.  The  rough  alum  thus  made  is  sometimes  purified  by  a  subsequent 
reorystallization,  after  which  it  is  "roehed"  for  the  market — a  process  intended  mere- 
ly to  give  it  the  ordinary  commercial  aspect,  but  of  no  i'eal  value  in  a  chemical  point 
of  view.  Alum  not  vinfrequently  contains  icon,  an  impurity  which  unfits  it  for  nianT 
aaca  In  the  arts,  and  more  espeomlly  for  the  purposes  of  the  dyer.    The  heat  mode  e( 
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aatertaining  the  preEenca  of  this  imparity,  and  demonstrating  its  ftcnonnt,  ii  that 
previously  stated  in  the  coraraenuement  of  tliia  artide, — that  i/,  mix  a  solntion  of  the 
Buapeoted  alum  with  tartaric  acid,  or  an  allialina  tartrate,  and  then  add  an  eiuess  c! 
carbonate  of  soda;  after  wliieh,  pour  in  a  few  drops  of  hydroflulph  ate  of  ammonia,  when, 
if  iron  be  present,  a  blacli  precipitate  will  eneue.  If  tlie  alam  contains  lime  or  mair. 
nesta,  then  the  addition  of  carbonate  of  soda  causes  a  white  precipitate,  'wliich  must 
i)e  removed  by  filtrati"'!  before  applying  the  liTdrosulpliate  of  ammonia. 

Alma  manufactwe  nmplified. — -The  alum  shale,  or  seniat,  is  the  mat-erial  whence  tlif 
alum  is  obtained :  this  ehala  is  roasted  in  heaps,  !u  the  open  air,  in  order  to  rendci 
it  porous,  and  more  absorbent  of  tlie  siiiphuric  acid.  To  the  roasted  shale,  enlpbnric 
aeid  of  ep.  er.  1'75  is  added,  by  which  means  sulphate  of  alumina  is  formed.  In 
order  to  waah  out  from  tJie almost  dry  mass  thiBBulphate  of  alumina  and  at  the  same 
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liquor  of  a  previons  operatJon  is  emplojed;  and,  as  this  mother  liqiior,  when  __ 
moved  from  the  alum  ciy^tallizers,  contains  free  anlphuHe  acid,  the  ammonia  from  a 
still,  contwuing  the  ammoniacal  liquor  of  the  gas  works,  is  distilled  int«  it,  and  the 
boiling  liot  solution  of  sulphate  of  ammonia  thus  formed  dissolves  out  the  sulpliate 
of  alumina  fi'om  tlie  shale.  The  nlnm  liquor  thus  obtained  is  of  such  a  speciliri 
gi'avity,  that  it  crystallizes  withimt  the  necessity  of  having  recourse  to  evaporation, 
and  thus  a  considerable  saving  in  fuel  is  effected.  In  order  to  obtain  ammoniacal 
salts,  such  as  sulphate  ani  muriate,  with  the  greatest  possible  economy,  a 


;t  below  it  The  uppermost  boiler  is  provided  with  an 
exit  pipe,  ana  nas  aiso  a  supply  pipe,  connecting  the  boiler  with  a  reservoir  of  ammo- 
niacal gas  liqnor.  Into  the  lowermost  vessel  of  the  series  parses  a  pipe  conveying 
high  pressure  Steam,  by  means  of  whieli  the  liqnor  in  the  boiler  soon  beeornes  heated 
to  the  boiling  point.  The  vapor  of  ammonia  and  water  pass  off  through  an  exit  pipe 
into  the  boilerplacednext  above  it  in  tlie  series,  the  liquor  in  which  also  quickly  boils, 
and  vapor  of  animonia  and  water  pass  off  in  the  same  way  as  before  to  the  next  vessel 
above  it;  and  so  throughout  the  series.  By  the  time  the  vapor  of  ammonia  passes  off 
from  the  uppermost  boiler,  it  has  been  so  ooncenirated  that,  on  passing  it  into  sulphurio 
or  muriatic  acid,  a  concentrated  solution  of  eitlier  of  those  salts  is  obtained,  of  sufficient 
sp.  gr.  to  crystallize  without  evaporation,  and  thus  a  considerable  saving  in  fnel  and 
jme  is  effected,  and  the  ammoniacal  liquor  most  thoroughly  exhausted.  Fresh  sup- 
>lies  of  ammoniacal  liquor  are  constantly  furnished  to  the  uppermost  vessel  from  tiie 
eservoir;  the  partially  exhausted  liquors  are  run  from  the  higherto  the  lower  vessels 
in  succession,  and  tbe  exhausted  liquors  run  off  to  waste,  from  time  to  time,  from  the 
lowermost  vessel  of  the  scries. 

ALUJIINA,  The  pare  earth  of  clay,  or  ai^llaceous  earth.  It  is  the  oxide  of  the 
metal  aluminum,  the  basis  of  the  aluminous  salts,  and  the  principal  constituent  of 
porcelain,  pottery,  bricks  and  tiles. 

AMADOU.  The  French  name  of  the  spongy  eombiistihle  substance  called  in  Ger- 
man sitniiersehmamm,  prepared  from  a  species  of  agaric,  the  holelua  igniatiim,  a  kind 
of  mushroom  which  grows  on  the  trunks  of  old  oats,  ashes,  hceohes,  &a.    It  most  be 

Eluebed  in  tbe  months  of  August  and  September.  It  is  prepared  by  removing  the  outer 
ark  witli  a  knife,  and  separating  carefully  tbe  spongy  substance  of  a  yellow  brown 
coloi',  which  ties  within  it,  from  the  ligneous  matter  below.  This  substance  is  cut 
into  thin  slices,  and  beat  with  a  mallet  to  soften  it,  till  it  can  be  easily  pulled  asunder 
between  the  fingers.  In  this  state  the  bolehis  is  a  valuable  substance  for  stepping 
oozing  hemorrhages,  and  soma  otiier  surgical  purposes.  To  convert  it  into  tinder  it 
must  receive  afinishing  preparation,  which  consists  in  boiling  it  in  a  strong  solution 
of  nitre;  dryinn;  it,  and  beating  it  anew,  and  putting  it  a  second  time  into  the  solution. 
Sometimes,  indeed,  to  render  it  veir  inflamronbJe,  it  is  imbued  with  gunpowder, 
whence  the  distinction  of  black  and  brown  amadou. 

All  the  puff  balls  of  the  lycopodium  genus  of  plants,  which  liava  a  fleshy  or  fila- 
mentous structure,  yield  a  tinder  quite  ready  for  soaking  in  gunpowder  water.  The 
Hindoos  employ  a  leguminous  plant;  which  they  call  tolit,  for  the  same  purpose.  Its 
thick  s]iongy  stem,  being  reduced  t<i  charcoal,  takes  fire  like  amadou. 

....TniTir     -iin. -_  .1.  _.  I  _!.i.  'il,  tlie  compoui 

tin,  bismuth,  il 

fely  in  e;iti-aeting  silver  and 

,  .  J .   ,      _,    fhich  mercury  has  to  dissolve 

tlie^s  metals  as  disseminated  in  the  minerals,  and  thus  to  separate  iJiem  fi'om  the 

tartJiy  matters.    See  Mbbguet,  Mt^ALLuaGY,  and  Silver. 

AMEER.    {.SiKcin,  Fr. ;  JiemslHn,  Germ,)    A  mineral  solid,  of  a  yellow  colour 
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of  isriou?  shades,  which  burns  qflile  away  ■with  flame,  and  consists  of  rarbon,  hyilrojen, 
and  oxygen,  in  nearly  the  some  proportions,  and  the  some  state  of  combinalion,  as  yege 
table  resin.  Its  specific  gravity  varies,  by  my  trials,  from  l-OSO  to  l-OBS.  It  become* 
nesatiyely  and  powerfully  electrital  by  friction.  When  applied  lo  a  lighted  tandle  it 
lakes  fire,  swells  considerably,  and  exhales  a  while  smoke  of  a  pungent  odor;  but 
d'les  not  run  into  drops.  Copai,  which  resembles  it  in  several  respects,  differs  in  being 
softer,  and  in  melting  into  drops  at  the  flame;  and  meliile,  or  honey-stone,  wliich  is  a 
mineral  ofa  similar  colrjr,  becomes  white  when  laid  on  a  red-hot  coal. 

The  tevlure  of  amber  is  resin  o-vitreoos,  its  fracture  conchoidul,  and  lustre  glassy.  It 
is  perfectly  homogeneous ;  sufficiently  hard  to  scratch  sypsum,  and  lo  take  a  fine  polish. 
It  is,  however,  scratched  by  calcareons  spar.  When  amber  is  distUled  in  a  retort, 
crystalline  needles  of  succinic  acid  sublime  into  the  dome,  and  oil  of  amber  drops  from 
the  beak  into  tlie  receiver.  Fossil  resins,  such  as  that  of  Highgate,  foond  in  the  Lon- 
don clay  formation,  do  not  afford  succinic  acid  by  heat:  nor  does  copal.  Amber  is 
E>ccasionally  Ibund  ofa  whitish  and  brownish  color. 

The  most  interesting  fad  relative  to  this  vegeto-mineral  is  its  geological  position, 
n-hie)i  is  very  characteristic  and  well  determined.  It  is  found  ahnost  uniformly  in  sepa- 
rate nodules,  disseminated  in  the  sand,  elay,  or  fragments  ol  !^-nite  of  the  plastic  clay, 
and  lignite  formation,  situated  between  the  catcaire  grossier  (crag  limestone)  of  the 
tertiary  strata  above,  and  the  white  chalk  below.  The  size  o^  li.^se  nodnlesvaries  from 
a  nut  to  a  man's  head ;  but  this  magnitude  is  very  rare  in  true  amber.  It  does  not 
occur  either  in  continnous  beds,  like  the  chalk  flints,  nor  in  veins ;  but  it  lies  at  one 
time  in  the  earthy  or  friable  strata,  which  accompany  or  include  the  lignites ;  at  another, 
entangled  in  the  l^ites  themselves;  and.  is  associated  with  the  minerals  which  constitute 
this  formation,  principally  the  pyrites,  the  most  abundant  of  all.  The  pieces  of  amber 
found  in  Ihe  sands,  and  other  formations  evidently  alluvial,  those  met  with  on  the  sea- 
eoasts  of  certain  countries,  and  especially  Pomeranin,  come  undoubtedly  from  the  above 
geological  fsrmalion ;  for  the  organic  matters  foond  still  adhering  to  the  amber  leave 
no  doubt  as  to  its  primitive  place.  Amber  does  not,  therefore,  belong  to  any  postdilu- 
vian or  modem  soil,  since  its  native  bed  is  covered  by  three  or  four  series  of  strata,  often 
of  considerable  thickness,  and  well  characterized;  proceeding  upwards  from  the  plastic 
clay  which  includes  the  amber:  these  are,  the  crag  limestone,  the  bone  gypsum,  with 
its  marls,  the  marly  limestone,  the  upper  marl  sandstone,  which  covers  it,  and,  lastly; 
the  fresh  water  or  lacustrine  formalion,  oflen  so  thick,  and  composed  of  calcareous  and 
Eilieions  rocks. 

The  amber  bed  is  not,  however,  always  covered  with  all  these  strata;  and  it  is  evei 
rare  to  see  a  great  mass  of  one  of  them  above  Ihe  ground  which  contains  it ;  because, 
were  it  buried  onder  such  strata,  it  would  he  difficult  to  meet  with  such  circumstances 
as  would  lay  it  spontaneously  open  to  the  day.  But  by  comparing  observations  maile 
in  difi'erent  places,  relatively  to  the  patches  of  these  formations,  which  cover  the  amber 
deposiles,  we  find  that  no  other  mineral  formations  have  been  ever  seen  among  them 
except  those  above  detailed,  and  tJius  learn  that  its  geological  locality  is  completely  de- 
termined. 

The  proper  yellow  amber  therefore,  or  (he  Bornssic,  from  the  country  where  it  has  beea 
most  abundantly  found,  belongs  to  the  plastic  clay  formation,  intermediate,  jn  Enaland, 
between  the  chalk  and  the  London  clay.  It  Issomelimes  interposed  inlhin  plates  between 
the  layers  of  the  lignites,  but  more  towards  Ihe  bark  of  the  fibrous  lignites,  which  retain 
theformof  the  wood,  than  towards  the  middle  of  the  trunk  of  the  tree;  a  position  analo- 
gons  to  that  of  the  resinous  matters  in  our  existing  %neous  vegetables.  The  fibrooa 
lignites  which  thus  contain  amber  belong  to  the  dicotyledinons  woods.  Hence  that 
Bobstance  seems  lo  have  been  formed  during  the  life  of  the  vegetable  opon  which  it  is 
now  incrnsled.  It  must  be  remembered  that  the  grounds  containing  the  amber  are 
often  replete  with  the  sulphates  of  iron,  alumina,  and  lime,  or  at  least  with  the  pyritouE 
elements  of  these  salts.  Some  specimens  of  amber  have  a  surface  flgured  with  irregular 
meshes,  indicating  a  sort  of  shrinkage  from  consolidation,  and  consequently  a  matter 
that  was  at  one  time  fluid,  visuid,  or  merely  soft.  From  optical  examination,  Dr, 
Brewster  has  concluded  amber  to  be  of  vegetable  origin. 

Thedifferenl  bodies  included  in  the  amber,  disiingQisbable  from  its  transparence,  demon- 
etrate,  indeed,  in  the  most  convincing  manner.  Its  primitive  slate  of  liquidity  or  softness. 
These  bodies  have  long  exercised  the  skill  of  naluralisla.  They  are  generally  insects, 
or  remains  of  insects,  and  sometimes  leaves,  stalks,  or  other  portions  of  vegetables. 
Certain  families  of  insects  occur  more  abundantly  than  others.  Thus  the  hymrnoptera, 
or  insects  with  four  naked  membranaeeons  wings,  as  the  bee  and  wasp,  and  liiediplera, 
or  insects  with  two  wings,  as  gnats,  flies,  eadBies,  &c ;  then  come  the  spider  tribe ; 
some  coleoplera  {insects  with  crustaceoos  shells  or  elytra,  which  shut  together,  and  form 
a  longitudinal  sutore  down  the  back),  or  beetles,  prRci^ly  those  whidi  live  on  trees  \ 
such  "as  the  elalerMei,  or  leapers,and  the  chrj/soiaelida.    The  lenidoptera,  or  insects  wiLli 
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!S,  ana  plerigostea  covered  with  mail-like  scales,  are  very  rare 
;  from  thi»  i-numeralion,  whicb  resulls  from  the  labors  of 
Germar,  SiAiwelger,  &c.,  llial  llie  insecls  envelupeil  in  ibis  resinous  mailer  are  in 
general  such  as  sit  on  the  trunks  of  trees,  or  live  in  Ibe  fissures  of  iheir  bark.  Hitherto, 
it  has  not  been  found  possil  le  (o  refer  ihem  to  any  living  specii^  ;  but  it  has  been  ob- 
served  in  general  tbnt  they  resemble  more  the  insecls  of  hot  climates  Ibnii  those  of  tlie 
temperate  zones. 

The  disiricts  where  amber  occurs  in  a  condition  fit  for  mining  operations  are  not 
numerous ;  bat  those  In  which  it  is  met  with  in  small  scattered  bits  are  very  abundant. 
f's  principal  exploitation  is  in  Eastern  Prussia,  on  the  coasts  of  the  Baltic  Sea,  from 
Memel  to  Danlzickj  particularly  in  the  neighborhood  of  Konigsbei^,  along  the  shore 
which  rnns  north  and  south  from  Grossdirschhtjn  to  Pillao,  and  in  several  other  places 
near  Dantzick. 

It  is  collected  tlpon  this  coast  in  several  ways;  I.  In  the  beds  of  small  streams  which 
run  near  the  villages,  and  in  rounded  (Varments  without  bark,  or  in  the  sand-banks  of 
(Irsrs,  in  pieces  thrown  back  by  the  sea,  and  rounded  hy  the  waves.  E.  If  the  pieces 
thrown  up  by  the  waters  are  not  numerous,  the  fishers,  clothed  in  a  leather  dress,  wade 
into  (he  sea  up  to  the  neck,  seek  to  discover  Ihe  amber  by  lookine  along  its  sarface,  and 
seize  it  with  bag  nets,  hung  at  the  end  of  very  long  poles.  They  conclude  thai  a  great 
deal  of  amber  has  been  detached  from  the  clifls  by  the  sea,  when  many  pieces  of  lignite 
(wood  coal)  are  seen  afloat.  This  mode  of  collecting  amber  is  not  freefrom  danger,  and 
iJie  fishers,  therefore,  advance  in  troops,  (o  lend  each  other  aid  in  case  of  accident ;  but 
their  success,  even  ^us,  is  most  precarioas.  3.  The  third  method  of  searching  for  am- 
ber is  a  real  mining  operation  ;  it  consists  in  di;i;ing  pits  upon  the  borders  of  the  sandy 
downs,  sometimes  to  a  depth  of  more  than  130  feeL  4.  The  last  mode  is  by  exploring 
the  precipitous  sea  clifls  in  boats,  and  detaching  masses  of  loose  soil  from  ihem  with  long 
poles  terminating  in  iron  hooks ;  a  very  hazardous  employment.  They  search  the  dill's 
with  great  care  at  the  level,  where  the  amber  nodules  commonly  lie,  and  loosen  the  seains 
with  their  hooks ;  in  which  business  the  boats  are  sometimes  broken  against  the  preci~ 
pices,  or  sunk  by  an  avalanche  of  rubbish- 
Amber  occurs  in  Sicily,  disseminated  in  beds  of  clay  and  marl,  which  lie  below  the 
crag  limestone.  It  is  accompanied  with  bitumen;  and,  thongh  a  scanty  deposile,  it  is 
mined  for  sale.  The  pieces  are  coaled  with  a  kind  of  whitish  bark,  present  a  variety 
of  colors,  and  include  many  insects.  Amber  is  found  in  a  great  many  places  in  the  sandy 
districts  of  Poland,  at  a  very  great  distance  from  the  sea,  where  it  is  mised  with  cones 
of  the  pine.  In  ^xony  it  is  met  with  in  the  neighborhood  of  Prelseh  and  Witlembcrg, 
in  ft  bituininons  clay  mingled  with  lignite.  At  the  embonchure  of  the  Jenissey,  in  Sibe- 
ria, it  oecars  likewise  along  with  llEulte  ;  as  also  in  Greenland. 

Fine  amber  is  consideraUy  Talued  for  makin?  ornamental  objects,  and  the  coarser 
kinds  for  certain  uses  in  chemistry,  medicine,  and  the  arts.  The  oriental  nations  prize 
more  highly  than  the  people  of  Europe  trinkets  made  of  amber ;  and  hence  the  chief 
commerce  of  the  Pomeranian  article  is  with  Tarkey.  The  Prussian  government  is  said 
to  draw  an  annual  revenue  of  17,000  dollars  from  amber.  A  good  piece  of  a  pound 
weight  fetches  50  dollars.  A  mass  weighing  13  pounds  was  picked  up  not  long  since  in 
Prussia,  fur  which  5O00  dollars  were  ofiered,  and  which  would  bring,  in  the  opinion  of 
the  Armenian  merchants,  from  30,000  to  40,000  dollars  at  Constantinople,  At  one  time 
it  was  customary  to  bake  the  opoqne  pieces  of  amber  in  sand,  at  a  gentle  heat,  for  sev- 
eral hours,  in  order  to  make  il  iransparent,  or  to  digest  il  in  hot  rapeseed  oil,  with  the 
same  view;  but  how  far  these  processes  were  advantageous  does  not  appear. 

When  amber  is  to  be  worked  into  trinkets,  it  is  first  split  on  a  leaden  plate  at  a  lathe 
(see  Gems,  Catlmg  of),  and  then  smoothed  ii  ;o  shape  on  a  Swedish  whetstone.  It  is 
polisheil  on  the  lathe  with  chalk  and  water,  ur  vegelable  oil,  and  finished  by  friction 
n  ilh  flannel.  In  these  processes  the  amber  is  apt  lo  become  h^hly  electrical,  very  hot, 
and  even  to  fiy  inio  fragments.  Hence,  the  artists  work  the  pieces  time  about,  so  as  to 
keep  each  of  ihem  cool,  and  feebly  excited.  The  men  are  often  seized  with  nervous 
Ireinors  in  their  wrists  and  arms  from  the  electricity.  Pieces  of  amber  may  be  neatly 
joined  by  smearing  their  edges  with  linseed  oil,  and  pressing  Ihcm  strongly  together, 
while  they  are  held  over  a  charcoal  fire.  Solid  specimens  of  amber,  reported  to  have 
been  altogether  fused  by  a  particular  application  of  heat,  are  now  shown  in  the  royai 
cabinet  of  Dresden. 

A  strong  and  durable  vaTitish  is  made  by  dissolving  amber  in  drying  linseed  oil.  For 
tliis  parposo,  however,  the  amber  must  be  previously  heated  in  an  iron  pot,  over  a  clear 
red  fire,  till  it  soften  and  be  semi -liquefied.  The  oil,  previously  healed,  is  to  be  now 
poiiri'd  in,  with  much  stirring,  in  the  proportion  of  lu  ounces  to  the  pound  of  amber; 
and  after  the  incorporation  Is  complete,  and  Ihe  liquid  somewhat  cooled,  a  pound  of  oil 
■if  turpentine  must  be   added.    Some   persons  prescribe  2  ounces  of  melted  sJielkct 
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though  hy  thia  means  they  are  apt  to  deepen  tlia  * otmir,  alvenay  rendared  too  dart 

by  tlifl  roastin;;.    The  finest  vaniish  is  made  with  oH  of  spike. 

Ihiingh  by  ihis  means  they  are  apt  lo  deepen  the  color,  already  rendered  too  dart  lijr  tns 

roasting. 

The  line  hlact  varnish  of  the  coachmalieis  is  said  10  be  prepared  by  mellinE;  16  ounce* 
of  ail. her  in  an  iron  pot,  adding  lo  ii  half  a  pint  of  drjin?  linseed  oil,  boiling  hoi,  of  pow- 
deied  resin  and  asphaltum  3  ounces  each  :  when  the  materials  are  welt  uniied,  by  slir- 
ring  over  the  fire,  they  are  to  be  removed,  and,  after  cooling  for  some  time,  apinl  of  warm 
oil  of  tuTpentine  is  to  he  introduced. 

The  oil  of  amber  enters  into  the  composition  of  the  old  perfume  called  eou  it  luce ; 
and  is  convertible,  by  the  action  of  a  small  qunntity  o(  strong  nilric  acid,  into  a  viscid 
mass  like  shoemakers'  rosin,  which  has  a  strong  odor  of  mask,  and,  under  the  name  of 
fcitilicial  musk,  has  been  prescribed,  in  acohohc  solulion,  as  a  remedy  against  hooping 
cough,  and  other  spasmodic  diseases. 

Acid  of  amber  (^succinic  acid)  is  a  delicate  reagent,  in  chemistry,  for  separating  red 
oxjde  of  iron  from  coroponnd  raelnllio  solutions. 

AMBERGRIS.  (Jmbregric,  Ft. ;  .Sinbra,  Germ.)— A  morbid  secretion  of  the  liver 
of  the  spermaceti  whale  (physeler  roaerocephaius),  found  usually  swlmminjf  upon  the 
sea.  It  occurs  opon  the  coasts  of  Coromandel,  Japan,  the  Moluccas,  and  Madasascar, 
tnd  has  sometimes  heen  exlracled  from  the  rectum  of  whales  in  the  South  s°i  fishery. 
Il  has  a  gray-while  color,  often  with  a  black  streak,  or  Ls  marbled,  yellow  and  bisck; 
has  a  strong  but  rather  agreeable  smell,  a  fatty  taste,  is  lighter  than  water,  melts  at  60° 
C,  {IHP  F.),  dissolves  readily  in  absolute  alcohol,  in  ether,  and  in  both  fat  and  volatile 
oils.  Il  contains  85  oflhe  frasrrant  subslance  called  ambreine.  This  is  extracted  fiom 
ambergris  by  digestion  with  -alcohol  of  0*827,  fillerine  the  solution,  and  leaving  il  lo 
spontaneous  evaporation.  Il  is  thus  obtained  in  the  form  of  delicate  white  tufts : 
which  are  convertible  into  ambieic  acid  by  the  action  of  nilric  acid.    Anibergris  is  used 

AMIANTHUS.    A  mineral  in  silky  filaments,  called  also  Asbestus. 

AMIUONIA.  A  chemical  compound,  called  also  rolalile  alkali.  This  suhslance,  in  iia 
porest  slate,  is  a  highly  pungent  gas,  possessed  of  all  the  mechanical  properties  of  the 
air,  hut  very  condensaUe  with  water.  It  consists  of  3  volumesof  hydrogen  and  I  of  azote 
condensed  into  two  volames;  and  hence  its  density  is  0'59l,  atmospheric  air  being  I'OOO. 
By  strong  compression  and  refrigeration  it  may  he  liquefied  into  a  fluid,  whose  "specific 
gravity  is  0-76  compared  to  water  l-OOO. 

Ammonia  gas  is  composed  by  weight  of  82-53  azote  and  17-4T  hydrogen  in  100 
pans.  It  is  obtained  hy  mixing  muriate  of  ammonia,  commonlj'  called  sal  ammoniac, 
with  quicklime,  in  a  retort  or  still,  applying  a  moderate  heal,  and  receiving  the  gas  either 
over  mercury  for  chemical  experiments,  or  in  water  to  make  liquid  ammonia  for  the 
purposes  of  medicine  and  Ihe  arts,     Woulfe's  apparatus  is  commonly  empkiyed  for  this 

Ammonia  is  generated  in  a  great  many  operations,  and  especially  in  the  decomposition 
of  many  oi'ganic  snbslances,  hy  fire  or  fermentation.  Urine  left  to  itself  for  a  few  days  is 
found  to  cotLlain  much  carbonate  of  ammonia,  and  hence  this  substance  was  at  one  time 
collected  in  great  qtiBOtities  for  the  manefaclnre  of  certain  sails  of  ammonia,  and  is  '■.till 
used  for  its  alkaline  properties  in  making  alum,  scouring  wool,  fee.  When  woollen  rags, 
horns,  bones,  and  other  animal  substances  are  decomposed  in  close  vessels  by  fire,  they 
evolve  a  large  quantity  of  ammonia,  which  distils  over  in  Iheform  of  a  carbonate.  The 
main  source  of  ammonia  now  in  this  country,  lor  commercial  purposes,  is  the  coal  gas 
wcrks,  A  laj^e  quantity  of  watery  fluid  is  condensed  in  their  tar  pits,  which  contains, 
chiefly,  ammonia  combined  with  sulphnreled  hydrogen  and  carbonic  acid.  When  this 
water  is  saturated  with  muriatic  acid  and  evaporated  it  yields  muriate  of  ammonia,  or 
snl  ammoniac,  somewhat  impure,  which  is  afterwards  purified  by  sublimation.    See 

ABBONATR  Of  AMMONIA  and  SaL  AMMONIAC. 

The  soot  of  chimneys  where  coal  is  burned  contains  both  sulphate  and  corhonaleof 
■immonia,  and  was  extensively  employed,  at  one  time,  to  manufacture  these  salts. 

In  making  water  of  ammonia  on  the  great  scale,  a  cast  iron  still  should  be  preferred, 
and  equal  weights  of  quicklime  and  sal  ammoniac  should  be  brought  to  the  consistence 
jf  a  pap,  with  water,  before  the  heat  is  applied.  In  this  case  a  refrigeratory  worm  or 
globe  should  be  interposed  between  the  adopter  lube  of  (he  capital  of  the  still  -ind  the 
ootlles  of  Woulfe's  apparatus.  The  muriate  of  lime,  or  chloride  of  calcium,  which  is  left 
in  Ihc  still  when  llie  whole  ammonia"  is  expelled,  is  of  no  value.  Water  is  capable  of 
condensing  easily  about  one  third  of  its  weu^ht  of  ammonia  gas,  or  460  times  lis  hulk. 
The  following  table  of  the  quantity  of  ammonia  in  liX)  parts  by  we^ht  of  its  aqueon* 
combinations,  at  successive  densities,  is  the  result  of  very  careful  experiments  made  by 
me.  and  recorded  in  the  Phih)sophical  Magazine  for  March,  1821. 


AJIYGDALIXE. 
Tabk  of  Water  0/  J^nmonia  or  Volalile  Jlkali,  by  D)   Vre. 


W.W1 

W-ler 

Sp-.„fi,; 

Mfan 

1 

owo 

m 

m 

e«'"'ment 

sjecjii-i 

E<|uivuUi,l 

""""■ 

TOO 

26-500 

73-500 

0-9000 

ys 

25-175 

0-9045 

0-90452 

90 

23-S50 

76-150 

0-9090 

0-91370 

80 

21-200 

78-800 

0-9177 

0-91838 

80123 

0-9227 

0-92308 

18-350 

81-450 

0-9275 

0-92780 

35 

n-225 

82-775 

0-9320 

0-9326i 

17-35- 

0-9363 

0-93750 

85-425 

0-9410 

0-94241 

13-250 

S6-750 

0-9455 

0-94737 

13-60 -(-86-40. 

45 

11-923 

88-075 

0-9510 

40 

lO-fiOO 

89-400 

0-9564 

0-95744 

11-2-1 

-a8-«- 

0-91(14 

0-96256 

30 

7-H50 

92050 

0-9662 

0-96774 

6-625 

93-375 

0-9716 

0-97297 

5-300 

94-700 

0-9768 

-91 

15 

3-975 

96-0-25 

0-9828 

0-98360 

4-5-1 

-91-5 

10 

2-650 

97-350 

0-98S7 

0-9S900 

3- 

0-9945 

0-99447 

AMMONIAC,  gum-resin.  This  is  the  inspissated  juice  of  an  umbelliferous  plant 
(the  donma  armmiacum)  which  grows  in  Persia.  It  conies  lo  ns  either  in  tmall 
white  tears  clustered  t<^eiher,  or  in  brownish  lumps,  conlaintng  many  impurilies;  It 
possesses  a  peculiar  smell,  somewhat  like  (hat  of  asafcelida,  and  a  bitterish  taste.  It 
ia  employed  in  medicine.  Its  onlj-  use  in  the  arts  is  for  formioi;  a  cemenl  to  join 
broken  pieces  of  china  and  glass,  which  may  be  prepared  as  MIowsi  Take  isinslnss 
distilled  water  6  ounces,  boil  together  down  lo  3  ounces,  and  add  IJ  ounce  of 


,  and  then  five  drams  of 
substance  sold  in  the  London 
ras  given  tne  by  a  respeciabls 


strong  spirit  of  wine;  boil  this  mixture  for 

hot,  first,  half  an  ounce  of  a  milky  emulsion  of  gi 

en  alcoholic  solution  of  resin  maslic.     This  resci 

shops,  under  (he  name  of  diama«d  cemeat.    The 

dlsiiensini;  chemist, 

AMORPHOUS.     Wilhout  shape.    Said  of  mineral  and  other  subslances  which  occur 

ill  forms  not  easy  to  be  defined. 

AMYGDALlNE  is  a  priuoipla  of  bitter  almonds  and  of  bay-laurel  berries.  It  is 
abtoijied  by  digesting,  in  a  retoi-t,  alcohol  of  0-826  at  its  boiling  temperature  upon 
Ihi'mailofbitteralmonda,  then  distilling  off  tlie  alcohol  by  the  heat  of  a  water-bath 
till  the  residuum  assumea  the  consistence  of  svrup.  To  the  residuum,  diluted  with  a 
little  water,  some  yeast  is  to  be  added,  and  the  tnisture  is  to  be  set  aside  in  a  warm 
place  for  some  time  tofei-mant.  Whenever  the  fermentatioa  is  over,  tlie  liquor  is  to 
be  filtered  and  evaporated  on  the  water-bath  to  a  syrupy  consistence.  On  mixing 
this  syrup  with  alooliol  of  0-825,  the  amygdaline  falls  in  a  white  erystalline  powdei-, 
wliioli,  after  being  Sfiueezed  between  folds  of  filtering-paper,  is  .to  be  finally  purified, 
by  repeated  crystallization 9,  with  alcohol.  Its  crj-stals  are  silky-looking  sonlea,  or 
shirt  needles,  without  smelL  but  with  a  alight  taste  of  bitter  almonds.  When  heated, 
tliey  exhale  tba  fragrance  of  hawthoiii  flowers,  and  bum  into  a  bulky  charcoal  Cold 
alaiiol  liardly  diesolvas  them,  but  boiling  alcohol  |>retty  Copiously.  They  are  very 
soluble  ill  water,  and  produce  therefrom,  by  evaporation  and  cooling,  large  transparent 
prisma,  of  a  silky  aspect,  «liich  cnntain  6  atoms,  or  10-o7  per  ceiii  of  w&ter.  Tlieir 
composition  in  the  diy  state  ia  as  follows : 

40  atoms  of  carbon 
27         —      hydrogen 


22         —      ox/geii 
1  atom  amygdaline  [LUbig) 
The  purpose  of  the  fermentation  abive  prescribed  is 
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extracted  by  the  alcohol  from  the  bitter  alraonda  along  with  the  amjgdaline,  of  which 
latter  tbey  afford  from  3  to  4  pet  cent. 

jVimonds,  both  bitter  and  sweet,  eoiit«in  alfiaitnothavourlous  principle,  willed  flniJsme 
hy  Liebie,  andsjjioptoseby  Itobiquet.  Iti=  soluble  in  water,  but  is  precipitated  troin  it 
in  flabesby  alcuhoU  It  coognliites  at  tlie  teoiperatTire  of  about  141)°  Fahr.  like  white 
of  egg.  Oil  mixing  a  solutioa  of  10  pacta  of  amygdaliiie  in  100  patta  of  water, 
with  1  pai't  of  flynnj)taae  in  10  parts  of  wiiter,  a  peculiar  decomposition  immediately 
takes  pface.  Tbe  mixture  becomes  opaline  without  losing  its  trBnspareacj[',  itaEsiimus 
the  odor  of  bitter  almoads,  and  yieiJa,  on  distillation,  hj'drocyanic  (pruaslc)  acid,  and 
the  hydruve  of  benzoil  (pure  essence  of  bitter  almocda),  raised  with  vapor  of  watei'. 
Coagulated  eynaptasa  bas  no  pel■oe^ltible  action  on  amygdaline.  These  facts  explain 
a  sei'ies  of  puzzling  phenomena,  which  have  been  long  known.  Freeh  bitter  almonds 
contain  emulsine(flynapta8e),  amygdaline,  and  an  nnetuons  oil,  all  in  Bueh  afltatethat 
the  first  two  cannot  react  upon  each  other;  and  by  removing  the  water  by  desiccation 
tlieiv  mutual  action  becomes  impossible.  On  squeezing  the  almonds  the  oil  is  drawn 
of^  and  on  treating  the  cake  with  boiling  alcohol  the  amygdalinaisdiaBolvedoai^  ana 
the  synaptsse  is  coagulated;  buu  on  raoi^jteniug  the  bitter  almonds  with  water  the 
taction  of  the  two  principles  becomes  instnntly  effective,  as  shown  by  the  prodaction 
of  the  smell  and  taste  of  hj^di'oejanic  acid  and  of  the  essential  oil.  By  throwing  the 
bitter  almond  meal  into  boiling  water  the  svnaptase  iroraediately  Goagulat<»i,  and  the 
above  mutual  reaction  can  do  longer  be  obtained,  nor  the  above  volatile  products. 
In  order  property  to  prepare  tlie  essence  of  bitter  almonds  it  is  therefore  necessary 
to  mix  I  part  of  bitter  almond  meal  with  20  parts  of  lukewarm  water,  to  leave  the 
mixture  to  digest  for  24  hours,  and  only  then  to  submit  it  to  distillation,  100  parts 
of  amygdaline  produce  47  parts  of  the  crude  essence  of  bitter  almonds,  which  contain 
59  parts  of  hydrocyanic  acid. 

AMYLOXIDE-HTDKATE.    See  rnsEi,  Otl. 

ANALYSIS.  The  art  of  resolving  a  compound  substance  or  machine  into  its  con^ 
stituent  parts.  Every  manufacturer  should  so  study  this  art,  in  the  prooer  treatises, 
oud  schools  of  chemistry  or  mechanics,  as  to  enable  him  properly  to  understand  and 
regulate  his  business. 

ANCHOE.  (Ancre,  Fr. ;  A^iker,  Germ.)  An  iron  hoot  of  considerable  weight 
an  t  ength,  for  enabling  a  ship  to  lay  hold  of  the  ground,  and  fis  itself  in  a  certain 
at  on  by  means  of  a  rope  called  the  cable.  It  is  an  instrument  of  the  greatest  im- 
po  tan  e  to  tjie  navigator,  since  u|>0'i  its  takins  and  keeping  hold  depends  his  safety 
n  m  ny  occasions,  especially  near  a  Ice  shore,  where  ne  might  be  otherwise 
B  anded  or  shipwrecked.  Anchors  ore  generally  madeof  wrought  iron,  except  among 
na  ns  ho  cannot  work  this  metal  we!!,  and  who  therefore  use  copper.  The  mode 
n  wh  an  anchor  operates  will  be  understood  from  inspection  of  _^.  12,  where  from 
he  d  reo  ion  the  strain,  it  is  obvious  that  the  anchor  cannot  move  without  plough- 
ing up  the  ground  in  which  its  hook  or  fluke  ia  sunk.  When  this,  however,  unluckily 
takes  ptica,  from  tbenature  of  iho  ground,  from  the  mode  of  insertion  of  the  anchor,  or 
from  the  violence  of  the  winds  or  enrrenta,  it  is  called  dragging  the  anchor.  When 
the  hold  is  good,  the  cable  or  the  buried  arm  will  sooner  break  than  the  ship  will 
drive.  AnSiora  are  of  different  siies,  and  have  different  names,  according  to  the  pur- 
poses they  serve ;  thus  there  are  sheet,  test  bonier,  small  bower,  spare,  stream,  and  ked^e 
anchiiTS.  Ships  of  the  first  cln^  have  seven  anchors,  and  smaller  vessels,  such  as 
origa  and  schooners,  three. 
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The  manufacture  of  anchors  requires  great  knowleJgfl 
of  the  slrueliire  of  jion,  and  skill  in  the  art  of  w<irl;ing 
it.  I  shall  s;ive,  here,B  brief  notice  of  the  improved  system 
introduced  by  Mr.  Perring,  clerk  of  Ihe  cheque  at  Ply- 
mouth, in  which  the  proportions  of  the  parts  are  admirHbly 
adapted  to  the  strains  they  are  likely  to  suffer,  la  fig.  13 
A  is  the  shank  I  b,  the  arm  or  flake  ;  c,  Ibe  palm;  v,  the 
blade;  E,  iheiguare  t  r,  the  ku(;  C,  the  ring;  H,lhe  crown. 
Formerly  the  shank  was  made  of  a  number  of  square 
iron  rods,  laid  (larallel  together  in  a  cyUndiical  form,  and 
bound  by  iron  hoops.  When  they  were  welded  into  one 
bar,  the  esterior  rods  could  not  fail  to  be  partially  burned 
and  wasted  by  the  slron;  heat.  Mr.  Ferriog  abated  this 
evil  by  usina;  bars  of  the  whole  breadth  of  the  shank,  and 
placing  them  right  over  each  other,  hooping  them  and 
welding  ihem  tolielher  at  two  heals  inio  one  solid  mass. 
To  any  one  who  has  seen  (he  Wiiking  of  puddled  iron,  with 
a  heavy  mill  hammer,  this  operalion  wil!  not  appear  difficult. 

He  formed  the  crown  with  bars  similarly  distributed  with  tliose  of  the  shank.  His 
mode  of  uniting  the  flukes  to  the  crown  is  probably  the  most  valuable  part  of  his 
infenlion.  The  bars  and  half  the  breadth  of  the  anchor  are  first  welded  separately,  and 
then  placed  side  hy  side,  where  the  upper  half  is  Worked  into  one  mass,  while  the  lower 
part  is  lett  disunited,  but  has  carrier  iron  bars,  or  porters,  as  these  prolongation  rods 
are  commonly  called,  welded  to  the  extremity  of  each  portion.  The  lower  part  is  now 
heated  and  placed  in  the  chimping  machine,  which  is  merely  an  iron  plate  firmly  bidtcd 
to  a.  mass  of  timber,  and  bearing  upon  its  surface  fonr  iron  pins.  One  end  of  the  crown 
is  placed  between  the  first  of  these  pins,  and  passed  under  an  iron  strap;  Ihe  other  end 
is  brought  between  the  other  pins,  and  is  bent  by  the  leverage  power  of  the  elongated 
rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  much  greater  securil;' 
[hat  a  true  union  of  fibres  is  etVecled,  than  when  the  junction  was  made  merely  hy  a  short 

The  angTilar  opening  upon  the  side  opposite  b  h,  fig.  IS,  is  filled  with  the  Aick, 
formed  of  short  iron  bars  placed  upright.  When  this  has  been  firmly  welded,  the  tross- 
piec.c  is  brought  over  it.  This  piece  is  made  of  plates  similar  to'lhe  above,  eicept  thar 
their  edges  are  here  horizontal.  The  truss-piece  is  half  the  breadth  of  the  arm  ;  so  that 
when  united  to  the  crown,  it  constitutes,  with  the  other  parts,  the  total  breadth  of  thp 
arms  at  those  places. 

The  shank  is  now  shut  upon  the  crown;  the  square  is  formed,  and  the  nuts  welded  to 
it ;  the  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fashioned. 

The  blade  is  made  much  in  Ihe  way  above  described.  In  making  the  palm,  an  iron 
rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  i(  may  more  readily  take 
Ihe  desired  shape.  To  one  end  a  porteT  rod  is  fastened,  by  which  the  palm  is  carried 
ind  turned  round  in  the  fire  durhig  the  progress  of  the  fabricaiion.  Iron  plates  are  next 
laid  side  by  side  upon  the  rod,  and  Ihe  joint  at  the  middle  is  broken  by  another  plaie 
laid  over  it.  When  the  mass  is  worked,  its  under  side  is  filled  op  bj  similar  plates,  and 
[he  whole  is  completely  welded  i  pieces  being  added  to  the  sides,  if  necessary,  to  form  Ihe 
angles  of  the  palm.  The  blade  is  then  shut  on  to  the  pnim,  afler  which  Ihe  part  of  the 
aim  attached  to  the  blade  is  united  to  that  which  constitutes  the  crown.  The  smith-work 
of  the  anchor  is  now  finished. 

The  junction,  or  shj'.'.ing  on,  as  the  Workmen  call  it,  of  the  several  members  of  an 
anchor,  is  effected  by  an  instrument  called  a  monkey,  which  is  merelj  a  mass  of  iron 
raised  to  a  certain  height,  between  parallel  upriahts,  as  in  the  pile  engine  or  vertical 
ram,  and  let  fall  upon  Ihe  metal  previnnsly  brought  to  a  welding  heal. 

The  mojtkey  and  the  htrcatea,  both  silly,  triviil  names,  are  similar  instruments,  nnd  are 
usually  worked,  like  a  portable  pile  engine,  by  the  hands  of  several  laborers,  iiuUing 
separate  ropes.  Many  other  modes  of  manufacturing  anchors  have  been  devised,  in 
which  mechanical  power  is  more  extensively  resorted  lo. 

The  upper  end  of  the  shank  f  (fig.lS)h  sqoared  to  receive  and  hold  the  slock  steadi- 
ly, and  keep  it  from  turning.  To  prevent  it  shiAing  along,  there  are  two  knobs  or 
tpnon-like  projections.  The  point  of  the  angle  h,  between  the  aims  and  the  shank,  is 
sometimes  called  the  throat.  The  arm  b  c  generally  makes  an  angle  of  56°  vrilh  the 
shank  A  j  it  is  either  round  or  polygonal,  and  ahont  hiilf  the  length  oC  Ihe  shank. 

The  slode  of  Ihe  anchor  (fig.  12)is  made  of  oak.  It  consists  of  two  beams  which  em- 
brace the  square,  and  are  firmly  united  by  iron  bolts  and  hoops,  as  shown  in  the  figure. 
The  stock  is  usually  somewhat  longer  than  Ihe  shank,  has  in  the  middle  a  thickness 
about  one  twelfth  of  its  length,  but  tapers  at  its  under  side  to  nearly  one  half  this  thick 
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In  small  anchors  the  slocli  is  (requenlly  made  of  iron  ;  but  in 
[his  case  il  does  not  embrace  the  anchor,  bul  goes  through  a  hole  made  in  the  sfiuare. 
which  is  swelled  oul  on  purpose. 

The  weight  of  anchors  for  different  vessels  is  proportioned  to  the  tonnage!  a  good  ruli; 
being  to  make  the  anchor  in  hundred  weights  one  twentieth  of  the  number  of  tons  of  (he 
burden.  Thus  a  ship  of  1000  tons  would  require  a.  sheet  anchor  of  50  cwts.  Ships  of 
war  are  pvoyided  with  somewhat  heavier  anchors. 

Several  new  forms  and  constructions  of  anchors  were  proposed  undti  Mr.  Piper's  pa- 
tent of  November,  1822,  by  the  adoption  of  which  great  advantages  as  to  strength  were 
anticipated  over  every  other  form  or  construction  previously  made. 

The  particular  object  was  to  preserve  such  a  disposition  of  the  fibres  of  the  metal  as 
shoold  aSbrd  the  greatest  possible  strength ;  in  doing  which  the  crossing  or  bending  of 
the  fibres  at  the  junctions  of  the  shank,  flakes,  and  crown,  where  great  strength  is  !■:■- 
quired,  has  been  avoided  as  much  as  possible,  so  that  the  fibres  are  not  disturbed  or 
injured. 

In  this  respect  most  anchors  are  defective ;  for  in  conneoling  the  shanks  to  the  crown- 
pieces,  (be  grain  of  the  metal  is  either  chissed,  or  so  much  curved,  as  to  strain  the  fibrft, 
and  consequently  induce  a  weakness  where  the  greatest  strength  is  required.  And,  fur- 
ther, the  very  considerable  thicknesses  of  metal  which  are  to  be  brought  into  immediate 
contact  by  means  of  the  hammer  in  forgii^  anchors  upon  the  old  constraction,  render  il 
highly  probable  thai  faulty  places  may  be  left  within  the  mass,  though  they  be  externallr 
imperceptible.  Mr.  Piper's  leading  principle  was,  that  the  fibre  of  the  metal  should  run 
nearly  straight  in  all  the  parts  where  strength  is  particularly  required. 

Fig.  14  shows  an  anchor  with  one  tiunbling  flnke,  which 
passes  throi^h  the  forked  or  branched  part  of  the  shank.  Tho 
lower  part  ojf  this  anchor,  answering  to  the  crown,  has  a  spin- 
dle through  it,  upon  which  the  fluke  turns,  and  a  pin  is  there 
introduced  for  the  purpose  of  confining  the  fltdte  when  in  a 
holding  position.  This  shank  is  formed  of  a  solid  piece  of 
wrought  iron,  the  fibres  of  which  run  stra^hl,  and  at  the 
crown  holes  are  pierced,  which  merely  bulge  the  metal  without 
bending  the  fibres  round  so  as  to  strain  them.  The  arm  and 
fluke,  also,  are  formed  of  one  piece  punched  through  wiihoat 
curling  or  dossing  the  fibre,  and  the  spindle  which  holds  the 
arm  to  the  crown  is  likewise  straight.  This  spindle  extends  some  distance  on  each  side 
af  the  anchor,  and  is  intended  lo  answer  the  purpose  of  a  stock ;  for  when  either  of  the 
ends  of  the  spindle  comes  in  contact  with  the  ground,  the  anchor  will  be  thrown  over 
into  a  holding  position;  or  an  iron  stock  may  be  introduced  near  the  shackle,  instead  of 
these  projecting  ends.  In  the  descent  of  the  anchor,  the  fluke  will  fall  over  towards 
that  side  which  is  nearest  Ihe  ground,  and  wiU  there  l>e  ready  to  take  hold  when  the 
is  drawn  forward. 

Fig  15  IS  another  anchor  upon  the  same  principle,  hat 
sAghtlj  lanrd  m  form  fiom  tli*  h  t  In  this  the  forked  pait 
of  the  shink  is  closer  thin  in  the  iormer  and  there  are  two 
arms  or  flukes  connected  to  the  crown  pieces,  one  of  wh  ch  ( ilK 
into  its  holding  position  as  the  anchor  comes  to  the  triiml, 
and  is  held  at  its  proper  an^le  bj  the  other  flidie  stopping 
against  the  shank 

Fig.  I'l  represents  another  variation  m  the  form  tl  these 
iinproT  i  anchors,  having  two  tumbling  flutes,  which  are  b-nh 
intended  lo  lake  hold  of  the  ground  at  the  same  tune  1  he 
IS  before,  made  without  crossing  the  crain  of  the  iron,  and  the  ejes  (or 
udmilting  the  bolt  at  the  crown  and  at  the  shackle  are  punched  out  of  the  solid,  not 
foimed  by  weMina  or  turning  the  iron  round.  In  this  form  a  guard  is  introduced  at 
the  crown,  to  answer  Ibe  purpose  of  a  stock,  by  turning  the  flukes  over  into  a  hoidine 
IS  and  flukes  are  made,  as  before  described,  of  the  straight  fibre  of 


sliank  is 


s,  which  passes  tl 


.e  spindle, 

:igbt  throughout!  the  guard 


(losition.  The  arms  and  Hiikes  are  made,  as  beJore  a 
ibe  iron  pnnched  through,  and  the  flukes  are  fixed  tc 
(be  crown-piece. 

Fig.  17  has  a  shank  without  any  fork,  but  formed  s      „ 
here  is  an  elongated  fran.e  of  iron,  for  the  same  purpose  as  a  stock,  and  is,  wmi   lao 
tumbling  flukes,  fastened  lo  the  spindle,  which  passes  through  the  crown  of  the  anchor, 
and  causes  the  flukes  to  fall  into  their  holding  position. 

The  principles  of  these  new  anchors  are  considered  to  consist  in  shanlis  which  are 
made  ofstra^hl  lengths  of  metJil,  and  flnished  so  that  the  fibres  of  the  iron  shall  not  be 
injured  by  cross-shuts  or  uncertain  welding ;  also  each  arm  and  pahn  is  made  in  one 
solid  piece,  and  finished  in  straight  lines,  so  that  the  fibres  will  not  be  altered,  and  the 
shiift-pin  or  spindle  will  also  be  in  one  straight  linei  and  this  is  the  unprovement 
claimed.    These  anchors,  being  made  in  separate  pieces,  give  a  great  advantage  to  the 
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workman  lo  execute  each  pari  perfectly ;  for  lie  will  not  have  such  heary  weights  to  lift 
when  hot,  which  will  render  these  anchors  much  stronger,  with  less  weight;  and  if  an* 
accident  should  happen  to  ihem,  any  part  may  be  (alien  sepowile  from  the  others  to  be 
repaired,  and  several  of  these  parts  of  the  anchor  which  may  be  likely  to  breah  may  be 
cariiedonboard,  in  case  of  accident.  This  anchor  is  so  conlrived  that  one  of  thirty 
bundled  weight  may  be  taken  to  pieces  and  pul  together  again,  by  tint  man,  in  twenty 
il  may  also  be  dismounted,  and  slowed  in  any  pari  of  the  ship,  in  asliltte  room 
'bars  of  iron,  and  speedily  pul  together  again. 

The  anchor  (Jig,  18)  patenleil  by  Mr.  Brunlon,  in  February, 
1822,  has  its  stock  introduced  at  the  crown  part,  for  the  purpose 
of  turning  it  orer  into  a  holding  position.  The  shank  is  perfoia- 
ted  through  Ihe  solid,  in  Iwo  places,  with  elliptical  apertures,  for 
the  purpose  of  givii^  ii  a  greater  stability,  and  more  effectually 
resistir^  the  strain  to  which  ihe  anchor  may  be  subjected.  The 
Block  is  a  cylindrical  iron  rod,  held  at  its  extremities  by  lateral 
braces,  which  are  bolted  to  the  shank. 
i'ig.  18  ehows  the  form  of  the  anchor.  The  shank  is  seen 
upright,  with  one  of  the  flukes  projecting  in  its  front ;  the  horizontal  iron  stock  is  al 
bollom  ;  and  the  oblique  braces  are  bolted  lo  both  shank  and  stock.  The  ends  of  the 
stiick,  from  Ihe  shoulder,  are  formed  dove-lniled,  and  oval  in  (he  vertical  direction,  and 
~  are  protruded  through  apertares  in  the  bra- 

ces, also  oval,  but  in  the  horizontal  direction, 
and  counter  sunk.  When  the  ends  of  the 
Slock  have  been  thus  introduced  through  the 
holes,  the  braces  are  securely  boiled  to  the 
shank,  the  ends  of  the  stock  are  then  spread, 
by  hammering  into  Ihe  counter-sunk  holes 
of  the  braces,  and  by  tliat  means  they  are 
ma<le  lirm. 

An  anchor  of  this  description  is  consider- 
ed by  Ihe  palentee  to  possess  considerable 
advantasre,  particularly  in  point  of  stability, 
over  Ihe  ordinary  constmclion  of  anchors, 
and  is  economical,  inasmuch  as  a  less  wei);1it 
of  metal  will  give,  upon  this  plan,  an  equal 
degree  of  strenglh. 

An  ingenious  form  of  anchor  was  made 
Ihe  subject  of  a  patent,  by  Lientenanl  Roilg- 
ers,  of  the  Royal  Navj',  in  1828,  and  wis 
afterwards  modified  by  him  in  a  second  pa- 
tent,  oblnined  in  August,  L829,  The  whole 
of  the  parts  of  Ihe  anchor  are  to  be  bound 
ti^lher  by  means  of  iron  bands  or  hcopa, 
in  piace  of  bolts  or  pins. 

Fig.  IS   is  a  side   view  of  a  complete 

anchor,    (brmed    upon    his    last    improved 

construction,   and  fig.   SO,    a    plan    of    the 

■;  fie.  21,   an  end  view  of  the  c 


and   flukes, 


i    fig-    23 


n  piece  is  to  be  welded  li 
end  I  at  the  centre  piece  kk,  ai  ' 
flukes,  Previoasly,  however,  I 
crown  and  throat  of  the  anchor 


a,    a,    of 
which  the 

0  the  Etump  piece,  e,  i^  fig.  23,  as  well  as  to  Ihe 
I  me  scarfk  m  ?n  are  to  b*  cot  to  receive  the  arras  or 
I  uniting  the  arras  or  flukes  with  the  stnmp  arms,  the 
ire  to  be  strengthened,  by  the  application  of  Ihe  crown 
n  11,  fig.  23,  which  are  to  be  welded  upon  each  side  of  the  crown,  overlapping  llie 
end  o(  Ihe  pillar  k,  and  the  throat  or  knees  of  Ihe  slump  arms  and  the  crown  piece.  The 
stump  arms  are  then  lo  be  strenirthened  in  a  similar  manner,  by  Ihe  Ihin  flat  pieces  p  p, 
which  are  lo  be  welded  upon  each  side.  The  palms  are  united  to  ihe  flitkes  in  Ihe 
usual  way,  and  the  flukes  are  also  united  to  Ihe  stump  arms  by  means  of  the  long  scarfs 
m  m.  When  (he  shaak  of  the  anchor  has  been  ihus  formed,  and  Qnited  with  the  flukes, 
the  anchor  smith's  work  may  be  said  lo  be  complete. 

Another  of  (he  improvements  in  the  constmclion  of  anchors,  claimed  under  this 
patent,  consists  in  a  new  method  of  affixing;  (he  stock  upon  Ihe  shank  of  the  anchor, 
whicii  is  effected  in  Ihe  following  manner  :  in  fig.  20,  the  stock  is  shown  atfiired  to  the 
anchor  ;  in  fig.  23  It  is  shown  deiached.    It  may  be  rriade  either  of  one  or  two  piecei 
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of  timber,  ns  may  be  found  most  convenient.  It  is,  hon-ever,  to  be  observed,  (hat  tbt 
Btoolt  is  to  be  completed  before  fitting  on  ta  the  sliank.  After  the  etouli  is  shaped,  p 
hole  is  to  be  made  through  the  middle  of  it,  to  fit  that  part  of  tbe  siianli  t«  which  it  ii 
to  be  silixeil.  Two  stock  plates  are  then  to  be  let  in,  one  on  each  side  of  tlio  stock, 
and  made  fast  by  counter  sunk  nails  and  straps,  or  Iioops;  other  straps  or  hoops  ol 
iron  are  also  to  be  placed  round  the  stoek,  as  usual. 

In  place  of  nuti,  formed  upon  the  shank  of  the  anchor,  it  is  proposed  to  secure  the 
stook  by  means  of  a  hoop  and  a  key,  shown  above  and  below  i,  luAg.  20.  By  this 
contrivance,  the  aUiek  is  prevented  h'om  gola^  nearer  t«  the  crown  of  the  anchor  than 
it  ought  to  do,  and  the  key  prevents  it  from  hiding  towiwda  the  shaekle. 

Since  fitting  the  stook  to  the  shank  of  nn  anchor,  by  thia  method,  prevents  the  use 
of  a  ring,  as  in  the  ordinary  manner,  the  patentee  says  that  he  in  all  oases  snbstitutea 
a  shackle  for  tfie  ring,  and  which  is  all  that  is  required,  for  a  chain  cible;  but.  when 
a  hempen  cable  ia  to  be  used,  lie  connects  a  ring  to  the  usual  shackle,  by  means  of  a 
joining  shackle,  as  in_^s.  la  and  20. 

Mr.  Rodgers  proposes  under  another  patent^  dated  July,  1833,  to  alter  the  sizeand 
form  of  the  paims  ;  having  found  from  experience  that  anchors  witli  small  palms  wiil 
not  only  hold  better  than  with  largeones,  but  thatthearma  of  the  anchor,  even  wilh 
out  any  palmi^  have  beeo  found  M  take  more  secure  hold  of  the  ground  then  anchors 
of  the  old  construction,  of  similar  weight  and  length.  He  has,  accordingly,  fiied 
upon  one-fifth  of  the  length  of  the  arm,  as  a  suttabie  proportion  for  the  length  or 
depth  of  the  palm.    He  makes  the  palma,  also,  broader  than  tjiey  are  loug  or  deep. 

ANILINE.  An  organic  compound,  which  may  be  procured  in  several  ways :  I, 
when  isatine  (see  Iswao)  is  fused  with  solid  hydrate  of  potash ;  2,  when  to  an 
alcoholic  solatJonof  ben^nea  little  due  and  muriatic  acid  is  added:  but  It  is  obtained 
best  from  coal  tar,  which  ia  to  be  distilled  in  a,  large  iron  retort,  and  tbe  successive 
products  to  be  separately  received,  especially  the  latter  and  denser  ones.  Tliis  heavy 
tar-oil  is  to  be  strongly  agitated  along  with  muriatic  acid  Id  a  gloss  globe.  The  acid 
solution  contains  the  aniline,  which,  being  of  an  alkaline  nature,  is  called  a  volatile 
base.  It  must  be  subjected  to  an  operose  process  of  purification,  with  milk  of  lime, 
Ac,  too  complex:  to  be  detailed  here,  as  no  useful  application  of  it  in  the  arts  has 
hitherto  been  made.  Br.  Hofmann  has  written  many  elaborate  papers  upon  aniline, 
and  its  saline  combinations. 

AKIME.  A  resin  of  a  pale  brown  yellow  color,  transparent  and  brittle.  It 
exudes  from  the  courbaril  of  CB,yenne,  a  tree  which  grows  also  in  various  parts  of 
South  America.  It  occars  in  pieces  of  various  sizes,  and  it  often  contains  so  many 
insects  belonging  to  living  species,  as  to  have  merited  ita  name,  as  being  animated. 
It  contains  about  a  ^th  of  one  pei'  cent,  of  a  volatile  oil,  which  gives  it  an  agreeable 
odor.  Alcohol  does  not  dissolve  the  genuine  anim^  as  I  have  ascertained  by  care- 
ful experiments;  nor  does  cooutchoneine,  but  a  mixture  of  the  two,  in  equal  parts, 
softens  it  into  a  tremulous  jelly,  though  it  will  not  produce  a  liquid  solution.  When 
reduced  to  this  state,  (he  insects  can  be  easily  picked  out,  without  injury  to  their 
most  delicate  parfo. 

The  specific  gravity  of  tie  different  specimens  of  anim^  which  I  tried  varied  from 
1054  to  1'05'7.  Wlien  exposed  to  heat,  id  a  glass  retort  over  a  spirit  flame,  it  soften^ 
and,  by  careful  management^  It  may  be  brought  into  liquid  fusion,  without  discoloura- 
tion. It  then  exhales  a  few  white  vapore,  of  an  ombroaiacal  odor,  which  being 
condensed  in  water,  and  the  liquid  being  tested,  is  found  to  be  succinic  acid. 
Aulhor. 

It  ia  extensively  used  by  the  vamish-makers,  who  fuse  it  at  a  pretty  high  heat,  and 
in  this  state  combine  it  with  their  oils  or  other  varnishes. 

ANEEK.    A  liquid  measure  of  Amsterdam,  which  contains  S3  gallons  English. 

ANNEALING  or  NEALING.  (ie  reemt,  Fr. ;  das  anlasaen.  Germ.)  A  process 
by  which  gloss  is  rendered  less  Irangible;  and  metals,  which  have  become  brittle, 
either  in  consequence  of  fusion  or  long-continued  hammering,  are  i^in  rendered 
malleable.  When  a  glass  vessel  is  allowed  to  cool  immediately  after  being  made, 
it  will  often  sustain  the  shock  of  a  plstol-buUet^  or  any  other  blunt  body  falling 
into  it  from  a  considerable  height  (  while  a  small  splinter  of  flint,  or  a,a  angulai 
fragment  of  quartz,  dropped  gently  into  it^  mokes  it  aometimea  immediately,  some- 
times after  a  few  minutes,  fiy  to  pieces  with  great  violence.  This  extreme  fragility 
is  prevented  by  annealing,  or  placing  the  vessels  in  an  oven  where  they  take 
several  hours  or  even  some  days  to  cool.  Similar  phenomena  are  exhibited  in  a 
higher  degree  by  glass-tears,  orFrinoe  Knpert's  drops.  They  are  procured  by  letting 
drops  of  melted  glass  fall  into  cold  water.  Their  form  rcsemblea  that  of  a  pear, 
rounded  at  one  extremity,  and  tapering  to  a  very  slender  tail  at  the  other.  If  a 
part  of  the  tail  bo  broken  off,  the  whole  drop  fiies  to  pieces  with  a  loud  exploaion ; 
audyel  the  tailof  a  drop  may  be  cut  away  by  a  glaas-cutter's  wheel,  or  the  thick  end 
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may  be  struck  »Jiartly  wilh  a  hammer,  without  the  rem  of  suslalning;  any  injnry.  When 
healed  to  redness,  and  permitted  to  euol  gradually  in  the  open  air,  tlie.y  Jose  these  pecu- 
liarilies,  and  do  not  differ  sensibly  from  common  glass. 

The  properties  of  nnannealed  glass  depend  on  a  pecniiac  structure,  extendins  uni- 
formly through  its  whole  substance  ;  and  the  bursting  of  a  glass  drop  hy  brcRking  off 
the  tail,  or  of  an  unannealed  glass  vessel,  by  dropping  a  piece  of  flint  into  it,  arises  from 
a  crack  heing  thus  be»un,  which  afterwards  extends  its  ramifications  in  different  direc- 
tions throughout  the  glass- 
When  metals  have  been  extended  to  a  certain  degree  under  the  hammer,  they  become 
britlle,  and  incapable  of  being  further  extended  without  cracking.  In  this  case  the 
workmnn  restores  Iheir  malleahility  by  annealing,  or  heating  Ihem  red-hol.  The 
rationale  of  this  process  seems  to  he,  that  the  hammering  and  extension  of  the  metal 
destroy  the  kind  of  arrangement  which  the  particles  of  the  metal  had  previous  to  the  ham- 
mering; and  that  the  annealing,  by  softening  the  metal,  enables  it  to  recover  its  original 


Of  lale  years  a  mode  has  been  discoverai  of  rendering  cast  iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  The  process  is  somewhat  similar' to  that  em- 
ployed in  annealing  glass.  The  metal  is  kept  for  several  hours  at  a  temperature  a  little 
below  its  fusing  point,  and  then  flowed  to  cool  slowly.  In  this  manner  vessels  are 
madeof  cast  iron  which  can  sustain  considerable  violence,  without  being  broken.  See 
Steel,  softening  of. 

ANNOTTO.  (Roam,  or  roucou,  Fr. ;  orleani.  Germ.)  A  somewhat  dry  and  hard  paste, 
brown  without,  and  red  within.  It  is  usually  imported  in  cakes  of  two  or  three  pounds 
weisht,  wrapped  up  in  leaves  of  large  reeds,  packed  in  casks,  from  America,  where  it  is 
prepared  from  the  seeds  of  a  certain  tree,  the  bica  orellana,  of  Linntens. 

The  pods  of  [he  tree  being  gathered,  their  seeds  are  taken  out  and  bruised ;  they  are 
then  transferred  to  a  vat,  which  is  called  the  sleeper,  where  they  are  mixed  with  as  much 
water  as  covets  Ihcm.  Here  the  substance  is  left  for  several  weeks,  or  even  months ; 
it  is  now  squeezed  throngh  sieves  placed  above  the  steeper,  that  the  water  containing 
the  coloring  matter  in  suspension  may  return  into  the  vat.  The  residnmn  is  preserved 
under  the  leaves  of  the  anana  (pine-apple)  tree,  tOI  it  becomes  hot  by  fermentation.  It 
is  again  subjected  to  the  sazne  operation,  and  this  treatment  is  conljnned  till  no  more 

The  substance  thus  extracted  is  passed  through  sieves,  in  order  to  separate  the 
remainder  of  the  seeds,  and  the  color  is  allowed  to  subside.  The  precipitate  is  boiled 
in  coppers  till  it  be  reduced  to  a  consistent  paste ;  it  is  then  suffered  to  cool,  and  dried  ir. 
the  shade. 

Instead  of  this  long  and  painful  labor,  which  occasions  diseases  by  the  putrefaction  in- 
lueed,  and  which  affords  a  spoiled  product,  Leblond  proposes  simply  to  wash  the  seeds  ot 
innotlo  till  they  .be  entirely  deprived  of  their  color,  which  lies  wholly  on  their  surface ; 
to  precipitate  the  color  by  means  of  vinegar  or  lemon  jtiice,  and  to  boU  it  up  in  the  ordi- 
iiary  manner,  or  to  drain  it  in  bags,  as  is  practised  with  mdigo. 

The  experiments  which  Vauquelin  made  on  the  seeds  of  annotto  imported  by  Leblond, 
confirmed  the  efficacy  of  the  process  which  he  proposed;  and  the  dyers  ascertained  that 
the  annotto  obtainc  i  in  this  manner  was  worth  at  least  four  times  more  than  that  of  com- 
merce ;  that,  moreover,  it  was  more  easily  employed ;  that  it  required  less  solvent ;  that 
it  gave  less  trouble  in  the  copper,  and  furnished  a  purer  color. 

Annolto  dissolves  better  and  more  readily  in  alcohol  than  in  water,  when  it  is  intro- 
duced into  the  yellow  varnishes  for  communicating  an  orange  tint. 

The  decoction  of  annotto  in  water  has  a  strong  peculiar  odor,  and  a  disagreeable 
(aste.  Its  color  is  yellowish- red,  and  it  remains  a  little  turbid.  An  alkaline  solution 
renders  its  orange-yejlovr  clearer  and  more  agreeable,  white  a  small  quantity  of  a  whitish 
substance  is  separated  from  it,  which  remains  suspended  in  the  liquid.  If  annotto  be 
boiled      w  w  all  s  much  better  than  when  alone,  and  the 

liquid  1 

The 
which      mm      ca  d 

Whe  wa  s  mixed  witn  alkali,  which  facilitates  its 

solulio  g  CO  to  red.    The  annotto  is  cut  in  pieces,  and 

boiled  CO         w  wn  weight  of  crude  peart  ashes,  [ffovided 

the  shade  wanted  do  not  reqmre  le.s  Wa  i.  be  cloths  may  be  thereafter  dyed  in  this 
bath,  either  by  these  ingredients  aione,  or  by  adding  others  to  modify  the  color;  but  an- 
Irotto  is  seldom  used  for  woollen,  because  the  colors  which  it  gives  are  too  fugitive,  and 
may  be  obtained  by  more  permanent  dyes.  Hellot  employed  it  to  dye  a  stuff,  prepared 
with  alum  and  tartars  but  the  color  acquired  had  litllfi  permanence.  It  is  almojl  soldi) 
used  fo'  silks. 
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For  silks  intended  to  become  aurora  and  orange,  it  is  sufficient  to  seour  them  at  the 
rate  of  20  per  cent,  of  soap.  When  ihey  haife  been  well  cleansed,  they  are  immei&ed 
in  a  balh  prepared  wilh  water,  ti)  winch  is  added  a  quantity  of  alkaline  solution  of  am 
notlo,  more  or  less  considerable  according  to  the  shade  thai  may  be  wanted.  This  bath 
should  have  a  mean  lemperatiire,  between  that  of  tepid  and  boiling  water. 

When  the  sillc  has  became  uniform,  one  of  the  hanks  is  taken  out,  washed,  and  wrung. 
Id  see  ii  the  color  be  snSiciently  full  {  if  it  be  not  so,  more  Eolution  of  annotto  is  added, 
am)  the  silk  is  turned  again  round  The  slicks  :  the  solution  keeps  without  alteration. 

When  (he  desired  shade  is  obtnined,  nothini;  remains  but  lo  wash  the  silk,  and  give  it 
two  beetlinss  at  the  river,  in  order  lo  free  it  from  the  redundant  annotto,  which  mould 
injure  the  lustre  of  the  color. 

When  raw  silks  are  lo  be  dyed,  those  naturally  while  are  chosen,  and  dyed  in  the  an- 
notto balh,  which  shbuld  not  be  more  than  tepid,  or  even  cold,  in  order  that  the  alkali 
may  not  attack  Ihe  gum  of  the  silk,  and  deprive  it  of  the  elasticity  which  it  is  desirable 
for  it  to  preserve. 

What  has  been  now  said  regards  the  sillts  to  which  the  ajiorasl.iiiesareto  lo  be  giten; 
b-'l  to  make  an  orange  hue,  which  containB  more  red  than  the  avrora,  it  is  requisile, 
aflb,  dyeing  wilh  annotto,  to  redden  the  silks  wilh  vinegar,  alum,  or  lemon  juice.  The 
acid,  by  saturating  the  alkali  employed  lor  dissolving  the  annotto,  destroys  the  shade  of 
yellow  that  the  alkali  had  given,  and  restores  it  to  ils  aatuzal  color,  which  inclines  a 
good  deal  to  red. 

For  the  deep  shades,  Ihe  practice  at  Paris,  as  Macq'jcr  informs  us,  is  lo  pass  the  silks 
through  alum;  and  if  Ihe  color  be  not  red  enough,  they  are  passed  through  a  faint  bath 
of  brazil  wood.  At  Lyons,  Ihe  dyers  who  use  carthamus,  sometimes  employ  old  btths 
of  this  ingredient  for  dipping  the  deep  oranges. 

When  the  orange  hues  have  lieen  reddened  by  alum,  they  rousl  be  washed  at  the  river; 
but  it  is  not  necessary  to  beetle  them,  unless  Ihe  color  turns  out  too  red. 

Shades  may  he  obtained  also  by  a  single  operalion,  which  retain  a  reddish  tint,  cm- 
ploying  for  the  annotto  balh  a  le^s  proportion  of  alkali  than  has  been  pointed  out, 

Guhliche  recommends  to  avoid  heat  in  Ihe  preparation  of  annotto.  Redirects  it  to  be 
placed  in  a  glass  vessel,  or  in  a  glazed  earthen  one;  lo  cover  il  wilh  a  solution  of  pure 
alkali ;  to  leave  Ihe  mixture  at  rest  for  24  hours ;  to  decant  the  lii^uor,  Ultei'  it,  and  add 
water  repeal edly  10  the  residuum,  leaving  the  mixture  each  time  at  rest  for  two  or  Ihiee 
days,  till  Ihe  water  is  no  longer  colored;  to  mix  all  these  liquors,  and  preserve  ihe  whole 
for  use  in  a  well-stopped  vessel. 

He  macerates  the  silk  for  12  hours  In  a  solution  of  alum,  at  Ihe  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in  a  water  rendered  acidulous  by  the  aceto-cittic  acid 
above  described ;  and  he  wrings  il  well  on  ils  coming  out  of  this  t>ath. 

Silk  thus  prepared  is  put  into  the  annotto  bath  quite  cold.  It  is  kept  in  agitation 
there  till  it  has  taken  the  shade  sought  for ;  or  (he  liquor  may  be  maintained  ai  a  heat 
far  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  lo  be  washed  and  dried 
in  (he  shade. 

For  lighter  hues,  a  liquor  less  charged  witli  color  is  taken  ;  and  a  liltle  of  the  acid 
liquid  wliich  has  served  for  (he  mordant  may  be  added,  or  (he  dyed  silk  may  be  passed 
through  the  acidulous  water. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet ; — one  part  of 
quicklime,  one  of  potash,  twa  of  soda. 

Of  these  a  ley  is  formed,  in  which  one  part  of  annotto  is  dissolved ;  and  the  mixture 
is  boiled  for  an  hour  and  a  half.  This  bath  affords  the  liveliest  and  most  brilliant  aurtr- 
ras.  The  bu ''(chamois)  fugilive  dye  is  also  oblained  wilh  this  solution.  For  [his  pur- 
pose only  a  lili.e  is  wanted ;  hul  we  must  never  forget,  that  the  colors  arising  from  an- 
notto are  all  fugilive. 

Dr.  John  found  in  the  pulp  surrounding  the  unfcrmented  fresh  seeds,  which  are  about 
the  size  of  liltle  peas,  28  parts  of  coloring  resinous  matter,  26-5  of  vegetable  gluten,  2ft 
of  ligneous  fibre,  20  of  coloring  eiiraclive  matter,  4  formed  of  matters  analogous  to  vege- 
table gluten  and  extractive,  and  a  trace  of  spicy  and  acid  matters. 

The  trloucestershire  cheese  is  colored  wilh  annnlto,  in  the  proportion  of  one  cwt.  to 
an  ounce  of  Ihe  dye. 

When  used  in  calico-printing,  it  is  usually  mixed  with  potash  or  ammonia  and  starch. 

Il  is  an  appropriate  substance  for  tinging  varnishes,  oils,  spirits,  &c. 

The  following  statement  gives  an  account  of  the  quantities  imported  and  exportca 
with  the  nett  revenue,  duiing  the  following  years: — 

1841.  1842.  1843.  1844. 

(Juantitiea  imported      ....        cwt.    — —        2319        3271        3494 

Quantities  exported  .        .        ,         .     cwt.     513  329  807 

Retained  for  conBumption     .        .        .        cwt.     — —        3197        S347        2689 
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A>THKACriX  from  wSpo^  coal,  Ja  a  species  of  coal  found  in  the  transition  roet 
tormatkin,  and  is  often  called  atoiie  coaL  It  has  a  grayish  black,  or  iron  black  color, 
an  iiii[>erfeotly  metallic  lustre,  oonchoiJal  fracture,  and  a  speoifie  gravity  of  from  1-4  to 
I'fl,  being,  therefore,  mneh  denser  tlian  the  coal  of  the  proper  coal  measures.  It  con- 
sists wholly  of  carbon,  with  a  small  and  variable  proportion  of  iion,  silica,  and  alumina. 
It  is  diflJEult  to  kindle  ia  separate  masses,  and  burns  when  in  heaps  or  grates  without 
smell  or  smoke,  leaving  sometimes  an  earthy  residuum.  It  has  been  TiUle  explored 
or  worked  in  the  old  world ;  but  ia  extenaively  used  in  the  United  States  of  America, 
and  has  become  of  lute  years  a  most  valuable  mineral  to  that  country,  where  it  is  burned 
in  peculiar  grates,  adapted  to  its  difficult  combustion.  In  Pensylvanio,  the  antliracite 
coal  formation  has  been  traced  through  a  tract  many  miles  in  width,  and  extending 
across  the  two  entire  couuties  of  Luzerne  and  Schuylkill  At  Mauch  Chunk,  upon 
tlie  Lehigh,  800  men  were  employed  so  far  back  as  1325,  inditing  this  coal.  In  that 
year  750,000  bushels  were  dispatched  for  Philadelphia.  It  is  worked  there  with  little 
cost  or  labor,  being  situated  on  hills  from  300  to  600  feet  above  the  level  of  the  neighbor- 
ing rivers  and  canals,  and  existing  in  nearly  horizontal  beds,  of  from  ]  S  to  40  feet  in  thick- 
ness, covered  by  only  a  few  feet  of  gravelly  loam.  At  Portsmouth,  in  Rhode  Island, 
aa  e.vtensive  stratum  of  this  coal  has  been  worked,  with  some  intcrn^jftions,  for  20 
years ;  and  more  reoentlv  a  mine  of  anthracite  has  been  opened  at  Worcester,  in  Mas- 
sachusetts, at  tlie  head  of  the  Blacfcstone  caoaL  It  bosbeen  of  late  employed  in  South 
AVales  for  smelting  iron,  and  in  a  cupola  blast  furnace. 

ANTIGUOGLEll.  A  small  syphon  of  mejjil,  which  is  inserted  into  the  mouths  o( 
casks,  or  large  bottles,  called  carboys,  to  admit  air  over  the  liquor  contained  in  them, 
and  thus  to  raciUtate  their  being  emptied  without  agitation  or  a  guggling  noise. 

ANTIMONY.  (Antimoins,  Fr. ;  SpUtsglam,  orSpiessglaii,  Gie.)  The  only  ore  of  this 
metal  found  in  snmcient  abundance  to  be  smelted  is  the  suipharet,  formerly  colled  crude 
antimony.  It  occurs  generally  in  masses,  consisting  of  needles  closely  ^gregated,  of  a 
metallic  lustre;  a  lead.^i'ay  color,  inclining  to  steel-gray,  which  is  unchanged  in  the 
streak.  The  needles  are  extremely  brittle,  and  meltevenintheflameof  a  candle,  with 
the  exhalation  of  a  sulphureous  smell.  The  powder  of  this  sulphuret  is  very  black,  and 
wasemployedby  women  in  ancient  times  to  stain  their  eyebrows  and  eyelids.  This  ore 
consists  in  100  parts  of  72-86  metal, and  27-14  sulf.hur.  Specific  gravity  from 4.18  to4-6. 
The  veins  of  salpburet  of  antimony  occur  associated  with  gangaes  of  quartz,  sulphate 
of  barytes,  and  cai'bonate  of  lime;  thoseofAllcmont  occur  in  tie  numerous  fissures  of 
a  mica  schist,  evidently  primitive.  Of  late  years  very  productive  mines  of  antimony 
have  been  fonnd  in  Borneo,  which  have  furnished  great  importations  to  this  country. 
In  treating  the  ore  to  obtain  the  metal,  the  first  object  is  to  separate  the  gangue, 
which  was  formerly  done  by  filling  crucibles  with  the  mixed  matwialg,  placing  them 
on  the  hearth  of  an  oven,  and  expodng  them  to  a  moderate  heat.  As  the  sulphuret 
easily  melts,  it  ran  out  through  a  hole  in  the  bottom  of  the  crucible  into  a  pot  placed 
beneath,  and  out  of  the  reach  of  the  fire.  But  the  great  loss  fi-om  breakage  of  the 
crucibles  has  caused  another  method  to  be  adopted.  In  this  the  broken  ore,  being 
sorted,  is  laid  on  the  bottom  of  a  concave  reverberatory  heartli,  wherere  it  is  reduced. 
Figs.  34,  25,  reprisent  a  wind  or  flame  fomaoe,  for  the  reduction  of  antimony.    The 

'"' '      hearth  ia  formed  of  sand  and 

clay  solidly  beat  togethei', 
and  slopes  from  all  sides  to- 
wai^ds  the  middle,  where  it 
IS  connected  witli  theoriiica 
<(,whii.hiacloBedwith  dense 
coal  Bslies ;  b  is  the  air  chan- 
nel Tip  through  the  bridge ; 
e  the  door  for  introducing 
,he  prepared  ori;,  and  runnmg  off  the  slags ,  d,  the  bridge ,  e,  the  grate ;  /,  the  fire  or  fuel- 
door;  ji,  the  chimney.  With  2  or  3  cwt.  of  ore,  Ihesmeltingproccfisiscompletedinfrom 
8  to  10  hours.  Themetal  thus  obtained  is  not  pure  enough,  but  must  be  fused  under  coal 
dusf,  in  portions  of  20  or  SO  pounds,  in  erucibles  placed  upon  a  reverberatory  hearth. 
To  obtain  antimony  free  from  iron,  it  should  be  fused  with  some  antimonio  oride 
in  a  crucible,  whereby  the  iron  is  osidized  and  sepn rated.  The  pi-esenceof  arsenic  in 
ontimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  alloy  when  heated  nt  the 
blow-pipe;  or,  better,  by  Igniting  it  with  nitre  in  a  crucible;  in  which  case  insoluble 
nntimonite  and  antimoniate  of  potash  will  be  foimed  along  with  soluble  arseniate, 
Wnter  digested  upon  the  mixture,  filtered,  and  then  tested  with  nitrate  of  silver,  will 
offoi-d  the  brown-red  precipitate  characteristic  of  arsenic  acid, 

Aoiording  to  Berthier,  the  following  materials  afford,  in  smelting,  an  excellent  pro- 
duct of  antimony :  100  parts  of  sulphuret;  60  of  hammersohlag  (protoxide  of  iron  from 
the  shingling  or  rolling  mi!(s);  45  to  60  of  carbonate  of  soda;  and  10 of  charcoal  pow- 
der. From  66  to  70parts  of  metallic  antimony  or  regulua  should  be  dbtainod,   Glaubei 
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salts  may  be  used  BdvantagHou'ly  instead  of  soda.  Another  formula  ia  100  parts  «1 
siiiphiiret  of  antimony;  42  of  nifitsllio  iron,  and  10  of  dry  flulphate  of  soda.  The  prn 
duct  thence  is  said  ti)  be  from  60  lo  64  parts  of  metai 

In  the  works  wherffantimonial  oresiire  smelted,  by  means  of  tartar  (argol),  the  alka- 
line seiiriiB,  whieh  cover  the  inetallie  ingots,  are  not  rejaoted  as  useless,  for  they  hold 
a  certain  quantity  of  nntimonial  oxjde  in  combination ;  a  property  of  the  potash  flux, 
whieh  is  propitious  to  the  purity  of  the  metal.  These  sooriie,  oonsisting  of  aulpliuiel 
of  potaseiamand  aotimonite  of  potash,  being  treated  with  water,  undergo  a  reciprocal 
decomposition ;  the  elemants  of  the  water  act  on  those  of  the  sulphuref^  and  the  re- 
sulting alkaline  hydrO'Sulphnret  re-aets  on  the  nntimonial  solution,  bo  as  to  form  a 
species  of  kermes  mineral,  whieh  precipitates.  This  is  dried,  and  sold  at  a  low  price  as 
a  veterinary  medioine,  nnder  the  name  of  kentMf,  by  the  dry  way. 

Metallic  antimony,  as  obtained  by  the  preoeding  proeess,  is  the  antimony  of  com- 
merce, but  is  not  absolutely  jiure;  containitig  trequently  mioute  portions  of  iron,  lead, 
and  even  arsfnio;  the  detection  and  sepiiration  of  which  belt  ng  to  the  sciences  of  che- 
mistry and  pharmacy ;  but  considerable  purity  may  be  seonred  by  fusing  the  metal, 
mixed  with  ft  little  ofitssuiplraret  and  some  carbonate  of  soda,  repeatedly  in  acrnciliJe 
From  100  parts  of  the  impure  metal  in  this  way  S4  of  pure  antimony  are  obtained. 
The  addition  of  snlpliuret  serves  the  purpose,  making  fluid  eompfunds  of  the  sul- 

phurats  of  iron,  arsenic,  and  copper,  with  tile  soda.     Wohlor  purifies  acymony 

pletely  from  are"  '"'"''"  '  ^  .  i-  a  «.   .   .^..     ......    ..- ., 

ore  with  12  of  i 
then  smelts  the 
rated  only  by  the  humiif  analysis. 

Antimony  is  a  brittle  metal,  of  a  silvery  white  color,  with  a  tinge  of  blue,  a  lamellar 
texture,  and  crystalline  fracture.  When  heated  at  the  blow-pipe,  it  melts  with  great 
readiness,  and  diffuses  white  vapors,  possessing  somewhat  of  a  garlic  smell.  If  thrown 
in  this  melted  stat«  on  a  sheet  of  flat  paper,  the  globule  sparkles  and  bursts  into  a 
multitude  of  small  spheroid^  which  I'etain  their  inoandeseenee  for  a  long  time,  and 
run  aboat  on  the  paper,  leaving  traces  of  the  white  oxide  produced  during  the  com- 
bustion. When  tliia  oxide  is  fused  with  borai;  or  other  viu*efyins  matter,  it  imparts 
a  yellow  color  to  it.  Metallic  antimoDV,  treated  with  hot  nitric  aeid  in  a  concentrated 
state,  is  converted  into  a  powder,  called  antjmonious  acid,  whieh  is  altogether  insoluble 
in  the  ordinary  acid  menstrua;  a  property  by  which  the  chemist  can  separate  that  raet*l 
from  lead,  iion,  copper,  bismuth,  andttilver.  Accordinsto  Beivmann,tbe  specific  gravity 
of  antimony  is  6'S6;  but  that  of  the  purest  is  6''I16.  The  alchemists  had  conceived  the 
most  brithant  hopes  of  this  metal;  the  facility  with  which  it  is  alloyed  with  gold, 
since  i(a  fumes  alone  render  this  most  ductile  metal  immediately  brittle,  led  them  f<; 
^sign  to  it  a  royal  lineage,  and  distinguish  it  by  the  title  of'regulus,  or  the  little  king. 

Its  cliief  employment  now  b  in  medioine,  and  in  making  the  alloys  called  type  metal, 
stereotype  metal,  music  plates,  and  Britannia  metnl;  the  first  consisting  of  6  of  lead 
and  2  of  antimony ;  the  second  of  6  of  lead  and  1  of  antimony ;  the  thii'd  of  lead,  tin, 
and  antimony;  and  the  fourth  also  of  li'ad,  tin,  and  antimony,  with  occasionally  a 
little  capper  and  tt'imnth. — For  Glass  of  Antimony,  see  Pastes. 

ANTlSiEEnCS.  SnbstanoeflwbioheounteractthcBpontaneons  decomposition  of  ani. 
mal  and  v^etable  substfinces.  These  are  chiefly  cnlinary  sall^  nitre,  spices,  and  sugar, 
which  operate  partly  by  inducing  a  change  ia  the  animal  or  vegeU,ble  fibres,  and 
partly  by  combining  wiih  and  rendering  the  aqueous  constituent  unsusceptible  i.f  de- 
composition.    See  FRovrsioiis,  cimiNa  of^  and  Prfsbbvbd  Meats.  . 

Ai^VLL.  A  mass  of  iron,  having  a  smooth,  and  ne^irly  flat  top  surface  of  steel ; 
upon  which  blacksmiths,  and  various  other  artificers,  forge  metals  with  the  hammer. 
The  common  anvil  is  usually  made  of  seven  pieces  ;  1,  the  core,  or  bi.dy  ;  2,  3,  4.  5. 
the  four  corner  pieces  which  serve  to  enlarge  its  ba^e;  6,  the  projeeting  end,  wliich 
h'ls  a  q  le  hole  for  the  reception  of  tlie  tail  or  shank  of  a  chisel  on  which  iron  bars 
may  b  ut  through  ;  and  1,  the  beak,  or  horizontal  cone  round  which  rods  or  slips  of 
m  tal  may  beturnedintoacirealnrform,  asinmakingrings.  These  6  pieces  are  welded 
B  pa  t  iy  to  the  first,  or  coi'e,  and  then  hammered  into  a  uniform  body.  In  manu- 
fa  tu  n  large  anvils  two  hearths  are  needed,  in  order  to  bringeach  of  the  twopieces 
b  w  Idea  to  a  proper  hent  by  itself;  and  several  men  are  employed  in  working 
1  mt  g  therbrisklyintbe  weldingBtate,by  heavyswinghammers.  The  steel  facing 
[  pl  d  by  welding  in  the  same  manner.  The  anvil  is  then  hardened  by  heatingit 
to  a  h  y  red,  and  plunging  it  into  eold  water  ;  a  running  stream  being  preferable 
to  a  pool  or  cistern.  The  facing  should  not  be  too  thick  a  plate,  for,  when  such,  it  is 
apt  to  crack  in  the  hardening.  The  face  of  the  anvil  is  now  smoothed  upon  a  grind- 
stone, and  finally  polished  with  ernery  and  crocus,  for  all  delicate  purposes  of  art. 

The  blacksmith,  in  general,  seta  hb  anvil  loosely  upon  a  wooden  block,  and  in  pre- 
ference on  the  root  of  an  oak.  But  the  cutlers  and  nie-makei's  faslen  their  anvils  to 
a  lanra  block  of  stone ;    which  is  an  advantage,  for  the  more  firmly  and  solidly  thi» 
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fflol  19  oonneotsd  to  the  earth,  the  more  efficacious  will  be  the  blows  of  the  hammer 
oil  nny  object  plaofid  upon  it 

AQUAFORTIS,  Nltriu  aeid,  somewhat  dilute,  was  ao  named  by  the  alchemists  ot 
account  of  its  strong  eolrent  and  oorrosive  operation  upon  mauj  mineral,  vegetable, 
and  animal  substances.    See  Nithio  Acid. 

AQUA  KEGIA.  The  name  given  by  the  alchemiata  to  that  mbtni-e  of  nitric  and 
rouriiitie  acida  which  was  beat  fitted  to  dissolve  gold,  styled  by  them  the  tiug  of  the 
metaL;.    It  is  now  called  nilTO-muriaiie  oMd. 

AQtFA  VIT^  The  name  very  absurdly  given  to  alcohol,  when  used  as  an  intoxi- 
jating  beverage.  It  haa  been  the  ojua  inorti*  tii  myriads  of  the  human  race;  and 
will,  probably,  ere  long,  destroy  nil  the  native  tribes  of  North  America  and  Australia. 

ARABLE  LAND  may  bo  regarded  with  Thaer  as  consisting  of  one  or  other  of  the 
Allowing  sorts  of  soils:— 
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Below  this  are  very  poor  lands. 

In  all  these  soils  the  depth  is  snpposed  the  aame,  and  the  quality  uniform  to  iie 
depth  of  at  least  6  Inches ;  Ihe  subsoil  sound,  and  neither  too  wet  nor  too  dry. 

Nos.  1,  2,  A  S,  are  allnvinl  soils ;  and  from  the  division  and  intimate  union  of  the 
humus,  are  not  so  heavy  and  stiff  as  the  quantity  of  clay  would  indioate. 

No.  4,  is  a  rich  clay  loam,  auch  bs  is  found  in  many  parts  of  England,  neither  too 
Iieavy  nor  U>0  loose ;  a  soil  easily  kept  in  heart  by  judicious  cultivation. 

No.  D,  is  very  light  and  rich,  and  best  adapted  for  gardens  and  orchards,  liut  not  for 
■orn ;  hence  its  comparative  value  can  scaroeij  be  given. 

Nos.  6,  7,  &  8,  are  good  soils.  The  quantity  of  oaibonale  of  lime  in  No.  6  oompen- 
aites  for  the  smaller  portion  of  humus.  This  iand  requires  manure,  as  weO  ea  the 
others  below.  In  those  from  No.  9,  downwards,  lime  or  marl  would  be  the  greatest 
improvement.  Nos.  15  and  16  are  poor  light  soils,  requiring  clayand  muchmanure; 
but  even  these  lands  will  pay  the  cost  of  judicious  cultivation,  and  rise  in  value. 

The  last  column,  of  comparative  value,  is  the  result  of  several  years'  careful  valua- 
tion of  the  returns,  after  Inbor  and  seed  had  been  deducted 

Few  soils  in  England  contain  more  than  4  or  5  per  cent,  of  humus,  even  when  in  a 
very  good  heart;  and  2  percent,  with  a  good  loamy  texture,  will  render  a  soil  fit  for 
corn  with  judicious  cultivation.  The  texture  is  of  most  importance,  as  may  be  seen 
by  comparing  Nos.  7  &  8  with  No.  6.    If  this  is  of  good  quality,  dung  will  flooo  give 


\v  rich  it  may  be,  if  there  is  only  a  thin  layer  of  gnod  soil  over  a  sharp  gravel  or  a 
wet  clay,  it  can  never  be  very  productive;  in  the  first,  it  will  lie  parched  in  dry  wea- 
ther; and  in  the  latter,  converted  into  mud  by  eveiy  continued  rain.  If  the  subsoil 
be  lofim  or  chalk,  6  inches  of  good  soil  ■will  be  sufficient  With  a"foot  of  good  soil,  the 
subsoil  is  of  little  consequence,  provided  it  be  dry,  and  the  water  can  find  a  ready 
ontlet    The  best  alluvial  soils  are  generally  deep,  the  chalky  shallow. 

The  exposure  with  respect  to  the  sun,  and  the  declivi^  of  the  ground,  are  very 
important  circumstances,  and  equivalent  to  an  actual  di&renoe  iu  the  climate.  A 
gentis  declivity  towards  the  south,  and  a  shelter  against  cold  winds,  may  make  as  great 
a  difference  as  several  degrees  of  latitude;  and  in  compnringthevalue  of  similar  lands  in 
different  climates,  the  average  heat  and  moisture  in  each  must  be  accurately  known.    A 


"CT^ 


vjlc 


U  ARABLE  LAKD. 

soil  very  fertila  in  (lie  south  of  Eurc.pe  may  be  very  improduotive  in  England;  and  a  li^lii 
sail  of  some  value  in  tbe  west  of  Scotland  might  be  ahsoliitely  barren  in  Italy  or  Spain. 

2.  Callivalioth  of  the  Soil. — The  better  the  Ball,  the  less  cultivation  it  requires  to  pro- 
duce tolarabie  erope;  hence,  where  the  land  is  very  riuh,  we  find  in  general  a  sloveuly 
culture;  where  the  ground  is  less  productive,  more  labor  and  skill  are  applied  to  cum 
penaiite  for  the  want  of  natural  fertility.  The  simplest  cultivation  is  that  of  (he  a|)ade, 
(he  hoe,  and  the  rake;  and,  on  a  small  scale,  it  is  the  best:  but  spade  husbandry  cannot 
be  carried  to  a  great  extent  withoutemploying  more  bands  tban  can  be  spared  from  othei 
occupations,  ^e  plough,  drawn  by  oxen  or  lioraes,  is  Ihe  chief  instrument  of  tillage,  Mid 
has  been  so  in  all  ages  and  nations  of  whii:h  we  have  any  records.  Its  general  form  is 
familiar  to  every  ooe,  and  requires  no  minute  d^cription.  A  plonsh  should  as  much 
as  possible  imitate  the  work  done  with  a  spade.  It  should  cut  a  slice  from  tlie  laud 
by  its  coulter  vertically,  and  by  the  share  horizontally  lift  it  up,  and  turn  it  quite  over 
by  means  of  the  mould  board ;  and  the  art  of  the  ploughman  consists  in  doing  this 
perfectly,  and  with  such  a  deptti  and  width  as  suit  the  soil  and  the  intended  purpose- 
In  rich  mellow  soils  a  ploughed  field  should  differ  little  fi-om  a  garden  di^  with  a  spade- 
In  tenacious  soils,  the  slice  will  be  continued  without  breaking,  especially  if  bound  hy 
the  fibres  and  roots  of  plants;  the  whole  surface  will  be  turned  over,  and  the  roots 
exposed  to  the  air.  It  is  of  great  consequence  that  each  slice  be  of  the  same  width, 
and  thickness,  andthe  sides  of  it  perfectly  straight  and  parallel.  The  plane  of  the  coul- 
ter must  be  perfectly  vertical,  and  that  of  the  share  horizonlal,  in  order  that  the  bottom 
of  the  furrow  may  be  level,  without  hollows  or  bimlkt,  which  are  irre^nlorilJes  produced 
by  the  rising  or  sinking  of  the  plough,  or  inclining  it  to  either  side.  The  ancients 
were  very  particular  in  this  re.°pect^  and  recommended  sounding  the  earth  with  a 
sh^irp  stake,  to  ascertain  whether  the  ploughman  had  dona  his  duty.  There  are  vari- 
ous modes  of  ploughing  land,  either  quite  fiat,  or  in  lands  or  stitches,  as  they  aremlled 
in  England,  and  in  Scotland  rigga;  that  is,  in  portions  of  greater  or  less  width,  with  a 
double  furrow  between  them,  somewhat  like  beds  in  a  garden.  Sometimes  two  ridges 
are  set  up  against  each  other,  whichis  called  ridging  or  b(mting.  The  land,  then,  is 
entirely  laid  in  ridges  and  deep  furrows,  by  whion  it  is  more  exposed  to  the  influenee 
of  the  atmosphere  and  kept  diier.  This  is  generally  done  before  winter,  especially  in 
stiff  wet  soils.  Sometimes  two  or  moie  ridges  are  made  on  each  side,  forming  niiiTow 
stitches.  When  the  ground  is  to  be  ploughed  without  being  laid  in  lands  or  stitches, 
and  all  the  tidges  incHned  one  way,  the  mould  board  of  the  plough  is  shifted  at  each 
turn  from  one  side  to  the  other.  The  plough  which  admits  of  this  is  called  a  twn-ntretl 
plough,  and  is  in  general  use  in  Kent  and  m  many  parts  of  the  Continent,  where  the 
suj^oil  is  dry  and  the  land  not  too  moist.  In  most  other  situations  the  ground  is  luid 
in  lands,  and  the  mould  board  of  the  plough  is  fixed  on  the  right  side.  When  gross 
lajid  or  stabMe  is  ploughed,  care  must  be  takes  to  bury  the  grass  and  weeds  com- 
pletely ;  and  the  slice  cut  off  by  the  plough  must-  be  turned  over  entirely,  which  is 
best  done  by  making  the  width  of  the  furrow  greater  than  the  depth.  When  the 
grass  and  weeds  are  rotten,  and  the  ground  is  ploughed  to  pulverize  it,  a  narrow  deep 
f un-ow  is  best  The  earth  ploughed  up  is  laidiu^ainst  Ihe  side  of  the  preceding  ridge, 
which  forms  a  small  flirrow  between  the  tops  of  the  ridges,  well  adapted  for  the  seed 
to  lodge  in,  and  to  be  readily  covered  with  the  harrows. 

Notliing  has  divided  both  practical  and  theoretical  agriculturists  more  than  the 
question  whether  the  land  should  be  ploughed  deep  or  shallow  ;  but  a  very  slight  at- 
teutioa  to  the  purposes  for  which  land  is  ploughed,  and  to  the  nature  of  the  soil,  will 
readily  reconcile  these  apparently  contradictory  opinions.  A  deep,  noli,  and  stiff  soil 
eannever  be  moved  too  much  nor  too  deep.  Deep  ploughing  brings  up  rich  earth, 
admits  the  air  and  water  readily,  and  gives  room  for  the  roots  to  shoot,  wliile  the  rich 
compact  soil  affords  moisture  and  nourishment.  Wherever  trees  are  to  bo  jJanted, 
the  ground  should  be  stirred  as  deep  as  possible,  even  in  a  poor  soil.  For  grass  and 
eorn  this  is  not  always  prudent;  their  roots  seldom  go  above  3  or  i  inches  deep;  and 
it  they  find  snfiicient  moisture  and  humus,  they  require  little  more  depth. 

Whenever  ihe  soil  below  a  certain  depth  is  of  an  inferior  quality,  there  can  be  no  use 
in  bringins  it  up;  and  where  the  soil  is  light  and  poi-onSithe  bottom  had  much  better 
not  be  broken.  Norfolk  formers  know  this  well,  ond  are  very  careftil  not  to  breafe  the 
pan,  as  they  call  it,  in  their  light  lands.  This  pan  is  formed  by  the  pressure  of  the  sole 
of  the  plough  and  the  tread  of  the  horses,  and  opposes  a  useful  bank  to  the  too  rapid 
filtration  of  the  water.  It  lies  from  5  to  8  inches  below  the  surface.  If  it  is  broken, 
the  manure  Is  washed  down  into  the  light  subsoil,  and  the  crop  suffers,  especially  when 
siioep  have  been  folded, their  dung  being  very  soluble.  In  such  soils  an  artificial  pan  may 
he  formed  by  the  laiid-presser  or  press-drill.  Tli  is  instrument  consists  of  two  very  heavy 
east-iron  wheels,  with  angular  edges,  setonanaxle,  at  a  distance  from  each  other  equal 
to  the  width  of  the  furrows,  and  a  lighter  wheel  to  keep  the  iustinmont  vertical 

It  is  drawn  by  a  horse  immediately  after  the  plough,  pressing  two  fm-rows  at  onc^ 
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*nd  going  twice  tiver  each  furrow.  It  leaves  the  knd  in  regular  drills;  and  the  seed 
(own  by  band  falls  into  the  hottom  of  the  drills  and  ia  covered  bj  the  hai  rows.  WhcB 
tlie  ;dimi»  cutne  ap,  they  ap|)Oftr  in  regular  parallel  raws. 

The  frreatobjeet  in  ploughing  iaadia  to  divide  it,  expose  every  part  of  it  totheinflu- 
enee  of  ihe  elements,  and  destroy  every  plaat  or  weed  but  tliose  whieh  are  sown  in  it.  To 
do  this  perfectly  requires  several  ploajjhings,  witb certain  intervals;  and  duiing  that 
time  no  ci'opcanbe  upon  the  land.  Thieistherealuseof  ralh>wB,andnot,as  was  once  sup- 
posed, to  allow  the  land  to  rest;  on  the  contrary,  it  ought  then  to  have  the  least  repose. 

Where  the  soil  is  good,  with  a  porone  subaoil,  the  greatest  care  should  bo  taken  not 
to  go  too  deep;  but  where  the  subsoil  is  compact  and  imperviona  to  water,  but  not 
wet  foi-  want  of  outlet  or  draining,  it  is  useful  to  stir  the  soil  to  a  great  dep'h,  bat 
without  bringing  it  to  the  eurfate,  which  may  be  done  by  a  jilough  without  a  mould 
biiard  following  a  common  plough  in  the  same  furrow.  Tiiia  ia  an  excellent  mode  of 
draining;  and  at  the  same  time  keeping  a  reservoir  of  moisture,  whieh  in  dry  wea- 
ther ascends  iu  vapors  through  tlie  aoi!  and  refi'esbes  the  i-oots. 

The  mode  in  wluch  the  sofl  is  prepared  most  perfectly  for  tlie  reception  of  the  seed 
is  beat  shown  by  following  the  usual  operations  on  fallows.     After  the  liarvest,  the 

"'' '  ia  set  to  work,  and  tlie  stubbie  ploughed  in.    The  winter's  fiost  and  snow  mel- 

wliile  the  stubble  and  weeds  rot  ijelow.    In  spring,  as  soon  aa  the  weather 

rmiis,  it  is  pioughed  again,  the  first  rii%as  being  turned  over  aa  they  were  before. 

is  completes  the  decomposition  of  tlie  roota  and  weeds.  It  is  theu  stirred  with 
harrows  oi'  other  instinments,  which  tear  up  the  roots  which  remained;  and  some  of 
these  not  being  easily  destroyed,  are  carefully  gathered  and  burnt,  or  put  in  a  iioap 
to  ferment  and  rol^  a  portion  of  quicklime  being  added.  Another  ploughing  and  Stir- 
ling follows,  at  some  interval,  till  Uie  whole  ground  is  mellow,  pulverized^  and  free 
from  weeds;  manure  is  put  on  if  required,  and  immediately  spread  and  ploughed  in ; 
the  land  is  tben  prepared  for  the  seed. 

Tliere  is  no  method  yet  found  out  of  ascertaining  tlie  comparative  state  of  land 
which  has  been  exhausted.  It  would  be  a  discovery  well  worlh  the  attention  of  mo- 
dern cliemists,  who  have  made  auch  progress  lately  in  the  analj'sia  of  vegetable  sub- 
stances, and  would  be  invaluable  to  farmers  and  proprietors  of  land.  In  the  mean- 
time the  nature  of  the  weeds  which  abound  on  the  land  will  give  some  clue  to  its  state; 
and  an  experienced  person  will  collect  from  various  minute  appearances  in  the  sidl 
whether  it  has  been  fairly  managed  or  exhausted.  It  is  in  geot^  more  advantageous 
to  take  a  farm  in  a  district  with  which  you  are  well  acquainted.  It  will  be  a  great 
advantage  if  you  have  had  an  opportunity  of  seeing  the  land  at  all  times,  observing  it 
in  different  aeasons  and  states  of  ihe  weather,  and  especially  of  seeing  the  crops  thrashed 
out,  and  ascertaining  the  quantity  of  corn  whieh  is  uaually  jrielded  from  a  certain 
quantity  of  straw,  for  lands  very  similar  in  outward  flppearaooe  will  produce  a  very 
different  I'ctum  when  the  crops  are  thrashed.  A  want  of  attention  to  these  circnm- 
stances  is  the  cause  that  a  man  who  comes  from  a  distant  part  of  the  country,  and 
hires  a  farm  on  his  own  judgment,  seldom  succeeds  so  well  aa  might  be  expected,  even 
ivilh  a  superior  knowlei%eof  agriculture.  He  naturally  compares  the  soil  with  some 
similar  soil  whieh  he  has  been  acquainted  with.  If  he  comes  from  a  district  w^here 
the  aoil  ia  sandy,  and  where  clay  is  in  request,  hewill  give  the  preference  to  very  stiff 
loams;  if  he  comes  from  a  cold  wet  elay,  he  will  prefer  the  sandy;  and  the  chances 
are,  that  he  is  mistaken  in  his  judgment,  and  finds  it  out  when  be  has  already  em- 
bailced  his  capital  in  a  losing  concern.  Neit  to  tlie  nature  of  the  soil  is  to  be  consid- 
sied  the  oonveaieut  sitnaljon  of  the  farm,  the  disposition  of  the  fields,  and  the  adap- 
tation of  the  fanu-baildinga  to  the  most  profitable  occupation  of  the  land.  The  roads, 
eslieoially  those  whieh  lead  to  the  neighboring  towns,  whence  manure  may  be  ob- 
tained, are  a  most  important  object,  andif  there  is  water  carriage,  it  greatly  enhances 
the  v;due  of  the  farm.  The  roads  to  the  fields,  and  the  distance  of  these  from  the  farm- 
yard; the  convenience  of  having  good  pasture,  or  land  easily  laid  down  to  grass,  near 
the  homestead,  and  especially  the  sitnati-n  of  the  farm-buildings  witli  r^pect  to  the 
land,  and  the  abundance  of  good  water,  are  all  circumstances  which  must  be  well  con- 
sidered, and  which  greatly  mflaence  the  probable  profits,  and  consequendy  the  rent 
which  may  be  fairly  oifered.  A  central  situation  is  no  doubt  the  most  advantageous 
foi'  the  farm-buildings,  as  greatly  diminishing  the  labor  in  harvest,  and  in  carrying  out 
manure.  But  there  may  be  circumstanees  which  render  some  spot  nearer  the  extre- 
mity of  the  land  more  eligible,  and  it  is  only  when  entirely  new  buildings  are  to  bo 
erected  that  there  is  a  choice.  The  <ld  farm-buildinga  are  generally  in  low  and  aliel- 
tered  aituations,  but  it  ia  a  great  inconvenience  to  have  to  c^rzy  the  manure,  which 
ia  the  heaviest  thing  carted  on  a  farm,  up  a  steep  hUL  The  best  situalion  is  on  a  mo- 
deiate  s'ope,  neither  in  the  lowest  nor  highest  ground.  This  disposition  of  the  buildings 
is  of  great  importance  both  to  the  landlord  and  tenant. 

Large  stra^ling  buiiding^  are  inconvenient,  and  coat  much  in  repairs.  Tlie  house 
should  be  neat  and  comfortable,  fit  for  the  residence  of  a  farmer  who  has  a  capital 
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such  Of  the  farm  requires.  The  rooms  Bhouid  be  aii  j  and  healthy,  facing  the  south, 
with  a  Qeat  garden  in  front  of  the  house.  Tlie  faroi-jard  should  De  to  the  north,  h« 
hind  it  Near  the  house,  and  the  farm-yard,  there  should  be  a  small  paved  eourt, 
Beparated  from  the  yard  by  a  low  walL  In  this  court,  which  should  uommutiieatt 
with  the  dairy,  ntansils  may  be  placed  on  proper  beiiahcs.  to  air  aDd  dry  in  the  san. 
The  architecture  of  the  baildings  may  be  left  to  the  taste  of  the  proprietor  o)  Msarehi 
fett.  The  simpler  it  is,  the  mope  appropriate.  The  yard  or  yards  in  a  large  farm 
ihould  be  sheltered  on  tie  nuptli  side  by  the  bams,  which  need  not  be  so  eitensive  aa 
used  formerly  f«  be  thought  necessary.  If  there  is  a  thrashing  machine,  a  single  fluor 
to  thrash  the  seeds  upon,  and  to  employ  the  men  occasionally  in  winter,  is  quite  enf- 
Heieat.  Every  fai'ra  \rhich  is  so  extensive  as  U>  require  more  than  one  £oor  to  thrash 
Ine  coi'n  on,  ought  always  U>  have  a  thrashing  mill  attached  to  it. 

A  small  yard,  distinct  I'roin  the  other,  with  sheds  for  the  cattle  to  shelter  themselves 
under,  in  wet  and  stonny  weather,  is  a  great  advantage,  and  may  b«  added  at  a  tri- 
din^  expense  to  anyeet  of  farm-buildings.  The  curt  shecb  should  be  in  the  staok^aid, 
whiuh  properly  oceupiea  a  space  north  of  the  barn.  There  should  be  a  suflicient 
number  of  stands,  with  pioper  pillars  and  frames  to  build  slacks  on.  Each  stack 
should  be  of  such  a  size  as  to  be  conveniently  taken  into  the  barn  to  be  thrashed  out 
The  round  form,  and  the  square  which  becomes  nearly  I'ound  when  boilt  Qp,  are  most 
convenient  Mine  stone  or  cast-iron  pillars,  with  caps  over  them,  are  placed  on  brick 
foundations,  and  support  astroog  frame  on  which  the  stack  is  built  In  the  centre  of 
the  atact  there  is  nsnally  a  pyramidical  open  frame,  to  allow  the  air  to  circulate 
through  the  stack,  and  prevent  the  heating  of  the  grain.  On  each  side  of  the  yard 
should  bo  placed  the  stables,  coW'liouses,  and  fecding-stails,  with  a  pump  of  good 
water  near  the  last,  and  convenient  places  to  put  hay,  straw,  and  turnips  in,  with  a 
machine  to  cut  them.  A  great  deal  of  time  and  labor  is  saved  by  a  proper  arrange- 
ment of  the  different  pai-ts  of  the  iiirm-buildings.  An  underground  cistern  near  the 
cow-housa  and  stables,  into  which  the  urine  and  washings  of  the  cow-hoiise  may  rnn 
by  means  of  a  sink  or  drain,  is  a  most  useful  appendage,  which  is  too  little  thought 
of  iu  England,  whereas  it  is  one  of  the  m(«t  indispensable  parts  of  a  Flemisli  farm.  It 
supplies  a  hind  of  manure,  which  oan  be  applied  to  the  land  at  all  times,  which  invig- 
orates sickly  crops,  and  may  often  produce  an  abundant  return,  where  otherwise 
there  would  be  a  complete  failure. 

In  Scotland  it  is  notorious  tiiat  rents  are  much  higher  than  in  England,  not  only  for 
small  occupations,  but  for  extensive  farms;  and  that  the  tenants  have  complained  less 
of  the  times  than  their  neighbors  in  the  south.  It  may  be  worth  while  to  inquire 
into  the  canse  of  this,  for  the  low  price  of  corn  must  affect  the  Scotch  farmer  equally 
with  Ihe  English.  One  great  difference  between  the  Scotch  and  the  English  farmer  is, 
that  the  former  gets  work  done  at  a  cheaper  rate  than  the  latter.  TheSootch  laborer 
is  fully  as  well  fed,  and  clothed,  and  lodged,  as  the  English;  but  he  has  less  money  to 
spend  at  the  ala-houae.  He  is  paid,  not  in  a  certuin  sum  every  Saturday,  but  in  com- 
forte,  in  the  keep  of  a  cow,  in  a  certain  number  of  rows  of  potatoes,  a  certain  quantity 
of  malt  to  make  his  beer,  a  cottage  to  live  in,  and  oatmeal  to  feed  his  family.  His 
immediate  wants  are  supplied,  and  he  is  comfortable;  the  consequence  is,  that  he 
works  willingly.  He  has  no  remnant  of  the  last  night's  debauch  at  the  beer-shop. 
Ha  is  early  at  work,  and  he  does  his  work  cheerfully.  The  horses  of  a  Scotch  farmer 
are  well  fed;  they  are  always  in  good  condition.  They  work  10  and  even  12  hours 
iu  a  day,  at  3  yokings.  The  ploughman  only  thinks  how  he  shall  finish  his  work  in 
proper  time,  and  unless  he  makes  the  horses  work  as  much  as  they  can  without  dis- 
tressing them,  he  knows  he  shall  not  get  through  his  work.  All  this  is  wortli  2S  per 
cent  on  the  whole  labor  of  the  farm,  as  Arthur  Yonng  has  very  judiciously  calculated, 
when  he  gives  the  expense  of  labor  on  the  farm  of  a  gentleman,  compared  with  that 
on  the  land  of  a  farmer  who  works  with  his  men.  The  moral  effect  of  an  interest  in 
ehe  work  to  be  done,  when  opposed  to  that  of  a  perfectly  distinct  and  often  hostile 
interest,  will  readily  account  for  so  great  a  difference. 

Hut  besides  this,  the  Scotch  farmer  has  generally  tJie  advantage  of  a  scientific  edu- 
cation, and  of  a  thorough  knowledge  of  the  principles  of  his  profession ;  and  with  the 
shrewdness  peculiar  to  his  country,  he  knows  how  to  take  advantt^e  of  every  favor- 
able circumstance-  He  has  also  been  taught  to  calculate,  and  will  soon  discover 
where  there  is  a  profit  or  a  loss.  This  has  made  him  turn  his  attention  to  cattle  and 
sheep  of  late  years,  more  than  to  the- production  of  corn  ;  and  the  Scoteh  have  found 
that  wliile  a  very  decent  profit  was  made  on  the  cattle,  their  land  produced  more  corn, 
although  it  sold  at  a  lower  price;  for  the  green  crops  raised  for  fie  cattle,  and  tiie 
manure  made  by  them,  enriched  the  land  so  roach,  that  the  average  produce  on  some 
light  lands  was  nearly  doubled.  All  this  kept  up  rents  to  a  much  higher  level  than 
in  England,  where  prices  were  low,  and  there  were  no  meansof  diminishing  expenses 
»r  increasing  produce.  Hence  rents  in  Scotland  have  kept  up  wonderfully,  wlieii  wa 
consider  the  great  fall  of  rents  in  England  since  the  peace. 


ARCHIL.  T1 

ARCHIL.  A  violet  red  paste  nsed  in  djeinj,  of  which  the  suhsiance  calleo 
Mbear  in  SeotJnnd  (from  Cullibert,  its  first  preparer  in  that  form),  is  a  modihealiun 
Yv!\>  kinds  of  archil  are  dialinguished  in  commerce,  the  archil  plaint  oflbe  Canaries  ana 
tlial  of  Auveriine.  The  first  is  most  esteemed  :  it  is  prejared  fiom  [lie  iichea  roctllv^, 
which  ?rows  on  rocks  adjoining  the  sea  in  the  Canary  and  Cape  dc  Verd  I^land^,  in  Ear 
dinU,  Minorca,  &c.,  ae  well  ns  on  (he  rocks  rd*  Sweden,  Tlie  second  species  is  prepared 
iron  the  licheti  partllua,  which  prows  on  (he  bMallic  rocks  of  Auvergne 

There  are  several  other  species  of  lichen  which  might  be  employed  in  producing  an 
analogous  dye,  were  they  prepared,  tike  Ihe  prccedine,  into  Ibe  sabslance  called  archil 
Hellol  gives  the  following  molhod  for  discovering  if  they  possess  Ibis  property  A  liUlo 
or  the  plant  is  to  be  pnt  into  a  glass  vessel;  it  is  to  be  moistened  with  ammonia  and 
iime-welcr  in  equal  pans ;  a  little  mariale  of  ammonia  (sal  ammoniac)  ii^  added ,  and 
rhe  small  vessel  is  corked.  If  the  plant  he  of  a  nature  to  afford  a  red  dye,  atler  three  ' 
four  days,  the  small  portion  of  liquid,  which  will  run  off  on  inclining  the  vessel,  now 
opened,  will  be  tinged  of  a  crimson  red,  and  tlie  plant  itself  will  have  assumed  this  color, 
If  (he  liquor  or  the  plant  does  not  lake  this  color,  nothing  need  be  hoped  fori  and  it  is 
useless  to  attempt  its  preparation  on  the  great  scale.  Lewis  5ayE,  however,  that  he  has 
letted  in  this  way  a  great  many  mosses,  and  that  most  of  Ihem  afforded  him  a  yellow  ot 
reddish-brown  color;  but  thai  he  obtained  from  only  a  smail  number  a  liquor  of  a  deep 
red,  which  communicated  to  clolb  merely  a  jeilowish-red  color. 

Prepared  archil  gives  out  its  color  very  readily  to  water,  ammonia,  and  alcohol,  lis 
tolulion'  in  alcohol  is  used  for  filling  spirit-of-wine  tiiernioineters  ;  and  when  these  ther- 
Diometers  are  well  freed  from  air,  the  liquor  loses  its  color  in  some  years,  as  Ahbc 
\ollet  observed.  The  contact  of  air  restores  (he  color,  which  is  destroyed  anew,  in 
vacuo,  in  process  of  time.  The  watery  infusion  loses  its  color,  by  the  privation  of  air, 
in  a  few  days ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.  As  It  contains  ammonia, 
which  has  already  modified  its  natural  color,  the  fixed  alkalies  can  produce  little  change 
on  it,  only  deepening  the  color  a  little,  and  making  it  more  violet.  Alum  forms  in  it 
a  precipitate  of  a  brown  red ;  and  the  supernatant  liquid  retains  a  yellowish-red  color. 
The  solution  of  (in  affords  a  reddish  precipitate,  which  falls  down  slowly ;  the  super, 
natant  liquid  retains  a  feeble  red  color.  The  other  metallic  salts  produce  precipitates 
which  offer  nothing  remarkable. 

The  watery  solution  of  archil,  applied  to  cold  raarble,  penetrates  it,  communicating  a 
beautiful  violet  color,  or  a  blue  bordering  on  purple,  which  resists  the  air  much  ionsei 
than  the  archil  colors  applied  to  other  substances,  Dufay  says,  that  he  has  seen  marble 
tinged  with  this  color  preserve  it  without  alteration  at  the  end  of  two  years. 

To  dye  with  archil,  the  quantity  of  this  sabslance  deemed  necessary,  according  to  the 
quantity  of  wool  or  sluff  to  be  dyed,  and  according  to  the  shade  to  which  they  are  to  hi! 
brought,  is  to  bedilTiised  in  a  bath  of  water  as  soon  as  it  begins  to  grow  warm.  The  bath 
is  then  heated  till  it  be  ready  to  boD,  and  the  wool  or  stulTiB  passed  through  it  without 
any  other  preparation,  e:ccept  keeping  that  longest  in,  which  is  to  have  the  deepest  shade. 
A  fine  gridelin,  bordering  upon  violet,  is  Ihcreby  obtained ;  bnt  (his  color  has  no  perma- 
nence. Hence  archil  is  rarely  employed  with  any  other  view  than  to  modify,  heighten,  and 
give  lustre  to  the  other  colors.  Hetlot  says,  that  having  employed  archil  on  wool  boiled 
with  (artar  and  alum,  the  color  resisted  the  air  no  more  than  what  had  received  no 
preparation.  Bu»  he  obtained  from  herb  archil  (I'orseille  d'herbey  a  much  more  durable 
color,  by  putTJig  in  the  bath  some  solution  of  tin.  The  archil  thereby  loses  its  natural 
color,  and  assumes  one  approaching  more  or  Jess  to  scarlet,, according  to  the  quantity 
of  satntion  of  tin  employe:.  This  process  must  be  executed  in  nearly  the  same  manner 
as  that  of  scarlet,  except  that  the  dyeing  may  be  performed  in  a  single  bath. 

Archil  is  frequently  had  recourse  to  for  varying  the  different  shades  and  giving  them 
histre ;  hence  it  is  used  for  violets,  lilachs,  milows,  and  rosemary  flowers.  To  obtain  a 
deeper  tone,  as  for  the  deep  S'^'ipes  an  vin,  sometimes  a  little  alkali  or  milk  of  lime  is 
mixed  with  it.  The  suites  of  this  browning  may  also  afford  agates,  rosemary  ilowers, 
STid  other  delicate  colors,  which  cannot  be  obtained  so  beautiful  by  other  processes. 
Alum  cannot  be  substituted  for  this  purpose ;  it  not  only  does  not  give  this  lustre,  but 
il  dgerades  the  deep  cokirs. 

The  herb-archil  is  preferable  to  the  archil  of  Auvergne,  from  the  greater  Hoom  which 
it  conununicates  to  the  cobrs,  and  from  the  larger  quantity  of  coloring  matter,  II 
has,  besides,  the  advant^p  of  bearing  ebullition.  The  latter,  moreover,  does  not  answer 
vith  alnm,  which  destroys  the  color;  but  the  herb  arcliil  has  the  inconvenience  of 
dyeing  in  an  irregular  manner,  unless  attention  be  given  to  pass  the  cloth  through  hot 

Archil  alone  is  not  used  for  dyeing  silk,  unless  for  lilachs;  but  silk  is  frequently 
po.=srd  liirough  a  bath  of  archil,  either  before  dyeing  it  in  otlier  baths  or  after  it  has  been 
dyed,  in  order  to  mi?difv   different  colors,  or  to  give  them   lustre.    Examples  of  thi^ 
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will  be  givtn  in  treating  of  the  compound  colors.  1 
H'liLle  Bilks  are  paEseil  Ihcousli  tlie  arcliil  balh.  T 
bttlh  more  or  Jess  charged  with  Ihig  color,  for  silks  already  dyed. 

Archil,  in  a  quantity  proportioned  to  Ihe  color  desired,  is  to  be  boiled  in  a  copper.  Tht 
clear  liquid  is  lu  be  run  off  quite  hot  fhim  the  archiJ  liath,  leaving  the  sediment  at  the 
bottom,  into  a  tub  of  proper  sizej  in  which  the  silks,  newly  scoured  wiih  soap,  are  to  be 
turned  r^und  oa  Ihe  skein-sticks  with  much  exactness,  till  they  have  attained  the  wished- 
for  shade.    After  this  they  must  receive  one  beetling  at  the  river. 

ArclLiI  is  in  general  a  very  usef'il  ingredient  in  dyeing;  but  as  it  is  rich  in  color,  and 
communica  es  an  alluring  bloom,  dyers  are  often  templed  to  abuse  it,  and  to  exceed  the 
propoi  tions  that  can  add  to  Ihe  beauty  without  at  the  same  lime  injuring  in  a  dangerous 
manner  the  permanence  of  the  colors.  Nevertheless,  ihe  color  obtained  when  solnlion 
of  tin  is  employed.  Is  less  fugitive  than  wilhcat  this  oddilion :  it  is  red,  approaeliiiig  to 
scarlet.  Tin  appears  to  be  the  only  ingredient  which  can  increase  its  durability.  The 
solution  of  tin  may  be  employed,  not  only  in  Ihe  ojcing  bath,  but  for  the  prepaiaiion  of 
the  silk.  In  Ihis  case,  by  mixing  Ihe  archil  with  other  coloring  subelances,  dyes  may  be 
»btained  which  have  lustre  with  sufficient  durability. 

We  have  spoken  of  the  color  of  the  archil  as  if  it  were  natural  to  il ;  but  it  is,  really, 
due  to  an  allotline  combination.  The  acids  make  it  pass  to  red,  either  by  saturating  the 
alkali,  or  by  substituting  IhetQselves  for  ihe  alkali. 

The  lichen  which  produces  archil  is  sabjeeled  [o  anoiher  preparation,  to  make  turn- 
sole (litmus).  This  article  is  made  in  Holland.  The  lichen  comes  from  the  Canary 
Islands,  and  also  from  Sweden.  It  is  reduced  lo  a  fine  powder  by  means  of  a  mill, 
and  a  certain  proportion  of  potash  is  mixed  with  it.  The  mixture  is  watered  with 
urine,  and  allowed  to  suffer  a  species  of  fermentation.  When  this  has  arrived  at  a 
certain  degree,  carbonate  of  lime  in  powder  is  added,  to  give  consistence  and  weight  lo 
the  paste,  which  is  afterwards  reduced  into  small  paralielopipeds  that  are  carefully 

The  latest  researches  on  the  Uchens,  as  objects  of  manufacture,  are  those  of  Westring 
of  Stockholm.  He  examined  150  species,  among  which  he  found  several  which  might 
be  rendered  useful.  He  recommends  tliat  the  coloring  Piatter  should  be  extracted  in 
the  places  where  they  grow,  which  would  save  a  vast  expense  In  curing,  package^  car- 
riage, and  wasie.  He  siyles  the  coloring  substance  itself  culbear,  persio,  or  turnsole; 
and  distributes  the  lichens  as  follows : — Isl.  Those  which,  lefl  to  themselves,  exposed  to 
moderate  heat  and  moisture,  majf  be  fixed  without  a  moixianl  upon  wool  or  silk  ;  such 
nre  the  L,  eiBereus,  a-matoala,  venloaits,  coraUiims,  uxslraigH,  laxatilit,  tonspassua,  bar- 
balttn,  pHcatm,  iidpinaa,  &c. 

S.  Those  which  develop  a  coloring  matter,  fixoble  likewise  without  mordant,  but  which 
require  boiling  and  a  complicated  preparation ;  such  are  Ihe  lichens  autcoraeui,  diltmii, 
farinacma,  j-jbalKs,  fnrjiiraceas,  pulniotiare^i,  coniigams,  cocaftTUs,  digilalna,  aticia- 
ii',  ariancKi,  &.C.  Saltpetre  or  sea-salt  is  requisite  to  improve  Ihe  lustre  and  fastness 
of  the  dye  given  by  Ihis  group  lo  silk, 

3.  Those  which  require  a  peculiar  process  to  develop  theu-  color ,  ™ch  as  Ihost 
which  become  purple  through  the  agency  of  stale  urine  or  ammonia  'W  estrmg  em- 
ployed Ihe  following  mode  of  testing: — He  put  three  or  four  drachms  of  Ihe  dried 
and  powdered  lichen  into  a  flask;  moistened  it  with  three  or  four  measures  of  cold 
spring  water ;  pul  the  stuff  10  be  dyed  into  Ihe  miilure,  and  left  -tl  e  flnOi  in  a  cool 
place.  Sometimes  he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If 
no  ciilor  appeared,  he  then  moistened  the  lichen  with  water  contaming  one  twenlielh 
of  sal  ammoniac,  and  one  tenih  of  quicklime,  and  set  the  mixture  aside  in  a  cool  place 
from  eight  to  fourteen  days.  There  appeared  in  most  cases  a  reddish  or  violet  colored 
tint.  Thus  the  lidien  cimrea)  dyed  silk  a  deep  carmelite,  and  wool  a  light  carmelilci 
Ihe  (.  phyaodcs  gave  a  yellowish-gray  ;  the  pasMatua,  e.  rose  red ;  jowguinarfuj,  gray  ; 
tiirlareii),  found  on  the  rocks  of  Norway,  Scotland,  and  England,  dyes  a  crimson-red. 
In  Jutland,  cutbear  is  made  from  it,  by  grinding  the  dry  lichen,  sifting  it,  then  selling 
it  to  ferment  io  a  close  vessel  with  ammonia.  The'iichen  must  be  of  the  third  year's 
grcjwih  to  yield  an  abundant  dye  {  and  that  which  grows  near  the  sea  is  the  best.  II 
loses  half  its  weight  by  drying.  A  single  person  may  gather  from  twenty  to  thirty 
pounds  a  day  in  situations  where  it  abounds.  No  less  than  2,239,685  pounds  were 
manufactured  at  Chrisliansand,  Flekkefiort,  and  Faltrsund,  in  Norway,  in  the  course  of 
the  six  years  prior  to  1812.  Since  more  solid  dyes  of  the  saine  shade  have  been 
invented,  the  archil  has  gone  much  into  disuse.  Federigo,  of  Florence,  who  revived 
it«  use  at  the  beginning  of  the  fonrteenth  centary,  maJe  such  an  immense  fortune  by  its 
preparation,  that  his  family  became  one  of  the  grandees  of  Ihat  city,  under  the  name  of 
Oiicellarii,  or  Rucellarii.  For  more  than  a  century  Italy  possessed  the  e.iclusive  art  of 
making  archil,  obtaining  the  lichens  from  the  islands  of  the  Mediterranean.  According 
to  an  official  report  of  iS3I,Teneriffe  furnished  annually  500  quintals  (owls.)  of  lichenj 
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tlie  Canary  IbIcb.  400;  Fuai'fji  Sintnra,  800 ;  Lnnoerot,  800  :  Gomara,  SOO;  Isls  of 
l-'erix^  aoa  This  bosiaus?  belonged  tn  tho  erown,  and  brought  In  u  reveuue  of  1500 
piiistreB.  _  Tlie  fatraera  paid  (rom  15  to  20  reals  £ir  the  right  to  gather  each  quintal. 
At  that  time  (he  quiutatfetetied  in  the  London  market  il.  sterling. 

AiTjhil  ia  perhaps  loo  tnucli  used  in  Mma  oluth  fiictories  offiigland,  ki  the  discredit 
of  our  dyea.  It  is  said,  that  by  its  aid  one  third  of  tlie  indigo  may  ba  saved  in  the 
blue  VHt;  but  the  color  is  80  ranch  tha  more  perishable.  The  fine  soft  tint  iiidnced 
apoii  niuoh  of  the  black  doth  Iw  means  of  archil  is  also  deceptive.  One  half-pound 
of  ciid'iear  will  dye  one  pound  of  woolen  cloth.  A  trimson  rrd  ii  obtained  bj-  adding 
to  the  decoction  of  archil  a  little  salt  of  tin  (ranriale).  and  passing  the  cluth  through 
tiie  bath,  after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must  be  Jif- 
terwai'ds  piiased  through  hot  water. 

Tlie  lichens  have  been  of  laie  years  subjeetaof  a  multitude  of  interesting  but  intri- 
eale  oheioioal  reaearohes,  and  a  number  of  new  compounds  have  been  pifcjiiced,  aa 
Iscanorin,  from  leeanora,  and  vaHolaria,  with  which  colorless  aubslanee  a  purple  red 
is  formed  by  the  action  of  ammonia  and  the  air;  also  erjthrine  and  erythrvlina  from 
several  sorts  of  lichens,  especially  parmcliar  ocella  and  tartarean,  which  affori  when 
digested  with  ammonia,  a  Bright  red  dye,  but  if  treated  with  alcohol  only  a  white 
granular  precipitate,  when  the  solution  is  slowly  evaporated;  orcineand  oi'ceine  iire 
Bopiiewhat  analogous  products,  also  cry  stall  izable,  which  may  be  obtained  fri.m  tlie 
variotarla  dealbnta,  by  decomposition  of  the  leoanorine.  It  has  a  swcel  nauseous 
taste,  and  melts  into  a  colorless  fluid,  which  may  be  distilled.  It  is  soluble  both  iu 
water  and  alcohol.    Orceina  by  means  of  ammonia  and  air  forma  archil. 

Dyeing  with  archil  with  the  wd  of  oil  has  been  patented  by  Mr.  Lighlfoot,  on  the 
same  principle  as  has  been  so  long  used  in  the  Turkey  red  cotton  dye.  He  has  also 
recourse  to  metallic  and  earthy  bases,  with  what  success  I  have  not  heard.  Alumin^i.- 
ted  potash  is  likewise  mentioned  along  with  a  great  variety  cf  other  diemieala. 

AKDKNT  SPIRIT.    Alcohol  of  moderate  strength. 

AREOMETER  OF  BAUME'.    This  scale  is  mucii  iised  by  the  French  authors. 
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ARGILLACEOLS  EARTH.  The  earth  of  clay,  called  in  chemistry  alumina,  because 
u  is  ohta    ed  in  greatest  purity  from  alum. 

ARGOL     Crude  for  ar  ;  which  see. 

ARMS,    Weapons  of  war.     See  Fire-Abm9  For  an  account  of  this  manufacture. 

ARRACK.  A  kind  of  inloiicating  beven^e  made  in  India,  by  distilling  the  fermenC- 
eJ  juice  of  the  cocoa-nnt,  the  palmjra  tree,  and  rice  in  the  husk, 

ARROW  ROOT.  The  root  of  the  maranta  armdmacea,  a  jjant  which  S!Kivs  in  the 
West  Indie?,  furnishes,  hy  pounding  in  mortars  and  elutrialion  Ihtough  sieves,  a  peculiar 
species  of  starch,  commonly,   hut  improperly  called  arrow  root.     It  is  recliuned  more 


die 
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nourishing  than  the  elari^k  of  tihint  or  poCataeis  and  is  generally  also  fi'eer  from  pe 
ouliar  taste  or  flavor.  The  fresli  root  ooiisista,  uecording  to  Bonzon,  of  OOt  of  vola 
tile  oil;  26  of  starch  (23  of  whiirli  are  obtained  in  the  form  of  powder,  while  tha 
jther  3  must  be  extracted  from  ttie  parenchyma  in  a  paute  by  boiling  vater);  1-jS 
of  vegetable  albumen;  O'S  of  a  guminy  estraet;  026  of  tliloride  of  ealeium;  6  of 
jneoiublefibrine;  and  658  of  water. 

This  plant  has  been  lately  oultivnted  with  great  succi'ss,  and  its  root  mannfaetured 
in  a  superior  manner,  upon  the  Hopewell  estate,  in  the  island  of  St,  Vincent.  It 
rjrows  there  to  the  height  of  about  3  feel,  and  it  sends  down  its  tap  roots  from  12  to 
13  inches  into  the  ground.  Its  maturity  is  known  by  the  flagging  and  falling  down 
of  the  ieares,  an  event  whieh  takes  place  when  the  plant  'e  from  10  to  13  months 
old.  The  roots  being  dug  up  with  tlie  hoe  are  transported  to  the  washing-houee, 
where  they  are  thoroughly  freed  fivm  all  adhering  earth,  and  next  taken  individually 
into  the  hand,  and  deprived  by  a  knife  of  every  portion  of  their  Bkins,  while  every 
u  und  part  is  cnt  away.  This  process  must  be  performed  with  great  nicety,  for 
u  a  oODtains  a  resmous  matter,  which  imparte  color  and  a  disagreeable  flavor 
he  fe  ala,  which  no  Bobsequent  treatment  can  remove.    The  skinned  roots  are 

h  own  nto  a  large  cistern,  with  a  perforated  bottom,  and  there  exposed  to  the 
a  t  on  of  a  copious  cascade  of  pure  water,  till  this  rnua  off  quite  unaltered.  The 
ean  ed  roots  are  next  put  into  the  hopper  of  the  mill,  and  are  snbjected  to  tLe  pow- 
erfu  p  sure  of  two  pairs  of  polished  rollers  of  hard  brass;  the  iowerpair  of  rollers 
be  ng  set  much  eloser  together  than  the  upper,  ^e  the  accompanying  figure.)  The 
B  ^  hy  matter  is  thus  ground  into  a  pulp  which  falls  into  the  receiver  placed  be- 
n  a  h.  and  is  thence  transferred  to  large  fixed  copper  ejlindeis,  tinned  inside,  and 
p  fo  ated  at  the  bottom  with  numerous  minute  orifices,  like  a  kitchen  drainer. 
W  Ih  n  these  cylinders,  wooden  paddles  are  made  to  revolve  with  great  velocity,  by 

1  e  power  of  a  water-wheel,  at  the  same  time  that  a  stream  of  pure  water  is  admit- 
ted from  above.  The  paddle  arms  beat  out  the  feeula  from  the  fibres  and  parenchyma 
of  the  pulp,  and  discharge  it  in  the  form  of  a  mitt  through  the  peiforated  bottom  of 
the  cylinder.  This  starchy  water  runs  along  pipes,  and  tJien  through  strainers  of 
fine  muslin  into  large  resciToii's,  wlieie.  after  the  fecula  has  subsided,  the  superna- 
tant water  is  drawn  off,  and  fresh  water  being  let  on,  the  whole  is  agitated  and  left 
again  to  repose.  This  process  of  ablution  is  repeated  till  the  water  no  longer  ac- 
quires any  thing  from  the  fecula.  Finally,  all  the  deposits  of  fecula  of  the  day's 
work  are  collected  into  one  cistern,  and,  being  covered  and  agitated  with  a  fiesh 
chaise  of  water,  are  allowed  to  settle  tjll  next  morning.  The  water  being  now  let 
otf  the  deposit  is  skimmed  with  palette  knives  of  German  silver,  to  remove  any  of 
the  superficial  parts,  in  the  slightest  degree  colored ;  and  only  the  lower,  purer,  and 
denser  portion  is  prepared  by  di-ying  for  the  market.     The  drying-houae  o-  -'  - 


ell  estate  is  constructed  like  the  hothouse  of  an  English  garden 
of  plants,  it  contains  about  4  dozen  of  drying  pans  made  of  copper,  Ti  feet  by  4^, 
and  tinned  inside.  Each  pan  is  supported  on  a  carriage,  having  iron  axles,  with 
lignum  vitte  wheels,  like  those  of  a  railway  cairiage,  and  they  run  on  rails.  Imme- 
diately after  sunrise,  these  carriages  with  their  pans,  covered  with  white  gauze,  to 
exclude  dust  and  insects,  are  nia  out  into  the  open  air,  but  if  rain  be  apprehended, 
they  are  run  back  under  the  glared  roof.  In  about  4  days  the  fecula  is  thoroughly 
dry  and  ready  to  be  packed,  with  German  silver  ehovcis,  into  tins  or  American  flour 
barrels,  Hned  with  paper  attached  with  arrow  root  paste.  The  packsges  are  never 
sent  to  this  country  in  the  hold  of  the  ship,  as  their  contents  are  easily  tainted 
by  noisome  effluvia,  of  sugav,  Ac.  By  such  a  skilful  series  of  operations,  and  by 
such  precautions,  the  arrow  root  thus  monu&ictured  may  vie  with  any  similar 
preparation  in  the  Bermudas  or  any  other  part  of  the  world.  I  have  found  it,  on 
analysis  and  trial,  to  bo  pure,  powerful,  and  agreeable,  and  a  most  wholesome  article 
of  food. 

Fig.  26.  Plan  of  arrow  root  grinding-mill,  and  of  2  sets  of  eopper  cylinder  wash- 
ing-machines, with  the  connecting  machineiy  for  driving  them ;  the  waSiing  agitator 
being  di-iven  from  the  connecting  shaft  with  leathern  belts.  Fig.  BT.  End  elvevation 
of  arrow  root  mill,  with  wheels  and  pinions,  disengaging  lever,  Ac.  J^V  28.  End 
elevation  of  copper  wnshing-cylinders,  with  press-framing,  Ac.  The  washing-eylin- 
ders  are  6}  feet  long  and  3i  in  diameter.  The  mlU-rollers  ai'e  3  feet  lone  aijd  1  foot 
in  diameter 
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are  too  well  known  and  ncknow. 
ledsed  to  require  recounting  here.  It  i9  the  most  elegant 
and  the  rleheal  of  all  the  feculas,  (ind  being  now  manu- 
factured, with  the  advantftge  of  e:ieellenl  maehinery,  and 
abundaaeeof  pure  water,  in  the  fertile  island  of  St.  Vineeat, 
it  may  be  brought  into  our  mai'ket  at  a  much  more  moilerate 
price  than  it  has  heretofore  been  supplied  from  less  favored 
localities.  The  Bermuda  arrow  rool  is  treated  ne 
with  rain  water  collected  in  tanks,  and  therefore 
sionally  soiled  with  insects,  from  which  the  St.  Vim 
cle  is  entirely  free. 


^Jc 


The  presence  of  potuto  starch  in  arrow  root  may  bo  diacoTeved  by  tlie  miorosoi  pe. 
kn-ovi  I'oitt  coasisia  of  regular  ovoid  pai'ticles  of  nearly  equai  size,  Tihoreas  po.atu 
ttai'ch  consists  of  particles  of  on  irregular  ovoi.l  or  truncated  form,  exceedingly  irre- 
gnlar  in  their 'dimeuaionB,  some  being  so  lai^e  tts  jj^of  an  inch,  andotliors  only  -j^'ii,, 
ISub  t)ie  most  convenient  test  is  dilute  niti'io  noid  of  1 '10  (about  the  strength  of  single 
aquafortis),  which,  when  triturated  in  a  mortar  with  the  stareh,  forms  immediately  a 
tiansparent  very  viscid  paste  or  jelly.  Flour  starch  exhibits  alike  appearance.  An'ow 
coot,  however,  forms  an  opaque  paste,  and  takes  a  much  longer  time  U>  become  viscid. 

Arrow  root  may  be  distin^iiiahed  fi'om  potato  starch,  notor.ly  by  tlie  differant  size 
of  its  particles,  but  by  the  ditference  of  structure.  Their  aurfiwes  in  i'le  arrow  root 
arc  Btnooth,  and  free  frsm  the  streahs  and  fnrrows  seen  in  the  potjtti:  particles  by  a 
good  microscope.  Tlie  arrow  root,  moreover,  is  destitute  of  that  fetii  unwhoUsome 
oil  extractiible  by  alcohol  from  potato  stnreh. 

Liebig  places  the  powers  of  arrow  root,  as  a  nutriment  to  mnn,  in  a  very  remarta- 
ble  point  of  view,  when  he  states  that  15  pounds  of  flesh  contain  no  more  carbon  f<i( 
supplying  animal  heat  by  its  combustion  into  oarbouio  ac:id  in  ihe  s3'stem  than  4 
pounds  of  starch  ;  and  that  if  n  savage,  with  one  animal  and  an  equal  weight  ol 
starch,  could  maintain  life  and  health  for  a  eartnin  number  of  days,  ho  would  bo 
compelled,  if  confined  to  flesh  nlone,  in  order. to  procure  the  oarlwn  necessary  far 
respiration  during  the  same  time,  to  consume  five  such  sniniais. 


Quantities  imported  - 
Qu:intitiea  es|iorted   - 
Retained  for  conaumptioi 
Ha*  revenue 
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AESENIC.  This  metal  tienrs  native,  in  the  state  of  oxide,  and  also  combined  with 
eulphur  ander  the  improper  name  olt/eliow  and  red  arsenic,  or  orpimont  and  realgar. 
Arsenic  is  associated  with  a  great  many  metal  lie  orea ;  but  it  is  chiefly  estrncted  from 
those  of  cobalt,  by  roasting,  in  whith  case  the  wliile  oxide  of  arsenic,  or,  more  cor- 
rectly, the  araenious  acid  is  obtained.  Tliis  acid  is  introduced  occasionally  in  arnall 
quantities  into  the  materials  of  flint  glass,  either  before  their  fusion,  or  in  the  melting 
pot  It  serves  to  peroxidize  the  iron  oside  in  the  sand,  and  thereby  to  purity  the  body 
of  the  glass;  butan  excess  of  it  makes  the  glas&^ilky. 

Schede't  green  is  a  combination  of  this  arsenions  acid  with  oxide  of  copper,  or  an 
araenite  of  copper,  and  is  described  under  this  metaL 

AraenialJ!  o/poi-iah  is  prepared,  in  the  small  way,  by  exposing  to  a  moderate  heat 
in  a  crucible  a  mixture  of  equal  parts  of  while  arsenic  nnd  nitre  in  powder.  After 
fusion  the  crucible  is  to  be  cooled;  the  contents  being  dissolved  in  hut  water,  and 
the  solution  filtered,  will  afford  regular  crystiils  on  cooling.  According  to  M.  Berze- 
liua,  they  are  comjiosed  ot  arsenic  acid,  68  87  ;  potash,  28-18;  nnd  water,  6-97.  It  ia 
an  acidulous  salt,  and  is  hence  usually  called  the  binarseniate,  to  denote  that  its  com- 
position ia  2  atoms  of  arsenic  acid,  and  I  of  potash.  This  article  is  prepared  upon 
the  great  scale,  in  Saxony,  by  melting  nitre  and  arsenions  aeid  together  in  a  cylinder 
of  cast-iron.  A  neutral  arseiiiate  also  is  readily  formed,  by  saturating  the  excess  oi 
acid  in  thu  above  salt  with  potiish;  it  does  not  crystallize.  The  acid  arseniate  ia  oc- 
casionally used  in  calico  printing,  for  preventing  certain  points  of  Uie  cotton  cloth 
from  taking  on  the  mordant;  with  which  view  it  iCmixcd  up  with  gum  water  and 
pipe  clay  into  a  pasta,  which  is  applied  to  sneh  places  with  a  block. 
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senic  from  Ihc  eobult  ores,  is  performert  at  Alien  berg  and  Rticlien- 
stein,  in  Silesia,  with  an  apparatus,  excellenllj  contfived  to  protect  the  health  of  tho 
smelters  from  the  vapors  of  this  mo^t  nosious  metallic  sublimate. 

Figs,  K9  to  'ii  represent  the  arsenical  fumftces  at  Altenberg,  Fig.  29  is  a  vertical 
SEtlion  of  the  poison  tower;  fig.  SO,  a  longitudinal  section  of  the  subliming  furnace  a, 
with  the  adjoining  vault  B,  afid  the  poisini  tower  in  part  at  n ;  fig.  31,  the  irnnKvcrae 
icction  of  the  furnace  A,  of  Jig.  30  ■,  fig.  82,  ground  plan  of  the  furnace  a,  wher.i  the 
left  half  shows  the  part  above,  and  the  r^ht  the  part  below  the  muffle  or  oblong 
yelort;  b'  is  the  upper  view,  a"  the  ground  plfti  of  the  vault  B,  of  ^g.  30;  m,  n,  the 
base  of  the  poison  lower.  In  the  several  figures  Uie  same  letters  denote  the  sameobjectsi 


a  is  the  muffle  ;  b  is  its  moulh  foe  turning  over  the  arsenical  schlich,  or  ground  ore  ; 
c  c  c,  fire  draughts  or  flues;  d,  an  aperture  for  ehawang  the  muffle  with  fresh  seblicb; 
f,  the  smoke  chimney  ;  /,  two  channels  or  flues  for  the  ascent  of  the  arsenious  fumes, 
which  proceed  to  other  two  flues  g,  and  then  terminate  both  in  h,  which  conducts  the 
fumes  into  the  vault  B.  They  issue  by  thr  door  i,  into  the  conduit  fc,  thence  by  I  into  ihe 
spaces  m,  n,  o,  p,  q,  r,  of  the  tower.  The  incondensable  gases  escape  by  the  chimney,  s. 
The  cover  t,  is  removed  after  completion  of  the  process,  in  order  to  pudi  down  the  pre- 
cipilale  inlo  the  lower  compartmenls. 

The  arsenious  schlichs,  to  the  amount  of  9  or  10  cwl.  for  one  operation  (1  roasl-jasl, 
or  roasting  round>,  are  spread  2  or  3  inches  thick  npon  the  bottom  of  the  muffle,  nealed 
with  a  brisk  fire  to  redness,  then  with  a  jentler  heat,  in  order  to  oxydlze  completely, 
before  subliming,  the  arsenical  ore.  With  this  view  the  air  must  have  free  enlianec,  nnd 
the  front  aperture  of  the  mnfile  must  be  left  quite  open.  AAer  II  or  12  hours,  the  cal- 
cined materials-  ore  raked  out  by  the  mouth  of  Ihe  muffle,  a^jj  fresh  ones  are  inttoiitceil 
by  the  openings  indicated  above,  which  are  closed  during  ijie  sublimation. 

The  arsenious  acid  found  in  these  passages  is  not  marketable  till  it  be  rc-subUmed  in 
large  iron  pots,  surmounted  with  a  series  of  sheet  iron  drmnaot  cast-iron  cylinders,  upon 
the  sides  of  which  the  arsenic  is  condensed  in  its  compact  glassy  form.  The  top  cjtinder 
is  furnished  with  a  pipe,  which  terminates  in  a  condensing  chamber. 

fig.!.  33,  84,  rel  -esent  liie  arsenic  refining  furnaces  at  Reichenslein.    jFtg.  S3  ;hows 
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nl  A,  a  vertical  eeclion  of  Ih;  fiirniu.'e^ 
Ihe  kettle,  and  Ihe  surmoi-Titi^iE  drumi 
or  cylinders  ;  over  b  it  is  seen  m  eleva- 
tion ;  fig  34  is  a  groonil  plan  of  tlia 
four  fireplaces  it  ii  the  crate  ■  b,  the 
ash  pil ,  c,  the  openmg>:  for  firing  d, 
ttie  fire  place ,  e,  iron  pols  or  lielllea 
which  are  charced  with  the  a]<^iiioaa 
ponder  /,  the  fire  flues  proceiding  to 
the  coaimon  chimney  g ,  k,  iron  cy- 
linders, I,  caps,  fc,  pipes  lending  to 
the  poison  lent  I  m,  openings  in  ihe 
pipes     for      introducing      tlie     probinn 

The  eondnet  of  the  process  is  as 
Ulows  — The  pot  is  filled  neailj  to 
Us  hiim  with  3^  cwt  of  the  arsenia 
meal,  the  cjlinders  are  fitted  on  by 
means  of  their  handles,  and  luted  ti>- 
gether  with  a  mixture  of  loam  blood 
and  hau',  then  is  apphed  first  a  gentle 
and  alW  half  an  hour,  a  strong  iire, 
whereby  the  ar  enie  is  raised  partly 
in  Ihe  form  of  a  white  dust,  and  partly 
in  crystals,  which,  by  the  conliiua  cc 
of  the  heat,  fuse  together  into  i  homo 
geneous  ma  s  If  Ihe  fire  be  loo  fte- 
hle,  only  a  suhlim-ite  is  obtained  but, 
if  too  violent,  much  of  the  arsenic  is 
volatilized  into  the  pipes  The  i\orli 
men  judge  by  the  heal  of  the  cjlin 
ders  whether  the  operation  be  going 
on  well  or  not  AAer  12  hours  the 
furnace  is  allowed  to  cool,  provided 
the  probe  wires  sliow  that  the  'ubli 
malion  is  over  The  cjlmders  are 
then  lifled  oD,  and  the  arsenious  glass 
13  detached  fiom  their  inner  surface 
According  to  the  quality  of  the  poison 
flour.  It  yields  from  f  to  |  of  its  wet^hl 
ir  enamel.     Should  pvy  dark  particles  of  metallic  arsenic  be  intermixed  witli 
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IN  {dttection  of). — It  is  well  known  that  fluids  mixed  with  glutinous 
matter  arevery  liable  to  froth  up  when  hydrogen  is  disengaged  in  them  from  the  mutu- 
al action  of  aino  and  adilute  acid;  andtnat  Ihefrothobsiruois  the  due  performance  of 
the  experiment  of  Marsh.  It  is  equally  known,  that  much  of  the  arsenic  contained  in 
the  poisonous  liquid  so  tested  escapes  condensattou  and  eludes  measurement.  A  cum- 
mittee,  ap|>ointed  by  the  l^iissian  government^  have  contrived  an  iiieenious  mocUflca- 
tion  of  Marsh's  appuralus,  which  I  have  simplified  into  the  annexed  form: — a  is  a 
narrow  glass  ojlinder,  opeii  at  fop,  about  10  inoiies  high,  and  1}  or  IJ  inch  diameter  in- 
side ;  B  is  a  glass  tube,  about  1  inch  diameter  outside,  drawn  to  a  point  at  bottom,  and 
shut  with  a  cockiitlop.  Through  iheoentreofthiseork,  the sraall  tube  o  posses  down 
air-tight  nud  is  furnished  at  to|)  with  a  stop-cock,  into  which  the  bent  small  tube  ol 
glass  (without  lead)  e  is  cemented,  Tlia  bent  tube  f  is  joined  to  the  end  of  b  with 
le'iHar  of  Ciioutohoiio,  or  a  perforated  eorfc,  which  will  be  found  more  convenient. 

The   ni;iniiei'  of  using  this  appnratus   is  as   Slllows : — Introduce  a  few   oblong 
slijia    of -^inc,    free    from    arscoiir,    into    a,    ami   then    insert    its  air-tight  cock  witi 
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sHS]iected  liquid,  aeidulfitfd  willi  diluU  liy- 

— —  droulilotie  or  eulplim'iu  aeid  (each  pure)  ae 
iFill  rise  to  tlie  top  of  tlie  cork,  tit';er  u  is 
full,  and  immediately  ehut  Ibe  etop-cock. 
■  The  generattd  hydrogen  will  foi'ce  down 
F  '  the  liquid  out  of  the  lower  oritice  of  b  into  a, 
and  raise  Che  lovel  of  it  above  theeorlc  Tlie 
extremity  of  the  lube  f  being  dipped  be- 
neath tlie  surface  of  a  wenl;  solutJon  of  ni- 
trate of  silver,  and  a  E|iit-it^flame  being  pla 
ced  a  little  b>  the  left  of  the  letter  e,  the 
sti>p-cock  is  then  to  be  Filigiitly  opened,  mt 
'  that  the  gas  wliieh  now  fills  the  tube  b  may 
escape  eo  slowly  as  to  pass  off  in  separate 
small  bubbles  through  the  silver  eoluciou. 
By  this  means  the  whole  uf  the  arsenic  con- 
tamed  in  the  arseniuretted  hydrogen  will  be 
deposited  either  in  the  metidiio  state  uptm 
the  inside  of  the  tube  e,  or  with  the  silver 
inl«  the  characteristic  black  powder.  The 
first  charge  of  gaa  in  b  being  espended,  tlie 
st«p-cock  is  to  be  shut,  till  the  liquid  be 
again  expelled  from  it  by  a  fresh  disengngi;- 
ment  of  liydrosen.  Tlie  ring  of  metallic  ai'- 
senic  depoaitea  beyond  e  may  be  chased  on. 
wai^s  by  placing  a  second  flame  under  it. 
and  thereby  formed  it 'o  an  oblong  brilliant 
steal-like  mirror.  It  .s  evident  that  by  the 
patient  use  of  this  apparatus  the  whofe  nr- 
nay  be  collected,  weighed,  and  sabjeoted  to  every 
kind  of  chemical  verification.  If  f  be  joined  t<)  e  by  means  of  a  perforated  cork,  it 
may  readily  be  turned  about,  and  its  taper  point  raised  into  a  ivpsition  such  as  when 
the~  hydrogen  issuing  from  it  is  kindled,  the  flame  may  be  made  to  play  upon  a  sur-* 
face  of  glass  or  porcelain,  in  order  to  produce  the  ai'senica]  mirror. 

Or  the  preoeiBng  process  may  be  made  supplementary  to  that  of  boiling  the  arse- 
nical foul  liquor,  acidolated  with  liydroohlocio  acid  upon  slips  of  clean  copper,  whereby 
the  arsenic  is  precipitated  upon  the  copper  in  a  metallic  film  or  I  bin  crust  more  or  less 
brilliant.  If  one  oi  the  slips  of  copper  thus  coated  be  placed  in  the  tube  B  of  the 
above  described  apparatus,  it  will  give  off  its  arsenio  without  the  annoyance  pio- 
duoed  by  the  frothing  up  of  a*glatinous  mixture. 

Absenio  {detection  o/')— It  is  now  generally  known  in  this  country,  that  toward.') 
the  close  of  last  year  Professor  Reinsch  has  proposed  an  entirely  new  method  of  detect- 
ing arsenic;  which  constats  in  acidulating  any  suspected  fluid  with  hydrochloric  acid, 
heating  in  it  a  thin  plate  of  bright  copper,  upon  which  the  arsenio  ia  deposited  in  the 
form  of  a  tbin  metallic  crust,  and  then  separating  the  arsenic  from  the  copper  in  the 
state  of  oxide,  by  subjecting  the  copper  to  a  low  red  heat  in  a  glass  tube.  Organic 
liuiils  and  solids,  suspected  to  contain  arsenic,  may  bo  prepared  for  this  purpose  by 
boiling  them  for  half  an  hour  with  a  little  hydryenloric  acid  ;  solidmatters  being  cut 
into  smalt  shreds,  water  being  added  in  snf£cient  quantity  to  let  tlie  ebullition  go  on 
quietlv,  and  care  being  taken  to  continue  the  boiUng  until  the  solids  ai'e  either  dis- 
solved, as  generally  happens,  or  are  reduced  to  a  state  of  minute  division. 

ITothing  can  be  more  simple,  easy  or  precise  than  the  method  of  Reinsch.  It  is  also 
exceedingly  delicate,  more  so  than  is  ever  likely  to  be  necessary  in  any  medico-legal  in 
VfStigation ;  for  it  is  adequate  to  dcteet  a  S5U,0Oi>th  part  of  arsenic  in  a  fluid.  It  is 
iilso  perfect  in  another  resjiect:  it  does  not  leave  any  arsenic  in  the  subject  of  analysts; 
none,  at  least,  wliieh  can  be  detected  by  any  other  means,  even  by  the  most  delicate 
pi'OGVfiS  yet  proposed,  that  of  Mr.  Marsh. 

Cut  thecopper,  on  which  the  arsenic  is  deposited,  into  small  chips,  so  that  they  may 
be  easily  packed  in  the  bottom  of  a  small  glass  tube,  and  apply  a  low  red  heat.  A 
white  erystalline  powder  sublimes;  and  if  this  be  examined  in  the  sunsliine,  or  with  a 
candle  near  it,  a  magnifier  of  four  or  five  powers  will  enable  the  observer  to  distinguish 
the  equilateral  triangles  composing  the  facets  of  the  octahedral  crj'stals,  which  arc 
foimed  by  arsenious  acid  when  it  sublimes.  Sometimes  the  three  equal  angles,  com- 
fKising  a  comer  of  the  octahedron,  may  be  seen  by  turning  the  glass  in  various  direc- 
tions. If  triangular  facets  cannot  be  distinguiglied,  owmg  to  the  minuteness  ot  i^hc 
crystals,  then  shak;  out  the  copper  chips,  dose  the  open  end  of  the  tube  with  the 
6ngcr,  and  heatthi  sublimed  powder  over  a  very  minute  spirit  lamp  flame,  chasing  il 
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U]>  iind  down  the  tubu  till  crystals  of  adequate  size  are  formed.  Next  boll  a  .ililo  dis- 
tilled water  in  the  tube  over  ihe  part  wliere  Ilia  crystalline  powder  is  oolleotud  ;  azid 
when  the  eolutioQ  is  cold  divide  it  into  three  parts,  to  be  tested  with  amunmiaoal 
nitrate  of  silver,  ommoniaenl  sulpliate  of  obpper,  aud  sulphuretted  hj-di-ogen,  either  in 
the  state  of  gaaor  disaolved  in  water. 

In  boiling  ovganie  aulistanoBB  iu  the  weak  Lj-avooliloric  amd  cure  must  be  talton  tc 
Rscectiunthatthere  is  a  decided  exoeaaofaeid  always  present.  Twofiuidraohmsto  every 
8  01.  of  liquid  nre  in,  general  snffieient;  but  if  liie  oi'gonio  mattar  be  an  animal  testnr* 
ia  aetata  of  deoay,  a  much  largoi"  quantity  of  aoid may  be  naoeaBarv.owin^t^tlie  pre- 
seneeof  ammonia,  which  tends  gradiialiytonentrallKe  the  acid  aatde  aolntion  goes  on. 
EeinsoU  does  not  advise  filti'ation  of  tha  fluid  after  the  aoid  lias  anted  suffioieutly  on  the 
Bobjeot  of  annlyais.  ButnotwitliBtandingtJie  delay  oaoosionedbyflltratioD,  tliisseemB 
to  ma  advisable  inmost  instances,  otherwise  organic  particles  are  apt  to  attaeli  tlieia- 
aelvea  to  the  cupper,  and  thus  give  rise  to  empjreoma,  when  tha  metallic  ai-aenia  ia 
di'iven  off  by  heat.  Tlie  moat  convenient  form  ftir  iisiiu;  tha  copper  is  that  of  copper 
leaf ;  but  oi'dlaary  plates  of  copper  may  ba  essilymade  of  any  degree  ot  fineness'  by 
immersing  them  for  a  time  in  dilute  nitric  acid.  Where  the  quantity  of  arsenic  in  the 
fluid  is  supposed  to  be  small,  nefti-ly.half  an  hour  ahonld  be  allowed  to  alapee  before 
the  copper  is  removed.  Before  applving  the  snlphnretted  iiydiMgen  as  a  test  tu  tho 
solufjon  of  the  sublimed  oxide,  the  solution  must  he  aoidula  ed  with  hydroohloi-iD  or 
aoetieaoid.  In  every  case  the  whole  jirooess  ah6iild  be  applied  in  the  first  instance 
to  distilled  water,  acidulated  with  the  hydraohlorio  add  to  be  employed  nfterwui'ds; 
and  if  the  copper  be  taruishetl,  a  purer  acid  must  be  obtained,  or  the  coppac  must  be 
eubjected  to  the  subeeonent  atepa  of  Ihe  process,  in  orfer  to  ascertain  whether  t!ie 
tai'nishing  be  occasioned  by  arsenic  or  not 

AnsisroiL  AHD  ANiruosiiu:.  Sfoib  (dUlin^uUhing  reaoiintu  of). — If  a  drop  of  bromine 
is  placed  on  a  sancer,  and  x  capsule  containing  arsenical  spots  inverted  over  it,  tlie  spots 
take  a  very  bright  lemon-yallo  w  tjuge  in  a  short  time.  Antinionial  spots,  under  Ihe  same 
eii'ourastanoes,  ara  acted  on  much  more  rapidly  (in  about  five  seconds  at  a  temporatura 
of  S 2"  F.),  and  assume  an  orange  shade.  Both  become  colorleas  if  exposed  to  tlie  air, 
and  are  again,  restored  if  treated  with  a  strong  solntjon  of  anljihuretted  hydrogen.  The 
secondary  yellow  of  tha  arsenical  spots,  as  obi^erved  by  Lnasaigne,  diaappaai'a  on.  the  ad- 
dition of  ammonia,  whilst  that  •>!  aatimouiiU. spots  remains  untouched.  A  concentrated 
solution  of  iodate  of  potash  turns  arsenical  apotsof  aoinnomon-red,  and  dissolves  tli em 
almost  immediately.  On  antimoiiial  spots  it  has  no  visible  action  within  8  or  4  houra. 
Solution  of  the  hypochlorites  (chlorides)  of  soda  aud  lime  and  olilorine  water  dissolve 
araeuical  spots  instautanaously,  leaving  those  of  antimony.  A  concenti'ated  solution  of 
the  chlorate  of  potash  ^adually  acta  upon  araanical  spots,  but  not  upon  those  of  anti- 
mony. The  nitroprusside  of  potaaaium,  on  the  other  haud,  slowly  dissolves  antimony, 
producing  no  perceptible  effeut  upon  araenie,  Tha  statement  of  Biacho^  that  arsenical 
spots  were  eolnble,  antiinonial  insoluble,  in  a  solution  of  the  chloride  of  sodium,  conld 
not  be  verified,  as,  after  repeated  Iriols,  it  was  found  to  leave  both  not  peieeptibly 
affected.  The  chloride  of  barium,  the  hydroclil orate  and  tiie  sulphite  of  ammonia, 
afforded,  likewise  no  distinguishing  aotion.  The  nitrate  of  ahimomadisaolvea  arsenical 
more  rapidly  Uian  antiraonial  slains.  -Of  these  reactions  the  most  deoJaivearc  those 
of  iodate  of  potash,  hypochlorites  of  soda  and  Ihne,  and  freah  chlorine  water. 

Aksknic,  Tin,  and  ANTDJONr  (gnaliladve  delfrminaliort  of). — AMiough  analytical 
chemistry  possesses  several  methods  of  distinguiahing  between  tin,  antinioQy,  a\id  avae- 
nic,  I  am  not  acquainted  with  any  procasa  by  which  theBB  three  metals,  when  they 
occur  together,  can  be  recognized  with,  the  same  ease  and  quickness  as  in  the  case  oE 
moat  other  metals.  At  the  same  time,  tlie  frequent  ooourrenoo  of  tlieae  three  metala 
together  renders  a  quick  mode  of  detecting  thaiii  highly  desirable.  The  following 
may  be  viewed  as  a  small  oontribulion  towai'da  this  object. 

With  regard  to  thediacriminationof  tin  and  antimony,  tliis  is  founded  on  theaotu- 
bility  of  metallic  tin  in  strong  muriatic  odd,  and  the  iuaolubility  of  antimonial  stains, 
obtained  according  to  Marah^  method  in  liypoohloiite  of  soda. 

When  the  muriatia  solution  of  the  two  motala  is  treated  with  some  metallic  zinc,  tliey 
are  both  precipitated,  tha  antimony  witii  disengagement  of  an*,imocinretted  hydrogen, 
Wlien  the  preeipitation  ia  made  in  a  amall  apparatus  for  the  disengagement  of  hydrogen, 
the  antimony  ia  readilydeteetadby  tha  black  ataina  insoluble  in  hypochlorite  of  soda, 
which  it  produces  upon  a  piece  of  poraelain.  When  subsequently  Uie  precipitated 
metallic  powder  of  tin  and  antimony  ia  boiled  with  atrong  muriatic  acid,  onlj  tin  dis- 
solves, forming  protochlonde,  which,  alter  subaequent  dilution  wilh  water,  is  recog- 
nized by  the  browniah-blaok  precipitate  produced  by  aulphuretted  hydrogen.  Neither 
of  tte5e  reaationa  are  modified  by  the  presence  of  araanic. 

The  detection  of  arsenie  when  antimony  is  present,  ia  founded  upon  a  remarkabla 
difference  which  tiieaa  two  metala  exhibit  towards  nascent  hydrogen  when  the  latter  ia 
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diBBngsged  from  an  alkaline  liquid.  Wlien  n  strong  alkaline  aohttion  of  nritjinony  is 
lieatea  with  ractallio  Kino,  antimony  ie  precipitated  Bimiiltaneoiiely  with  a  lively  disuii- 
gngement  of  pui'e  hydrogen,  whioh  does  nut  show  the  ali^rhtest  reaction  of  ant^iiioniu- 
retted  hydrogen.  ,15  on  the  oontrary,  nsubstonoe  oon  tai  11  ing  arsenic  ajjifl  ia  mixed  with 
on  exoeaaof  potash  and  Boroe  finely-divi tied  lino,  the  hydrogengivenoff  ontbe  applica- 
tion of  heat  is  abundantly  chai'ged  with  arseciuvetted  hydrogen.  The  presence  of  this 
latter  ia  ascertained  most  simply  by  holdingastripof  psperdippedin  nitrate  of  silrer 
over  the  arseniferoua  mixture  of  |iotash  and  zinc;  with  the  slightest  trace  of  araenis 
tlie  paper  is  colored  diatinotJy  black, 

ARTOSIAN  WELLS.  Under  this  name  J9  desisnated  a  cyliadrical  perforation, 
tioreJ  verlically  down  through  one  or  more  of  the  geological  strata  of  the  earth,  till  it 
passes  into  a  porous  grarel  bed  containing  water,  placed  under  such  iiieuBibent  pressure 
as  '0  make  it  mount  op  ihroagh  the  perforation,  either  10  Ihe.aurface  or  lo  a  height  con- 
venient for  the  operation  of  a  pump.  In  tbe  Urst  ca^e^  these  wells  are<called  spouting 
or  oversowing.  This  property  is  not  directly  proportional  to  the  depth,  as  might  at  iirsL 
sight  be  supposed,  but  to  the  sabjaeenf  pressure  upon  ihe  water.  We  do  ti„:  knnw  tx- 
actlj'  the  period  at  which  the  borer  or  sound  was  applied  to  the  investigation  of  subler- 
lanean  fountains,  but  we  beUeve  the  first  overflowing  wells  were  m<.de  in  (he  ]i.i.i~ient 
f—ncli  province  of  Artoia,  whence  the  name  of  Artesian,  These  wells,  of  such  impor- 
tance 10  agriculture  and  manufactures,  and  which  cost  nothins!  lo  keep  them  in  condition, 
have  beea  in  use,  undoubtedly,  for  several  cenluries  In  the  northerti  departments  of  France, 
and  the  north  of  Italy  j  but  it  is  not  more  than  50  or  60  years  since  they  became  known 
in  England  and  Germany,  There  are  now  a  great  many  such  wells  in  London  and  its 
neighborhood,  perforated  through  the  immensely  Ih'icL.  hed  of  the  I^nJon  clay,  and  even 
through  some  portions  of  the  subjaceni  chalk.  The  boring  of  soch  wells  has  given  much 
insight  into  the  geolmcieal  structure  of  many  districts. 

The  formation  of  Artesian  wells  depends  on  twolhines,  essentially  dislinet  from  each 
other:  I.  On  an  acquaintance  with  the  physical  constitulion,  or  nature,  of  the  mineral 
structure  of  each  particular  country  ;  and,  3.  On  the  skilful  direction  of  the  processes 
by  which  we  can  reach  the  water  level,  and  of  those  by  which  we  can  promote  its  aticent 
in  the  tube.  We  shall  first  ir-at  of  the  best  method  of  maiving  the  well,  and  then  otfei 
some  general  remarks  on  the  other  subjects. 

The  operations  employed  for  penetrating  the  soil  are  entirely  similar  to  ihose  daily 
practised  by  the  miner,  tn  baring  to  find  metallic  veins ;  but  lh«  well  excavator  must  re- 
Eoi'l  Co  peculiar  expedients  to  prevent  the  purer  water,  which  comes  from  deep  strata, 
mingli^  with  the  cruder  waters  of  the  alluvial  beds  near  the  surface  of  the  ground,  as 
also  to  prevent  the  small  perforation  getting  eventually  filled  with  rubbish. 

The  cause  of  overflowing  wells  has  been  ascribed  to  a  variety  of  circnmstances.  But, 
as  it  is  now  generally  admitted  that  the  numerous  springs  which  issue  from  the  ground 
proceed  tiom  the  infiltration  of  the  waters  progressively  condensed  in  rain,  dew,  snow, 
&c.  upon  the  surface  of  our  globe,  the  theory  of  these  interior  streamlets  becomes  hy  no 
means  intricate;  being  analogous  to  that  of  syphons  and  water  jets,  as  expounded  in  the 
treatises  on  physics.  ThewatersaredilTiised,  after  condensation,  upon  tbe  surface  of  the 
soil,  and  percolate  downwards,  through  the  various  pores  and  fissures  of  the  geologjcal 
strata,  U>  be  again  united  suhterraneously  in  veins,  rills,  streain!eta,  or  expanded  films, 
of  greater  or  less  magnitude,  or  regularity.  The  beds  traversed  by  numerous  disjunctions 
will  give  occasion  to  numerous  interior  currents  in  all  directions,  wiiich  cannot  be  re- 
covered, and  brought  to  the  day ;  but  when  the  ground  ia  composed  of  strata  of  sand,  or 
gravel  very  permeable  to  water,  separated  by  other  strata  nearly  impervious  to  il,  reser- 
voirs are  formed  to  our  hand,  from  which  an  abundnnt  supply  of  wnter  may  be  spontane- 
ously raised.  In  ibis  case,  as  soon  as  the  upper  stratum  is  peiliirated,  the  waters  may 
rise,  in  consequence  of  the  hydrostatic  pressure  upon  the  liiwer  strata,  and  even  overlinw 
tlie  surface  in  a  constai;  stream,  paiDVided  the  level  from  which  they  proceed  be  prujior- 
t.onally  higher. 

The  sheets  of  water  occur  principally  at  the  separation  of  two  contigoous  formations  ( 
and,  if  the  snccession  of  the  geological  strata  be  considered,  this  distribution  of  the  water 
will  be  seen  to  be  its  necessary  consequence.  In  fact,  the  lower  beds  are  frequently 
imposed  of  compact  sandstone  or  limestone,  and  the  npper  beds  of  clay.  In  level 
countries,  thu  formations  being  almost  always  in  hoiizonta!  beds,  the  wateft  which  feed 
the  Artesian,  wells  must  come  from  districts  somewhat  remote,  where  the  strata  are  mora 
elevated,  as  towards  the  secondary  and  transition  rocks.  The  :;opious  slreams  condensed 
upon  the  siih'i  of  tliese  colder  lands  maybe  therefore  regarded  is  ihe  proper  reservoiis  of 
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wnfr  of  Ihe  IfaveriB  dii. 
tuhutes  !t«eJf  ander  ihe 
surface  of  our  globe 
Htre  we  haie  a  geolo- 
gical section,  stiowjna 
Ihe  succession  of  the 
several  tbrmalim  ,  and 
the  sheets  or  laminie  of 

bounilaries,  BS  well  as  m 
tlieir  sandy  beds  The 
ll^re    shows    also    >ery 

^_,„.,,—         plsinly   that   the    hejghi 

,0  winch  the  water  reascends  id  ihe  bore  oT  b  well  Sepend*  upon  Ihe  height  of  the  to- 
Eervoir  which  supplies  the  sheet  oT  water  to  which  the  well  is  perforated  Thus  the 
«ell  A  haviDg  gone  down  to  the  aqueous  expanse  a  a,  wlio«e  waters  of  supply  are  de 
rived  trom  the  percolation  m,  will  ailford  nsina  waters  which  will  come  lo  the  surface, 
while  in  the  well  b,  snpplied  by  the  sheet  p,  the  waters  mli  spent  ahove  Ihe  surface, 
and  in  the  well  c  tliey  will  remain  short  of  it.  The  same  figure  shows  thai  these  wells 
Dflen  traverse  sheets  of  waler,  which  rise  to  different  heights.  Thus,  in  Ihe  well  c  there 
are  fiue  columns  of  ascending  waters,  which  rise  lo  heights  proportional  lo  Ihe  points 
whence  Ihey  lake  ilieir  origin,  h'veral  of  these  will  be  spouting  or  overflowing,  but 
some  will  remain  benealh  the  surface. 

'The  sitaation  of  the  inlended  well  being  determined  upon,  a  circular  hole  is  generally 
dug  in  the  grooud,  about  6  or  8  feet  deep,  and  5  or  6  feet  wide.  In  the  centre  of  this 
hole  the  boring  is  carried  on  by  two  workmen  below,  assisted  by  a  laborer  above,  as 
shown  iu^g.  S7, 

The  handle  (fig.  38)  having  a  female  screw  in  the  bottom  or  its  iron  shank,  with  a 
wooden  bar  or  rail  passing  Ihiongh  the  socl  et  ul  Ihe  shank  tnd  a  ring  at  top,  is  ihe 
general  agent  to  which  all  ihc  boring  implements   arc   to   be   attached.     A  chisel 
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aotizDa'.aIl]r  over  the  weU,  from  which  a  cham 


(fle  81)  IS  first  employed,  and  connected 
In  Ibis  handle  bv  itB  screw  at  top.  If  the 
ground  is  loleraWy  soft,  the  weight  of  the 
iwo  workmen  bearing  upon  the  cross  bar,  and 
<icca?ionally  forcini  it  round,  will  soon  cause 
Ihe  chisel  to  penetrate ;  but  if  the  ground  is 
hard  or  strong,  Ihe  workmen  strike  the  chisel 
down  with  repeated  blows,  so  as  to  peck  their 
way,  often  changing  their  situation  by  walk- 
ing ronnd,  which  breaks  the  stones,  or  other 
hard  substances,  that  may  happen  to  obsirucl 

The  labor  is  very   considerably   reduced 
bv  means  of  an  elastic  wooden  pole,  placed 
s  brought  down,  and  attached  lo  the  ring 


ARTESIAN  WELLS  89 

of  the  liandle.  This  pole  is  usually  made  fast  at  one  end,  ob  a  fiilomiD,  by  belnj?  set 
into  n  liesp  of  hea^y  Ioo3e  atones ;  attha  other  end  the  IsWer  above  gives  it  a  slijflit 
!ip  (ind  down  vibrating  moticiii,  correBponding  to  the  beating  motion  of  theworkiiiua 
below,  by  wliieb  means  the  elasticity  of  the  poie  in  rising  lifts  the  liandle  and  pecter, 
and  thereby  veiy  considerably  dimmishea  the  labor  of  tiie  workmen.    See  fig,  S7. 

Wbcnthe  hole  bos  beon  thus  opened  by  a  chisel,  as  fir  as  its  strength  wou^il  permit, 
the  chiffll  ia  withdrawn,  andaeortofaylindrieal  aiij(flr  (/j.40)  attached  to  the lijin die 
(ff'jf.  88).  for  tbe  purpose  of  drawing  np  Hie  dirt  or  broken  stones  which  liave  been 
disturbed  by  thediiaeL  A  section  of  this  auser  is  sbown  in jfo.  41,  by  which  tbo  in- 
tei-nal  valve  will  be  seen.  The  anger  beintr  introduced  into  the  liole  and  turneil  round 
by  the  workmen,  tlie  dirt  or  broken  stones  will  pasa  through  tbe  aperture  at  bottom 
(Bhtiwn  at  fg.  42),  and  fill  the  cylinder,  which  is  then  drawn  up,  and  discharged  at 
the  top  of  the  auger,  the  valve  preventing  its  eseape  at  bottom. 

In  order  to  penetrate  oeeper  into  the  fronnd,  aa  iron  rod,  as  a,jSe.  4S,  is  now  to 
be  allached  to  the  chisel,  Jig.  39,  bf  screwing  on  to  its  opper  end,  and  the  roii  is  also 
fastened  to  the  liandle,  fig.  38,  by  screwing  into  its  socket.  The  chisel  having  !hii? 
become  lengthened  by  the  addiliim  of  Ihe  rod,  it  is  again  introduced  into  tlie  hi.lu; 
and  the  operation  of  peckini  or  forcing  it  down,  is  carried  on  by  the  workmen  as  be- 
fr.rc.  When  the  ground  has  been  thus  perliimted,  as  far  as  tHe  cltisel  and  ils  rod  will 
roach,  they  must  be  wichdntwn,  in  order  a^ain  to  introdoce  the  anger,  fig.  40,  to  col- 
lirct  and  bring  np  the  rnbbish  ;  which  is  done  hy  nltnching  it  to  the  iron  rorf,  in  place 
of  the  chisel.  Thus,  as  the  hole  becomes  deepened,  other  lengths  of  iron  rod?  are  added, 
by  cimnecting  Ihem  together,  as  n  ft  are  in  fig,  44.  The  necessity  of  frequenily  wiih. 
drawing  the  rods  from  the  holes,  in  ni-der  to  collert  the  mud.  Stones,  or  ruhhi-h,  and 
Ibc  sreat  friction  produced  1^  the  robbing  of  the  tooL  against  ils  sides,  as  well  as  the 
lengths  of  rods  ausmenting  in  the  prioress  of  the  operation,  sometimes  to  the  extent  of 
several  hundred  feet,  render  il  exlreraely  inconvenient,  if  not  impossible,  to  raise  them 
by  hand.  A  tripedal  standard  is  therefore  generally  constructed  by  three  scaffol  ling 
poles  tied  together,  over  ihe  hide,  as  shown  fig.  37,  from  the  centre  of  which  a  wheel 
and  asle,  or  a  pair  of  puUy  blocks  is  suspended,  for  the  purpose  of  hauling  up  the  rods, 
and  from  which  hangs  the  fork,^g.  45.  This  fork  is  lo  be  brought  down  under  the  shoul- 
der, near  the  lop  of  each  rod,  and  made  fast  to  it  by  passing  a  pin  throush  two  little 
holes  in  Ihe  claws.  The  rods  are  thus  drawn  up,  nbont  seven  feet  at  a  lime,  which  i* 
the  usual  distance  between  each  joint,  and  at  every  haul  a  fork,_/ig.  46,  is  laid  hori> 
rontfilly  over  the  hole,  with  ihe  shoulders  of  the  lower  rod  reeling  between  its  claws,  hy 
which  means  the  rods  nre  prevented  from  sinhine  down  into  the  holeagain,  white  the 
upper  lenglh  is  unscrewed  and  removed.  In  altachin?  and  detaching  these  lenglhs  of 
rod,  a  wrench,^g.  47,  is  employed,  by  which  Ibey  are  inrned  rcnnd,  and  the  screws  for- 
ced up  lo  their  Hnn  bearing. 

The  boring  is  sometimes  performed  for  the  first  sixty  or  a  hundred  feet,  by  a  chisel 
of  2J  inclies  wide,  and  cleared  ont  by  a  gouge  of  2J  diameter,  and  then  Ihe  hole  is 
wi  kned  by  a  tool,  such  as  is  shown  at  fig.  48.  This  is  merely  a  chh-el,  as  fig.  89,  four 
inches  wide,  but  With  a  guide,  a,  put  on  al  its  lower  pari,  for  the  purpose  of  keeping 
il  in  a  perpendicular  direction;  the  lower  pnrl  is  not  inlended  to  peck,  put  to  pass 
ddwn  the  hole  previously  made,  while  the  sides  of  the  chisel  operate  in  enlirBing  the 
i.ole  to  four  inches.  The  process,  however,  is  generally  performed  al  one  opeialion,  hy 
a  ctiisel  of  four  inches  wide,  as  fig.  39,  and  a  gouge  of  three  inches  and  three  i|uarlers, 
Bsfi«.  40. 

Il  is  obvious  that  pkcins  and  displacing  the  lengths  of  rod,  which  is  done  every  lime 
thai  ihe  ailger  is  required  to  hv  introduced  or  withfirawn,  must,  of  ilself,  be  extremely 
Iriiuhlesiime,  independent  of  Ihe  labor  of  bnriuH,  but  yet  Ihe  operation  proceeds,  when 
no  unpropitions  circumstances  altend  it,  with  a  facility  almost  incredible.  Sometimes, 
however,  rociis  inlercepl  Ihe  way,  which  require  sreat  labor  to  penetrate;  bul  ibis  is 
always  effected  by  pecking,  which  shiwly  pulverizes  Ihe  stone.  The  most  unpleasant 
ciicumslance  attendant  upon  ihis  business  is  the  occusional  breaking  of  a  rmi  into  the 
hole,  which  sometimes  creates  a  delay  of  many  days,  and  an  incalculable  labor  in  draw- 
ing np  the  lower  portion. 

When  the  water  is  obtained  in  auch  (inanlities  and  of  such  quality  as  may  he  required, 
the  hole  is  dressed  or  finished  by  passing  down  it  a  diamond  chisel,  fnnncl  moulhed, 
with  a  triansular  bit  in  ils  centre ;  this  makes  the  sides  smooth  previoos  to  pnlling  in 
Ihe  pipe.  This  chisel  is  allached  to  rods,  and  lo  Ihe  handle,  as  before  described;  and, 
in  ils  descent,  the  workmen  continually  walk  ronnd,  by  which  the  hole  is  made  amcKith 
and  cylindrical.  In  the  progress  of  the  borins,  freqoent  veins  of  water  are  passed 
through  i  bat,  as  these  are  wnall  streams,  aad  perhaps  unpreenated  with  mineral  sub- 
stances, Ihe  operation  is  carried  on  until  an  aperture  is  made  into  a  main  spring,  which 
will  How  up  to  the  surface  of  Ihe  earth.  This  must,  of  course,  depend  upon  Iho  leiel  of 
;ts  soiirc",  which,  if  in  a  neis-bhoring  hill,  will  freinenily  cause  the  water  to  rise  uji, 
and  prottnce  a  continued  foi  ilain.    But  if  the  oltiwde  of  tlie  distant  spring  happens  to 
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be  below  the  level  nflhe  sarfaceorthe  Eround  where  tlie  borins  e  efictled,  il  sometimet 
hapiiens  that  a  -well  of  con^idembte  cnpaciiy  is  obliged  to  be  diu  down  to  that  level,  in 
order  to  fiirm  a  reservoir,  into  n-hich  (lie  water  maj  flow,  and  whence  it  must  be  raisci 
by  B  pump;  wbile,  in  the  former  instance,  a  perpetual  foiinlain  may  be  obtained. 
Hence,  it  will  alwajs  be  a  mailer  of  doubt,  in  level  conntries,  whether  water  can  ha 
procured  which  would  flow  near  lo  or  over  the  snrface!  if  this  cannot  te  effected,  tha 
process  of  boring  will  be  of  little  or  no  l  Ivanlage,  except  as  an  experiment  to  ascerlain 
the  fact. 

In  order  to  keep  tlie  strata  pure  and  un contaminated  with  mineral  springs,  the  hole 
is  cased,  fur  a  considerable  depth,  with  a  metallic  pipe,  aboni  a  quarter  of  nn  inch 
Emaller  than  the  bore.  Tins  is  generally  made  of  tin  (ihough  sometimes  of  copper  or 
lead)  in  convenient  lengths ;  and,  as  each  lenglli  is  let  down,  it  is  held  by  a  shnnldor 
tesline  in  a  fork,  while  nnolher  lenir.h  is  soldered  to  it;  by  which  means  a  continuous 
pipe  is  carried  through  the  bore,  as  far  as  may  be  found  necessary,  to  e>:clude  land  sprir.^s, 
and  to  prevent  loose  earth  or  sand  frcrni  falling  in,  and  choking  the  aperture, 

Mr.  John  Good,  of  Tottenham,  who  had  heen  extensively  employed  in  boring  the 
earth  for  water,  obtained  a  patent,  in  Aug.  J823,  foi  certain  improved  implements  con- 
trived by  him  to  facilitate  his  useful  labors ;  a  description  of  which  cannot  fail  to  be  in- 
teresting. 
ThG  figures  annexed  exhibit  these  ineenions  tools ;  Jig,  49  is  an  anger,  lo  be  connected 
by  the  screw.head  to  tlie  length  of  rods  by  whidi  the  boring  is  car- 
ried on.  This  auger  is  for  boring  in  soil  clay  or  sand ;  it  is  cylin- 
drical, and  has  a  slit  or  opening  from  end  to  end  and  a  bit  or 
cutling-piece  at  bollom.    When  the  earth  is  w        n      g 

of  the  same  form  is  lo  be  employed,  but  the  pen    g  ed 

in  width,  or  even  without  a  slit  or  openi  ?     A     m        a 
used  lor  cutting  through  chalk;   but  Ihe  p  h  be     m 

should  Iher  project  lower,  and,  for  that  p  rpo  m  h 

cjlindrical  augers  are  made  with  moieible  >e  a      bed  b 

screws,  which  is  extremely  de>arable  in  g     d    g       m  n^ 

edges.    Fig   50  i~  a  hoUow  conical  anae  bo     g   00  d 

soils;  it  has  a  spiral   Cutting  edge   coiled  wh   h 

turns,  eausei  the  loose  soil  to  ascend  up    h  ed  p  ad 

deposite  itself  in  the  hollow  within  Fig  C  a  h  U  w  d 
or  Inbe,  shonn  m  section,  with  a  fool  ^a  and  a  b«  k  be 
raised  by  a  rod  ard  ctrd  attached  at  Ihe  top  this  is  a  piitnping 
tool,  fur  the  purpose  of  getting  up  vi  iter  and  sand  thai  would  not 
se  h  he  auger.  When  this  cjlinder  is  loneied  lo  the  bottcm  of  the  bore,  the  bucket 
s  r  d  up  by  Ihe  rod  and  cord  and  dttrends  aoain  by  its  oun  gravity,  having  a  valve 
n  he  b  ket,  opening  upwards.  Id  e  tthei  lift  pumps,  whi°o,  at  every  stroke,  raises  a 
q  an  of  water  and  sand  in  Ihe  c;  lindei  equal  to  the  stroke ;  the  ascent  and  descent  ol 
he  tn  ckel  being  limited  by  a  guide-piece  at  the  top  of  the  cylinder,  and  two  small  knobs 
upon  he  od  which  slop  against  the  cross-guide.  Fig.  fi2  is  a  tool  for  gettingup  broken 
rod  I  consists  of  a  small  cjlindrical  piece  at  bottom,  which  tlie  broken  rod  slips  through 
when  It  la  lowered,  and  a  small  catch  with  a  knife-edge,  acted  upon  by  a  back-spring. 
In  rising,  the  tool  takes  hold  cf  Ihe  broken  rod,  and  (hereby  vnables  the  workman  at 
top  to  draw  it  up.  Another  tool  for  Ihe  same  purpose,  is  bJiowti  at  fig.  63,  which  is  like 
a  pair  of  tongs;  it  is  intended  to  be  slidden  down  the  hore,  and  for  the  broken  rod  to  pass 
' "  ■"  "     '   o  catches,  which,  pressed  by  baek-springs,  will,  when  drawn  up,  take  fast 

bo  connected,  like  all  the  others,  to  the  end 
of  Ihe  length  of  rods  passed 
down  the  bore;  this  tool  has 
two  eiitling-pieces  extending  on 
the  sides  at  bottom,  by  which, 
as  the  tool  is  tnmed  round  in 
the  bore,  the  earth  is  peeled 
Bwnv,  Fig.  65  is  a  chisel,  0( 
punch  with  a  projecting  piece 
lo  be  used  for  penetrating 
throagh  stone;  this  chisel  is, 
by  rising  and  falSng,  made  to 
pcrft  the  stone,  and  pulverize 
il  the  small  middle  part  break- 
ing It  away  first,  and  afterwards 
the  broad  part  coming  into  ac- 
tion. Fig.  56  is  another  chisel, 
or  punching  tool,  lwi=ied  on  its 
cutting  edge,  which  breaks  awHy 
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The  manner  of  forcing  down  lengths  of  cast-iron  pipe,  after  the  bore  is  furnied,  15 
shown  kL  /,g.  57 ;  the  pipe  is  seen  helow  in  Ihe  sockel,  at  Ihe  end  of  which  a  blticli  is 
inserted !  and  from  this  Mock  a  rod  extends  upwards,  upon  which  a  weight  in  top 
slides.  To  this  weight  eoida  nrc  shown  to  be  attached,  renching  to  the  top  of  Ihe  boie ; 
where  tlie  workmen  alternately  raise  the  weight  and  let  it  fall,  which,  by  striking  upon 
the  block  in  its  middJe,  beats  down  the  pipe  by  a  succession  of  strokes ;  and  wh<n  on* 
leiyjlh  of  pipe  has,  by  these  means,  been  forced  down,  another  lenElh  is  introdiicid  inlr. 
the  socket  of  the  former.  Another  tool  fir  t-'e  same  purpose  is  shown  at  Jig.  68,  which 
b  forme'  like  an  acorn i  the  raised  part  01'  Lie  acorn  strikes  aifainst  Ibe  ftlge  of  the 
pipe,  anJ  by  that  means,  it  is  forced  down  the  bore.  When  it  happens  that  an  aiiRet 
bmtks  in  the  hole,  a  tool  simQar  to  tha.t  shown  slfig.  69  is  introduceil ;  on  one  side  of 
tbis  tool  a  cnrved  piece  is  attached,  for  the  purpose  of  a  guide,  to  conduct  it  pnst  the 
cjlindrical  auger;  and  at  tlie  end  of  the  other  side  is  a  hook,  which,  taking  hold  of  the 
bottom  eigt  of  the  anger,  fcnatiles  it  to  be  drawn  up. 

Wrought  iron,  copper,  tin,  and  lead  pipes,  are  occasionally  used  for  lining  the  bore; 
and  as  Uiese  are  subject  to  bencis  and  liruises,  it  is  necessary  to  introduce  tooi^  for  Ihe 
ptlrpose  of  stra^htening  their  sides.  One  of  tiiese  tools  is  shown  at  fig.  60,  which  is  o 
bow,  and  is  to  be  passed  down  the  inside  of  Ihe  pipe,  in  order  to  press  out  any  dents. 
Another  tool,  for  the  same  purpose,  is  shown  at^g'.  61,  which  is  a  double  bow,  ami 
may  be  turned  round  in  Ihe  pipe  for  the  purpose  of  straightening  it  all  the  way  down ; 
at  Ji^.  62,  is  a  pan:  of  clams,  for  turning  the  pipe  round  in  the  hole  while  driving. 

When  loose  stones  lie  at  the  bottom  of  the  hole,  which  are  too  krge  to  be  brought  up 
by  the  cylindrical  aager,  and  cannot  be  conveniently  broken,  then  it  b  proposed  to 
introduce  a  triai^ular  claw,  as^g.  G3,  the  internal  notches  of  whiit  lake  hold  of  the 
stone,  and  as  the  tool  rises,  bring  it  up.  For  raising  broken  rods,  a  tool  like^g.  H4 
is  sometimes  employed,  which  has  an  ai^ular  claw  that  slips  tmder  the  shoulder  of  the 
rod,  and  holds  it  fttst  while  drawing  up. 

Iti  raising  pipes  it  is  necessarv  to  introduce  a  tool  into  the  insi('e  of  the  pipe,  by 
which  it  will  he  held  fast.  Fig,  65  is  a  pine-apple-tool  for  this  purpose;  its  surface  is 
cat  like  a  rasp,  which  passes  easily  down  into  the  pipe,  bus  catches  as  it  is  drawn  up ; 
and  by  that  means  brings  the  pipe  with  it.  Fig.  B6  is  a  spear  for  the  same  purpose, 
which  easily  enters  the  pipe  by  springing }  at  the  ends  of  its  prongs  there  are  forks 
which  stick  into  the  metal  as  it  is  drawn  up,  and  thereby  rtdse  it. 

These  are  the  new  implements,  for  which  the  patent  was  granted.  In  the  process  of 
boring,  there  does  not  appear  to  be  anything  new  proposed;  but  that  these  several 
tools  are  lo  be  employed  for  boring,  packiag.  and  otherwise  penetrating,  raising  the 
earth,  and  extracting  broken  or  injured  tools.  There  are  also  suggestions  for  employing 
long  buckets,  with  valves  opening  upward  in  their  bottoms,  for  the  purpose  of  drawing 
water  from  these  wells  when  the  water  will  not  flow  over  llie  surface ;  also  lift  pumps, 
with  a  succession  of  buckets  for  the  same  purpose.  But  as  these  su^estions  possess 
little  if  any  novelty,  it  cannot  be  intended  lo  claim  them  as  parts  of  the  patent. 

The  older  geological  formations  arc  seldom  propitious  li>  the  construction  of  Arte- 
sian wells,  on  accouat  of  the  compact  massiveness  of  their  rocks,  of  the  few  fissures 
or  porous  places  in  them,,  and  of  the  rarity  of  filtering  strata  overlying  retentive  ones.  It 
is  therefore  vain  to  attempt  the  formation  of  an  overflowing  spring,  upon  the  above  prin- 
ciples, in  territories  ofgranite,  gneiss,  mountain  limestone,  and  basalt.  Among  transition 
and  secondary  formaUons,  such  wells  wai  rarely  furnish  a  supply  of  good  water.  The 
latter  strata  of  alternating  clay  and  variegated  sandstone  contain  so  much  gypsum  and 
rock  salt  as  to  impregnate  therewith  the  waters  derived  from  them  to  an  unpalatable 
degree.  It  is  in  the  sandy,  calcareous,  and  ai^illaceous  strata  of  the  Jura  limestone, 
indeed,  that  borings  may  most  probably  be  made  for  brine  springs.  The  hot  springs 
which  bat's!  out  of  the  ground  in  primitive  rocky  districts  come  undonbtedly  from  a 
great  depth  under  the  snrface,  and  derive  their  temperature,  and  also  probably  their 
waters,  from  the  vapors  of  deep-sealed  volcanoes  in  connexion  with  the  sea,  A  miniature  . 
representa^on  of  such  springs  is  exhibited  in-the  intermitting  fountains  of  fresh  waiei 
on  the  shoulder  of  Vesuvius.  Epringsof  this  kind,  which  vary  with  the  seasons,  may  de- 
rive a  portion  of  their  water  from  the  surface  of  the  earth,  from  which  it  may  sink  through 
clefts  in  the  primitive  rocks,  till  meeting  in  its  descent  with  stony  obstructions  and  ascend- 
ing steam,  it  is  forced  to  remount  in  a  heated  state  to  Ihe  day,  like  the  Geisers  in  Iceland. 
The  most  remarkable  example  of  an  Artesian  well  is  that  recently  formed  at  Crenelle, 
a  suburb  at  the  soathw^sl  of  Paris,  where  there  was  a  great  want  of  water.  It  cost 
eight  years  of  difficnll  labor  to  perforate.  The  geological  strata  round  the  French 
capital  are  all  of  the  tertiary  class,  and  constitute  a  basin,  like  thai  shown  in  fig.  67 
The  bottom  of  this  basin  is  chalk ;  a  a  are  tertiary  strata  above  Ihe  chnik ;  b  b,  chalk 
or  cretaceous  carbonate  of  lime  j  c  c,  n  b,  green  sand  and  clay ;  e  e,  oolite  and  Jura 
limestone  ^rauschdkalk)  ;  e  a,  general  slope  of  the  surface  of  the  country  from  Langres 
10  Paris;  ma,  the  level  of  the  sea.     Over  a  circular  space,  of  which  Paris  is  the  centre, 
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in  3  which  is  houndfd  hy  fhe  towns  of  Lnon,  Mantes,  Blois,  Sancerre,  Nogen^»^^[ 
ioine,  aiid  Eperony  these  stiala  are  founliipon  the  siirfaee,  concealing  tile  eh^i Ik ;  bn' 
in  tUa  othei  side  of  tlieso  tunna,  the  elje  of  ihn  bisin  being  passtn],  the  oluilkis  gene- 


rally the  auperficial  bei  Fj  1  il>ing  at  the  order  of  tlieae  tertiary  strata,  it  is  easy 
to  [lereeiTc  the  obatatlea  thnt  M.  Matot,  the  en^near  of  the  well,  had  to  overcome,  an3 
the  diltienlty  and  hazaid  of  his  undertatmg  TLJie  surface  at  Crenelle  consists  of  grii- 
vel,  pebbles  and  frngniente  of  ia<.!:,  whii.]i  have  been  deposited  by  the  wntei'S  at  sums 
period  anterior  to  any  histoncal  record  Below  this  layer  irf  detritus,  it  was  known 
to  the  engineer,  by  geolojtical  indnetioji,  as  well  rs  pievions  experience,  that  at  Gre- 
nelle  marl  and  clay  would  be  found,  instead  of  the  limestone  which  eencrully  forms 
the  immediately  Buhjaoent  atratnm.  He  was  aware  tirnt  he  had  to  bore  alioiit  440 
yarilsl  deep  before  he  should  aiTive  at  the  sheet  of  wnter  heajigure)  which  flows  in 
the  gravel  below  the  liineNtone,  and  supplies  the  wells  of  St  Ouen,  St.  Denis,  luid  Stnins. 
Underneath  the  marl  and  the  clay,  the  ooring  rods  had  to  perforate  ptire  gmvel,  plas- 
tic clay,  and  finally  chalb,  whiuh  forms  the  bottom  of  the  general  tertiair  unsin,  as  wa 
have  seen.  No  catcuhilJon  fmni  geological  data  could  determine  the  thickness  of  this 
Btriitnm  of  chall^  which,  from  its  piiwera  of  resistance,  might  present  Dii  almost  insn- 
peivible  obstacle.  The  exjiericnce  acc[iiired  in  boring  the  wells  <rfElbeu^  Ronen,  nud 
Tours,  was  in  this  respect  but  a  very  imperfect  guide.  But  Bapposing  tiiis  obstiiele  to 
he  overcome,  was  he  aure  of  finding  a  supply  of  water  below  this  mass  of  chalk  1  In 
the  first  place,  the  striihi  c  n  below  the  chalk  possessed,  as  w 
aiiry  conditions  for  producii^  Artesian  springs,  namely,  snc< 
gravel,  or  of  pervious  and  impervious  beds.  M.  Mai  of  confidently  relied  on  his  fsr- 
mer  esperiaace  of  tlie  hoiings  of  the  wells  at  Rouen,  Elheut  and  Tours,  where  abun- 
dant supplies  of  water  had  been  found  below  the  chalk,  between  similar  etrata  of  clay 
and  gravel. 

But  one  other  condition  is  requisite  to  insure  tlie  rising  of  the  water  in  an  Artesian 
well,  niimely,  that  the  feeding  level  of  infiltration  should  he  Iiigher  than  the  oHIice  in 
the  bore  above  which  the  wiiter  b  to  ascend.  This,  however,  turned  out  to  be  tlie  ease 
with  Crenelle.  M.  Arago  had  sliown  thiit  the  water  of  the  spring  liere  would  neisei)- 
sarily  rise  to  tlie  surtace,  beeiiuse  in  the  well  at  Elbeiif,  which  is  nearly  S  ynnis  above 
the  level  of  the  s?a,  llie  w.iter  riiies  from  27  to  29  yards  above  the  sur&ce  of  tlia  enrtli, 
ami,  consequently,  from  36  to  38  yai-ds  above  the  oeean  level.  Now,  as  the  orihce  of 
the  bore  at  Crenelle  is  only  34  yards  above  tlie  same  level,  it  follows  that,  if  tlie  iden- 
tic7il  spring  be  met  witli,  tlie  water  must  rise  above  the  eai-tli's  snr&uw  ^t  Grenelle. 

The  necessary  works  were  cnmmeneed  with  boruig-roda  about  9  yards  long,  attached 
to  each  other,  and  which  coulil  be  miaad  or  lowered  by  maehnnical  power,  while  an 
ingenious  method  was  adopted  for  giving  them  a  rotaiy  motion.  Tlia  diiimeter  of 
the  bore  was  about  S  inches.  The  itisti'ument  affixed  to  the  end  of  the  luwest  horitig- 
n>d  was  changed  aceoidiiig  f«  the  different  strata  which  were  succe?siveiy  attacked; 
the  form  suited  for  passing  tliii>ugb  the  softer  materials  tiear  the  miifoce  being  unsuit- 
able for  boring  through  the  chalk  and  flint,  a  hollow  tube  wna  used  for  the  former, 
while  a  chisel-shaped  tool  was  employed  topeneti'ate  the  hitter.  The  size  of  the  rwls 
was  lessened  as  the  depth  iiicrensed;  and,  since  the  aubterraiienn  water  was  noti-eached 
BO  soon  as  was  espected,  it  became  requisite  to  enlarge  five  aevei'al  times  the  diameter 
of  the  bore,  in  order  to  permit  the  work  to  be  Buccessfully  prosecnted.  Accidents  oc- 
curred which  tried  the  patience  of  the  projeotoi's.  IiiMay,  183'?, -vhen  the  boring  had 
extended  down  to  a  depth  of  418  yai'ds,  tlie  hollow  tube,  witli  nearly  90  yards  of  the 
hmg  rods  attached  to  it,  broke  and  fell  to  the  bottom  of  the  hole,  whence  it  became 
necessary  to  exti'aot  the  broken  pai-ts  before  any  further  progress  could  be  made.  Tlie 
difficulty  of  accomplishing^  this  task  may  be  conceived ;  for  tha  different  fnigmeiite 
were  not  all  extracted  until  after  the  constant  labur  of  15  months.  Again,  in  AnriL 
184ft  in  passing  through  the  chaUt,  the  cbiscl  attached  to  the  boring-rod  got  detaeiiei^ 
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jnd  before  it  ouuid  be  reeovei-ad,  eareral  mnntbs  were  spent  in  liigging  innnd  flbo^it 
it.  A  Bimitor  occuiteucs  cieiited  nu  obstacle  wliiuli  impeded  tlie  woi'k  for  3  niontlis, 
but, instead  of  tTltlidrnwing  tlic  detncbed  piii%  it  \rns  forcibly  diivcn  down  amoiig  tlie 
Btratam  of  graveL  At  leiigih,  iu  Febi'uary,  1B41,  after  eiglit  years'  labor,  tbe  lodB 
Bnddenly  deaeended  Beveral  y^rda,  imring  piei-oed  into  the  vimit  of  the  subterranean 
water  so  long  eouglit  after  by  Ibe  indefatigable  engineer,  A  few  bouts  flftenrai  da  Ijb 
wns  lewarded  for  all  bis  anxious  toils  ;  fur  lo  1  the  water  rose  to  the  surface,  aud  dis- 
chnt^ed  itself  at  the  rate  of  600,000  gallons  pei'  hour  I 

Tlie  deptJi  readied  down  was  Boa  jariis,  oi'  about  three 
The  p'pe  by  which  the  water  reaehea  the  surfcice  has  be( 

neai'l^  level  with  the  soni'oe  of  supply.  Tbe  portion  of  Ihe  pipe  above  tiis  gionnu  la 
luri'ounded  with  a  moniinientol  piigoda  of  ornamental  carpentry,  and  it  disohat^ea  a 
cirauLir  cascade  of  clear  water  conUiiually  into  a  eirculai'  iron  reservoir,  to  be  thence 
conveyed  by  a  lateral  ripe  t<i  the  ground.  The  water  ia  well  adapted  for  alldomestia 
uses,  and  it  will  be  Qnfailing,  being  supplied  fi-om  the  infiitiatiou  of  a  surface  of  cuuii- 
try  nearly  200  miles  in  diameter.  Tlie  Artesian  wella  of  Elbeuf,  Rouen,  and  Toura, 
which  were  formed  many  years  ago,  overflow  in  nevei'-varj-ing  streams  ;  and  (he  an- 
cient Ai'tesian  well  at  Lillera,  iu  ^le  Fas  de  Calais,  has  for  about  seven  centuries  fur- 
nielied  a  constant  and  equiible  supply. 

The  opportunity  of  asoertiuniiig  tlie  temperatnre  of  tlie  earth  at  different  depths 
was  not  aegleeted  during  the  pr<^resB  of  the  worlis  at  Grenelle.  Tiiermomnters 
placed  at  a  depth  of  SO  yards  ia  the  wells,  of  the  Paris  Observatory  invariably  stand 
at  58*^  Fahrenhfflt.  Id  the  wall  at  Greiielle  the  Uiermomoter  indicated  74°  Fnhr.  at  a 
d^^pth  of  4+2  yards,  and  at  550  yards  it  stood  at  19°.  At  tbe  depth  finally  arrived  at 
ol  602  yards,  the  temperatnre  of  tlie  water  whicli  rose  to  tlie  surfaoa  wasSl",  corrob- 
or  iting  previous  cnlculatiuns  on  tbe  subject.  For  a  descent  of  573  yards  there  is  an 
ijii^rease  of  temperatnre  equal  to  26°  F.,  which  b  20'4  yards,  or  61 '2  feeC  for  eacli  de- 
gree of  that  scale.  Now  that  tbe  skilful  labor  of  so  many  years  ia  terminated,  the 
Parisians  regret  that  the  subterranean  sheet  of  water  had  not  lain  1000  yards  benealh 
the  surface,  that  they  might  have  had  an  oveiflowine;  atreani  of  water  at  101°,  to  fur- 
nish a  cheap  supply  to  their  numerous  hot-bath  establishments. 

In  bonng  Artesian  wella  through  stratified  formations,  several  abeets  of  water  are 
□let  with  at  snecesaive  heights ;  as  at  St.  Ouea  there  are  fi,  each  capable  of  rising :  one 
of  these  ia  at  36  metres  of  depth;  a  second  at  4Sim.,  a  third  at  Slim.,  a  fourth  at 
G9'S0m.,  and  a  fifth  at  66lm.  At  Toui-s  there  are  S  sheets  susceptible  of  mounting, 
at  yS,  102,  and  135  meti'ea  reapeotively  beneath  the  surface.  Seven  lat^e  sheets  of 
frmli  water  were  in  lite  manner  olraerved  in  boring  for  ooal  near  Dieppe.  The  deep- 
est sheets,  having  the  greatest  superincumbent  pressure,  in  general  give  the  highest 
hydrostatic  leveL  The  quantity  of  water  furnished  by  such  wells  seema  to  be  nearly 
constant:  thus  the  well  of  Grenelle,  near  I'aiis,  continues  to  deliver  SOOO  litres  per 
minute  at  the  surface  of  tlie  ground;  the  well  of  Bages.  near  I'erpignan,  2000  lities; 
that  at  Tours,  1110  at  2  metres  above  the  level  of  tbe  ground.  It  is  said  that  some 
of  the  Ai'tesian  wells  in  and  round  about  London  do  not  deliver  so  much  water  as 
they  formerly  did;  a  delicienoy  ascribed  to  tlie  vast  quantities  which  have  been 
drawn  up  from  Uie  lower  aheeta  of  water  by  the  multitude  of  steam  engipes  employed 
in  pumping.  When  a  copious  flow  of  water  fi'om  a  deep  well  can  be  eomroandcd,  it 
may  be  used  for  driving  water  wheels  with  great  advantage,  since,  from  its  elevated 
temperature, it  ia  not  liable  to  fiee^e ;  and  for  the  same  reason  it  ib  made  to  mail ' 
a  mild  temperature  by  oireulating  in  pipea  through  the  interiui  of  faotoriea. 

ASHI3 ;  said  of  oiTido  potasli,  wliioh  is  in  fact  obtained  from  the  ashes  of  plan 

ASHES  OF  PLANTS ;  see  Agrioultueb. 

ASHES.  PEAEL  AMD  POT,  BCe  PoTASH. 

ASPARAGINE;  a  oryslallizable  product  extracted  fi'om  asparagus,  consisting  of 

""15  cirbon,  18-73  a;    '     '  "■  '  ■       ■■  ■ 

nth 

ASPHALTIC  PAVEMENT;  see  BirniiES. 

A8PHALTUM.     Hative  bitumen,  so  called  from  the  iake  Asphaltitea, 

ASSAY  and  ASSAYING.  {Gonpellation,  Fr. ;  AbtrM'-n  avf  der  capelle,  Gei-m.) 
This  is  tiie  process  by  which  the  quality  of  gold  and  silver  bullion,  coin,  plate,  or 
tiintote,  is  aaocrtained  with  preeiaion. 

The  art  of  assaying  gold  and  silver  i.v  ilie  capel  is  founded  upon  the  feeble  affinity 
which  these  metals  have  for  oiygen,  in  compariaon  with  copper,  tin,  and  the  other 
cheaper  metala;  and  on  the  tendency  which  the  latter  metals  have  to  oxidize  I'apidly 
in  contact  with  lead  at  a  high  temperatures  and  sink  "with  it  into  any  porou^  eaithy 
vessel  in  a  thin,  glaasy,  or  vitiiform  state.  The  poroua  vessel  mny  be  made  either  ol 
wood-ashes,  freed  from  their  soluble  matter  by  washing  with  water;  or,  preferably, 
of  burned  bones  reduced  to  a  fine  powder. 
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Bismulli  may  be  used  as  a  substitule  for  lend  in  CQpellalion ;  two  parts  of  il  being 
nearly  eqtiivalent  to  three  of  lead.  Bui  its  higher  prices  will  prevent  lis  general 
intnidviction  among  assay  masters. 

We  beain  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  wc^ht  of 
the  metallic  alloy;  a  gramme  (=I5-4'I4  gr-)  is  usually  talien  in  France,  and  12  grains 
in  this  country.  This  we^hl  is  wrapped  «p  in  a  slip  of  lead  foil  or  paper,  should  tl 
consist  of  several  fragments.  This  small  parcel,  thus  enveloped,  is  then  laid  in  a  watch 
glass  or  a  capsule  of  copper,  and  there  is  added  to  il  the  proportion  of  lead  snitetl  to 
the  quality  of  alloy  to  be  assayed ;  there  bein?  less  lead,  the  finer  the  silver  is  presumed 
1o  be.  Those  who  are  much  in  the  habit  of  cupellation  can  make  good  guesses  in  this 
iray ;  though  it  is  still  guess  work,  and  often  leads  to  considerable  error,  for  if  too 
much  lead  be  used  for  the  proportion  of  baser  metal  present,  a  portion  of  the  silver 
is  wasted ;  bot  if  too  little,  then  the  whole  of  the  copper,  &.c.  is  not  carried  off,  and 
the  button  of  fine  silver  remains  more  or  less  impure.  The  most  expert  anil  experienced 
assayer  by  the  cnpel,  produces  merely  a  series  of  approximate  conjectural  results  which 
fall  short  of  chemical  demonstration  and  certainty  in  every  instance.  The  l«ul  must  be, 
in  all  cases,  entirely  free  (Vom  silver,  being  such  as  has  been  revived  fiom  pore  lithai^e ; 
otherwise  errors  of  the  most  serious  kind  wooid  be  occasioned  in  the  assays. 

The  best  copels  weigh  124  grammes,  or  193  grains., The  cupels  allow  the  fused 
oxydes  to  flow  thronsh  Ihem  as  through  a  fine  sieve,  but  are  impermeable  to  the 
pariicles  of  metalsj  and  thus  the  former  pass  readily  down  into  their  subslance  while 
the  latter  remain  npon  their  surface  ;  a  phenomenon  owing  lo  the  circumstance  of  the 
glassy  osydes  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  can 
contract  no  adherence  with  it.  Hence  also  the  liqnid  metals  preserve  a  hemispherical 
shape  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  fused  cijde  spreads 
over,  and  penetrates  their  substance  like  water.  A  cupel  maybe  regarded,  in  some 
measure,  as  a  filter  permeable  only  lo  certain  liquids. 

Jf  we  put  into  a  cnpel,  therefore,  two  metals,  of  which  the  one  is  unalterable  in  the 
air,  ihe  other  susceptible  of  oxydizement,  and  of  producing  a  very  fusible  oxyde,  it  is 
Dbvions  that,  by  exposing  both  to  a  proper  degree  of  heal,  we  shall  succeed  in  separating 
them.  We  should  a!so  succeed,  though  Ihe  oxj'de  were  infusible,  by  placing  it  in  contact 
leh  may  render  il  fusible.  In  both  case'J,  however,  the  metal  from 
gg  which  we  wish  lo  part  the  o^ydes  must  nol  be  volatile;  it 
should  also  melt,  and  Ibrm  a  batton  at  the  heat  of  cupel- 
lation ;  for  otherwise  it  would  contmuc  disseminated,  at- 
tached lo  the  portion  of  oxyde  spread  over  the  cupel,  and 
incapable  of  being  collected 

The  furnace  and  implements  u»ed  for  assaying  in  the 
Royai  Mint  and  the  Gokl^milhs'  Hall,  m  the  city  of  Lon- 
don, are  the  following  — 

A  A  A  A, ^g,  68,  is  a  front  elevation  of  an  assay  furnace; 
a  a,  a  view  of  one  of  the  two  Iron  rollers  on  which  the  fur- 
nace rests,  and  by  means  of  which  il  is  moved  forward  or 
backward;  6,  the  ash-pit;  c  c  are  the  ash-pit  dampers, 
which  are  moved  in  a  hurizontal  direction  towards  each 
other  for  regulating  the  draUEht  of  the  furnace;  d,  the 
r,  or  opening,  by  which  the  cupels  and  assays  are  inlro- 

ed   into  the  muffle;   e,  a  moveable  funnel   or  chimnej 

by  which  the  draught  of  the  furnace  is  increased. 
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B  B  Bj/ff,  Ii9,  is  a  perpendicular  s 
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i;  a  a,  end  view   of  the  ttll-ra, 

e  of  thf  ash  pit  dampers      d  ihe 

grale,    over    which     LS    (he    phte    upon    whith    (1  e 

muffle  rests,  and  which  ii  covered  wilh  loam  nearly 

one   inch   thick ;  /  the  muffle  in  section  rppr-spnt 

in?  the  situation  of  the  cupels  ,  g  the  moulh  plale 

M^S^^^TJ]  B  anJ  upon  it  arc  laid  pieces  of  charcoal,  which  dunn' 

ki.^^K^^tJ  tlie   process  are  ianited,  and  heit   ihe   air  th^t  is 

allowed   to   pass  over  the  cupels,  as  will  bs  more 

fully  explained  in  the  spqoel,  h  Ihe  interior  of  the 

farnoce,  e.ihibicina  the  fuel 

The  total  height  of  the  (umace  is  S  feet  6|  inches, 
from  Ihe  hollom  (o  the  ernte,  6  inches,  ihe  grate, 
muffle,  philp,  and  bed  of  loam,  with  which  it  is 
covered,  3  inches;  from  the  upper  surface  of  ihe 
grate  to  the  commencement  of  (he  fiinnel  e,Jig.  68, 
2li  inches;  the  funnel  e,  6  inches.  The  square 
of  the  furnace  which  receives  the  muffle  and  fiieJ 
f  inches  by  15  inches.  The  external  sides  of  the  furnace  are  made  of  plates  of 
on,  and  are  lined  with  a  2-inch  li     '      •- 


of  the  fnrnnce  o 


■  the  grates  showing  the  width 
of  Ihe  mouth-piece,  or  plate 
of  wronght  iron,  which  is 
6  inches,  and  the  open  in^  whicli 
receives  the  muffle.plaie, 

i'ig.  II,  represents  the  mnf- 

fie  or  pol,  which  is   13  inches 

lonE,  6   inches   broad    inside ; 

;  clear  6J  :  In  Iieii;ht  A^ 

inside  measure,  and  nearly  5i 

the  clea  - 


l-plat, 


of  ihe 
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JFig.  74,  a  front  view  of  Ihe  mouth-plate  or  piece,  d,^j.  58. 

Fig.  7B,  a  representation  of  the  mode  of  maliing,  or  shutting  up  with 
coal,  the  mouth  of  the  furnace. 

Fig.  16,  Ihe  teaser  for  cleanin?  the  grate. 

J'Vg.  17,  a  lai^er  teaser,  which  is  introduced  at  the  top  of  the  furnace,  for  lii 
complele  supply  of  charcoal  around  the  muffle. 

Fig.  18,  the  lon§:s  used  for  charging  the  assays  inio  the  cups. 

Fig  79,  represents  a  board  of  wood  osed  as  a  register,  and  is  divided  ialo  43  equal 
companments,  upon  which  Ihe  assays  are  placed  prei^iously  to  their  being  introduced 
mlo  the  furnace.  When  the  opeiiition  is  performed,  the  cupels  are  placed  in  the  furnace 
in  situations  corresponding  lo  these  assays  on  the  board.    By  these  means  all  confusion 

"  'oiiled,  and  wilhout  this  regularity  it  would  he  impossible  lo  preserve  the  aecnrnq- 
le  delicate  operations  of  the  assayer  require. 

V  proceed  to  a  description  of  a  small  assay  furnace,  invented  by  Messrs. 
They  term  it,  Le  Peiit  Foarneaa  a  Coupelle.  Fig.  80 
iijircscnis  inis  mmace,  ana  ii  is  composed  of  a  chimney  or  pipe  of  Wrought  iron  a,  nnd 
ol  the  fnrjiace  b.  It  is  17^  inches  hich,  and  7}  inches  wide.  The  furnace  is  rormed 
Df  three  pieces;  of  a  dome  a;  the  body  of  the  furnace  b;  and  the  ash-pit  c,  which  is 


I  shall  n 
Anfrye  and  d'Arcet,  of  Par 


(  iixityc 


s  Die  base  of  the  furnace,  ^gs.  8( 
e,  B,  has  the  form  of  a  hollow  io« 
■o  opposite  sides  parallel  to  the  axii 


81.    The  pnnc  pal  p  ece  or  hod)'  of  the 
of  a  h  c     n  e    fl     ened  eqiiiilly  ul 

uch  a  man  ha      he  horizontal  section 

hollov  a  ei      ne  llRUcned  in  like 

ng  conserj  en  y  f  r  ts  basis  two  ellipses 
of  different  dinmp- 
lers  (  the  emailcst 
ought  10  he  equal  lo 
that  of  the  furnace, 
so  that  the  bo  Horn  of 
the  latter  may  exaclly 
lit  it.  The  dome, 
which  forms  on  arch 
above  the  fuinace, 
has  also  its  base  ellip< 
tieal,  while  thai  of 
the  fiuperior  orifice 
by  which  the  smoke 
goes  out  preserves  ihc 
cylindrical  form.  The 
luhe  of  wrought  iron 
is  18  inches  long  and 
e|  inches  diameter, 
havingone  of  ilsends 
a  little  enlarged,  and 
slightly  conical,  that 
it  may  be  exactly 
fitted  or  jointed  upon 
liie  upper  part  of 
the  furnace  dome  d, 
Jii;.  £0.  At  the  union 
of  the  conical  and 
cylindrical  pails  of 
ihe  lube,  there  is 
placed  a  smalt  gal- 
lery of  iron,  e,  fig-  80, 
g|.  See  al.'oa  plan 
of  it.  Jig.  82.  This 
gallery  is  both  in 
genious  and  useful, 
;  p  iced  llir  cupel-  uliieh  are  thus  annealed  during  the  ordinary  work  of 
ine  lurnace,  Ihal  they  may  he  introduced  into  the  muiile,  when  it  is  hrought  into  its 
prtper  degiee  of  hent  A  hllle  above  this  gallery  is  a  door/,  hy  which,  if  thought 
proper,  the  charcoal  colUd  be  introduced  into  the  furnace ;  above  that  there  is  placed  al 
g  a  (hrotlle  mlve,  which  is  nsed  for  regulating  the  dranght  of  the  furnace  at  pleasure. 
Messrs.  Anfrye  and  d'Arcct  say,  that,  to  give  the  furnace  the  necessary  degree  of  beat 
so  as  10  work  the  assays  of  gold,  the  lube  must  be  about  18  inches  above  Ihe  gallery, 
for  annealing  or  heating  (he  cupels.  The  circulM-  opening  h,  in  the  AQme,fig.  80,  and 
as  seen  in  the  section,  ^g,  81,  is  used  lo  introduce  the  charcoal  into  the  furnace  :  it  ia 
alfo  used  10  inspect  the  interior  of  the  fomace,  and  to  arrange  the  charcoal  round  the 
muffle.  This  opening  is  kept  shut  during  the  working  of  the  furnace,  with  the  mouth- 
piece, of  which  the  face  is  seen  al  i<,fig-  Bl. 

The  section  of  the  furnace,  ^g.  81,  presents  several  openings,  the  principal  of  which  is 
Ihat  of  the  muffle ;  il  is  placed  at  i  ;  it  is  shut  with  Ihe  semicircular  door  m,fig.  80,  and 
seen  in  the  section  in,  fig.  81.  In  front  of  Ihis  opening,  is  the  table  or  shelf,  upon 
which  the  door  of  the  muffle  is  made  lo  advance  or  recede ;  the  letter  q,  fig.  81,  shows 
the  face,  side,  and  cross  section  of  the  shelf,  which  makes  part  of  the  furnace,  imme- 
diately under  the  shelf,  is  a  horizontal  slit,  i,  which  is  pierced  al  Ihe  level  of  the  upper 
pari  of  the  srale,  and  used  for  the  introduction  of  a  slender  rod  of  iron,  thai  the  grate 
may  be  easily  kept  clean.  This  opening  is  shul  at  pleasure,  by  the  wedge  represented 
at  A:,  figs.  80,  and  SI . 

Upon  Ihe  hack  of  Ihe  furnace  is  a  horizonlal  slit  p,  fig.  81,  which  supporls  the  lire- 
brick,  s,  arid  upon  which  the  end  of  the  muffle,  if  necessary,  may  rest ;  ^,fig.  81,  is  Ihe 
opening  in  the  furnace  where  the  muffle  is  placed. 

The  plan  of  the  grale  of  the  furnace  is  an  eDipse :  fig.  83,  is  a  horizontal  view  of  it. 
The  dimensions  of  that  ellipsis  determine  the  general  form  of  the  furnace,  and  thickncsa 
of  the  grate.    To  give  strength  and  solidity  to  the  grate,  il  isencu-cledhy  aljor  or  hoopol 
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iron.  There  ii  a  gwoveia  which  theiiwjp  of  iron  is  fixed.  Tlie  holes  of  thegPHte  are 
tni  Ilea  ted  cones,  ImvLngthe  greater  base  below,  that  the  ashes  may  more  easily  fall  iu- 
io  the  flsli-pit.  The  letter  v,  j%.  81,  shows  the  forai  of  lliese  holes.  The  grate  is  sup- 
ported by  0  small  btmk  or  sheft  making  part  of  the  furnace,  at  seen  nt  a,f.g.  81. 

Tiie  aali-pit,  c;  has  an  openings  in  front.jf?.  81 ;  and  is  shut  when  neeessarv  by  the 
moiith-Jiieoe,  r./ja,  80  and  81. 

To  give  atrengtli  and  solidity  to  tlie  furnace,  it  is  bound  with  hoops  of  iron,  at  b.  b, 
b,  b,  eg.  80. 

Ftgs.  84,  85,  8B,  are  Tiewa  of  the  muffle. 

Fig.  87,  is  a  view  of  a  crucible  for  annealing  gold. 

Figi.  88,  89,  90,  are  cupels  of  various  sizes,  to  be  used  in  (he  furnace.  Tliey  are  the 
same  as  those  used  by  as?a3*erB  in  their  (,'diiiary  furnaces. 

Fig!.  91  and  92  are  views  of  the  hand-shovels,  used  for  filling  the  furnace  with 
eliareoal ;  they  should  be  made  of  such  size  and  form  as  to  fit  the  opeiiine  h,  in  Haa. 
SO  and  81.  f         6     .      J!) 

The  smaller  pincers  or  lon^,  by  which  Ih"  assays  are  charged  into  the  cnpds,  and  by 
which  the  latter  are  WLlhdrawn  from  the  furnace,  as  well  as  the  teaser  for  cleaning  the 
grate  of  (he  furnace,  are  similar  to  (ho^^e  used  in  the  British  Mint. 

In  the  furnace  of  the  Mint  above  described,  the  number  of  asnays  that  can  be  made  al 
ync  lime  is  45.  The  same  number  of  cupels  are  put  into  the  muffle.  The  fiivnace  if 
(lien  filled  with  charcoal  to  tht  top,  and  upon  this  are  laid  a  few  pieces  already  gniled. 
In  the  course  of  three  hours,  a  little  more  or  less,  according  to  circumsla'ices,  the  whulc 
IS  isniled;  during  which  period,  the'mufBe,  which  is  made  of  fire-cky,  is  gradiialty 
healed  (o  redness,  and  is  prevented  fi^ni  cracking;;  which  a  less  resalar  or  more  snddeii 
increase  of  temperature  would  not  fail  to  do  :  the  cupels,  also,  become  properly  anneal- 
ed. Ail  moisture  being  dispelled,  Ihey  are  in  a  fit  stale  to  receive  the  piece  of  silver  oi 
gold  to  be  assayed. 

The  greater  care  that  is  exercised  in  this  operation,  the  less  liable  is  the  assnyer  to  ac- 
iidents  from  the  breaking  of  the  muffle ;  which  is  both  expensive  and  tioublesome  to  lit 
properly  into  the  fni-nace. 

The  cupels  used  in  the  assay  process,  are  made  of  the  ashes  of  huml  bones  (phosphate 
of  lime).  In  the  Royal  Mini,  the  cores  of  ox-horn  are  selected  for  this  purpose ;  and  the 
aashes  produced  are  about  four  times  the  expense  of  Ihe  bone-ash,  used  in  the  process  ol 
cupellation  upon  a  lat^e  scale.  So  much  depends  upon  Ihe  accuracy  of  an  assay  of 
gold  or  silver,  where  "a  mass  of  151hs.  troy  in  the  first,  and  GOlbs  troy  in  the  second 
instance  is  determined  by  the  analysis  of  a  portion  not  exceeding  30  In?  grains,  that 
every  precaHlion  which  the  lonaest  e:tperience  has  suggested,  is  used  to  obtain  an  accu- 
rate resall.  Hence  the  attentbn  paid  to  Ihe  selection  of  the  most  proper  malerials  for 
making  Ihe  cupels. 

The  cupels  are  formed  in  a  circular  mould  made  of  cast  sleet,  very  nicely  turned,  by 
which  means  ihey  are  easily  freed  from  Ihe  mould  when  struck.'  The  bone-ash  is  used 
moistened  with  a  qnanlily  of  water,  sufficient  to  make  the  particles  adhere  firmly  togeth- 
er. The  circular  mould  is  filled,  and  pressed  level  wilh  its  sarface ;  after  which,  a  peslle 
or  rammer,  having  its  end  nicely  turned,  of  a  globular  or  convex  shape,  and  of  a  size 
eijual  to  the  degree  of  concavity  wished  to  be  made  in  the  cupel  for  the  reception  of  the 
assay,  is  pkcal  upon  the  ashes  in  the  mould,  and  struck  wilh  a  hammer  until  the  cupel 
is  propcriy  formed.  These  cupels  are  allowed  to  dry  in  the  air  for  some  lime  before  Ihey 
are  used.    If  the  wealjier  is  fine,  a  6'rtnight  will  he  sufficient. 

Aa  ass!f  may  prove  defective  for  sevc-al  reasons.  Sometimes  'Jie  hnttonorbead 
sends  forth  crystalline  vegetations  on  its  surface  with  such  force,  as  to  make  one  suppose 
a  portrOQ  of  Ihe  silver  may  he  thrown  out  of  the  cupel.  When  Ihe  surface  of  the  head 
is  dull  and  fiat,  Ihe  assay  is  considered  to  have  been  loo  hot,  and  it  indicates  a  loss  of 
silver  in  fumes.  When  the  tml  of  Ihe  bead  is  not  uniforro,  when  its  inferior  surface  is 
bubbly,  when  yellow  scales  of  oxjde  of  lead  remain  on  the  hottum  of  the  cupel,  and 
(he  bead  adheres  strongly  to  il,  by  these  signs  it  is  judged  that  the  assay  has  been  too  cold, 
and  that  the  silver  retains  some  lead. 

Lastly,  the  assay  is  Ihoi^hl  to  be  good  if  the  bead  is  of  a  round  form,  if  its  upper  sur- 
face is  brillianl,  if  its  hDwer  surfi.ee  is  granular  and  of  a  dead  white,  and  if  it  separates 
readily  from  the  cupel. 

After  the  lead  is  put  into  the  cupel,  il  gels  immediately  covered  with  a  coat  of  oxyJe, 
which  resists  the  admission  of  the  silver  (o  be  assttyeil  inio  the  melted  meial ;  so  (hat  the 
alloy  cannot  form.  When  a  bit  of  silver  is  laid  on  a  lead  balh  in  Ihis  predicament,  we 
see  it  swim  about  for  a  long  Ihne  without  dissolving.  In  order  to  avoid  this  resull,  the 
silver  is  wrapped  up  in  a  bit  of  paperi  and  the  carhureled  hydrogen  generalpd  by  ils 
combustion  reduces  Ihe  film  of  the  lead  oxyde,  gives  the  bath  immediately  a  bright  ms- 
Isllic  lustre,  and  enables  the  (wo  metals  readily  lo  combine. 

As  the  heal  rises,  the  oxyde  oflead  flowsround  about  over  the  surface,  till  il  is  ab- 
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sorbeil  by  the  cupel.  When  the  lead  is  wasted  lo  a  certnin  degree,  a  very  Ihin  tilm  of  i( 
only  remains  on  Ihe  silver,  which  causes  the  iriiliscent  appearance,  like  the  colors  of 
toap-hubbles ;  a  ptienomenun,  cailed  by  (he  old  chemists,  fulj-uralion. 

When  Ihe  cupel  cools  in  the  progress  of  the  assay,  ihe  oxygenalionof  the  lead  ceasi's 
and,  instead  of  a  very  liquid  vitreous  oxyde,  an  imperfectly  melted  oiyde  is  formed,  which 
th''  cupel  cannot  absorb.  To  correct  a  cold  assay,  Ihe  terapei-atare  of  the  furnace  ough! 
to  be  raised,  and  pieces  of  paper  oa^ht  to  be  put  into  Ihe  cupel,  till  the  osyde  of  lead 
which  adheres  lo  il  be  reduced.     On  keeping  up  the  heal,  the  assay  will  resume  its  onii 


s  of  copper  destroy  this  properly, 
can  absorb  while  it  is  in  fusion, 
^s  of  lead,  by  removing  all  Ihe 


Pure  silver  almost  always  veselales.  Some  traci 
which  is  obviously  due  lo  Ihe  osygen  which  the  silve 
and  which  is  disengaged  the  moment  it  solidifies.  Ai 
copper  at  an  early  siage,  tends  to  cause  the  vegetati 

The  brightening  is  caused  by  the  heal  evolved,  when  the  bnlton  passes  from  the  liquid 
lo  the  solid  stale.    Many  other  substances  present  the  same  phenomenon. 

In  the  above  operation  it  h  necessary  la  employ  lead  which  is  very  pure,  or  al  least  free 
float  silver.    That  kind  is  called  poor  lead. 

It  has  been  observed  at  all  limes,  that  the  oxydeof  lead  carries  off  with  it,  into  the  cu 
pel,  a  little  silver  in  the  state  of  an  oiyde.  This  effect  hecoincs  less,  cr  even  disappears, 
when  Ihere  is  some  copner  remaining;  and  the  more  copper,  the  less  ehlnee  there  is  of 
any  silver  beini[  lost.  The  loss  of  silver  increases,  on  the  other  hand,  with  the  dose  of 
lead.  Hence  Ihe  reason  why  it  is  so  important  lo  proportion  the  lead  wilh  a  precision 
which,  at  first  sighl,  would  ap^ar  to  be  superfluous.  Hence,  also,  the  reason  of  the  at- 
tempts which  have,  of  late  years,  been  made  to  change  the  whole  system  of  silver  assays, 
and  to  have  recourse  to  a  method  exempt  tkim  the  above  causes  of  error. 

M.  d'Arcet,  charged  by  the  Commission  of  the  Mint  in  Paris,  to  examine  into  (he  jus- 
tice of  the  reclamations  made  by  the  French  silversmiths  against  the  public  assays,  as- 
certained that  they  trere  well  founded ;  and  Ihal  the  results  of  cupellation  gave  for  the 
alloys  betwen  897  and  903  thousandths  (the  limits  of  their  standard  coin)  an  inferior 
standard,  by  from  4  lo  5  thousandth  parts,  from  the  standard  or  title  which  should  result 
from  the  absolute  or  aclnal  alloy. 

The  mode  of  assay  shows,  in  fact,  thai  an  ingot,  experimentally  composod  of  900 
thousandths  of  fine  silver,  and  100  Ihousandths  of  copper,  appears,  by  cupellation,  lo  be 
only,  at  the  utmost,  896  or  897  ihousandths ;  whereas  fine  silver,  of  1000  ihousandths, 
comes  onl  nearly  of  its  real  standard.  Conseqnenliy  a  director  of  the  Mint,  who  should 
compound  his  alliy  with  fine  silver,  would  be  obliijed  to  employ  903  or  904  thousandlhs, 
ill  order  that,  by  Ihe  assay  in  the  laboratory  of  the  Mint,  it  should  appear  to  have  the 
standard  of  900  ihousandths.  These  3  or  4  thousandths  would  be  lost  lo  him,  since  ihcy 
would  be  disguised  by  the  mode  of  assay,  Ihe  definitive  crilerionof  Ihe  quanlily  of  silver, 
of  which  the  government  keeps  count  from  the  coiner  of  the  money. 

Prom  the  experiments  subsequently  made  by  M.  d'Arcet,  it  appears  that  silver  assay? 
always  suffer  a  loss  of  the  precious  melal,  which  varies,  however,  with  the  slandaid  of 
the  sisy.    It  is  1  Ihousandlh  for  fine  silver, 

4-3  thousandths  for  silver  of  900  thousandths, 
4-9         —         for    —    of  800        ^ 
4-2         —         for    —    of  500        — 
and  diminishes  thereafter,  progressively,  lill  the  alloy  contains  only  100  thousandths  of 
silver,  at  which  point  the  loss  is  only  0-4. 

Assnys  requested  by  Ihe  Commission  of  the  Paris  Mini,  from  Ihe  assayers  of  the  prin- 
cipal Royal  Minis  in  Europe,  to  which  ihe  same  alloys,  synthetically  compounded,  were 
aenl,  afforded  Ihe  results  inscribed  in  the  following  table. 


»--"— 

Cities  oh^relhsy 

S«u,l„<l.fau. 

ar..rth.M.ih,- 

mnliCi.lAll.py. 

«o.„.l. 

wo  ifjill. 

m.,.u. 

Vienna 

946-20 

8^8  40 

795- 10 

A.  R.  Vervacz,           ditto 

Madrid 

944-40 

893-70 

789-20 

Ditto 

944-40 

91700 

895-00 

795-00 

London 

946-25 

S96-25 

794-25 

Mr.  Johnson,  A^-'iycr     - 

Ditto 

933-33 

883-50 

783-33 

Utrecht 

9J5-(K1 

896-50 

799-00 

Naples 

945-00 

891-00 

Ditto 

945-00 

891-00 

Assayer  of  the  Mint    ,    - 

Hamburgh 

946-f^ 

897-n 

798-^  J 

111,,.   -        .    .    - 

Allona 
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riiese  results,  as  weL  as  those  in  etill  greater  niinibers,  oblainel  from  llie  nblesl 
Parisian  asfayers,  upoi.  idenlica.  alloys  of  silver  and  copper,  prove  lljai  (ire  mode  of 
Bssaj'  applict)  to  Ihcm  brin^  out  the  slandard  too  low ;  and  furlber,  tliat  the  quantity 
of  silier  maslied  or  disEuised,  is  not  uniform  for  these  dilTerenl  eminent  assay  maslti* 
An  niloy,  for  example,  at  the  <itandard  of  ilOO  thousandths  is  judged  at 

the  Mint  of  Paris  to  have  a  standard  of  895-6 
At  that  of  Vienna  ~  R!j8-4 

—  Madrid  —  BH3-7 

—  Naples  —  89l'0 

The  fael  Ihus  so  clearly  made  out  of  a  loss  in  the  standard  of  silver  bullion  and  coin 
merits  the  most  serious  aflention  ;  and  il  will  ai,j>ear  aslonislnng,  peibBps,  that  a  lliing 
reciirrtng  every  (lay,  should  have  remained  for  so  long  a  lime  in  the  dark.  In  realil\, 
however,  the  fad  is  not  news  as  the  very  numerous  and  well-made  esperunenis  of 
Tillet,  from  1760  lo  17fia,  which  are  relaled  in  the  memoirs  of  the  Aeademj  of 
Sciences,  Show,  in  the  silver  assays,  a  loss  still  greater  (han  thai  which  was  eKpeneneed 
lately  in  the  laboratory  of  the  Commission  of  the  French  Mini.  Bet  he  thonghl  ihat, 
as  the  error  was  common  to  the  nalioi.i  in  general,  it  was  not  •vorlh  nhiie  or  prudent 
to  introduce  any  innovation. 

A  mode  of  assayinCi  'o  give,  with  certamty,  Ihe  slandard  .  f  silver  bullion,  shonid  he 
entirely  independent  of  Ihe  variable  circumslances  of  temperalure,  and  the  aniinown 
proporiions  of  copper,  so  difficult  lo  reguiaie  by  the  mere  judgmeni  of  the  senses.  The 
process  by  the  humid  way,  recommended  by  me  to  (he  Rojal  Mini  in  1829,  and  ex- 
iiihited  as  lo  its  principles  before  the  K^ht  Honorable  John  Henics,  then  Master,  in 
JSSO,  has  all  (he  precLsiun  and  certainty  we  could  wish.  It  is  founded  on  (he  well-knonn 
properly  which  silver  has,  when  dissolved  in  nitric  acid,  to  be  precipiialed  in  a  cbloi  ide  of 
silver  quite  insoluble,  t^  a  solution  of  sea  sall,<irby  muriatic  acid  ;  bur,  instead  cf  deier- 
mining  the  weight  of  the  chloride  of  silver,  which  would  be  somewhat  uncertain  and 
ra(her  tedious,  on  account  of  the  difficulty  of  drying  it,  we  lake  the  quantity  of  Ihe 
polution  of  sea  salt  which  has  been  necessarj'  for  Ihe  precipitation  of  (he  silver.  To 
pul  the  process  in  eiieculion,  a  liquor  is  prepared,  composed  of  waLer  and  sea  salt  in  socli 
proportions  (hat  lOOV  measures  of  this  liquor  may  precipitate,  connple(ely,  12  grains  of 
^ver,  perfccUy  pure,  or  of  (he  standard  iOOO,  previously  dissolved  in  nitric  acid.  The 
liqnor  Ihus  prepared,  gives,  immediately,  the  (rue  standard  of  any  alloy  whatever,  of 
silver  and  copper,  by  the  weight  of  it  which  may  be  neeessar)'  to  precipitate  12  grains 
of  This  alloy  li;  for  example,  SOS  measures  have  been  reqniretl  (o  precipitate  the  12 
giains  of  alloy,  its  standard  would  he  M5  thousandths. 

The  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  operator.  The 
manipulationg  ore  so  easy  ;  and  the  term  of  lite  operation  is  very  distinctly  annotmced  by 
the  absence  of  any  sensible  nebnlosities  on  (he  afl'usion  of  fea  sail  ia(o  the  silver  soludon, 
while  there  remains  in  it  J  (housandth  of  metal.  The  process  is  not  tedious,  and  in 
experienced  hands  it  may  rival  (he  cupel  in  rapidity;  it  has  the  advantage  over  the 
cupel  of  being  more  within  (he  reach  of  ordinary  operators,  and  of  not  requiring  a  long 
apprenticeship.  It  is  particularly  aseful  to  such  assayers  as  have  only  a  few  assays  to 
make  daily,  as  it  will  cost  then  very  little  time  and  expense. 

By  agitating  briskly  during  ,wo  minutes,  or  thereby,  the  liquid  rendered  milliy  by 
the  precipitation  oTthe  chloride  jf  silver,  it  may  be  sufficiently  clarified  to  enable  us  to 
appreciate,  after  a  few  n.oments  of  repose,  Ihe  illsturbance  that  can  be  produced  in  it  by 
tlie  addition  of  IOOO  of  a  grain  of  silver.  Filtration  is  more  efiicacious  than  agitation, 
especially  when  it  is  employed  afterwards;  il  may  he  sometimes  used;  but  agitation, 
which  is  much  more  prompt,  is  generally  milicient.  The  presence  of  lead  and  copper, 
or  any  other  metal,  except  mercury,  has  n  perceptible  indnence  on  Ihe  quantily  of  sea 
salt  necessary  ui  precipilate  the  silver;  that  is  lo  say,  the  same  qtJaiility  of  silver,  pure 
or  alloyed,  requires  for  its  precipitation  a  constant  quantity  of  the  solution  of  sea  salt. 

Supposing  that  we  operate  upon  a  gramme  of  paie  silver,  the  solution  of  sea  salt 
ought  to  be  such  that  100  centimetres  cube  may  precipilate  exactly  the  whole  silver. 
The  standard  of  an  alloy  is  given  hy  the  number  of  thousandths  of  solution  of  sea  salt 
necessary  to  precipitate  the  silver  contained  in  a  gramme  of  the  alloy. 

When  any  merenry  is  accidentally  present,  which  is,  however,  a  rare  occurrence,  it 
is  made  obvions  by  the  precipitated  chloride  remaining  while  when  exposed  to  daylight, 
whereas  when  there  is  no  merenry  present,  it  becomes  speedily  first  gray  and  then 
purple.  Silver  so  contaminated  must  be  strongly  ignited  in  fusion  before  being  assayed, 
and  its  loss  of  weight  noied.    In  this  cnse,  a  cnpel  essay  must  be  had  recourse  lo. 

Preparalion  of  the  Normal  SotiUioa  of  Sea  Salt,  ukenil  it  meaiured  by  Weight. — Sup- 
posing the  sea  salt  pure  as  well  as  the  water,  we  have  only  to  take  these  two  bodies  in 
the  proportion  of  0-5427  k.  of  safl  lo  99-4573  k.  of  water,  lo  have  100  k.  of  solution. 
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of  which  100  eranunes  will  precipitate  exactly  one  gramme  of  silver.  But  instead  of 
pure  sail,  whicli  is  to  be  procurol  with  difficulty,  and  which  bpsides  may  be  alttred 
readily  by  absorbing  the  humidity  of  the  au",  a  concentrated  solution  of  the  sea  salt  of 
commerce  is  lo  he  preferred,  of  which  a  large  quantity  may  be  prepared  at  a  time,  to  b* 
kept  in  reserve  fur  use,  bb  it  is  wanted.    Inalmdim  de  Gay  JjiUsac. 

PrefaTatUm  of  the  Normal  Soluticm  of  Sea  Sail,  when  measured  by  Volume.— Tht 
measure  by  we^ht  has  the  advantage  of  being  independent  of  tetoperature,  of  having 
the  same  degree  of  precisian  as  the  balance,  and  of  standini;  in  need  of  no  correction. 
The  measure  by  volume  has  not  all  Ihese  advantaees;  bat,  by  giving  it  suJBcieut 
precision,  it  is  more  rapid,  and  is  quite  sufficient  for  the  numerous  dally  assays  of  the 
mint.  This  normal  solution  is  so  made,  that  a  volume  equal  to  that  of  100  grainmes 
of  water,  or  100  cenlimetres  cube,  at  a  delermiuaie  temperature,  may  precipitate  exactly 
one  gramme  of  silver.  The  solution  may  be  kept  at  a  constant  temperature,  and  in 
this  case  the  assay  stands  in  want  of  no  correction  j  or  if  its  temperature  he  variable, 
the  assay  must  be  corrected  accarding  to  its  influence.  These  two  circumstances  make 
no  change  in  the  principle  of  the  process,  but  they  are  suflicienlly  important  (o  occasion 
some  modiUcitions  in  the  apparatus.  Experience  has  decided  the  preference  in  favor 
of  applying  a  correction  to  a  variable  temperature. 
We  readily  obtain  a  volume  of  100  cubic  centimetres  by  means  of  a  pipelU,  fig.  93, 

so  gauged  that  when  filled  with  water  up  to  the 

mark  a,  b,  and  well  dried  at  lis  point,  it  will  rna 
out,  al  a  continuous  efflux,  100  grammes  ofwalei 
at  the  temperature  of  15  C.  (59  Fah.>,  We  say 
purposely  at  one  efflux,  because  afier  the  cess 
of  the  jet,  the  pipette  may  still  furnish  t( 
three  drops  of  liquid,  which  must  not  be  couniert 
or  reckoned  upon.  The  weight  of  the  volume  of 
the  normal  solulion,  taken  in  this  manner  with 
suitable  precautious,  will  be  uniform  from  one 
eilreme  to  another,  upon  two  centimetres  and  a 
half,  at  nioal,  or  to  a  quarter  of  a  thousandth,  and 
the  difference  from  the  mean  will  be  obviously 
twice  less,  or  one  half.  Let  us  indicate  the  most 
simple  manner  of  taking  a  measure  of  the  normal 
solution  of  sea  salt, 

At\er  having  immersed  the  beak  c  of  the  pipetlo 
in  the  solution,  we  apply  suction  by  the  moulh, 
to  the  upper  orifice,  and  thereby  raise  the  liquid  to 
d,  above  the  circular  line  a  b.  We  next  apply 
neatly  the  forefinger  of  one  hand  to  this  orifice, 
remove  the  pipette  from  the  liquid,  and  seize  it 
as  represented  in  fig.  94.  The  mark  o  b  being 
phteed  at  the  level  of  the  eye,  we  make  the  sur- 
face of  the  solution  become  exactly  a  tansent  to 
a  h.  At  the  instant  it  becomes  a  tangent,  We  leave  the  beak  c  of  the  pipette 
taking  away  the  finger  that  had  been  applied  lo  it,  and  without  changing 
else  in  the  position  of  the  hands,  we  empty  it  into  the  bottle  which  should 
le  solution,  taking  care  to  remove  it  whenever  the  efflux  has  run  out. 
If,  after  fillin?  the  pipette  by  suction,  any  one  shonid  find  a  difficulty  in  applying  the 
forefinger  fast  enough  to  the  upper  orifice,  without  letting  the  liquid  run  down  below 
the  mark  a  b,  he  should  remove  the  pipette  from  the  solution  with  its  top  still  closed 
with  his  tongue,  then  apply  the  middle  finger  of  one  of  his  hands  to  the  lower  orifice; 
after  which  he  may  withdraw  his  tongue,  and  apply  the  forefinger  of  the  other  hand  lo 
the  orifice  previously  wiped.  This  mode  of  obtaining  a  measure  of  normal  solution  of 
sea  salt  is  very  sirple,  and  requires  no  complex  apparalus  ;  but  we  shall  indicate  another 
manipulation  still  easier,  and  also  more  exact. 

In  this  new  process  the  pipette  is  filled  from  the  top  like  a  bottle,  instead  of  being 
filled  by  suction,  and  it  is  moreover  fixed.  Fig.  95  represents  the  apparatas.  d  and 
d'  are  two  soclfels  separated  by  a  slop-cock  n.  The  upper  one,  tapped  interiorly, 
receives,  by  means  of  a  corlt  stopper  l,  the  tube  t,  which  adinils  the  solulion  of  sea 
salt.  The  lower  socket  is  cemented  on  to  the  pipflle ;  it  bears  a  smal.  air-cock  r',  and 
a  screw  plug  v,  which  regulates  a  minute  opening  intended  lo  let  the  air  entewverv 
slowly  into  the  pipells.  Below  the  stop-cock  a',  a  silver  tube  u,  of  narrow  diameter, 
soldered  to  the  socket,  leads  the  solution  into  the  pipette,  by  allowing  the  air,  which  il 
displaces,  to  escape  by  the  stop-cock  n'.  The  screw  plug;  with  the  milled  head  y', 
rephces  the  ordinary  sere's  by  which  the  key  of  the  slop-cock  may  be  made  to  preai'. 
ivith  more  or  less  force,  upon  its  conical  seat. 


Fig.  96  represenis,  In  a  side  i 
nir-cock  b,  and  an  opening  m. 
r  enlers,  willi  friction.     It  is  bj 
is  to  be  filled  Trom  its  beak. 

Ttie  pipette  is  supported  by 


w,  (he  ttpparalus  just  destrihed.  We  here  remark  an 
I  the  e):lreniity  n  of  the  same  figure,  the  conical  pipe 
[lis  pipe  that  the  air  is  sucked  into  the  pipette  when  it 

to  horizontal  a 


K  (fig.  97)  moveable  abont  a 
common  tuis  a  a,  and  citpable  of  being  rtrawn 
out  or  shortened  by  the  aid  of  two  longitu- 
dinal slits.  They  are  fixed  stettdily  by  two 
screw  nnts  e  e,  and  their  distance  may  be  varied 
by  means  of  round  bits  of  wooii  or  cork  inter- 
posed, or  even  by  opposite  screw  nuts  o  o.  The 
upper  arm  n  is  pierced  with  a  hole,  in  which 
is  filled,  by  the  pressure  of  a  wooden  screw  v, 
the  socket  of  the  pipdie.  The  correspond inj; 
hole  of  Ihe  lower  arm  is  larger ;  and  the  beak 
of  the  pipette  is  supported  in  it  by  a  cork  stop- 
per L.  The  apparatus  is  fiied  by  its  tail-piecn 
F,  by  means  of  a  screw,  to  the  corner  of  a  waU, 
or  any  other  prop. 

The  manner  of  filling  [he  pipette  b  veey  sim- 
ple. We  begin  by  applying  liie  fore-finger  of 
the  left  hand  to  the  lower  aperture  c;  we  then 
open  the  two  stop-coclis  b  and  r'.  Whenever 
the  liquor  approaches  the  neck  of  the  jiiyeWe,  we 
must  temper  its  inSnx,  and  when  it  has  arrived 
at  some  millimetres  above  the  markraft,  we  close 
the  two  stop-cocks,  and  remove  our  fore-finger. 
We  have  now  nothing  more  to  do  than  to  regu- 
late the  pipelle ;  fa:  which  purpose  the  liquid 
must  touch  the  line  a  ft,  and  must  simply  adhere 
externally  to  the  beak  of  the  pipdie. 
This  last  circumstance  is  easily  adjusted. 
After  taking  away  the  finger  which  closed  the  aperture  c  o(  liie  pipdie,  we  apply  to  this 
orifice  a  moist  sponge  m,fig.  98,  wrapped  up  in  a  linen  rag,  to  absorb  the  superfluous 
liqnor  as  it  drops  out.  This  sponge 
is  called  the  handkerchief  (tiiou- 
ehoir),  by  M.  Gay  Lussac.  The 
pipette  is  said  to  be  wiped  when 
there  is  no  liqnor  adhering  to  its 
point  exteriorly. 

For  the  convenience  of  operat- 
ins,  the  handkerchief  is  fixed  by 
friction  in  a  tube  of  tin  plate,  ter- 
minated by  a  cup,  open  at  bottom 
to  let  the  droppings  flow  off  into 
the  cistern  c,  to  which  the  lube  is 
soldered.  It  may  be  easily  re- 
moved for  the  purpose  of  washing 
it ;  and,  if  necessary,  a  little  wedge 

nade  merely  to  descend 
r,  and  while  tlie  handkerchief  is  applied  to  the  beak 
t  be  allowed  to  enter  very  slowly  by  unscrewing  the  plug  v, 
nt  of  the  contact  the  handkerchief  must  be  removed,  anrl  the 
re  the  solution,  most  be  placed  below  the  orifice  of  the  pipette, 
must  be  made  rapidly,  and  without  hesitation,  the  bottle  ts 
plate,  of  a  diameter  somewhat  greater,  and  forming  one  body 
cistern  and  the  handkerchief.  The  whole  of  this  apparatus  has  for  a  basis  a 
plate  of  tinned  iron,  moreable  between  two  wooden  rulers  r  e,  one  of  which  bears  a 
groove,  under  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  twoabouncnts 
b  b,  placed  so  that  when  it  is  slopped  by  one  of  them,  the  beak  of  the  pipetle  corresponds 
to  Ihe  centre  of  the  neck  of  the  hotlle,  or  is  a  tangent  to  the  htndkerchief.  This 
crrangement,  verj'  convenient  for  wipii^  the  pipette  and  emptying  it,  eives-lhe  apparatot 
sufficient  solidity,  and  allows  of  its  being  taken  awny  and  replaced  without  deranging 
anything.  It  is  obvious  that  it  is  of  advantage,  when  once  the  entry  of  tlie  air  into 
the  pipette  has  been  regulkied  by  the  screw  v,  to  leave  it  constantly  open,  became  the 
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motion  rrom  llie  liandkcrcliief  lo  llie  Ijollle  is  performed  with  sufficient  rapidity  to  prerent 
a  diiip  of  the  solution  from  roUeeling  and  fiilling  down. 

Temperalwre  of  the  Sntaliim. — Afier  having  described  the  mannpj'  of  measuring  bj 
Vdlume  Ihe  normal  solution  of  Ihe  sea  salt,  we  shall  indicate  the  most  convenient  means 
of  taking  the  temperature.  The  thermometer  is  placiflt  in  a  lube  of  ghiss  t,  fig.  89. 
wliifh  the  solution  traverses  to  arrive  at  the  pipetle.  It  is  suspended  in  it  by  a  piece  ol 
cork,  ]^oved  on  Ihe  four  sides  to  afTord  passage  to  llie  liquid.  l~he  scale  is  engraved 
upon  lie  tube  itself,  and  is  repealed  at  the  opposite  Eide,lo  fix  the  eye  by  the  coincidence 
of  this  double  division  at  the  level  of  the  thermoroelric  column.  The  tube  is  joined 
below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  cork  stoppei 
B,  in  the  socket  of  the  slop-cock  of  the  pipelle.  At  its  upper  part  it  is  cemented  into  a 
brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  lum  hy  a  cock,  with 
the  extremity,  also  tapped,  of  the  lube  above  t,  helongin?  lo  the  rescf'oir  of  the  normal 
solution.  The  corks  employed  here  as  connecling  links  between  the  parts  of  the 
apparatus,  give  them  a  certain  flexibilily,  and  allow  of  their  being  dismounted  and  re- 
mounted in  a  very  short  time;  but  it  is  indispensable  to  make  them  be  Iraversed  by  a 
hollow  lube  of  glass  or  metal,  which  will  hinder  them  from  being  crushed  by  (he  pressure 
Ihej  nre  exposed  lo.  If  tlie  precaution  be  token  to  grease  them  with  a  little  suet,  and  to 
fill  Iheir  pores,  they  will  sufler  ni>  leakage. 

Preservalloa  of  the  Normal  Sotvtitin  of  Sea  Sail  in  metallk  Veafeh.—M.  Gny  Lussae 
uses  for  this  purpose  a  cylindrical  vessrl  or  drum  of  copper,  of  a  capacity  of  about  liO 
litres,  having  its  inside  covered  with  a  rosin  and  wax  cement. 

Preparation  of  Ihe  Jiormal  Solulion  of  Sea  Salt,  tneamriiig  it  by  Volnme. — If  the  drum 
contains  )tO  litres,  we  should  put  only  105  into  it,  in  order  Ihat  sufHcient  space  may  be 
t«fl  for  aifitaling  the  liquor  without  throwing  It  out.  According  to  the  principle  thai 
100  centimetres  cube,  or  Jt.  of  a  litre  of  the  solution  should  contain  enough  of  sea  sail  to 
piecipil^le  a  gramme  of  pure  silver;  and,  admitting,  moreover,  I3'5]6  for  the  prime  equi- 
valent of  silver,  and  7'335  for  that  of  sea  salt,  we  shall  find  Ihe  quaniityof  pure  salt  that 
should  be  dissolved  in  the  105  litres  of  water,  and  which  corresponds  to  105  X  10  =  1050 
grammes  of  silver,  lo  be  by  the  following  proportion : — 

13-516  :  7-335  ::  1050  gramm.  :  x=569-83  gr. 
And  as  the  solution  of  the  sea  salt  of  coilimerce,  formerly  mentioned,  contains  approxi- 
mately 250  grammes  per  kilogramme,  we  must  lake  3279-3  grammes  of  this  solution  to 
Iiave  569-83  gram,  of  salt.  The  miiture  being  perfectly  made,  tbe  tubes  and  the  piputt 
must  he  several  times  washed  by  running  the  solulion  through  them,  and  putting  it  into 
the  drum.  The  standard  of  the  solution  must  be  determined  after  it  has  been  well  agi- 
tated, supposing  the  temperature  to  remain  uniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  preparing  two  dedmes  soln- 
lionsj  one  of  silver,  and  another  of  sea  salt. 

The  dccime  solution  of  silver  is  obtained  by  dissolving  t  gramme  of  silver  in  nitric  acid, 
and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decime  solution  of  sea  salt  may  be  obtained  by  dissolving  0-5i3  grammes  of  pure 
sea  sail  in  water,  so  that  Ihe  solution  shall  occupy  a  litre;  but  we  shall  prepare  it  even 
with  the  normal  solulion  which  we  wish  to  test,  by  mijiag  a  measure  of  it  wilh  9  mea- 
sures of  water ;  it  being  nnderslood  Ihal  this  solution  is  not  rigorously  equivalent  to  that 
d1'  silver,  and  ihat  it  will  become  so,  only  when  the  normal  solution  employed  for  its  pre- 
paration shal.  ie  finally  of  the  true  standard.  Lastly,  we  prepare  beforehand  several 
stoppered  vials,  in  each  of  which  we  dissolve  1  gramme  of  silver  in  8  or  10  grammes  of 
nitric  acid.    For  brcTity's  Efke  we  shall  call  these  tests. 

Now  to  investigate  the  stan.;Hrd  of  the  normal  solulion,  we  most  transfer  a  pipciit  of 
it  into  one  of  these  test  vials;  ar'l  we  must  agitate  the  liquors  briskly  to  clarify  them. 
After  some  instants  of  repose,  we  must  pour  in  2  thousandths  of  the  decime  solulion  ol 
sea  salt,  vihich,  we  suppose,  will  produce  a  precipllale.  The  normal  liqoor  is  conse- 
quently too  feeble;  and  we  should  ex  peel  this,  since  the  sea  sail  employed  was  not  per- 
fectly pure.  We  agitate  and  add  2  fresh  thousandths,  which  will  also  produce  a  prccipi. 
tale.  We  continue  thus  1^  successive  additions  of  2  thousandths,  till  the  last  produces 
no  precipitation.  Suppose  that  we  have  added  16  thousandths :  the  last  two  should  not 
be  reckoned,  as  they  produced  no  precipitate ;  the  preceding  two  were  necessary,  but 
only  in  pari ;  that  is  to  say,  the  useful  thousandths  added  are  above  13  and  below  14,  or 
otherwise  they  are  on  an  Bverase  equaC  to  13. 

Thus,  in  the  condition  of  the  normal  solution,  we  require  1013  parts  of  it  to  pre- 
cipitate one  gramme  of  silver,  while  we  should  require  only  lOOO.  We  shall  fin<!  Ihe 
quantity  of  concentrated  solution  of  sea  salt  that  we  should  add,  by  noting  that  the 
quantity  of  solulion  of  sea  sail,  at  first  employed,  viz,  2279-3  grammes,  produced  h 
jlandard  of  only  987  lhousand(hs=IOOO— 13  ;  and  by  using  Ihe  following  proportion- 
987  :  2279-3  ::  13  :  x^30-O2  grammes. 
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This  quantity  (if  the  siron?  solution  of  salt,  mhed  with  the  normai  soJjtion  in  (he 
drum,  will  correct  its  sttindanl,  nnd  ne  Ehnll  now  see  by  how  much. 

Afier  having  washetl  ihe  lubes  and  tlie  pipelle  wilh  the  new  Eohtion,  we  must 
repeat  ihe  experiment  upon  a  fresh  gramme  of  silver.  We  shall  End,  for  example,  in 
proceedins  only  by  a  thonsandth  at  a  time,  that  the  first  causes  a.  prceipitale,  but  not  the 
second.  The  standard  of  Ihe  solution  is  still  luo  weak,  and  is  comprised  bcLween  1000 
and  1001 ;  that  is  to  say,  it  may  be  equal  to  I000|,  but  we  must  make  a  closer  approxi- 

We  ponr  into  the  test  bottle  2  ihousandths  of  the  decinu  solution  of  silver  which  will 
desiroy,  perceptibij,  two  ihousnndihs  of  sea  SBll,and  the  operation  will  have  i^lrogradeo 
by  two  Ihousandths;  that  is  to  say,  it  will  be  brought  back  to  the  point  at  which  it  was 
fir^t  of  all.  11^  after  having  cleared  up  the  liquor,  wc  add  half  n  thou^'andth  of  the  de- 
eimc  solution,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a  se- 
cond will  cause  no  turbidity.  The  standard  of  the  normal  Uquor  will  be  consequently 
comprehended  between  1O00  and  lOOOi^,  or  equal  10  1000^. 

We  should  rest  content  with  this  staiidani,  but  if  we  wish  to  correct  it,  we  may 
remark  that  Ihe  two  quantities  of  solution  of  salt  added,  viz.  2279-3  gr,  -f  30-02  f!r.= 
2:'09-32  gr.  have  produced  only  999-75  thousandths,  and  that  we  must  add  a  new 
qiianlily  of  it  corresponding  to  ^  of  a  thousandth.     We  make,  therefore,  Ihe  praporuon 

999-7fl  !  2309-32  ;:  0-25  :  i. 

Bui  since  the  first  term  differs  very  little  from  1000,  we  may  content  ourselves  to 
have  X  by  taking  (he  "^gg  of  2309-32,  and  we  shall  find  0-577  gr.  for  the  quantity  of 
solution  of  sea  salt  to  be  added  to  Ihe  normal  solution. 

It  is  not  convenient  to  take  exactly  so  small  a  quantity  of  solution  of  sea  salt  hy  the 
balance,  hut  we  shall  succeed  easily  by  the  following  process.  We  weigh  50  grammes 
ofihissolution,  and  we  dilute  il  with  walerj  so  that  it  occupies  exactly  half  a  litre,  oi 
500  centimetres  cube.  A  pipelle  of  this  solution,  one  cenlimelre  cube  in  volume,  will 
give  a  decigramme  of  the  primitive  solution,  and  as  such  a  small  pipette  is  divided  into 
twenty  drops,  each  drop,  for  example,  will  represent  6  milligrammes  of  the  solution.  We 
should  arrive  at  quantities  smaller  still  by  diluting  Ihe  solution  wilh  a  proper  quantity 
of  water;  but  greater  precision  wouW  be  entirely  needless. 

The  testing  of  the  normal  liquor  just  described,  is,  in  reality,  less  tedious  than  might 
be  supposed.  It  descn-es  also  to  be  remarked,  that  liquor  has  heen  prepared  for  more 
than  1000  assays;  and  Ihn  I,  in  preparing  a  fresh  quantity,  we  shal)  obtain  directly  its  true 
standard,  or  nearly  so,  if  we  bear  in  mind  the  quantities  of  water  and  solution  of  salt 
which  had  been  employed. 

Corredion  of  tlie  Standard  of  Ike  Normal  SoluUon  of  Sea  Salt,  when  Ike  Temperature 
changes. — We  have  supposed,  in  determining  the  standard  of  (he  normal  solution  of  sea 
salt,  that  Ihe  temperature  remained  uniform.  The  assays  made  in  such  circumstances, 
have  no  need  of  correction ;  bnt  if  the  temperature  should  change,  the  same  measure  of 
the  solution  will  uot  contain  the  same  quantity  of  sea  sajt.  Supposing  that  we  have 
tested  the  3>liition  of  the  salt  at  the  temperatnre  of  15°  C;  if,  at  the  time  of  making  the 
experiment,  >he  temperature  is  IS=  C,  for  example,  the  solution  will  be  too  weak  on  ac- 
count of  its  expansion,  and  the  pipette  will  contain  less  of  il  by  weight;  if,  on  the  con- 
trary, the  temperature  has  fallen  to  ISf,  the  solution  will  be  thereby  concentrated  and 
will  prove  too  strong.  It  is  therefore  proper  lo  determine  the  correction  necessary  to  be 
maite,  for  any  variation  ortemperatare. 

To  ascertain  this  point,  the  temperatnre  of  the  solution  of  sea  salt  was  made  succes- 
sively to  beO»,  5",  10",  15',20°,25°,  nndSO"  C;  and  three  ptjw»Ej  of  ihe  solution  were 
weighed  exactly  at  each  of  ;hese  lempeialures.  The  third  of  these  weighings  gave  the 
mean  ireighl  of  a  pipette.  The  corresponding  weights  Cf  a  pipelle  of  the  solution,  were 
allerwards  graphically  interpolated  from  degree  to  degree.  These  weights  form  the  se- 
cond column  of  the  following  table,  entitled,  Table  of  Correction  for  Ihe  Variations  in  the 
Temperaivre  of  ihe  Normal  Solution  of  the  Sea  Sail.  They  enable  us  to  correct  any  lem- 
perulnre  between  0  and  30  degrees  cent^rade  <32°  and  86°  Fahr.)  when  the  solution  of 
sea  lilt  has  been  prepared  in  Ihe  same  limits. 

Let  OS  suppose,  for  example,  'hat.the  solution  has  been  made  standard  at  15°,  and 
thai,  at  the  time  of  osing  it,  the  temperature  has  become  T8°.  We  see  by  the  second 
iailumn  of  the  table,  that  the  weight  ofameasure  of  the  solution  is  100-099  gr.  nt  15", 
and  100-065  at  18° ;  the  diflerence  0-034  gr.,  is  the  quantity  of  solution  less  which  has 
been  really  taken ;  and  of  course  we  must  add  it  to  the  normal  measure,  in  order  to 
make  il  equal  lo  one  thousand  rnilliemes.  If  Ihe  temperature  of  the  solution  had  fallen 
to  10  degrees,  the  difference  of  the  weight  of  a  measure  from  10  lo  15  degrees  would  be 
0019  gr.,  which  we  most  on  the -xinlrary  deduct  from  the  measure,  eince  it  had  been  taiien 
too  large.    These  differences  of  weight  of  a  raeasure  of  solution  at  15",  from  that  of  b 
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measure  at  any  other  temperature,  form  the  cokimn  15'  of  the  table,  where  Ihey  art 
expressed  in  ihousanJlhs;  they  are  inscriheJ  on  (he  same  horizontal  lines  as  the  tem- 
peratures 10  which  each  oP  them  relates,  with  the  sign  -|-  pl^,  when  Ihey  must  be  nciJcd, 
and  with  the  sign  —  mftiBi,  when  Ihey  must  he  subtracted.  The  columns  5=>,  10°,  20°, 
25°,  35°,  have  been  calculated  in  the  same  manner  for  the  cases  in  which  the  normal 
solution  may  have  been  graduated  lo  each  of  these  temperatures.  Thus,  to  calculate  the 
column  10,  the  number  lOO-tlS  has  been  taken  of  the  column  of  weights  for  a  term  of 
departure,  and  its  dilferenee  from  all  the  numbers  of  the  same  column  has  been 
sought. 

Table  of  Correction  for  the  Variations  in  li.t  TeDiperalure  of  l  e  Kormal  Solution  ol 
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Several  e):peil)i--ita  have  been  employed  lo  facilitate  and  abridge  the  manipulalions.  In 
the  llrst  place,  the  vials  for  lestins  or  assaying  the  specimens  of  silver  should  all  be  of 
the  same  heiabt  and  of  tiie  Same  diameter.  TTiey  should  be  numbered  at  their  to^  as  well 
OS  on  their  stoppers,  in  the  order  I,  S,  3,  &o.  TTiey  may  be  ranged  sueecssijcly  in  tens ; 
the  stoppers  of  the  same  series  beins  placed  on  a  support  in  their  proper  order.  Each  two 
vials  should,  in  their  turn,  be  placed  in  a  japanned  tin  case  (Jig.  TOO),  with  ten  compart- 
ments diily  numbered.  These  compartments  arc  cut  out  antetiorly  to  about  half  their 
height,  to  allow  (he  bottoms  of  ihe  bottles  to  he  seen.  When  each  vial  has  received  its 
portion  of  alloy,  (hrough  a  wide-beaked  IHinnel,  there  must  be  poured  into  it  about  10 
g.timmes  of  nitric  acid,  of  specific  gravity  ]-2li,  with  a  pipeite,  containing  that  quantity; 
it  is  then  exposed  to  the  heat  of  a  water  hath,  in  order  to  facilitate  Ihe  solution  of  the 
alloy.  The  water  bath  is  an  oblong  vessel  made  of  tin  plate,  intended  to  receive  the 
vials.  It  has  a  moveable  double  bottom,  pierced  with  small  holes,  for  the  purpose  of  pre- 
venting the  vials  being  broken,  as  it  insulates  them  from  the  bollom  to  which  the  heat  is 
applied.  The  solution  is  rapid ;  and,  since  it  emits  nitrous  vapors  in  abundance,  it  ouglit 
to  be  carried  on  ander  a  chimney. 

The  agifalor.—Fig.lOt  gives  a  sufficiently  exact  idea  of  it,  and  may  dispense  with  a 
lengthened  description.  It  hos  ten  cylindrical  compartments,  numbered  from  1  lo  10. 
The  vials,  aller  the  solution  of  Ihe  alloy,  are  arranged  in  it  in  the  order  of  their  niun- 
bers.  The  agitator  is  then  placed  within  reach  of  the  pipelle,  intended  to  measure  out 
Jie  normal  solulion  of  sea  salt,  and  a  ;:npe^/«  full  of  this  solution  is  put  in  each  vial. 
Each  is  then  closed  wiih  its  glass  stopper,  previously  dipped  in  pure  water.  They  are 
fined  in  the  cells  ol   tlu  agitator  by  wooden  vredges.    The  agitator  is  then  suspended 
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when  there  should  be 
nebulous  stratum, 

At  the  back  of  t 
black    hoard   divided 
menls  numbered  f 
each  of  which  we  m 
the  thousandths  of 
put  into  the  corresp 
thousandths  of  sea  sa     w 
an  aagmentation  o 
ceded  by  the  sign 
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sandlhs  of  nitrate  of  silver  by  the  sign - 

When  the  assays  are  finished,  the  liquor  of  each   vial  is  to  be  p 
vessel,  in  which  a  slight  escess  of  sea  salt  is  kept ;  and  when  it  is  fi  pe 

clear  liqnid  must  be  run  off  with  a  syphon. 

The  chloride  of  silver  may  be  reduced  without  any  perceptible  1  ft 

washed  it  well,  we  immerse  pieces  of  iron  or  linc  inio  it,  and 'add  snl 
cient  quantity  to  keep  up  a  feeble  diRengagement  of  hydrogen  gas.    T      m       m 
be  touched.    In  a  few  days  the  silver  is  completely  reduced.    This 
by  the  color  and  nature  of  the  product;   or  by  irealins  a  smaU 
water  of  ammonia,  we  shall  see  whether  there  be  any  chloride  unred 
be  dissolved  by  the  ammonia,  and  will  afterwards  appear  upon  salur       g         amm 
with  an  acid.    The  chlorine  remains  associated  with  the  iron  or  t 
of  solution.    The  first  wishings  o'  the  reduced  silver  must  be  made  w 
water,  lo  dissolve  the  oayat  of  iron  whicli  may  have  been  formed,  and 
with  common  water.    Afler  decanting  the  water  c(  the  last  washing  m  "ss, 

and  add  a  little  powdered  boras  to  it.    It  most  be  now  fused.    Th 
bulky  powder,  is  to  he  put  m  successive  portions  into  a  crucible  as  it  . 

heal  should  be  at  first  moderate  ;  but  towards  the  end  of  the  operalio  m  st  be  p  y 
Btrong  to  bring  into  complete  fusion  the  silver  and  the  sconce,  and  to  effect  their 
complete  separation.  In  case  it  should  be  supposed  that  the  whole  of  the  silver  had 
not  been  reduced  by  the  iron  or  zinc,  a  little  carbonate  of  potash  should  be  added  to  llie 
borax.  The  silver  may  also  be  teduced  by  exposing  the  chloride  to  a  strong  heal,  in 
wntncl  with  chalk  and  charcoal. 

The  following  remaiks  by  M.  Gay  Lnssac,  the  aalhor  of  the  above  metJiod,  upon  the 
effect  of  a  little  mercury  in  the  humid  assay,  are  important : — 

It  ia  well  known  that  chloride  of  silver  blackens  Ihe  more  readily  as  it  is  esposed 
to  an  intense  light,  and  that  even  in  the  diffused  light  of  a  room,  it  becomes  soon 
sensibly  colored.  If  it  contains  four  to  five  thousandths  of  mercury,  it  does  not  blacken; 
jt  remains  of  a  dead  while :  with  three  thousandths  of  mercury,  there  is  no  njarkrf 
Jiscnloring  in  diffused  light;  with  two  thousandths  it  is  slight;  with  ont  it  is  miich 
more  maited,  but  still  it  Is  much  less  intense  than  with  pure  chloride.    With  half  a 
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thousandth  of  mereurf  Ihe  difference  cf  color  is  not  remarkable,  and  is  pereeiyed  onlj 
ai  a  vcrT  moderate  lislil. 

But  ivhen  Ihe  quantity  of  mercury  is  £0  smnll  that  it  cannot  be  detected  hy  th« 
difference  of  color  in  the  chloride  of  siiver,  il  may  bo  rendered  quite  evident  by  a  very 
simple  process  of  concentration.  Dissolve  one  gramme  of  (he  silver  supposed  to  contain 
\  ol'a  thonsandth  of  mercury,  and  let  only  J  of  II  be  precipitated,  by  adding  only  J  of 
the  common  salt  necessary  10  precipitate  il  entirely.  In  thus  operatin|,  the  J  Ihou- 
ftandth  of  mercury  is  concentraled  in  a  quantity  of  chloride  of  silver  four  times  smallef  ■ 
it  is  as  if  the  silver  having  been  entirely  precipilaled,  four  times  ns  much  mercury 
equal  to  two  Ihousandliis,  had  been  precipitated  with  it. 

In  takinit  two  grammes  of  silver,  and  precipitating  only  \  by  common  salt,  the 
precipitate  would  be,  with  reepeil  to  the  chloride  of  silver,  as  if  it  amounted  to  foot 
thousandths.  Sy  this  process,  which  occupies  only  live  minutes,  because  exact  weighing 
is  not  necessary,  jU  of  a  thousandth  of  mercury  may  be  detected  in  silver. 

It  is  not  useless  to  ob  erve  ha  n  making  those  experiments  the  most  exact  manner 
of  introducing  small  quan  s  f  m  cu  y  inloa  solulionof  silver,  is  to  weigh  a  minute 
globule  of  mercury,  and  o  d  e  n  nitric  acid,  diluting  Ihe  solution  so  th  it  it 
may  contain  as  many  ub  u  m  es  as  the  globule  weiihs  of  centigrammes.  Eneh 
cubic  centimetre,  tak  n  hy  n  a  s  a  pipetie,  will  contain  one  milligramme  of 
mercury. 

If  the  ingot  of  sUve  b  a  d  ound  to  contain  a  greater  quantity  of  mercury, 
one  thonsandth  for  examp  h  h  n  process  ought  either  to  he  given  up  in  this 
case,  or  to  be  compared  with  cnpellation. 

When  the  silver  contains  mcfcury,  Ihe  solution  from  which  the  mixed  chlorides  are 
precipilaled  does  not  readily  become  clear. 

Silver  containing  mercury,  put  into  a  small  crucible  and  mixed  with  lamp-blai^k, 
to  prevent  Ihe  volatiliialion  of  Ihe  silver,  was  heated  for  three  quarters  of  an  hour 
in  a  muffle,  but  Ihe  silver  increased  sensibly  in  weight.  This  process  for  separating  the 
mercury,  therefore,  failed.  Il  is  to  be  observed,  that  mercury  is  Ihe  only  metal  whicli 
has  thas  the  power  of  disturbing  the  analysis  by  the  humid  way. 

ABBjLtrwa  OF  Gold. — In  esiimaiing  or  expressing:  Ihe  fineness  of  gold,  the  whole 
mass  spoken  of  is  supposed  to  we^h  24  carats  of  12  grn  h       h         a    o  y 

proporiional,  like  the  assayer's  weights;  and  the  p  od  s  a  ed  fine  Thu  if 
faU  be  said  to  be  S3  carats  fine,  it  is  to  be  unders  ood,  ha  n  a  mass,  we  gh  g 
21  carats,  the  quantity  of  pure  gold  amounts  to  23  ca  a 

III  such  small  work  as  cannot  be  assayed  by  sc  ap  n     off  a  part  and  cnp      n 
the  Bsaayers  endeavor  to  ascertain  its  fineness  or  q  ftl  y   by    he      n  h      Thi         a 
method  of  comparmg  Ihe  color  and  other  properl  es      famciiepo    on     fhe 
metal,  with  those  "of  small  bars,  Ihe  composition  of  wh   h  o  Thes   ba     a  e 

called  loach  needles,  and  lliey  are  rabhed  upon  a  smoo  j  eobakba-  eso 
pottery,  which,  for  this  reason,  is  called  the  touchstone.  Black  flint  slate  will  serve 
th?  same  purpose.  Sets  of  gold  needles  may  consist  of  pure  gold;  of  pure  gold,  234 
carats  with  J  carat  of  silver ;  23  carats  of  sold  with  one  caral  of  silver  i  22|  carals  of 
gold  with  1|  carat  of  silver;  and  so  on,  till  the  silver  amounts  to  four  carats;  after 
which  the  additions  may  proceed  by  whole  carals.  Other  needles  may  be  made  in  the 
same  manner,  with  copper  instead  of  silver;  and  other  sels  may  hove  the  addition, 
consisting  either  of  equal  parts  of  silver  and  copper,  or  of  such,  proportions  as  ihe 
occasions  of  business  require.  The  examination  by  the  loach  may  be  ad\-antageonsly 
employed  previous  to  quartation,  to  indicate  the  quantity  of  silver  necessary  to  be 
adited. 

In  foreign  conntries,  where  trinkets  and  small  work  are  required  to  be  submiiled  to 
the  assay  of  the  touch,  a  variety  of  needles  is  necessary  ;  bnl  they  are  nol  much  used 
in  England.  They  afibrd,  however,  a  degree  of  information  which  is  more  considerable 
than  iniKht  at  first  be  expected.  The  attentive  assayer  compares  not  only  the  color  of 
Ihe  stroke  made  upon  the  touchstone  by  the  metal  under  exammation,  with  that  produced 
by  his  needle,  but  will  likewise  attend  to  Ihe  sensation  of  roughness,  dryness,  smooth- 
ness, or  greasiness,  which  the  texture  of  the  rubbed  meial  exciles,  when  abraded  by  the 
stone.  When  two  strokes  perfectly  alike  in  color  are  made  upon  the  stone,  he  may 
then  wet  them  with  aquafortis,  which  will  affec-,  them  very  differently,  if  they  be  not 
similar  compositions ;  or  Ihe  Stone  iiself  may  be  made  red-hot  by  the  fire,  or  by  the  blow- 
pipe, if  Ihin  black  pottery  be  used;  in  which  case  the  phenomena  of  oxydation  will  differ 
according  to  the  nature  and  qaanlily  of  the  alloy.  Six  piincipal  circumstances  appear 
to  nffecl'the  operation  of  parting;  namely,  the  quantity  of  acid  used  in  partinE,  or  in 
the  first  boiling  ;  the  concentration  of  this  acid  ;  Ihe  lime  employed  ia  its  application  ; 
,he.|uaiitity  of  acid  made  use  of  in  the  rayrise,  or  second  operation  ;  its  concenlralion ; 
»nd  the  time  during  which  it  is  applied.  From  experiment  it  has  been  shown,  tnal 
each  of  these  unfavoranle  circumstances  might  easily  occasion  a  loss  of  from  the  lialfof 
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a  thirty -second  part  of  a  carat,  to  two  liilfty- second  parts.  The  Bssaycre  explain  theit 
leclmical  language  by  observing,  that  in  Ihe  whole  mass  consisting  of  live nly-fuur  carats, 
this  Ihirty-Eecoad  patt  denutes  NTeSlh  part  of  the  mass.  It  may  easily  be  conceivt^J, 
therefore,  that  if  the  whole  sii  circumstances  were  to  exist,  and  he  productive  of  errors, 
falling  the  same  way,  the  loss  would  be  very  considerable. 

It  is  tlierefore  indispensahly  necessary,  that  one  nniform  process  shonld  be  followid 
in  the  assays  of  gold ;  and  it  is  a  matter  of  a-tonishment,  that  such  an  accurate  proeiss 
should  not  have  been  prescribed  by  guvemmenl  for  assayers,  in  an  operation  of  such 
great  commercial  importance,  instead  of  every  one  being  leli  to  Ibllow  his  own 
judgment.  The  process  recommended  in  the  old  French  official  report  is  as  follows  ;— 
twelve  grains  of  the  gold  intended  to  be  assayed  most  be  mixed  with  thirty  grains  of 
fine  silver,  and  cupelled  with  108  grains  of  lead.  The  cnpeltalion  mosl  be  carefollv 
attended  to,  and  all  ihe  imperfect  buttons  rejected.  When  llie  cupellation  is  ended,  the 
Button  must  be  reduced,  by  laminalion,  into  a  phte  of  li  inches,  or  rather  more,  in 
length,  and  four  or  five  lines  in  breadth.  This  must  be  rolled  up  upon  s  quill,  and 
placed  ill  a  matross  capable  of  holding  about  three  ounces  of  liquid,  when  filled  up  io 
its  narrow  part;  Two  ounces  and  a  half  of  very  pure  aquafortis,  of  the  strength  of  20 
dearees  of  Baume's  areometer,  must  then  be  poured  upon  it  (  and  the  malrasa  -:eing 
placed  upon  hot  ashes,  or  sand,  (he  acid  must  be  kept  gently  boiling  for  a  quarter  ol'  an 
hour;  the  acid  must  then  be  cautiously  decanled,  and  an  additional  quantity  of  I* 
ounces  must  be  poured  upon  (he  metal,  and  slightly  boiled  for  twelve  minutes.  This 
being  lUiewise  carefully  decanted,  the  small  spiral  piece  of  metal  mnsl  be  washed  with 
filtered  river  water,  or  distilled  water,  by  filling  the  matrass  with  this  fluid.  The 
vessel  is  then  to  be  reversed,  by  applying  the  extremity  of  its  neck  against  the  bottom 
of  a  crucible  of  fine  earth,  (he  internal  surface  of  which  is  very  smooth.  The  annealing 
most  now  be  made,  after  having  separated  the  portion  of  water  which  had  fallen  into 
the  crucible;  and,  lastly,  the  annealed  gold  must  be  wfisbed.  For  the  certainty  of 
this  operation,  two  assays  must  be  made  in  the  same  manner,  together  with  a  third  as- 
say upon  sold  of  twenty-four  carats,  or  upon  gold  the  fineness  of  which  is  perfectlv  and 
generally  known. 

No  conclusion  must  be  drawn  from  this  assay,  unless  the  lalter  gold  shonld  prove  to 
be  of  the  fineness  of  twenty. four  carats  exactly,  or  of  its  known  degree  of  fineness;  for. 
if  there  be  either  loss  or  surplus,  it  may  be  inferred  that  the  other  two  assays,  havin» 
undergone  the  same  operation,  must  be  subject  to  the  same  error.  The  operation  beiu" 
made  according  to  this  process  by  several  assayers,  in  circumstances  of  importance,  such 
as  those  which  relate  to  lai^e  fabrications,  the  fineness  of  the  gold  must  not  be  depended 
upon,  nor  considered  as  accurately  known,  unless  all  (he  assayers  have  obtained  a  uni- 
form result,  without  communication  with  each  other.  This  identity  must  be  considered  as 
referring  (o  the  accuracy  of  half  the  thii-ty-second  part  of  a  carat.  For,  nolwilhstnnding 
every  posfible  precantion  or  uniformity,  it  very  seldom  happens  that  an  absolute  agree- 
ment is  obtained  between  the  difierent  assays  of  one  and  the  same  ingot;  because  the 
ingot  itself  may  differ  in  its  fineness  in  difl'erent  parts  of  its-mass. 

The  phenomena  of  (he  cupellation  of  gold  are  (he  same  as  of  silver,  only  the  ope- 
ration is  less  delicate,  for  no  sold  is  losl  by  evaporation  or  penetration  into  the  bone- 
ash,  and  therefore  il  bears  safely  the  highest  heat  of  the  assay  furnace.  The  bution 
01  goid  never  vegetates,  and  need  not  therefore  be  drawn  out  to  the  front  of  tlie  miifile, 
but  may  be  left  at  the  further  end  till  (he  assay  is  complete.  Copper  is  retained  more 
strongly  b"  g-^ld  than  it  is  by  silver;  so  thai  with  is  16  parts  of  lead  are  requisite  to 
sweat  out  1  of  copper ;  or,  in  general,  twice  as  much  lead  must  be  taken  for  the  copper 
alloys  of  gold,  as  for  those  of  silver.  When  the  copper  is  alloyed  with  very  smaU  quan- 
tities of  gold,  cupellation  would  afford  very  uncertain  results;  we  must  then  have  re- 
cotirse  to  liquid  analysis. 

M.  Vanquelin  recommends  to  boil  60  parts  of  nitric  acid  at  3Sf  Baume,  on  tie  spiral 
slip  or  cornel  of  gold  and  silver  alloy,  for  Iwenly-live  minutes,  and  replace  the  liquid 
allerwards  by  acid  of  32°,  which  must  be  boiled  on  il  for  eight  minutes.  This  process 
is  free  from  uncertainty  when  the  assay  is  peiformed  upon  an  alloy  containing  a  con- 
eideratde  quantity  of  copper.  But  this  is  not  (he  case  in  assaying  finer  gold ;  for  then 
a  liltte  silver  always  remains  in  (he  gold.  The  sarcharge  which  occurs  here  is  2  cr  S 
thousandths ;  this  is  too  much,  and  it  is  an  intolerable  eiror  when  it  becomes  greater, 
which  often  happens.  This  evil  may  be  completely  avoided  by  employii^  the  following 
process  of  M.  Chaudet.  He  lakes  0-500  of 'he  fine  gold  to  be  assayed;  cupels  il  with 
I-yOO  of  silver,  and  l-OOO  of  lead ;  forms,  wtdi  the  button  from  (he  cupel,  a  riband  or 
Blrip  three  inches  long,  which  he  rolls  into  a  cornet.  He  pnts  this  into  a  matrass  with 
acid  al  22°  B,,  which  he  boils  for  3  or  4  minutes.  He  replaces  this  by  Ecid  of  32"  B.,  and 
boils  for  ten  minutes;  then  decants  off,  and  boils  again  vdlh  acid  of  32°,  which  must  be 
finally  boiled  for  8  or  10  minutes.  ' 

Gold  thus  treated  is  very  pure.    He  washes  the  comet,  and  pnts  it  entire  into  a  small 
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iniciblp  permeable  lo  water;  heals  the  crncible  to  iluU  reJne^  under  the  muHle,  wben 
the  aoU  assumes  the  melalUc  laslre,  and  the  comet  becomes  solid.  It  is  now  lalieu  out 
of  the  crucible  and  weighed. 

When  the  alloy  contains  platinum,  the  assay  presents  greater  Jiflicnllies.  In  general, 
to  separate  the  platinnm  fram  the  gold  with  accuracy,  we  must  avaU  onrselves  of  a  pc- 
ciilinr  properly  of  platinum  ;  when  alloyed  with  silver,  it  becomes  soluble  in  nitric  acid. 
Therefore,  by  a  propei-  quartation  of  the  alloy  by  eupellation,  and  boilins  the  bullon  with 
nitric  acid,  we  may  get  a  residuum  of  pure  gold.  If  we  were  lo  Ireat  the  builon  with 
sulphuric  acid,  however,  we  shoal  J  dissolve  nothing  but  Ihc  silver.  The  copper  is  easily 
removed  by  eupellation.  Hence,  supposing  that  we  have  a  quaternary  compound  uf  cop- 
per, silver,  platinum,  and  gold,  we  firet  capel  11,  and  weigh  the  bullon  obtained ;  the  loss 
denotes  the  copper.  This  button,  treated  by  sulphuric  acid,  will  sttlTer  a  loss  uf  weight 
equal  to  ihe  amount  of  sUvcr  present.  The  residuum,  by  quartation  with  silver  and  boil- 
ing with  nilrio  acid,  will  part  with  its  platinum,  and  the  gold  will  remain  pure.  Foi 
more  detailed  explanations,  see  Platinuh. 

ATOMIC  WEIGHTS  ok  ATOMS,  are  the  primal  quantities  in  which  the  different 
objects  of  chemistry,  simple  or  compound,  combine  with  each  other,  referred  to  a  common 
body,  taken  as  untiy.  Oxysen  is  assumed  by  some  philosophers,  and  hydrogen  by  others, 
as  [he  standard  of  comparison.  Every  chemical  maniijactuter  should  be  ihoroughiy  ac- 
quainted with  the  combininz  ratios,  which  are,  for  the  same  two  substances,  not  only  deA- 
Dile,  but  multiple;  two  great  Irutl^,  upon  which  are  founded  not  merely  the  raliowile  of 
his  operations,  bnt  also  the  means  of  modifying  them  to  useful  purposes.  The  discus- 
sion of  [he  doctrine  of  atomic  weiahts,  or  prime  eqaivalents,  belongs  to  pure  chemistry; 
but  several  of  its  happiest  applications  are  to  be  found  in  the  processes  of  art,  as  pursued 
upon  the  greatest  scale.  For  many  instructive  examples  of  this  proposilioo,  Ihe  various 
chemical  manufactures  may  be  consulted  in  this  Dictionary. 

ATROPIA;  a  vegetable  alkali  extracted  from  the  Alropa  belladonna,  or  deadly 
night-shade.  It  is  composed  of  about  TO'98  carbon,  7'S3  hydrogen,  4'S8  azote,  and 
18-B6  oxygen  in  100  parts.  It  is  prepared  by  treating  the  expressed  juiea  of  the  fresb 
plant,  01'  watery  extract  of  the  dry,  with  caostieeoda  unto  slight  alkaline  reaction,  and 
then  agitating  the  mixture  with  one  and  a  half  times  its  volume  of  ether.  The  atropia 
is  tiiken  np  by  the  ether,  but  again  deposittd  from  it  when  the  ethereous  Bi>Iiilion  is 
loft  at  rest  for  some  time.  The  treatment  with  ether  is  repeated  upon  the  first  preci- 
pitate, till  the  atropia  becomes  pure.    Other  processes  are  prescribed. 

AITAR  OF  ROSES.    Sea  Oils,  Volatile  and  Pebfomekt. 

AURUMMUSIVUM.    Mosaic  gold,  a  preparation  of  tin;  which  see. 

AUTOMATIC,  a  term  which  I  have  em^yed  to  designate  such  eoonomlc  arts  as 
are  carried  on  by  eelf-noling  machinery.  The  word  "mnnofaeture,"  in  its  etymolo- 
gical sense,  means  any  system  or  objects  of  industry  executed  by  the  hands;  but  in 
the  vioiesitude  of  language,  it  has  now  come  to  signify  every  estanaive  product  of 
art  which  is  made  by  machinery,  with  little  or  no  aid  of  the  human  hand,  so  that  the 
most  perfect  manufcctnre  is  that  which  dispenses  entirely  with  manual  labor.*  It  is 
in  our  modern  cotton  and  Hbx  mills  that  automatic  operations  are  displayed  to  most 
advantage;  for  there  the  elemental  powers  Imve  been  made  to  animate  millions  of 
complex  organs,  imparUng  to  Ibrms  of  wood,  iron  and  brass,  an  intelligent  agency. 
And  as  the  philosophy  of  the  fine  arts,  poetry,  painting,  and  music,  may  be  best  stuil- 
■"''  'n  their  individual  muBterpieoes,  so  may  the  philosophy  of  manufactures  in  these 

u  and  effect  of  these  automatic  improvementa  in  the  arts  are  philan- 
tliropic,  OS  they  teDd  to  relieve  the  workman  eitherfrom  niceties  of  adjustment,  wliioa 
e^ilmusthis  mind  and  fatigue  his  eyes,  or  from  painful  repetition  of  effort^  which  distort 
and  wear  out  his  frume.  A  well  arranged  power-mill  combines  the  operation  of  many 
work-people,  adult  and  joung.  in  tending  with  assiduous  skill  a  system  of  productive 
nacliines  continuously  impelled  by  a  central  force.  How  vastly  conducive  to  the 
commercial  greatness  of  a  nation,  and  the  comforts  of  mankind,  human  industi^  can 
become,  when  no  longer  proportioned  in  its  results  to  muscular  effort,  which  is  by  its 
nature  fitful  and  capricious,  but  when  made  to  consist  in  the  task  of  guiding  the  work 
of  mechanical  fingers  and  arms  regularly  inipellod,  with  equal  precision  and  velocity, 
by  some  indefatigable  physical  ^ent,  is  apparent  t«  every  visitor  of  our  cotton,  flax, 
eilk,  wool,  and  machine  foctories.  Tliia  great  era  in  the  useful  arts  is  mainly  due  to 
the  genius  of  Arkwright.  Prior  to  the  introduction  of  his  system,  manufactures  were 
ivery  where  feeble  and  fluctuating  in  their  development,  shooling  forth  luxuriantly  foi 
a  season,  and  again  withering  almost  to  the  roots'  like  annual  plants.  Their  perennial 
growth  then  begun,  and  attructed  capital,  in  copious  atreame,  to  irrigate  Ihe  rieli  domnini 

•  Philosophy  of  Manufectnres,  p.  1.  +  ibid.,  p.  Z, 
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of  iiiflrati;y.  Wlien  this  n«w  career  commenced,  about  tlie  year  1170,  tlia  annual 
conAumptii>n  ofcuttoa  id  British  inaiiiifni'tni-i-s  was  uuder  four  millions  of  pouiiils' 
weijflit.  and  tliatof  tlie  wt.ole  of  Cliristendom  was  probiibly  not  more  than  ten  millions. 
In  18S0  the  cossumiition  in  Great  Britain  and  Ireland  waa  about  five  tijndiM<d  and 
eighty-eiglit  milliona  of  pounds,  and  that  of  Eniopeandiha  Uuited  States  ti^etlier  one 
tlioiieaiid  and  niDety-two  milliona.  Id  oar  apaoiuus  fai-toty  apartmeala  tJie  benignant 
power  of  steam  summons  aioond  him  his  myriads  of  irUling  menials,  and  assigns  to  carih 
the  regulatadtasfe.substitntingforpamfnlmnsoiilar  effort  upon  Ihairpart^  the  energies 
of  hia  own  gigantic  arm,  and  demanding  in  retain,  only  attention  and  dexlerity  t«  cor- 
rect such  tittle  aberrations  as  casually  oecur  in  his  woi-kmanelup.  Under  hia  auspices 
and  in  olicdience  to  Arkwrisbt's  polit;,  magnilicent  edifices,  surpassing  far  in  nnmber, 
value,  ufrcTulnass,  and  initenuily  of  conslrncliun,  tlie  boasted  mannments  of  Asiatic, 
EEj-plian,  and  Roman  despolism,  have,  wiihin  the  short  period  of  fifty  years,  risen  up 
m  this  kingdom,  to  show  to  what  extent  capital,  industry,  and  science,  ma;  augment 
the  resources  of  a  state,  white  they  melintnte  the  condition  of  its  cilizens.  Such  is  the 
automatic  system,  replete  with  prodieies  in  mechanics  anJ  political  economy,  which 
promises,  in  its  futur!  ^rowlli,  to  become  the  (treat  minister  of  civilization  to  the  ter- 
raqueous glohe,  enabling  this  country,  as  its  heart,  lo  diffuse,  along  with  its  commerce, 
the  life-blood  of  knowledge  and  relision  to  myriads  of  people  si  ill  lying  "in  the  resion 
and  shadow  of  death."*  Of  these  truths,  the  present  work  affords  decisive  evidence  in 
almost  erery  page. 

AUTOMATON.  In  the  etymological  sense,  this  word  (self-working)  signifies  every 
tnechanical  construction  which,  by  virtue  of  a  latent  intrinsic  force,  not  obvions  to  com- 
mon eyes,  can  cany  on,  for  some  tiu.e,  certain  movements  more  or  le!E  resembling  the 
results  of  animal  exertion,  without  the  aid  of  external  impulse.  In  this  respect,  all  kinds 
of  clocks  and  watches,  planetari  urns,  common  and  smoke  jacks,  wilh  avast  number  of  the 
machines  now  employed  in  our  cotton,  silSt,  flaj,  and  wool  factories,  as  well  as  in  our 
dyeing  and  calico  printing  works,  may  be  denominated  automatic.  But  (he  term,  auto- 
maton, is,  in  common  language,  ajyiroprialed  to  that  class  of  mechanical  artifices  in  which 
(he  pnrposely  concealed  power  is  made  to  imi'ale  the  arbitrary  or  voluntary  motions  of 
living  beings.  Human  figures,  of  this  tunii,  are  sometimes  styled  ^tidroides,  from  the 
Greek  term,  like  a  man. 

Alihoagh,  from  what  we  have  said,  clock-work  is  not  properly  placed  under  the 
head  automaton,  it  cannot  be  doubted  thsC  tlie  art  of  making  clocks,  in  its  progressive 
improvement  and  eNlensiou,  has  given  rise  to  the  production  of  automata.  The  moat 
of  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  Ihe  moving 
power,  have  a  distinct  analogy  wilh  clocl«  [  and  these  automata  are  frequently  mounted 
in  conne.iion  with  watca  work.  Towards  the  end  of  the  13lh  century,  several  tower 
clocks,  such  as  those  at  Slmsbui^,  Lubec,  Prague,  Olmutz,  had  carious  mechanisms 
attached  to  them.  The  most  carelul  historical  inquiry  proves  that  automata,  properly 
speakina,  are  certainly  not  older  than  irAee/- clocks;  and  that  the  more  perfect  struc- 
tures of  this  kind  are  subsequent  to  the  general  introduction  of  ipring-clocks.  Many 
accounts  of  ancient  automata,  such  as  tlie  flying  doves  of  Archytas  of  Tarenlum. 
Regiomontanus's  iron  flies,  the  eacle  which  flew  towards  Ihe  emperor  Maximilian,  in 
Nurembiirg,  inthej'eor  1470,  were  deceptions,  or  exaggerated  statements,'  for,  three  such 
muslerpieces  of  art  would  form  now,  with  every  aid  of  our  improved  mechanisms,  the 
most  difficult  of  problems.  The  imitation  of  flying  creatures  is  extremely  diflicnll,  for 
severaJ  reasons.  There  is  very  little  space  for  the  moying  power,  and  tlie  only  ma- 
terial possessed  of  requisite  strength  being  metal,  must  have  considerable  weight.  Two 
automata,  of  the  celebrated  French  mechanician,  Vaucauson,  liisl  exhibited  in  the  year 
1738,  have  been  greatly  admired ;  namely,  a  flute-player,  five  and  a  half  feet  high,  wilii 
its  cubical  pedestal,  which  played  several  airs  upon  the  German  flute;  and  that,  not  by 
any  interior  tube-work,  but  Ihrongh  Ihe  actual  blowing  of  air  into  the  iliite,  the  motion 
of  the  tongue,  and  the  skilful  slopping  of  the  holes  with  Ihe  fingers ;  as  also  a  duck, 
which  imitated  many  motions  of  a  natural  tind  in  the  most  extraordinary  manner. 
This  artist  has  had  many  imitators,  of  whom  the  brothers  Droz  of  ChaiiJt  de  Fonils 
were  the  most  distingnished.  Several  very  beautiful  clock  mechanisms  of  theirs  are 
known.  One  of  them  with  a  figure  which  draws;  another  playing  on  the  piano;  a  ttiird 
which  writes,  besides  numerous  other  combined  automata.  Frederick  Von  Knauss 
completed  a  writing  machine  at  Vienna,  in  the  year  1760.  It  is  now  in  the  model 
cabinet  of  the  Polytechnic  Institute,  and  consists  of  a  globe  2  feet  in  diameter,  con- 
taining the  mechanism,  npon  which  a  figure  7  inches  high  sils,  and  writes  upon  a  sheet 
of  paper  fixed  lo  a  frame,  whatever  has  been  placed  beforehand  upon  a  regulating  cy- 
linder.   At  Ihe  end  of  every  fine,  it  rises  and  moves  its  hand  sideways,  in  order  lo  begin 

Very  complete  automata  have  not  been  made  of  late  years,  because  they  are  very 
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espeiiaive;  ftnd  by  soon  enlisfying  curiosity,  thty  cease  to  interest  Ingoiii"iiB  mi> 
chiiniciaHS  find  tlianiBelvea  betler  pewarded'bjdireelinglheir  talents  to  Ihaselt-actiiia 
mnoliinery  of  modem  marmfnetuPes.  We  may  notieo  bere.  bowever,  the  mecbaiiieal 
trnmpetsr  of  Makl,  at  Viatinn,  and  a  similar  work  of  Kauffmann,  at  DrerMlen.  Ii 
French  Switzerland  some  nrtbts  continue  to  make  miijut«  automata  vhich  tixcite  in. 
little  wonder ;  BUcii  as  singing  canarv  birds,  with  vanousinoTemsnts  of  a  natural  kind; 
also  little  birds,  sometimes  hardly  three-quArtera  of  an  inuli  long,  in  suuif-buxes  and 
watclies  of  enamelled  gold.  Certain  artificial  figures  which  have  been  denominated 
automata,  bardly  dewrvethe  name;  since  trick  and  o.nfedoraoy  are  more  or  less  eon- 
ecnitd  in  their  operation.  To  this  head  belonsr  a  number  of  figures  apparently  hpeakins 
by  mechanism;  a  ch>ck  which  beains  lo  strike,  or  to  ploy,  when  a  person  makts  a 
si^n  of  holding  up  his  finger;  this  ■effect  being  robably  produced  by  a  concealed 
green-finch,  or  other  iillle  bird,  instructed  to  set  off  the  detente  of  the  wheel-worli  at  a 
Eignnl.  It  is  likely,  also,  that  the  chess  player  of  Von  Kempelen,  which  excited  i^o  mach 
wonder  In  the  Ust  century,  had  a  concealed  confederate.  Likewise,  the  very  iniienioug 
little  fiKures  of  Tendler,  father  and  son,  which  imitated  English  horsemen  and  rope-dan- 
cers, constructed  at  Eisenerz,  in  Styria,  are  piubably  no  more  true  automata  thnn  the 
fantoccini,  or  fi?nres'of  puppets  which  ore  exhibited  in  great  perfection  in  many  towns  of 
Italy,  especially  at  Rome. 

The  moving  ]iower  of  almost  all  automata  is  a  wound-up  steel  spring ;  because  in  com- 
parison with  other  means  of  giving  motion,  it  takes  up  the  smallest  room,  is  easiesl  con- 
cealeil,  and  set  a-?oing,  Weiahts  are  seldom  employed,  and  only  in  a  partial  way.  The 
employment  of  other  moving  powers  is  more  limited ;  sometimes  fine  sand  is  made  to  fall 
on  tht  circumference  of  a  wheel,  by  which  the  rest  of  the  mechanism  is  moved.  For  the 
same  purpose  water  has  been  employed  ;  and,  when  it  is  made  to  fall  into  an  air-chamber, 
it  onuses  sufficient  wind  to  excite  musical  sounds  in  pipes.  In  particular  cases  quicksil- 
ver has  been  nsed,  as,  for  example,  in  the  Chinese  tumblers,  which  is  only  a  physical  ojf- 
paratns  to  illustrate  the  doctrine  of  the  centre  of  gravity. 

Fi!;iires  are  fiequently  constructed  for  playthings  which  move  by  wheels  hardly  visible. 
A-n  ejample  of  this  simplest  kind  of  automaton  which  may  be  introduced  here,  as  illus- 
traiing  the  self-acting  piinciples  of  manufaciures,  is  shown  jn  the  figure. 
Fi^  1(12  eshibiLs  "the  outlines  of  un  automaton,  representing  a  swan,  with  suitably 
The  mechanism   may  be  described,  for  the  sake  of  clearness 
of  explanation,  under  dis- 
tinct heads.  The  first  relates 
to  the  moiion  of  the  whole 
figure.     By   means  of   ibis 
part  it  swims  upon  the  water, 
in   directions  changed  from 

agency.  Another  constrnc- 
tlon  gives  to  the  Rgure  the 
faculty  of  bending' its  neck  on 
several   occasions,   and    to 


On  tlie  barrel  of  the  spring, 

interior  to  the  usual  ratchet 

arked  1,  wiuch  works  into  the  pinion  oC  the  wheel  2. 

,  shown  merely  in  dotted  lines,  and  on  the  long   axis 

s  a  rudder,  or  water-wheel,  the  paddles  of  which  are 

of  these  rndder-wbeeis  extend  through   on    oblong 

[e  down  into  the  water.    They  turn  in  the  direction 

light-forward  movement  to  the  swan.    The  chamber, 

made  water  tight,  to  prevent  moisture  being  thrown 

eel4,  n    -       " 


of  the  latter,  at  either  end  there 
denoted  by  the  letter  a.  Botl 
opening  in  the  bottom  of  the  figi 
of  the  arrow,  and  impart  a  str 
in  which  these  wheels  revolve, 

upon  the  rest  of  the  machinery.  By  the  wheel  4,  niolion  is  conveyed  to  the  fiy-pinh 
the  fly  i'self  6,  serves  to  regulate  the  working  of  the  whole  apparatus,  and  it  is  provided 
with  a  stop  bar  not  shown  in  the  eagraving,  to  bring  it  to  rest,  or  set  it  agoing  al 
pleasure.  Here,  as  we  may  imagine,  the  path  porsued  is  reclUinear,  when  the  rudder- 
wheels  ore  mode  to  work  in  a  sqnare  direction.  An  obliitue  bar,  seen  only  in  section 
at  b,  moveable  about  its  middle  point,  carries  at  each  end  a  web  foot  c,  so  ttat  tne  direc- 
tion of  the  bat  i,  and  of  both  feel  towards  the  rudder  wheels,  determines  the  form  of 
the  path  which  the  figure  wDl  describe.    The  change  of  direction  of  that  oblique  bai 
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in  effected  without  other  ngenoy.  For  this  purpose,  tbe  wheel  1  tabes  into  the  pin ioa  7 
mid  I  Ilia  cai'iies  roaitd  the  uruwc-'wheel  8,  wbiehisiiseij,  Tithan  eceentriadiscS,  upon 
a  eommon  axis.  Wliile  Ite  oi'own-wlierirroTea  in  tlie  direction  of  the  arrow,  it  lurna 
llie  Bmaller  eeoentrie  portion  of  the  eJ'iptio  diso  towai'ds  the  lever  m,  which,  preened 
upon  incessantly  by  i^  spring,  assumes,  by  desreea,  thepositioncorresponding  withiha 
miildle  line  of  the  figare,  and  after n-arda  an  oblique  position;  then  it  goes  baub  again, 
and  reaches  its  first  situation  ;consequenUy  through  the  reciprocal  turning  ofthe  bar  A, 
and  the  swim-foot,  is  determined  and  varied  tlie  piith  which  the  swan  must  pursue. 
Tbis  qonstruction  is  arulable  with  alt  automata,  which  work  bj  wheels  ;  and  it  is  ob- 
vwaa.  riiat.we  tany,  by  different  forms  of  ihe  disc  9,  moJify,  at  pleasare,  tlie  direcilon 
and  the  velocity  of  the  tnrnings.  If  the  disc  is  a  circle,  for  instance,  then  the  chan<!C9 
will  lake  place  less  suildenlj ;  if  the  disc  has  an  ontwoid  ami  inwaid  curvature,  upun 
wliose  eJge  the  end  of  the  lever  presses  with  a  rollei',  the  movement  will  take  place  in  a 

The  neck  is  the  part  which  reiuires  the  most  careful  workmanship.  Ilsolltward  case 
must  be  flewble,  anil  the  nech  ilself  shoatd  therefore  be  mode  of  a  lulie  of  spiial  wire, 
covered  with  lealUer,  or  with  a  feathered  bird-skin.  The  double  line  in  the  inierior, 
where  we  see  the  triangles  e, «,  e,  denotes  a  steel  spring  made  fast  to  the  plate  10,  which 
[brms  Ihe  bottom  of  Ihe  neck;  it  stands  loose,  and  needs  to  be  merely  so  strong  as  to 
keep  the  neck  straight,  or  to  bend  it  a  iillle  backwards.  It  should  not  be  equally 
thick  in  all  points,  but  it  shonl.l  be  weaker  where  the  lirst  gracelhl  bend  is  lo  bf  made; 
anil,  in  "eneral,  its  stillness  ou^bt  to  correspond  to  (he  curvature  of  the  neck  of  Ibis  bird. 
The  ti  ian^les  e  are  male  fast  at  llieir  base  lo  the  front  surface  of  the  sprjns;  in  ihe 
points  of  each  there  is  a  sUt,  in  the  middle  of  which  a  moveable  roller  is  set,  formed  of  a 
smoothly  turned  steel  rod.  A  thin  catant  siring/,  runs  from  the  upper  end  of  the 
sprini;,  where  it  is  fixed  over  all  ihese  rolleis,  and  passes  through  an  Etpertiiie  pierced 
in  (he  middle  of  10,  into  the  inside  of  the  rump.  If  the  catgut  be  drawn  stiniaht 
back  towards  /,  the  spring:,  and  consequently  the  neck,  must  obvioualy  be  bent, 
and  so  much  th:  more,  the  more  t^hlly  y  .s  pulled,  and  is  shortened  in  Ihe  hollow  of 
the  neck.  How  (his  is  accomplished  by  the  wheet.work  will  presently  be  shown.  The 
wheel  11  receives  its  motion  from  the  pinion  s,  connected  with  the  maiii- wheel  1. 
Upon  11  there  is,  moreover,  the  disc  12,  lo  whose  circumference  a  slender  cliain  is 
fasleneJ.  When  (he  wheel  11  turns  in  the  direction  of  the  arrow,  the  chain  will  be  so 
much  pulled  onwards  through  the  corresponding  advance  at  (he  point  at  12,  till  this 
point  has  come  to  the  place  opposite  to  its  present  situation,  and,  conseqnently,  M  must 
have  perfurmeil  half  a  revolution.  The  other  end  of  Ihe  chain  is  hung  in  the  groove 
of  a  very  moveable  roller  14 ;  and  this  will  be  turned  immediately  by  the  unwinding  of 
the  chain  upon  its  axis.  There  turns,  in  connexion  with  it,  however,  the  lar«e  roller  13, 
lo  which  the  calgnt  /  is  fastened ;  and  as  this  is  pulled  in  the  direction  of  (he  arrow, 
the  neck  wUl  be  bent  until  the  wheel  1 1  has  made  a  half  revolution.  Then  the  drag 
ceases  a^ain  to  act  upon  the  chain  and  the  catgut;  (he  spring  in  the  neck  comes  into 
play :  it  becomes  stra^hl,  erects  the  neck  of  (he  animal,  and  turns  the  rollers  13  and 
K,  back  into  the:-  first  position. 

The  roller  13  is  of  couwderabte  size,  in  order  that  through  the  sl^he  motion  of  the 
rolier  1 4,  a  satficient  length  of  tlie  catgut  may  be  wound  oif,  and  the  requisite  shors- 
ening  of  Ihe  I  -ck  may  be  effected;  which  results  froin  the  proportion  of  the  diameters 
of  the  rollers  II,  13,  and  14.  This  part  of  the  mechanism  L'  attached  as  near  to  the 
side  of  the  hollow  liody  as  possible,  to  make  room  for  (he  in(erior  parts,  but  particularly 
for  (he  paJdle-whcels.  Since  the  catgut,/,  must  pass  downwards  on  the  middle  from 
10,  it  is  necessary  to  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 
small  rollers. 

The  head,  constituting  one  piece  with  (he  neck,  will  be  depressed  by  the  complete 
flesure  oC  tliis;  and  Ihe  bill,  being  turned  downwards  in  front  of  the  breast,  will  (ouch 
(he  surface  of  the  water.  The  head  will  not  be  motionless;  but  it  is  joined  on  both 
Eides  by  a  very  moveable  hinge,  with  the  light  ring,  which  Ibrms  the  upper  part  of  liic 
clo1hin»  of  the  neck.  A  weak  spring,  g,  also  fastened  to  the  end  of  the  neck,  tends  lo 
turn  Ihe  hiaJ  backwards;  but  in  the  present  position  it  cannot  do  so,  because  a  chain 
si  g.  whose  other  end  is  a((ached  (othe  plate  10,  keeps  it  on  the  stretch.  On  the  bending 
of  the  neck,  this  chain  becomes  slack ;  the  spring  g  comes  into  operation,  and  Ihrows 
Ihe  henit  si>  far  bock,  that,  in  its  natural  position,  it  will  reach  the  water. 

Finally,  to  render  the  turning  of  the  head  and  the  neck  practicable,  the  latter  is  not 
closely  connected  with  (he  rump,  while  the  plate  10  can  turn  in  a  cylindrical  manner 
upon  its  axis,  but  cannot  become  loose  outwardly.  Moreover,  there  is  npon  the  axis  of 
the  wheel  I,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel  wheel, 
which  works  into  a  second  similar  wheel,  15,  so  as  to  turn  it  in  a  horizontal  direction. 
The  pin  16,  of  the  last  wheel,  works  upon  a  two-armed  lever  19,  moveable  round  the 
p-wnt  h,  ar.d  this  lever  moves  the  neck  by  means  of  the  pin  17.     The  shorter  um  of  the 
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leTBP  Ifl  has  an  oval  aperture  in  wliieh  the  pin  16  stanas.  As  soon  as  thia.  In  con 
sequence  of  the  movement  of  the  lievel-wheel  15.  comes  intoihe  dotted  position  'it  puah- 
efl  the  ovat  nog  outwards  on  its  amalJer  dinmeter,  and  thevebj  turns  the  lever  upon  Ihe 
point  A,  iiifa  the  obliquedirectmn  shown  by  the  d.itted  lines.  The  pin  16,  having  come 
on  Jts  way  right  opposite  toils  present  position,  sets  the  lever  again  straiglit.  Then  tlie 
lever,  by  the  further  pi'Ogress  of  the  pin  in  its  eiraolar  path,  is  rtii-eeted  outwards  to  Ihe 
opt>o_3iteside;ftnd.  atlasl,  when  15  hna  made  an  entire  revolution,  it  iaquit*  atraicht. 
m  of  tlie  lever  follows,  of  course,  theee  alternaling  movementB,  si    ' 


.  -  -  -r-- --8  plate  10,  by  means  of  the  pin  17;  and,  as  18  denotes  the  bill, 
tbis  conies  into  the  dotted  posi'ion.  It  may  be  remarked  in  coneluaion,  that  the 
.1 a.  ,„„ .J  ^^^^j  ^^if  ,£g  ^^^  ^^  ^,^.^1^  jj^^  antoniHton  may  be 


Mg.  103,  104, 105,  show  the  plan  uf  atliird 


ving  of  _^.  102  represents  t. , ., ^  „„„ 

nstroeted,   and  that  the  body  may  be  fofmed  of  tiiin  sheel-eoppei-  < 
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il  way,  nnd  draws  a  carriage  with  two  figures  sitting  in  it.  The  man  apppnis 
to  Jtive  the  horse  with  a  whip ;  Ihe  woman  benils  forward  from  him  in  from.  The 
four  wheels  of  the  carriage  have  no  conncKion  with  tlie  moving  mechanism.  In  fig.  105, 
some  parts  are  represenled  npcn  a  larger  scale.  The  wheel  1,  in  Jig.  108,openilea 
through  the  two  carrier  wheels  upon  the  wheels  marked  4  and  6.  By  means  of  the  axis 
of  these  two  wheels,  the  feet  are  set  in  motion.  The  left  fore-foot,  o,  then  the  rishi 
hinder  fool,  move  themselves  boctwards,  and  lake  hold  of  the  groimd  with  small  tad;s 
in  their  hoofs,  while  the  two  other  legs  are  bent  and  raised,  but  no  motion  of  the  body 
lalies  iilace.  The  carriage,  however,  with  which  the  horse  is  connected,  advances  upon 
its  wheels.  By  studying  the  mechanism  of  Ihe  foot,  a,  and  Ibe  parts  connected  with  it, 
■we  can  readily  nndersland  the  principles  of  the  movement.  The  axis  of  wheel  4  is 
crank-shaped  on  both  sides,  where  it  has  lo  operate  directly  on  the  fore  feet;  but  for 
eneh  foot,  it  is  bent  in  an.  opposite  direction,  as  is  obvions  in  the  front  view  _^^.I04. 
This  crank,  or  properly  its  part  furthest  from  the  axis,  serves  instead  of  the  pin  16,  in 
the  swan,  and  moves  like  it  in  an  oval  spol,  p,J!g.  103,  a  Iwo-armed  lever,  which  gives 
motion  through  tooth-work,  but  not  as  in  the  swan,  by  means  of  a  second  pin.  This  wheel- 
work  renders  the  motion  smoother.  The  above  ievcr  has  iis  (lilcrnm  at  n,j5g.  103,  about 
which  il  lums  alternately,  lo  the  one  and  the  other  side,  by  virtue  of  the  rotation  of  the 
wheel  4.  The  toothed  arch,  or  the  half-wheel  on  Ihe  ander  side,  lays  hold  of  a  shorter 
lever,  in  a  similar  arch,  upon  Ihe  upper  joint  of  the  foot,  which  is  moved  forwaid  and 
backward  upon  the  pivot  in.  In  virlue  of  Ihe  motions  in  the  direction  of  ihe  arrow, 
the  foot  a  will  move  itself  first  obliquely  backwards,  withonl  bending,  and  the  hoaj 
will  thereby  bend  itself  forward.  When  the  right  hand  fool  makes  the  same  motion, 
bnlh  the  other  feet  are  raised  and  bent.  The  joints  of  llie  foot  at  ol  and  e  are  formed 
of  hinees,  which  are  so  constructed  that  they  can  yield  no  farther  than  is  necessary  st 
every  oblique  position  of  the  foot.  With  the  continued  rotation  of  Ihe  wheel  4,  the 
lever  tnrns  itself  about  n,  in  an  inverted  direction  inwards,  and  impels  the  uppermost 
foot-joint  forward,  so  that  il  forms  an  acute  angle  with  tbe  body  in  front.  The  foot  is 
now  twice  bent  upon  its  joints.  This  takes  place  by  the  trartion  of  the  chain  (,  which 
is  !ed  over  rollers  (as  the  drawing  shows)  10  the  foot,  and  is  there  fastened.  As  ils 
opper  end  has  ils  fixed  point  in  the  interior  of  the  body,  it  is  therefore  drawn  tr; 
Ihe  eccentric  pin  r  standing  in  the  vicmity  of  m,  and  thus  bends  the  foot  at  the 
ningea,    II  there  was  space  for  it,  n  roller  would  answer  belter  than  a  pin.    By 
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the  reoedure  of  the  nppartnost  joint  into  tiie  first  position,  the  tension  of  the  chain  I 
erases  ^ain  of  itself.  wLiile  the  pin  r  reniovea  fraiii  it.  and  the  foot  is  again  extended 
ill  a  straight  line  bj  the  sinnil  springs  operating  upon  its  two  under  parts,  which  weie 
jireviotisly  bent  stiffly  by  the  oliain.  By  the  aid  of  tlie  fignies  witL  this  expiaiiatiun, 
it  will  be  apparent  tiiat  all  the  fore  feet  have  a  simiinr  construction,  that  fhe  propei 
succession  of  motions  will  be  effected  throuuli  toothed  arcs,  and  the  position  of  llic 
erniits  on  tlie  ftxia  of  the  wlieels  1  and  5,  and  hence  tlie  advance  of  the  figure  must 
follow.  The  wheel  6  puts  the  fly  ^  in  motion,  by  means  of  the  small  wheel  marked  1 ; 
on  the  fixed  points  of  the  4  chams,  by  meana  of  S  ratuhel-wheel  and  a  cat^h,  the  ne- 
cessary tension  will  again  be  produced  when  the  chains  have  been  di*awn  out  a  little. 
There  is  sufficient  room  for  a.  mechanism  which  could  give  motion  to  the  head  and 
ears,  were  it  thought  necessary. 

The  proper  cause  of  the  motions  may  cow  be  explained.  In  jfjr.  105,  a,  is  a  wheel 
connected  with  the  wounil-up  spring,  by  which  tlie  molion  of  th<i  two  huniao  figures, 
and  also,  if  desired,  that  of  the  horse  may  be  effected.  The  axis  of  tlie  wheel  b  carries 
a  disc  with  pins,  whieli  operate  upon  the  two-ai'med  lever  with  its  fulcrum^  andtlius 
causes  the  binding  of  the  upper  purt  of  one  of  the  figures,  ivliich  has  a  hinge  at/. 
On  the  axis  of  that  wlieel  there  is  a  second  disc  c,  For  giving  motion  to  the  othfr 
figure ;  whicli,  for  the  suhe  of  olearness,  is  shown  separate,  althougli  it  shonM  sit 
alongside  of  its  fello)v.  On  the  uppeV  end  of  tlie  double-armed  lever  d,  there  is  a 
cord  whose  other  end  is  connected  with  the  moving  arm,  in  the  dtuatiou  i,  and  raises 
it  whenever  a  pm  in  the  disc  presses  the  under  i>art  of  the  lever.  A  spring  A  brings 
the  arm  back  into  the  original  position,  when  a  pin  has  passed  &om  the  lever,  andlins 
lelt  it  behind.  The  pins  at  e  and  Jmaj  beset  at  different  distances  from  .be  middle 
of  the  disc,  whei'eby  the  motions  of  the  figures  by  every  contact  uf  another  pin,  are 
varied,  and  are  therefore  not  so  aniform,  aud  consequently  more  natural. 

For  the  connection  of  both  mechanisms,  namely,  the  carri^e  with  the  horse,  vari- 
ous arrangements  may  be  adopted.  Two  separate  traction  springs  should  be  employ- 
ed ;  one  at  a,  jig.  105,  in  tlie  coaoh-seat ;  the  othei'  in  the  body  of  the  horse.  In  the 
coaeh-seatat  6,  the  fly  with  its  pinion,  as  well  as  a  ratchet-wheel,  ianec-ssarj',  Bymenns 
of  tlie  shaft,  the  hoi^se  is  placed  in  eonaeotion  with  the  wagon.    It  may,  however. 
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fig.  105,  a  bevel  wheel  is  t( 
;ed  lo  the  bottom  of  the  oai 
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a  carriage  with  the  help  of  a  second  bevel  wheel  s, 
connected  with  a  tliii-d  bevel  wheel  t.  This  ^^in  turns  the  wheel  v,  whose  long 
aKisB  goes  to  the  middle  of  the  horse's  body,  in  an  oblique  direction,  through  the  hol- 
low shafL  This  axis  carries  an  endless  screw  a,  fig.  1118,  with  very  oblique  threads, 
which  worlts  into  the  little  wheel  S,  corresponding  to  tlie  wheel  I,  through  an  open- 
ing in  the  side  of  the  horse,  and  in  this  way  sets  the  mechanism  of  the  horse  a-going. 
With  this  conetmction  of  fig.  105,  a  spring  of  considerable  strength  is  necessary,  or 
if  tiie  height  of  the  carriage-seat  does  not  afford  suflicieut  room,  its  breadth  will  an- 
swer for  placing  two  weaker  springs  alongside  of  each  otiier  upon  t,  common  barrel, 
AVESTUEINE.  According  to  Wohler's  eiaminaUon,  aventurine  glass  owes  its 
golden  iridescence  to  a  orj-stafline  separutiun  of  motalUo  copper  from  the  mass  col. 
ored  brown  by  the  peroxide  of  iron. 

In  the  aventurine  glaze  for  porcelun  a  crystalline  separation  of  green  oxide  of 
chromium  from  the  brown  ferruginous  mass  of  the  glaze  produces  a  similar  effccl; 
Tills  glaze  is  prepared  as  follows  : 

31  parti  of  fine  lisivinted  dry  porcelain  earth  from  Halle, 
43  do.  do,        diy quiiitii  sand, 

14  do.  do,        gypsum, 

1!2  do,  do.        tragments  of  porcelain, 

are  stin'ed  up  with  300  parts  of  water,  and  by  repeated  straining  through  a  linen  sieve 
uniformly  euspeniled  in  it,  and  intimately  mixed.     To  this  paste  is  added,  under  con- 
staritagitation  and  one  after  the  other,  aqueous  solutions  of 
19  parts  bichromate  of  potasli, 
10(1     "       protosul[)lLate  of  iron, 
47     "       acetate  of  lead, 

lia  that  the  iron  is  completely  sepamtcd.    The 

BVedby  frequent  deciintnt ion  with  spring  wnter. 

The  baked  porcelain  vessels  are  dipped  into  the  pasty  misture  obtained  as  above 

described  in  the  same   manner  as  with  other  glaz.s,  and  then  fired  in  the  porcelniu 

furnace.    After  this  they  appear  covered  with  a.  brown  glaze,  which  in  reflected  light 

appears  to  he  filled  with  a  countless  number  of  light  gold  spangles. 
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A  thin  frflgnient  of  the  glass  appears,  under  tlia  microscope,  by  transmitted  light,  b» 
a  oleiii' brownish  grase,  iu  which  numerous  transparent  green  six  sided  prisma  closija 
of  eliromium,  and  some  brownish  crystals,  piobably  of  oxideof  chromiiuQ  and  ]ierox- 
ide  of  iron,  are  suspended.  The  oxide  of  chromium  theiefore  separates,  on  the  slow 
cooling  of  the  glaze  in  the  porcelain  fnmace,  from  the  sul^tance  of  the  glaze — a  sili- 
cate of  potash,  lime,  and  alumina — aaini'sted  with  the  peroxide  of  irnn,  and  shines 
through  the  brownish  mass  trith  a  golden  color.  When  the  aventurine  glaze  is 
mixed  with  an  oqual  amount  of  colorless  porcelain  glaze,  the  glassy  maaa  no  longer 
has  a  bi-own  color  after  the  burning,  but  a  UghC  greenish-gray,  and  the  eliminated 
erJEtallJne  spangles  likewise  exliibii  in  rcBt^ted  light  theii'  natural  green  color. 

AX&  A  tool  much  nsed  by  carpenters  for  oleaTiiig,  and  roughly  fashioning,  bloeltfl 
of  wood.  It  is  a  fiat  iran  wedg^  with  an  oblong  steel  edge,  paraUel  to  which,  iji  the 
^ort  base,  is  a  hole  for  receiving  aod  holding  fast  thi  end  of  a  strong  wooden  handle. 
In  the  cooper's  adie,  the  oblong  edge  is  at  right  angles  to  the  hand^  and  is  slightly 
Oiirved  up,  or  iallected  towards  it. 

AXLEd,  of  esrriag-s. — See  Wheel  Cabbiaqes. 

AJiUNGE.    Hog's  lard ;  see  Fat  and  Oils. 

AZOiiEbimwH,  and  AZOBEWZOYLIS,  prodi  its  of  the  action  of  pure  water 
of  ammonia  upon  oil  of  bitter  almonds,  by  makini^  the  anmionia  pass  down  through  a 
wide  lube  filled  with  the  almond  pap.    'fhe  operation  must  be  continued  for  weeks. 

AZOTIZED,  said  of  certain  regctable  substances,  which,  as  containing  azote,  were 
supposed  at  one  time  to  partake,  in  some  measare,  of  the  animtd  nature  ;  most  animal 
bodies  being  ohurauterizea  by  the  presence  of  much  azote  ia  their  composition.  The  veg- 
etable products,  indigo,  caleine,  gluten,  and  many  others,  contain  abnndanee  of  azote. 

AZUltE,  the  tine  blue  pigment^  commonly  called  smalt,  is  a  glass,  colored  with  ox- 
ide of  cobalt,  and  ground  to  an  impalpable  powder. 

The  manutouture  of  azure,  or  smalt,  has  been  lately  improved  in  Sweden,  by  the 
adoption  of  the  following  process ; — 

Tlie  cobalt  ore  is  lire  t  roasted  till  the  greater  poit  of  the  arsenic  is  driTenoff.  The 
residuary  impure  black  oxide  is  mixed  with  as  much  sulphuric  acid  (concentrated)  as 
will  make  it  into  a  paste,  which  is  exposed  at  first  to  a  moderate  heat,  then  to  a 
cherry-red  ignition  for  an  hour.  The  sulphate  thus  obtained  is  reduced  to  powder, 
and  dissolved  in  water.  To  the  solntion,  oarbonate  of  potash  is  gradually  added,  in 
order  to  separate  the  renmining  portion  of  oxide  of  iron ;  the  quantity  ol  wliioh  de- 
pends upon  the  previous  d^irae  of  cahanation.  If  it  be  not  enough  oxidized,  the 
iron  is  difficult  to  be  got  rid  of. 

WhcD,  fram  the  color  ot  tlie  precipitate,  we  find  that  the  potash  separates  merely 
carbonate  of  oobal^  itis  allowed  to  settle,  the  supernatant  liquor  is  decanted,  and 
precipitated,  by  lueaua  of  a  solution  of  silicate  of  pulash,  prepared  as  follows  ; — 

Ten  pai1a  of  potash  are  carefully  mixed  with  fifteen  parts  of  finely  ground  fiints  or 
saiidi  and  one  partof  pounded  ohai'coai.  This  mixture  is  melted  in  a  crucible  of  biich 
clay,  an  operation  which  requires  steady  ignition  during  6  or  6  hours.  Tlie  mass, 
when  inelte.i  and  pulverized,  may  be  eai-ily  dissolved  in  boiling  water,  oddii^  to  it,  by 
little  at  a  time,  the  glass  previously  giounil.  The  filtered  solution  is  colorless,  and 
keeps  well  in  tiie  air,  if  it  contains  one  part  of  glass  for  5  or  B  of  water.  The  silicate 
of  cobalt  which  precipitates  upon  raising  the  two  solutions,  is  tlia  preparation  uf  co- 
balt most  suitable  lor  painting  upon  porcelain,  and  for  the  manufacture  of  blue  giass. 
See  Cobalt. 

B. 

BABLAIL  The  rind  or  shell  which  surraunds  the  fruit  of  the  mimosa  cineraria  ; 
it  comes  from  the  East  Indies,  as  aiso  from  Senegal,  under  the  name  of  Keb-neb.  It 
contains  gailic  aci<l,  tannin,  a  red  coloring  mattei',  and  an  azotJzed  substance;  but 
the  proportion  of  tannin  is  smaller  than  in  suinacli,  galls,  and  haoppera  (gall-nuts  of 

tlie  common  oak)  in  reference  to  that  ot  gaUio  acid,  which  ■ iJ— .i-'-  ...  ^i--  i.-i>- 

lah.    It  has  been  used,  in  dying  cotton,  for  producing  vi 
substitute  for  the  more  expensive  astriogent  dye-stuSk 

BAGASSE.  The  sugar-cane,  in  ita  dry,  cruahed  state,  as  delivered  fi'om  the  sugar- 
niit-L    It  is  much  employed  for  fuel  in  the  colonial  sugar-houses. 

BAKING.  {Oaire,  Fr.  Badcea,  Germ.)  The  exposure  of  any  body  to  such  a  lieat 
as  will  dry  and  eimsolidate  its  piuMs  without  WMtiug  them.  Thus  wood,  pottery,  and 
poruelaiu,  are  baked,  as  well  as  bread. 

BALANCE.— To  conduct  arts,  manufacturers,  and  mines,  witli  judgment  and  success, 
recourse  must  be  had,  at  almost  every  step,  to  a  balance.  Expeiienoe  proves  tliat  all 
material  bodies,  existing  upon  the  sulfate  ot  the  earth,  are  constantly  solicited  by  a 
brce  which  tends  to  bring  fliein  to  its  centre,  and  that  they  actually  tali  lowaide  it 
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wien  tlicy  are  free  to  move.  ThiB  force  is  called  gravity.  Tlioagli  the  bodies  be 
Dot  free,  tls  elfort  of  gravity  is  stiU  sensilile,  and  tlie  resultant  of  all  tbe  actions 
pliieh  it  exercisea  vijioa  tlieir  material  points  oonstitiiteB  what  is  popularly  called 
their  weight.  These  weights  are,  therefore,  forces  which  may  be  com^iaied  together, 
end  bv  ULcans  of  mschiiif  s  may  be  made  io  correspond  or  be  counterpoised. 

To  discover  whelhcr  two  weicrhU  he  equal,  we  must  oppose  them  to  each  other  in  a 
machine  where  Ihey  act  in  a  similar  manner,  and  then  see  if  Ihey  maintain  an  eijui- 
litniumj  Tor  example,  we  ftdiil  (his  condition  if  we  suspend  them  at  (he  two  exliemilies 
of  a  lever,  supported  at  its  centre,  and  whu^e  arms  are  equal.  Snch  is  Ihe  gcneiaMdea 
ol'a  balance.  The  heaiii  ota  $aod  balance  oujEht  to  be  a  bar  of  well-lempeied  steel,  of 
!iich  funn  as  to  secure  peifecl  intjexibilily  under  any  load  which  may  be  (illy  applied 
to  lis  extremities.  lis  arms  should  be  quite  e^jal  in  weight  and  lensth  upon  each  side 
of  its  point  of  suspension  ;  and  this  point  should  be  placed  in  a  vertical  line  over  the 
centre  of  gravity ;  and  ihe  lePS  dlslant  it  is  {mm  it,  Ihe  more  delicate  will  be  the  balance. 
Were  it  placed  ewictly  in  that  cenlre,  the  heaia  would  not  spontaneously  recover  llie 
hoiizonlal  position  when  il  was  once  removed  from  it.  To  render  its  indications  mure 
readily  conimensuritble,  a  slender  rod  or  needle  is  fixed  t:  it,  al  right  angles,  in  Ihe  line 
passing  Ihrongh  its  centres  of  gravity  and  suspension.  Tbe  point,  or  rather  edge  of 
suspension,  is  made  of  perfectly  hard  steel,  and  turns  uuon  a  bed  of  the  same.  For 
common  uses  the  arms  of  a  balance  can  be  tnade  sufficicn'-.y  etpial  to  give  satisfaetdry 
results ;  bat,  for  the  more  refined  purposes  of  science,  that  equality,  shonid  never  be 
presumed  nor  trusted  (0|  and,  fortunately,  exact  weighing  is  quite  independent  of  that 
equality.  To  we^h  a  body  is  to  delermine  how  many  limes  'he  weight  o[  that  hotly 
cuniains  another  species  if  known  weieht,  as  of  gjains  or  pt-inot,  for  example.  In 
order  to  find  it  cot,  let  us  place  Ihe  substance,  soppose  a  piece  of  gold,  in  the  left  hand 
scale  of  the  balance;  cunnterpoise  it  with  sand  or  shot  in  the  other,  till  the  index 
needle  be  truly  veitical,  or  stand  in  the  middle  of  t'le  scale,  proving  the  beam  to  be 
hoi  izonlal.  Now  remove  gently  the  piece  of  gold,  and  snbslilule  in  its  place  standard 
muhiple  weights  of  any  Eraduation,  English  or  French,  tlU  the  needle  again  resumes  liie 
vertical  poEilion,  or  till  iis  osciUations  upon  either  side  of  Ihe  zero  point  are  eqnel. 
These  weights  will  represent  precisely  the  weight  of  the  gold,  since  they  are  placed  in 
the  same  circamslances  piecisely  with  it,  and  make  the  same  equilibrium  wilh  the  weight 
laid  in  the  other  scale. 

I'his  method  of  v.eiehine  is  ohviously  independenl  of  the  unequal  length  as  well  as 
Ihe  unequal  weight  of  (he  arms  of  (he  beam.  For  its  perfection  two  requisites  only  are 
indispensable.  The  Gisl  is  ihat  the  points  of  suspension  should  be  rigorously  the  same 
in  the  (wo  operations;  fur  the  power  of  a  given  weight  to  turn  Ihe  beam  being  unequal, 
according  as  We  place  it  at  diflcrenC  distances  from  the  centre  of  suspension,  did  ihai 
point  vary  in  the  two  consecutive  weighings,  we  would  require  to  employ,  in  the  second, 
a  different  weight  f™m  thai  of  the  piece  of  gold,  in  order  to  form  an  equilibrium  wiih 
the  sand  or  shot  originally  put  in  the  opposite  scale ;  and  as  there  is  nothing  to  indicate 
such  inequality  in  the  states  of  the  be^n,  great  errors  would  reaalt  from  it.  The  best 
mode  of  secnring  against  such  inequality  is  lo  suspend  the  cords  of  Ihe  scales  from 
?hari)  edged  rings,  npon  knife  edges,  at  the  ends  of  the  beam,  both  made  of  steel  sc 
hard  tempered  as  to  be  incapable  of  indentation.  The  second  condition  is,  that  the 
balance  should  be  very  sensible,  that  is,  when  in  equilihrinm  and  loaded,  it  may  be 
disturbed,  and  its  needle  rmiT  oscillate,  by  the  smaUest  weight  put  intu  either  of  the 
scales.  This  sensibility  depetls  solely  upon  the  centre  or  nail  of  suspension ;  and  it 
will  be  the  more  perfect  the  less  friction  there  U  between  that  ktiife-eiige  anrfaoe  and 
the  plane  which  supports  it.  Botli  should  therefore  b^'asliard  audhighly  polished  iis 
possible;  and  should  not  basueered  to  press  against  each  other,  except  at  the  time  of 
weighing.  Every  delicate  balance  of  moderate  size,  moreover,  should  be  suspended 
within  a  glaes  ease,  tu  protect  it  from  the  agitations  of  the  air,  and  the  corroding 
inlluenoe  of  the  weatlier.  In  some  balances  a  hall  is  placed  upon  tlie  index  or  needle 
(whether  that  jndexfltniid  above  or  below  the  beam),  wiiich  may  be  made  toajipi-oach 
or  recede  from  the  beam  by  a  fina-thranded  screw,  with  the  effect  of  viirying  the 
centre  of  gravity  relatively  to  the  point  of  suspension,  and  thereby  increasing,  at  will, 
either  the  sensibility,  or  the  siability  otthalialance.  ITie  greater  tiielenfftli  of  the  arms, 
the  less  distant  the  centre  of  gravity  is  beneath  tha  centra  of  suspension,  tlie  better 
polished  its  central  knifs-ei^  of  30  ,  the  lighter  the  whole  balance,  and  the  less  it  is 
loaded,  tha  greater  will  ba  its  eensibilitv.  In  all  eases  the  arms  must  be  quite  in- 
flexible. A  balance  made  by  Ramsden  for  the  Royal  aooiety  is  capable  of  weighing 
tea  pounds,  and  turns  with  one  hundredth  of  a  grain,  which  is  the  aeven-millionth 
part  of  the  weight.  In  pointing  out  this  iialnnoe  to  me  one  evening,  Dr.  Wollaston 
told  me  it  was  so  delicate,  that  Kir.  Pond,  then  astwnoiner  royal,  when  making  some 
observations  with  it,  found  its  indioatioiis  nffected  by  his  reCitive  position  before  It, 
although  it  was  inclosed  in  a  glass  ease.     When  he  stood  opposite  the  right  arm,  that 
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end  of  l.hs  baum  preponderated,  in  oonflequenee  of  its  becnining  expanded  by  the  radi 
ation  of  heal  Enun  Ins  body ;  and  when  lie  stood  oppi'Site  tlie  left  aim,  be  made  tliis 
preponderate  in  its  turn.  It  ia  pi'obabte  tbat  Mr,  Pond  had  previously  adjusted  the 
centres  of  gravity  and  snap^nsion  so  nenr  to  eBEb  other  as  ti- give  the  biilance  ita  nutxi 
mnra  sensibility,  eonsistent  with  stability.  Were  these  centres  made  to  coincide,  tlie 
beam,  when  the  weights  are  equal,  would  rest  in  any  position,  nod  the  addition  of  the 
smnllest  weight  would  overset  the  balance,  and  plate  the  beam  in  a  vertical  positiun, 
u  which  it  would  have  no  tendency  to  return.    The  sensibility  in  this  case  woald 


the  greiitest  pcjBiblei  but  the  other  two  requisites  of  level  and  stability  would  be 

jrelv  lost    The  case  would  be  even  worse  if  the  centre  of  gravity  were  higher  than 

of  suspension,  aa  the  balance  *hen  deranged,  if  free,  would  make  a  revolution 


of  no  less  than  a  semi-circle.  Abalance  maybe  made  by  a  fraudulent  dealer  to  weigl 
fuUely  though  its  arms  be  equal,  provided  the  suspension  be  as  low  as  the  centre  of 
gravity,  fur  he  has  only  to  toas  his  tea,  for  instanee,  forcibly  into  one  scale  to  cause  JS 
ounces  of  it,  or  thereby,  to  counterpoise  a  poand  weight  in  the  other.  Inspeotora  of 
weights,  &e.,  are  Boiaafait  to  this  fi-aitful som'ce  of  iiaud  among  hucksteis. 

BALANCE  FOE  WEIGHING  COIN  at  the  Bank  of  En^and,  invented  by 
William  Cotton,  Esq.,  Governor  of  the  Bank. 

The  new  coinage  first  amves  at  the  Bank  from  tie  Mint  in  what  are  called  "journiea," 
a  single  journey  weighing  IS  lbs,"  and  containing  701  sovereigns.  The  ofHteis  of  the 
Mint  are  allowed  12  grains  y2»M  in  every  pound  weight  of  metal,  for  the  irregularities 
incidental  to  woi'king  it  into  coin ;  but  they  usually  work  to  within  one  half  of  tliat 
allowance,  which  is  technically  called  "the  remedy." 

There  was  coined  for  the  Bank  in  the  spring  of  1848,  8,000,000  of  sovereigns,  and 
thi!  greatest  variation  from  the  weight  allowed  was  only  60  grains,  or  one  third  of  the 
remedy.  Each  sovereign  should  contain  a  portion  of  this  remedy,  to  allow  for  wear  in 
p'iblie  use;  and  this  extraordinary  subdivision  of  metal  is  invanably  obtained.  The 
Lsualdelivery  of  new  coinage  at  the  Bank  contains  100  journies,  which  is  counted  by 
weight  only,  that  is,  200  sovereigns  are  counted  into  one  scale,  and  the  rest  of  the  deli- 
vei'j  is  weighed  in  parcels  which  balance  these  200,  and  this  is  all  the  counting  the 
new  coinage  receives.  The  r^ulaiity  and  precision  of  themanipulationsattbeMint 
obviate  tJie  necessity  of  any  further  examination,  either  as  regards  the  gi'ose  amount 
-"- — eight  of  an  individual  piece. 


When  the  currency  returns  to  the  Bank  from  the  public,  it  becomes  necessary  t( 
nscertam  if  it  has  been  reduced  below  the  standard  weighty  and  this  imposes  an  ardnon! 
duty  on  theofficei-sof  tlieBank.    The  amount  of  gold  paid  daily  over  the  Bankcountei 


ii'ies  con^derably,  but  80^000  may  be  taken  as  a  rough  average ;  and  hence  arises  a 
tedious,  irksome,  and  enpensive  process  in  weighingso  lai^eanurabei'of  pieoessingly, 
and  in  quick  succession,  separating  at  the  same  time  the  light  from  the  standard  coin. 

The  mode  of  weighing  coins  by  hand  requires  much  dexterity,  practice  and  attention ; 
but,  in  spite  of  all  these,  errors  were  inevitable,  and  It  was  to  obviate  these  that  the 
machine  was  invented  by  Mr.  Cotton,  the  Governor  of  the  Bank  of  England ;  it  was 
constructed  from  his  plans  by  Mr.  Napier,  and  is  thus  described  r — 

Its  exterior  presents  a  plain  brass  ease,  with  a  small  hopper  tube  on  the  top  plate, 
about  44  inches  from  which  there  is  an  opening  in  the  top  plate.  In  tiis  opening  is 
seen  a  platform  in  the  foi-m  of  a  quadi'ani  This  platform  is  suspended  above  one  end 
of  the  beam,  and  is  to  receive  the  coin  to  be  weighed.  On  one  side  of  the  case  is  a  tjll 
to  receive  the  sovereigns  as  they  are  weighed,  pariitioned  so  that  one  division  is  left  for 
standard  coin,  and  the  other  for  such  as  are  light.  There  is  a  sliding  door  to  each  divi- 
sion, for  removing  the  coins  at  pleasure.  The  machine  may  be  worked  lite  a  clock 
with  a  weight,  or  by  any  simple  applioaHou  of  power. 

Its  visible  action  is  as  follows: — The  hopper  being  filled  with  gold,  upon  setting  the 
machine  in  motion,  it  immediately  places  a  sovereign  on  the  little  platfoim,  which 
serves,  as  already  stated,  in  place  of  a  scale  plan ;  and  if  it  is  of  standard  weight  a  small 
tongue  comes  rapidly  forward  and  pushes  the  sovereign  into  tliat  side  of  the  till  allotted 
to  such  coin;  if  tight,  another,  and  similar  tongue  to  £e  first,  pushes  the  sovereign  into 
the  other  side  of  the  till    The  action  of  these  tongues  is  at  right  angles  to  each  other. 

While  a  sovereign  is  being  weighed,  a  succeeding  one  is  on  its  way  from  the  hopper 
to  the  platform,  and  the  moment  uie  preceding  sovereign  is  disposed  of,  according  to  its 
value,  another  is  placed  in  its  stead.  To  keep  the  hopper  supplied  with  gold,  and 
removeitfrom  the  till  as  it  is  filled,  isall  the  attendance  necessory.  The  more  minute 
parts  of  the  mechanical  aiTangement  of  the  macliine,  such  as  the  fulcrum,  the  forceps, 
ifec,  are  described  in  detail ;  and  the  following  statement  by  Mr.  Miller  is  given  as  a 
comparison  with  the  old  method  of  weighing: — 

'■  With  the  bullion-scales  4,000  may  be  stated  as  the  number  a  person  can  weigh  in 
lix  hours.  As  the  sovereigns  now  tendered  at  the  Bank  counter  are  most  of  them  new, 
the  scale  dips  quietly  in  weighing,  and  one  person  can  weigh  5,000  in  six  hours ;  but  a 
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(hoii  time  ago,  befovo  tlie  issue  of  the  new  coinage,  tlie  same  peiBou  could  weigh  oiilj 
3,1)00,  as  it  took  a  longer  time  for  the  suales  to  iudicate, 
"  Tlie  bullion  si^ies  cannot  indicate  neai'er  than  i-lOOtbs  of  a  grain,  at  tlia  aboTa 

" The  macliine  is  perfectly  free  from  tie  Goureea  of  eiror  to  which  the  acalea  avn 
subject,  and  weighs  a&  quickly,  whether  the  sovereigns  are  new  and  of  full  weight, 
Of  old  and  doubuul;  it  eon  weigh  10,000  in  six  horn's,  and  divide  coin  varying  only 
one-fiftieth  of  a  grain." 

The  paper  is  iliaatiated  by  two  drawings  of  the  internal  arrangement  of  the  machine, 
Buii  a  model,  showing  the  action  of  the  tongnes  and  platform. 

Jlr.  Oldham  exhibited,  at  the  Institute  of  Civil  Engineers,  tlie  automaton  balance  at 
work-,  weighing  coin,  and  after  deseiibing,  with  the  aid  of  a  diagram  and  model,  the 
action  of  some  of  the  more  delicate  parts  of  the  machine,  be  observed,  tiiat  in  seeking 
to  obtain  estraordinarj  performances  by  machiiiei'v  mechanical  propriety  of  constiuc- 
tion  was  too  often  overlooked,  and  premature  deterioration,  la  the  action  of  many 
parts,  was  the  result. 

The  automaton  balance  was  peculiarly  worthy  of  notice,  from  tlie  judgment  exercised 
in  its  relative  proportions,  as  was  pioved  by  the  fact  that  after  being  at  work  for  several 
months,  it  had  become  more  delicate  in  detecting  slight  variations  between  standard 
and  light  coin,  than  when  it  was  first  constructed.  Mi'.  Cotton's  object  in  this  invention 
should  be  well  undei'stood.  Public  convenience  demanded  great  accuracy  in  weighing 
the  currency:  by  the  ordinary  mode  of  weighing  gold  with  the  bullion  scales,  altliougn 
it  WHsduetothelM.QktellerstoBtatethattheygave  the  utmost  attention  to  their  mono- 
tonous duty,  it  was  nearly  impoaaible  ti)  cuard  against  the  various  difficulties  detailed 
in  the  paper.  The  injury  sustained  by  the  optic  nerve,  from  constantly  watching  the 
indicator  of  the  scales,  was  a  serious  inconvenience  to  the  operative,  which,  coupled 
with  the  incidental  sources  of  error  referred  to,  created  even  greater  absenoe  of  deli- 
cacy than  the  papers  stated.  Eri'ors  to  the  amount  of  one-third,  or  even  half  a  grain, 
were  not  unfrequent. 

By  the  "  automaton  balance,"  the  number  weighed  in  a 


■acy  obtmned.  The  delicacy  of  the  instrument  was  sueli.  tliiit 
ftoni  thirty  to  thirty-five  coins  p^r  minute  could  be  passed  through  the  machine,  de- 
tecting a  difference  of  only  one-fifth  of  a  grrin. 

It  ehould  be  mentioned,  that  much  greater  delicacy  could  he  accomplished;  tliat  i^, 
to  the  one-hnndredth  of  a  grain,  but  not  at  the  same  rate;  because  it  would  be  under- 
stood that  a  slow  action  of  the  beam  was  necessary  for  very  small  variations,  and  tliat 
must  regulate  the  speed  of  working;  but  such  delicacy  was  beyond  all  useful  purpOEes 
in  those  transactions  which  it  was  intended  to  improve. 

Mr.  Cotton  said  that  his  attention  had  been  attracted  to  the  point  by  the  incon- 
veniences to  which  tlie  "tellei-s"  were  subjected  in  weighing  gold  for  the  public;  with 
balances  so  delicately  constructed  as  tJie  bullion-scales,  the  agitation  of  tiie  air,  by  the 
sudden  opening  of  a  door,  or  even  by  the  breathing  of  those  around,  sufficed  to  cnnse 
eriora,.  It  was  possible,  also,  by  piessing  the  fulciiim  against  the  bridle,  to  produce 
such  a  degree  of  friction  as  materially  to  interfere  with  accuracy ;  and  the  tellers  con- 
fessed thatafter  weighing  two  or  three  thousand  coins,  the  sight  was  injured,  and  they 
no  longer  observed  with  the  same  degree  of  coiTCCtness.  He  therefore  imagined  tliat 
a  machine  might  be  contrived,  which,  being  defended  from  external  infiuence,  might 
weigh  coins  as  fast  as  by  hand,  and  within  one-fourth  of  a  grain;  but  hecei'tainly  did 
not  contemplate  attaining  such  perfection  as  the  maehine  now  possessed.  His  first 
idea  was,  that  the  light  coins  should  be  taken  off  by  forceps,  and  that  those  of  average 
weight  should  be  pushed  off  by  the  succeeding  ones;  but  it  was  found  that  the  slightest 
inaccuracy  in  the  milled  edges  sufficed  to  give  them  a  wrong  direction;  therefore  when 
he  had  made  the  first  rough  aketcli,  and  oonsnlted  with  his  friend,  the  late  Mr.  Ewart, 
he  recommended  that  Mr.  Napier,  of  York  Road,  Lambeth,  should  be  employed  to 
make  the  machine,  and  to  him  was  due  the  suggestion  of  the  two  alternately  advancing 
tongues,  as  well  as  several  other  arraingements  of  the  machinei'y,  which  he  bad  so 
sncoessfnlly  oonstrooted. 

When  the  firat  machine  was  tried,  out  of  1000  sovereigns  160  were  found  to  be 
light.  They  were  given  to  a  teller  to  be  verified,  and  he  returned  several  of  them  as 
being  of  the  proper  weight ;  bat^  on  again  weighing  them  more  carefully,  tlie  results 
given  by  the  machine  were  found  to  be  correct.  As  an  instance  of  how  manyeii'oum- 
al  ances  should  be  takeii  into  consideration  in  delicate  machines,  he  might  mention,  that 
after  being  used  for  a  time,  the  machine  varied  in  its  results,  and,  on  examination,  it 
was  discovered,  that  the  end  of  the  level-  which  traversed  tlie  pendant  had  become 
magnetic,  and  thus  affected  the  balance.  An  ivory  end  was  substituted,  and  over  since 
that  period  its  aeouracy  had  been  maintained 

Mr.  W,  Miller  observed  that  the  efficiency  of  any  scales  must  be  detei'mined,  in  a 
great  degrpe.  by  the  fineness  of  tiic  edge  of  the  fnlcri.m  of  the  beam;  and  it  would  be 
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easily  iningintd  that  the  tiiclion,  to  wliioh  Ihe  edge  in  n  pjir  of  bullion  aealcs  wa* 
subieeteJ,  whilst  weigliinj;  50(W  or  euOO  eoyareigna  per  day,  mnst  aoon  impair  iti 
deheaey,  and  consequenlly  the  efliciency  of  the  wholo  apparatus  ;  for,  whether  llie 
sovereigns  were  light  or  heavy,  Ilia  beam  must  turn  upon  its  fulcrum.  SuBh  was  not 
the  ease  with  Mr.  Cotton's  mnehine  ;  its  beam  did  not  act  at  al^  unless  a  light  scv 
ereign  was  placed  upon  the  platform ;  bo  that,  among  1000  Bovereigns,  if  only  100 
were  light,  tbe  beam  of  the  miiehine  would  oaiy  move  lOO  timea,  while  that  ut  Ihe 
ordinary  scales  would  oscillate  1000  times.  An  immense  adiant^e  was  thus  given 
to  the  macliine  in  point  of  durability- 
All  weighing  was  but  an  approach  to  cotreetn ess,  and  the  nearest  point  to  which  tlie 
beat  kind  of  aommon  scales  were  aeasible,  might  be  stated  as  yln^ths  of  a  grain,  and 
Jth  of  a  grain  would  hardly  covertheir  errors;  but  themaohina  was  sensible  tojjjjllis 
of  a  grain,  and  rjsths  would  fully  cover  its  errara,  which  were  not  a  twentieth  part 
so  numerous  as  those  of  the  scnlea. 

BALSAMS  (Baumes,  Fr.  Buhaim,  Germ.)  are  native  eomDounJs  of  cihcreal  or 
easenlini  oil',  wilh  resin,  and  frequently  benzoic  acid.  Mosl  oi  ihrm  have  tbe  con- 
sistence of  honey;  but  a  few  are  solid,  or  become  so  by  keepins.  1'hey  flow  eiihec 
sponlaneonsly,  or  by  incisions  made  from  trees  and  shrubs  in  tropical  climaiea.  They 
t^^sess  peculiar  powerful  smelts,  aromnlic  hot  tastes,  ^Dt  lo^e  their  odoriferous  pro 
perlies  by  lona  exposure  to  the  air.  They  are  inpolubli  in  neater;  soluble,  to  a  con 
siderahle  degree,  in  ether;  and  complelely  in  alcohol.  When  dblilled  with  water, 
ethereal  oil  conies  over,  and  resin  remains  in  the  retort, 

Bahnm  of  Fern  is  extracted  from  rhe  myroxyjon  periiifcnitii,  a  tree  which  grows  in 
Peru,  Mesico,  &c. ;  sometimes  by  iacisiun,  and  sometimes  by  evaporating  the  decoction 
of  lie  bark  and  branches  of  Ihe  tree.  The  former  kind  is  very  rare,  and  is  imporled 
in  the  husk  of  the  cocoa-nut,  whence  it  is  called  balaim  en  ceqve.  It  is  >rown,  trans- 
parent only  in  thin  layers,  of  Ihe  consistence  of  thick  turpentines  an  aaretable  smell, 
itn  acrid  and  bitter  taale;  formed  of  two  matters,  the  one  liquid,  the  other  granular, 
:ind  somewhat  crystBlline.  Jn  100  parts,  it  contains  ]2  of  benzoic  ackl,  BS  of  resin, 
with  traces  of  a  volatile  oil. 

The  second  sort,  the  black  balsam  of  Peru,  is  much  more  common  than  Ihe  pie- 
ceding,  translncent,  of  the  consistence  of  well-boiled  sirup,  very  deep  red-brown 
color,  an  almost  intolerably  acrid  and  bitter  taste,  and  a  stronger  smell  than  Ihe  olhet 
btisam.  Sfoltie  regards  it  as  formed  of  69  parts  of  a  peculiar  oil,  20-7  of  a  resin,  liltla 
soluble  in   alcohol,  of  fi-4  of  benzoic  add,  of  0'6   of  estractive  matter,  and  09   of 

Prom  its  high  price,  balsam  of  Peru  is  often  adulterated  with  copaiba,  oil  of  Inr- 
pentine,  and  olive  oil.  One  thousand  parts  of  good  balsam  should,  by  its  benzoic 
acid,  saturate  75  parts  of  crystallized  carbonate  of  soda.  It  is  employed  aa  a  perfumo 
for  ])omatnms,  linclures,  lozenges,  sealing-wax,  and  fur  chocolate  and  liqneart,  instead 
of  vanilla,  when  this  happens  Co  be  very  dear 

Liquid  amber,  Storax  or  Slyrax,  flows  from  the  leaves  and  tmnk  of  thu  iiTnW  amber 
siijTdci/lua,  a  tree  whidi  grows  in  Virginia,  Louisiana,  and  Mexico.  It  is  brownish 
ash-gray,  of  Ihe  consistence  of  turpentine,  dries  up  readily,  smells  agreeably,  like  ben- 
zoin, has  a  bitterish,  sharp,  burning  taste ;  is  soluble  in  4  parts  of  alcohol,  and  contains 
only  1-4  per  cent,  of  benzoic  acid. 

Balsam  of  Tola  flows  fi  om  the  trunk  of  the  myroxyUm  tohii/i-niin,  a  tree  which  firows  in 
South  America ;  it  is,  when  fresh,  of  the  consistence  of  turii* ntine,  is  brownish-red, 
driesinloayellowishorreddiahbriltleresino-smass,  of  a  smell  like  benzoin;  is  soluble 
in  alcnhol  and  ether;  aflbrds,  wilh  water,  benzoic  acuL 

CAiiiese  vaniiih  flows  from  the  bark  of  the  Jugia  sineusia ;  it  is  a  greenish  yellow 
turpentine-like  substance,  smells  aromatic,  tastes  strong  and  rather  astringent,  in  thin 
.avers  dries  soon  into  a  smooth  shining  iac,  and  consists  of  resin,  elhpreous  oil,  and  ben- 
zoic acid.  It  is  soluble  in  alcohol  and  eiher;  and  has  been  employed,  immemorially, 
in  China,  for  lackering  and  varnishing  surftces,  either  alone  or  colored. 
Balsams  without  benzoic  acid  : — 

Copaiva  bahani,  balsam  of  copahn  or  capivi,  is  obtained  from  incisions  made  in  Ihc 
trunk  of  the  Copaijira  officinalU,  a  tree  which  grows  in  Brazil  and  Cayenne.  It  is  pale 
yellow,  middling  liquid,  clear  transparent,  has  ft  bitter,  sharp,  hot  taste;  a  penftrating 
iisagreeable  smell ;  a  specific  gravity  of  from  0-950  to  0-9a6.  It  dissolves  in  absolute 
alcohol,  partially  in  spirit  of  wine,  forms  with  alkalis,  crystalline  compounds.  It  con- 
sists of  ■15-59  ethereous  oil,  52-75  of  a  yellow  brittle  resin,  and  1-66  of  a  brown  vi.-^cid 
resLi.  Tho  oil  contains  no  ox^en,  has  a  composition  like  oil  of  turpentine,  dissolves 
caoutchouc  (according  to  Lurand),  but  becomes  oxydizcd  ia  the  air,  into  a  pecnlial 
species  of  resin.  This  balsam  is  used  f.r  making  paper  transparent,  for  certain  lacktrs, 
and  In  medicine. 
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This  aubatanca,  which  is  extensively  naad  in  m( 
mefly  some  uoctnous  ail  was  mixed  with  it,  but  as  this  is  easily  diioovered  by  its 
iiisoliibitity  in  alcohol,  castor  oil  has  since  been  need.  Tlie  presence  of  iJiis  cbeapui-cil 
mii^  be  doteeted,  I,  by  agitating  the  balsam  with  a  solution  of  caustic  soda,  and 
setting  the  mixture  aside  to  repose ;  when  the  babam  will  come  to  float  clear  on  the 
top,  and  leave  a  soapy  thick  magma  of  tlie  oil  below ;  2,  when  the  balsam  ia  boiled 
with  water,  in  a  thin  Itim,  for  some  hours,  it  will  become  a  brittle  resin  on  cooling,  but 
it  will  remain  viscid  if  mixed  with  castor  oil ;  B,  if  a  drop  of  the  oil  on  white  paper  be 
hi-ld  over  a  lamp,  at  a  proper  distance,  its  volalile  oil  will  evaporate  and  leave  tbi> 
brittle  resin,  without  causing  any  stain  around,  which  the  presence  of  oil  will  produce; 
t,  when  thrae  drops  of  the  balsam  ai'c  poured  into  a  wftloh-glnss,  alongside  of  one 
drop  of  Eulphuric  acid,  it  becomes  yellow  at  the  point  of  contact,  and  altogether  of  a 
satfi'on  hue  when  stiri'cd  about  wiut  a  glass  rod,  but  if  sophisticated  witli  castor  oil, 
tlie  mixture  soon  becomes  nearly  colorless  like  while  honey,  thoagh  after  some  time 
tbe  acid  blackens  the  whole  in  either  case ;  6.  if  3  parts  in  bulk  of  the  balsam  bo 
mixed  with  1  of  good  water  of  ammonia  {of  0'970  sp.  grav.)  in  a  |las3  tube,  it  will 
form  a  transparent  solution,  if  it  be  pure,  but  will  form  a  w'r>!te  boinient  if  it  con- 
tains casUr  oil ;  6,  if  the  hulsam  be  triturated  with  a  little  of  the  common  magnesia 
alba,  it  will  form  a  clear  solution,  from  which  acids  dissolve  <  at  the  magnesia,  and 
leave  the  oil  transparent,  if  it  be  pure,  hut  opaque  if  it  be  adulterated.  When  tur- 
pentine is  employed  to  falsify  the  balsam,  the  fraud  is  detected  by  tlie  smell  ou  heat- 
ing llie  compound. 

Mecca  tafaam,  or  opoJa/sam,  is  ohtfuned  both  by  incisions  of,  and  by  boiling,  the. 
branches  and  leaves  cJ  the  Balsamodetidron  GUeademe,  a  shrub  which  grows  in  Arabia 
Felix,  Lesser  Asia,  and  Egypt,  When  fresh  it  is  turbid,  whitish,  becomes,  by  degrees, 
transparent  j  yellow,  Ihickish,  and  evenWally  solid.  It  smells  peculiar,  but  agreeahle; 
tastes  bitter  and  spicy ;  does  not  dissolve  completely  in  hot  spiiil  of  wine,  and  contaiaa 
10  [ler  cent,  of  ethercous  oil,  of  the  ppeciflc  gravity  0'8T6. 

Japan  lac  vamish  flows  from  incisionsin  the  irunk  of  Ihe  SI'Ua  Vermx  (Melancnrliea 
nsilata)  which  is  ciillivated  in  Japan,  and  grows  wild  in  North  America.  The  juice 
becomes  black  in  the  air;  when  pariflecl,  dissolves  in  very  liitle  oil;  and,  mixed  with 
colorin!"  matter,  it  constitutes  the  celebrated  tarnish  of  the  Japanese. 
For  Benzoin  and  Turpentine,  see  these  articles  in  their  alphabetical  places. 
BANDANNA.  A  style  of  calico  printing,  in  which  white  or  brightly  colored 
jpotj  are  produced  upon  a  red  or  dark  ground.  It  seems  to  have  been  practised  from 
time  immemorial  in  India,  by  binding  up  firmly  mlh  thread,  those  points  of  the  cloth 
which  were  to  remain  white  or  yellow,  while  the  rest  of  the  surface  was  freely  subjected 
to  the  dyeing  operations. 

The  European  imitations  have  now  far  surpassed,  in  the  beauty  and  precision  of 
the  design,  Ihe  oriental  patterns;  having  called  into  action  Ihe  refined  resources  cf 
mechanical  and  ehernieal  science.  The  general  principles  of  producing  bright  figures 
upon  daik  gronnds.  are  explained  in  the  article  Calico-printing  ;  bnt  the  peculiarilies 
of  the  Bandanna  printing  may  be  conveniently  introduced  here.  In  Brande's  Journal 
for  July,  1823, 1  described  the  Bandanna  gallery  of  Messrs.  Monlulh  at  Glasgow, 
which,  when  in  fall  action  some  years  ago,  roi!?hl  he  reckoned  the  most  magnificent  and 
profitable  priming  apartment  in  the  world.  The  white  spots  were  produced  by  a  so. 
lulion  of  chlorine,  made  (o  percolate  down  through  Ihe  Turkey  red  eolliMi  cloth,  m 
certain  points  defined  and  circumscribed  by  the  pressure  of  hollow  lead  types  in  plates, 
in  a  hydraulic  press.  fig'.lOBisan  elevation  of  one  press;  A,  the  lop  or  enlahlatnre; 
B  B,  Oie  cheeks  or  pillars  i  C,  the  upper  block  for  faslening  the  upper  lead  perforated 
pallern  to ;  -D,  the  lower  block  10  which  Ihe  fellow  patlem  is  afii>led,  and  which  moves 
np  and  down  with  the  pislon  of  the  press;  E,lhe  piston  or  ram;  F,  Ihe  mIc  or 
liase;  G,  the  water-trough,  for  Ihe  discharged  or  spotted  calico  to  fall  info;  H,  ihe 
tmall  cisUTn,  for  the  aqueous  chlorine  or  liquor-meier,  with  glass  tubes  for  indicating 
the  height  of  liquor  inside  of  the  cistern  j  e  e,  glass  stopcocks,  for  admitting  the  liquor 
into  that  cislera  from  Ihe  general  reservoir;  //,  stopcocks  for  admitting  water  lo  wash 
out  the  chlorine  i  g  g,  Ihe  pattern  lead-plates,  with  screws  for  setting  Ihepallecns  parallel 
to  each  other;  mm,  projecting  angular  pieces  al  each  corner,perfcraled  with  a  half  inch 
hole  lo  receive  Ihe  four  guide-pins  rising  from  the  lower  plate,  which  serve  lo  secure 
accuracy  of  adjustment  between  the  two  faces  of  the  lead  pattern  plates ;  ft  ft,  two  rollers 
which  seize  and  puh  ihroush  the  discharged  pieces,  and  deliver  them  into  the  water- 
iroHgh.  Tube  left  of  D  there  is  a  stopcock  for  filling  the  trough  with  walerj  /,  is  the 
waste  lube  for  chlorine  I'luor  and  water  of  washing.  The  contrivance  for  blowing  a 
stream  of  air  across  the  clolh,  through  the  pallern  tubes,  is  not  represented  in  Ihe  figure 
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Eachoi 


bcIKjen  each  subdivi 

from  Ihe  front  to  llie  back  of  the  p 

total  length  of  Ihe  apartment  is  IOC  I 

To  each  press  is  attached  a  pair  of  paltems  in  lead,  (or  plates,  as  they  are  called,)  the 
manner  of  forming  which  will  be  described  m  the  sequel.  One  of  these  plates  is  fi^ed 
to  the  upper  block  of  the  press.  This  block  is  so  contrived,  thai  it  rests  upon  a  kmd  of 
uniyersal  joint,  which  enables  this  plate  to  apply  more  exactli  to  the  under  fellow 
plate.  The  latter  sita  on  the  moyeable  pari  of  the  press,  commonlv  called  the  siii 
When  this  is  forced  up,  the  two  patterns  close  on  each  other  lerj  nicely,  by  means  ol 
the  gnide-pins  at  the  corners,  which  are  fitted  with  the  utmost  eare 

The  power  which  impels  this  great  hydrostatic  rai^e  is  placed  m  a  separate  apart 
ment,  railed  the  machinery  room.  This  machinery  consists  of  two  prets  cihnders 
of  a  peculiar  constmclion,  having  solid  rams  accurately  fitted  to  thcTt  To  each  o( 
these  cylinders,  three  little  force-pumps,  worked  by  a  steam-engine,  are  connected 

The  piston  of  the  large  cylinder  is  e^ht  inches  in  diameter,  and  is  loaded  with  a 
top-weight  of  five  Ions.  This  piston  can  be  made  to  rise  about  lno  feet  throu-h  a 
leallier  staffing  or  collar.  The  other  cylinder  has  a  piston  ofonlv  one  inch  in  diameter, 
which  is  also  loaded  with  a  top-weii?ht  of  five  tons.  It  is  capable,  like  the  other,  of 
being  raised  two  feet  through  its  collar. 

Supposing  the  pistons  to  be  a  iheir  lowest  point,  four  of  tie  six  "mall  toree  pumps 
are  put  in  action  by  the  steam-engine,  two  of  them  to  raise  tht  large  piston  and  two 
Ihe  little  one.  In  a  short  time,  so  much  water  is  injected  into  the  cjlmders  thil 
(he  loaded  pistons  have  arrived  at  their  hiuhest  points.  They  are  now  ready  lor 
working  the  hydrostatic  discharge-presses,  the  water  pressure  bcins[  conveyed  from 
the  one  aparlmenl  to  Ihe  other,  under  ground,  through  strong  copper  tttbes,  of  small 

Two  valves  areattached  to  each  press,  one  opening  a  communication  between  the  larg* 
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ib'ivmg-cylinder  and  Ide  cylinder  ol'  llie  press,  the  otKer  beLwpcn  the  Bmnll  drivin^-cyiin 
iec  ani  (he  press.  The  ruiictLon  of  the  first  is  simply  to  lid  the  nnder-block  of  llie  prcsi 
into  eontacl  with  the  upper-block;  that  of  tlie  second,  is  to  give  the  requisite  compression 
(o  the  cloth.  A  third  vaive  13  attached  to  the  press,  for  (he  purpose  of  dischai^ing  the 
water  from  its  cjlioder,  when  the  press  is  to  be  relaxed,  in  order  to  remove  or  draw 
through  the  cloth. 

Prom  twelve  to  fourteen  pieces  of  cloth,  previously  dyed  Tarliey-red,  are  stretched 
over  eacii  other,  as  parallel  as  possible,  by  a  particular  machine.  These  parallel  layers  ai* 
then  rolled  round  a  wooden  cyliodn,  called  by  the  workmen,  a  drum.  This  cylinder  is 
no",r  placrd  in  its  proper  sitnation  at  the  back  of  the  press.  A  portion  of  the  fourteen  lay- 
ers of  cloth,  eq.ual  to  the  area  of  the  plates,  is  next  drawn  through  between  them,  by  hooka 
aliached  to  the  two  corners  of  the  webs.  Onopenina  the  yalve  connected  with  the  eight, 
inch  di-ising-eylinder,  the  water  enters  the  cylinder  of  the  press,  and  instantly  lifts  its  lower 
block,  so  as  to  apply  the  under  plate  with  its  cloUv,  close  to  the  nppcr  one.  This  vaive  is 
then  shit,  and  the  other  is  opened.  The  pressure  of  five  tons  ii;  tlie  one  inch  piime-ey Un- 
der, In  now  broasht  to  bear  on  the  piston  of  the  press,  which  is  e%ht  inches  in  diameter. 
The  iiflective  force  here  will,  therefore,  ^e  5  tons  X  8a=32n  tons  j  the  areas  of  cylinders 
being  to  each  other,  as  the  si^uares  of  their  respective  diameters.  The  cloth  is  thus  oon- 
deaaed  between  the  leaden  paltern-ptales  with  a  pressure  of  320  Ions,  in  a  couple  cf 
seconds  i  — a  splendid  example  of  automatic  ',rX. 

The  next  step,  is  to  admit  the  blanching  or  discharging  liquor  {aqneous  chlorine,  ob- 
tained by  adding  sulphuric  acid  to  solntion  of  chloride  of  lime)  to  the  cloth.  This  l^uoi 
is  contained  in  a  hirge  cistern,  in  anaSjoining  house,  from  which  fc  is  run  at  jJeosure  into 
small  lead  cisterns  H  attached  to  the  presses ;  which  cisterns  have  graduated  index  tubes, 
for  reiculating  Ihe  quantity  of  liinor  according  to  the  r^ttern  of  dischai^e.  The  stopcocks 
on  the  pipes  and  cisterns  containing  this  liquor,  are  all  made  of  glass. 

From  the  measure-dstern  H,  the  liquor  is  allowed  to  .flow  into  the  hollows  in  theapper 
lead-plate,  whence  it  descends  on  the  cloth,  and  percolates  through  it,  extracting  in  Its  pas- 
sage the  Turkey-red  dye.  The  liinor  is  ii  nail  y  conveyed  into  the  waste  pipe,  from  a  groove 
in  the  under  block.  As  soon  as  the  chlorine  liiuor  lias  passed  through,  water  is  admit- 
led  in  a  similar  manner,  to  wash  away  the  chlorine  ;  otherwise,  upon  relaxing  the  pres- 
sure, the  outline  of  the  figure  discharged  would  become  ragged.  Thepnssaje  of  the  dis- 
charge liqoor,  as  well  as  of  the  water  through  the  cloth,  is  oeessioiially  aided  by  a  pneu- 
matic appatatns,  or  blowing  machine ;  consisting  of  a  lai^e  gasometer,  from  which  air 
subjected  to  a  moderate  pressure  may  be  allowed  to  issue,  ftud  act  in  the  direction  of  the 
liquid  upon  the  folds  of  the  cloth.  By  an  occasional  twist  of  the  air  stopcock,  the  work- 
man also  can  ensure  the  equal  dislributioa  of  the  dischnn-ing  Ijqnor,  over  the  whole  ex- 
cavations in  the  upper  plate.'  When  the  demand  for  goods  is  very  brisk,  the  air  appara- 
tus is  much  employed,  as  it  enables  the  workman  to  double  his  product. 

The  time  requisite  for  completing  the  discharging  process  in  tlie  first  press  is  sufli- 
eiaat  to  enable  the  other  three  workmen  to  put  the  remainin*  fltleen  presses  in  play.  The 
discharser  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  tJie  water ; 
an]  is  followed  at  a  proper  intervEil  by  the  assistants,  who  relax  the  press,  move  forwards 
another  square  of  the  cloth,  and  then  restore  the  pressure.  Whenever  the  sixteenth  press 
has  been  liquored,  &c.,  it  is  time  to  open  the  first  press.  In  this  routine,  about  ten  min- 
utes are  employed;  that  is,  224  handkerchiefs  (16H-I4)  are  discharged  every  ten  minutes. 
The  whole  oloUi  is  drawn  successively  forward,  to  be  sacoessively  treated  in  the  above 
method. 

When  the  cloth  escapes  from  the  press,  it  is  passed  between  the  two  rollers  in  front ;  from 
which  il  fells  into  ft  trous^h  of  water  placed  below.  It  is  finally  carried  oa"lo  the  wash- 
ing and  bleaching  departmeat,  where  the  lustre  of  both  the  white  and  the  red  is  con- 
siderably briglitened. 

By  the  above  arrangement  of  presses,  1600  pieces,  consisting  of  12  yards  each =10,200 
yarfe,  ai-e  converted  into  Bandannas  in  the  space  of  ten  iiours,  by  the  labor  of  four 
workmen. 

The  patterns,  or  plates,  which  are  pat  into  the  presses  to  determine  tlie  white  figures 
on  the  cloth,  are  made  of  lead  in  the  following  way.  A  trellis  frame  of  cast-iron,  one 
Inch  thick,  with  turned-Hp  edges,  forming  a  trough  rather  larger  than  the  intended  lead 
pattern,  is  used  as  the  solid  ground-work.  Into  this  trough,  a  lead  plate  nbout  one  half 
inch  thick,  is  firmly  fised  by  screw  nails  passing  up  ftom  below.  To  the  edgesof  this  lead 
plate,  the  borders  of  the.  piece  of  sheet-lead  are  soldered,  which  covers  the  whole  outer 
surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed,  one  inch  deep,  The'uprisht 
border  gives  at  onoe  great  strength  So  the  plate,  and  serves  to  confine  the  liquor.  A  thin 
sheet  of  lead  is  now  laid  on  the  thick  lead-plate,  in  the  manner  of  a  veneer  on  toilet- 
tables,  and  is  soldered  to  it  round  liie  edges.  Both  sheets  must  be  made  very  sroo'Jih 
beforehand,  by  hammering  Ihcm  on  a  smooth  stone  table,  and  then  finishing  with  a  plane : 
Qie  surface  of  the  Ihii  sliL-el  (now  attached)  is  to  be  eovsied  withdrawing  paper,  pasted 
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an,  and  upon  tliis  the  pattern  is  drawn.  It  ia  now  ready  for  the  cutter.  The  firsl 
tiling  whioli  lia  doas  ia  to  fii  down  with  braas  pins  all  the  parte  of  Ihi  pattern  wliieh 
are  to  be  left  aolid.  He  now  praceeda  with  the  little  tools  goQerally  need  by  blocJc- 
cutttT.',  which  are  fitted  to  the  different  carvatui'sa  of  the  pitterQ,  and  he  cuts  per- 
pendicularly quite  through  tlie  thin  sheet.  The  pieces  thus  detached  are  eaaily  lilted 
out;  and  thus  the  channels  are  fowned  which  desienthe  white  figures  on  theredeloth. 
At  the  bottom  of  the  channels,  a  auffioient  nnmber  erf  small  perforations  are  mndt 
through  the  thicker  sheet  of  lead,  so  that  the  discharging  liquor  may  have  free  in>resi 
and  Bgreaa.  ^  Thus,  one  plate  is  Bnisbed,  from  which  an  iin|>reaaion  ia  to  be  taken  by 
menns  of  printers'  ink,  on  the  paper  pasted  upon  another  plute.  Tlie  impression  is  taken 
in  the  hydrostatio  preae.  Each  pair  of  plates  constitutes  a  set,  which  may  be  put  into 
the  presses,  and  ramoyed  at  plenanre. 

BARBEKRY.  The  root  of  this  plant  contains  a  yellow  coloring  matter,  which  is 
soluble  in  water  and  alcohol,  and  ia  i-endered  biMwa  by  alk^is.  Tlie  solution  is  em- 
pl  \ed      the  manufaetui'e  of  Moi'oceo  leather. 

BARILLA.    A  crude  soda,  ]iroeured  by  the  incineration  of  the  salsola  loda,  a  plant 

It  ted  for  this  purpose  in  Spain,  Sicily,  Srtrdinia,  Ac  Good  bariUa  usually  eon- 
ti  rding  to  my  analysis,  20  per  cent,  of  real  alkuli,  associated  with  muriates 

d  Ij  hates,  chiefly  of  soda,  some  lime,  and  alumina,  with  very  little  sulphur. 
Cut    I  yamadefromitwereusedinthefinishingproeessof  thehard soapaauulacture. 

Tl  q  ntity  of  barilla  and  alkali  imported  lu  18S0  amounted  to  84,880  cwts.,  and 
1  51  t  45,740  cwts.  The  quantity  of  soda  exported  in  1860  was  827,403  owta., 
...  1!    ,„-.  .^„  ..,j  ,  tdedeclaredvalue  being  respectively  875,3511.,  and  360,565/. 
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uty  on  bar: 
*ie  meta 


BARE,  the  outer  rind  of  plants.  Many  varieties  of  bnrks  are  known  ti 
bnt  tlie  term  is  commonly  used  to  eipress  either  Peruvian  or  Jesuits'  bark,  a 
blepharmaoentiea!  remedy,  or  Oak  bark,  whiehis  very  eJiteneively  used  by  tanners  and 
dyers.  ThequantityofthiaarUele  imported  for  the  uaeof  the  Intter  amounted  in  18S0  to 
880,674  cwts.,  and  m  1851  to  460,895  cwts.    The  duty  on  bark  has  been  tejiealed. 

B.AJtLEY,  (Orgs,  Fr.;  Oersle,  Germ.)  English  barley isthatwith two-rowed  ears, 
or  the  hardeura  vidgare  dUliehon  of  the  botanists ;  tlie  Scotch  beer  or  bigg  is  the  Jiordeimi 
vwlpare  /BwasiwAox.  The  latter  has  two  rows  of  ears,  but  8  corns  come  from  the  same 
point,  so  that  it  seems  to  bo  six-eared.  The  grains  of  bi^  are  smaller  than  those  of 
barlev,  and  the  husks  thinner.  The  specific  gravity  of  English  bariey  varies  from  1  -IS 
to  1  -a's ;  of  bigg  fivm  1  227  to  1  -265 ;  the  weight  of  the  husk  of  barley  is  oue^isth,  that 
of  bigg  two-ninths.  1000  partsofbnrley  flour  contain,  according  to  Einhof,120of  starch, 
59  sugar,  BO  mucil^e,  36i>  gluten,  12-3  vegetable  albumen;  100  water,  2-5  phosphate  of 
lime,  68  fibrous  or  ligneous  matter.    Sp.  gravity  of  barley  is  1'236  by  my  trials. 

Barm.    The  yeasty  top  of  fermenting  beer.    See  Beeh,  Dlstillatiom,  RiiuESTATtos. 

BARYTA  or  BARYTES,  one  of  the  simple  earths.  It  may  be  obtained  most  easily 
i)y  disaolving  the  native  carbonate  of  barytes  (Witherite)  in  nitrio  ncid,  evaporating 
the  neutral  nitrate  till  crystals  be  formed,  draining  and  tlien  calcining  these,  by  suo- 
ceasLve  portions,  in  a  covered  platina  crucible,  at  a  bright  red  heat  A  leas  pure  baryta 
may  be  obtained  b^  igniting  strongly  a  mixture  of  the  carbonate  and  charcoal,  both  in 
fine  powder  and  moistened.  It  is  a  grayish  white  earthy  looking  substance,  fusible  only 
at  the  jet  of  the  oxy-hydrogen  blowpipe,  has  a  sharp  caustic  tast«,' corrodes  the  tongue 
and  all  animal  matter,  is  poisonous  even  iu  small  quantities,  hna  a  very  powerful  alfcalino 
reaction;  a  epeeifio  gravity  of  40 ;  becomes  hot,  and  slakes  violently  when  sprinkled 
with  water,  falling  into  a  fine  white  powder,  called  the  hydrate  of  baryta,  wliich  contains 
10^  percent,  of  water,  and  dissolves  in  10  parta  of  boiling  water.  This  solution  lets  fall 
abundant  columnar  crystals  of  hydrate  of  baryta  as  it  cook ;  but  it  still  retains  one-twen 
tieth  its  weight  of  bnryta,  and  is  called  baryta  water.  The  above  crystals  contain  61  per 
cent,  of  water,  of  wliich,  by  drying,  they  lose  SO  parts,  Tliis  hydrate  may  be  fused  at  a 
red  heat  without  losing  any  more  water.  Of  all  the  bases,  baryta  has  the  strongest  affin- 
ity for  sulphurio  acid,  and  is  hence  employed  either  in  the  state  of  the  above  water,  or 
in  that  of  one  of  its  nentral  salts,  as  the  nitrate  or  muriate,  to  detect  the  preaence  and 
determine  the  quantity  of  that  acid  present  in  any  soluble  compound.  Itspiinie  equiva- 
lent b7-6S,hydroEBn  being  1,000.  Native  sulphate  of  baryta,  or  heavy  spar,  isfraudu- 
lentlv.used  to  adulterate  white  lead  by  the  English  dealers  to  a  shameful  extent. 

BASSORINE.  a  constituent  part  of  a  species  of  gum  which  comes  from  Bnssoro, 
as  also  of  gum  tri^aennth,  and  of  some  gum  resins  It  is  semi-transparent,  diflicult 
to  pulverize,  swells  considerably  in  cold  or  boiling  water,  and  forms  a  thick  mucilage 
without  dissolving.  Treated  with  ten  times  its  weight  of  nitric  acid,  it  affords  nearly 
23  per  cent  of  its  weight  of  mucie  acid,  being  much  more  than  is  obtainable  from  gum 
arabio  or  oherry-tree  gum.  Bassorine  is  very  soluble  in  water  alightly  acidulated 
with  nitric  or  muriatic  acid.  This  principle  is  procured  by  soaking  gum  Baasora  in  a 
great  quantity  of  eold  water,  aud  in  removing,  by  a  fliiec,  all  the  soluble  parts. 
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BATHS.  {Bains,  Vr. ;  Badm,  Germ.)  Warai  bnths  have  lately  come  into  very 
general  uie,  aad  Uicy  are  justly  couaidered  as  indiB]itii3ably  necessary  in  all  modcin 
liousfs  of  any  maenitude,  as  also  In  olub-honses,  hotels,  ftitd  liospitals.  But  tlje  mode 
of  euiistructiQg  these  butlie,  and  uf  obtaining  the  necedsary  supplies  of  hot  and  cold 
wutei'.  does  not  appear  to  have  undergone  an  improveuietiC  equal  to  the  extension  of 
their  employment. 

The  several  points  in  regard  to  warm  batlis,  are, 

1.  The  materials  of  whicli  they  are  constructed. 

2.  Tiieii- situation. 

S.  The  supply  of  cold  waiei. 
4.  llie  Bopply  of  hot  water. 
G.  Minor  comforts  and  conveniences. 

1.  As  io  the  materials  of  which  they  are  constructed. — Ui  Hiese  the  best  are  slabs 
of  polialied  marble,  properly  bedded  with  good  watei'-tjght  cement,  iu  a  seasoned 
wooden  ease,  and  neatly  and  carefully  united  at  their  respective  edges.  Tlicse,  when 
originally  well  oonstrncted,  f"rra  a  durable,  pleasant,  and  i^reeoble-looking  bath; 
but  the  expense  is  often  objectionable,  and,  in  upper  chambers,  the  weight  may  prove 
inconvenient.  If  of  white  or  veined  marble,  they  are  also  apt  to  get  yellow  or  dis> 
colo led  by  frequent  use,  and  cannot  easily  be  cleansed ;  ao  tliat  large  Dutch  liles,  as 
they  are  called,  or  sqiiare  pieces  of  white  earthenware,  aie  sometimes  substituted ; 
wliicli,  however,  are  difficultly  kept  watnr-tight;  so  that,  upon  the  whole,  maible  is 
praferable.    Welsh  slate  lias  now  superseded  marble  to  a  great  estenL 

Where  there  are  reasons  fur  excluding  marble,  copper,  tinned,  or  galvanized  iron  is 
the  usual  material  rosorted  ta  Tlie  fii'st  is  most  expensive  in  the  outfit,  but  far  more 
durable  than  the  latter,  which  are,  moreover,  liable  to  leakage  at  the  joints,  uoless 
moat  carefully  made.  Either  the  one  or  the  other  slioutd  be  well  covered  outside  and 
inside  with  several  eoata  of  paint,  which  may  then  be  marbled  orotherwiseomamentcii. 

Wooden  tubs,  square  or  oblong,  andova^  are  sometimes  used  for  warm  baths;  and 
are  cheap  and  convenient,  but  neither  elegant  nor  oleauly.  The  wood  tdways  con- 
tracts a  mouldy  smell ;  and  the  difficulty  and  nuisance  of  keeping  them  water-light, 
and  preventing  shrinkage,  are  such  as  to  exclude  them  from  all  except  extemporane- 
ous application. 

2.  As  to  the  situation  of  the  bath,  or  the  part  of  the  house  ia  'which  it  is  to  be 
placed. — In  hotels  and  club-houBes  tliis  is  a  question  easily  determined ;  several  baths 
are  usually  here  required,  and  each  shoald  have  annexed  to  it  a  properly  warmed 
dressing-room.  WhcLher  they  are  up  stairs  or  down  stairs  is  a  question  of  conveni- 
ence, but  the  basement  story,  in  which  they  are  sometimes  piaced,  should  always  he 
avoided:  there  is  a  coldness  and  dampness  belonging  to  it,  in  almost  all  weathers, 
which  IS  neither  c^reeahle  nor  salubvious. 

In  hospitals,  there  should  be  at  least  two  or  three  hatha  on  each  side  of  the  house 
(the  mens  and  women's),  and  the  supply  of  hot  waier  should  be  ready  at  a  moment's 
notice.  The  rooms  in  which  the  baths  are  placed  should  be  light,  and  comparatively 
lai^e  and  airy;  andsuoh  conveniences  (or  getting  into  and  out  of  the  batlis  should  be 
adoj>ted  as  the  sick  are  well  known  to  require.  The  dimeu^ons  of  these  baths  should 
also  be  larger  than  usual. 

In  private  houses,  the  fittest  places  lor  warm  baths  are  dre^ing-rooms  annexed  to 
the  principal  bed-rooms;  or,  where  such  converiienoe  cannot  be  obtained,  a  separate 
bath-room,  connected  vJith  the  dressina-room,  and  always  upon  the  bed-room  floor. 
All  newly -bail  t  houses  should  be  properly  aminged  fur  this  purjiose,  and  due  attention 
should  be  paid  to  the  warming  of  the  bath-room,  wliieh  ought  also  to  be  properly  ven- 
tilated. A  temperature  of  7ll°  may  be  easily  kept  up  in  it,  and  sufficient  ventilation 
is  absolutely  requisite  to  prevent  the  depositioa  of  moisture  upon  the  walls  and  furni- 

The  objection  which  fonnerly  prevwled,  in  i 
quate  sujipljes  of  water,  in  the  upper  rooms,  h; 

terns  at  or  near  the  t«p  of  the  house;  and  we  would  just  hint  that  these  "should  Be  so 
contrived  as  to  be  placed  out  of  the  reach  cf  frost;  a  provision  of  the  utmost  import- 
-  -...  _i  _-._  ._  a  ■■  ijfeoted  in  a  newlj-built  house,  though  it 
y  regard  these  matters  as  trifles,  and  treat 
ing  and  ventilation  of  buildings  generally. 
1.  The  s"""'"  -'---  -' --•-•■- '  -— .^.-: ._._?_.__.  ._._. 


,  „..._.  _ _    .... J,  and  pure,  ai  .. 

iTD  iivv  as  possible  from  all  substances  mechanically  suspended  in  it.  In  many  cases 
it  answers  to  dig  a  well  for  tlie  exclusive  supply  of  a  large  house  with  water,  fn  most 
parts  of  London  this  may  elfectually  be  accomplished  at  a  comparatively  moderate  ex- 
pcn^e;  and,  if  the  well  be  deep  enough,  the  water  will  be  abundant,  80ft>  and  pellucjd. 
The  labor  of  forcing  it  by  a  pump  to  the  top  of  the  house  is  the  only  drawback;  this, 
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however,  ia  very  aaeily  done  by  a  lioi'se-engiiis,  or  iliare  are  people  enougli  nboiit 
town  glad  to  uadeitake  it  at  a  sliilling  a  Hay.  I  am  led  to  these  remarks  by  olraerving 
tlie  filtliy  state  of  tlie  water  UBiially  Buppliad,  atveiy  extravagant  rates,  by  the  water 
oom])oii[B3,  It  deposits  its  nastiness  in  tha  pipes  connected  with  wurm  batlia.  and 
throws  down  a  slippery  deposit  upou  Ihe  bott^im  of  the  vessel  itself  to  snob  an  extent 
as  often  to  preclude  its  being  used,  at  least  as  a  luxury,  which  a  clear  and  clean  balh 
really  i a.  This  inconvenience  may,  in  some  meaame.be  avoided  by  suffering  Iha 
water  to  throw  down  its  extraneous  matters  upon  the  bottom  of  the  cistein,  and 
drawing  our  supplies  fram  pipes  a  little  above  it;  there  will,  however,  always  be  more 
or  less  deposit  in  tJie  pipes  themselves,  and  every  time  the  water  runs  into  the  cistern 
the  grouts  are  stiri'ed  np  and  diffused  thi'ongh  its  mass. 

4.  and  6. — In  public  balhing  establishments,  wheie  numerous  and  constant  baths 
are  vequii-cd,  the  simplest  and  most  effeotivo  means  of  obtaining  hot  wat«r  for  their 
supply  consists  in  drawing  it  directly  into  the  baths  from  a  luge  boiler,  placed  some- 
■where  above  tiieir  leveL  This  boiler  sliould  be  supplied  with  proper  teeding-pipea 
and  gauges;  and,  above  all  things,  its  dimensions  should  be  ample;  it  should  be  of 
wrought  iron  or  copper.  The  hot  water  should  enter  the  batli  by  a  pipe  at  least  an 
iaeh  and  a  half  in  diameter;  and  the  cold  water  by  one  of  the  same  dimensions,  or 
toraewhat  lai^er,  so  that  the  bath  may  not  be  long  in  filling.  The  relative  propoi'- 
tione  of  the  hot  and  cold  water  are,  of  course,  to  be  adjusted  by  a  thermometer,  and 
every  bath  should  have  a  two-inch  waste-pi jje,  opening  atiout  two  inches  from  the  top 
ofthebath,  anj  suffering  the  excess  of  water  fjeely  to  ran  off;  so  that  when  a  person 
19  immersed  in  the  bath,  or  when  the  supplies  of  wat«r  are  accidentally  left  open,  tliere 
may  he  no  danger  of  an  overflow. 

When  there  is  a  laundry  in  the  upper  story  of  the  house,  or  other  convenient  place 
for  erecting  a  copper  and  its  appurtenances,  a  plan  eiipilar  to  the  above  may  often  he 
conveniently  adopted  in  piivate  houses,  for  tlie  supply  of  a  bath  upon  the  piincipal 
bed-room  floor.  An  attempt  is  sometimes  made  to  place  boilers  behind  tlie  fires  of 
dressing-rooms,  or  otherwise  to  erect  them  b  the  room  itself,  for  the  purpose  of  supply- 
ing warm  water ;  bnt  this  plan  is  always  objectionable  fiora  the  complexity  of  the 
means  by  which  the  supply  of  water  is  furnished  to  the  boiler,  and  often  dangerous 
from  the  flues  becoming  dioked  with  soot  and  tatiiig  fire.  Steam  is  also  apt,  in  such 
cases,  to  escape  in  quantities  into  the  room ;  so  that  it  becomes  necessary  to  search  fur 
other  nietEioda  of  heating  the  batli ;  one  or  two  of  the  least  objeetionatJe  of  which  I 
sliall  describe. 

(1.)  A  contrivance  of  some  ingenuity  consists  in  suffering  the  wafer  for  the  supply 
of  the  bath  to  flow  from  a  cistern  above  it,  through  a  leaden  pipe  of  about  one  inch 
diameter,  which  IS  conducted  in Iji  the  kitchen  or  other  convenient  place,  where  a  large 
boiler  for  the  supply  of  hot  water  is  required.  The  bath-]>ipe  is  immersed  in  this  boiler, 
in  which  it  makes  many  convolutions,  and,  ^ain  emerging,  ascends  to  the  batli.  The 
operation  is  simply  this: — the  cold  water  passing  thro ngh  the  convolutions  of  that 
part  of  the  pipe  which  is  immereed  in  the  boiling  water,  receives  there  sufficient  heat 
for  the  purpose  required,  and  is  delivered  in  that  state  by  the  ascending  pipe  into  tlie 
bath,  which  is  also  supplied  with  cold  water  and  waste-pipes  as  usnal.  The  pipe  may 
be  of  lead,  as  far  as  tho  descending  and  ascending  parts  are  concerned,  but  tlie  poi^ 
tion  forming  the  worm  or  convolutions  immersed  in  the  boiler  should  be  copper,  in 
order  that  tJie  watei'  within  it  may  receive  heat  without  impediment. 

This  plan  is  economical  only  where  a  laige  boiler  is  constiuitly  kept  at  worl:  in  tha 
lower  [Wirt  of  the  house ;  otherwise  the  trouble  and  expense  of  heating  such  a  boiler, 
for  the  mare  purpose  of  the  bath,  render  it  unavailable.  Tha  worm-pipe  is  also  apt  to 
become  furred  upon  the  outside  by  the  deposition  of  the  earthy  impanties  of  the  water 
in  which  it  is  immersed ;  it  then  becomes  a  bad  condnotor  of  heat,  is  cleansed  with 
Jilfitulty,  and  the  plan  is  rendered  ineffective,  This  system,  however,  has  been  adopted, 
in  some  particular  cases,  with  satisfactioTL 

(3.)  A  mucli  more  simple,  economical,  and  independent  mode  of  heating  a  warm 
hath,  by  a  fire  placed  at  a  distance  from  it,  is  the  following,  wliioh  is  found  to  answer 
pei'fectly  in  private  hoosea,  as  well  as  upon  a  more  extended  scale  in  large  establish' 
Dients.  Itia  certainly  open  to  some  ol^ections,  but  tlieee  are  overbalanced  by  its  ad- 
vantages. A  wagon-shaped  boiler,  holding  abont  six  gallons  of  water,  ia  properly 
placed  over  a  small  furnace  in  any  convenient  and  safe  part  of  the  house,  as  the  kitchen, 
Ecuitery,  servants'  hall,  or  wasli-house.  The  bath  itself  of  the  usual  dimensions  and 
construction,  is  placed  where  it  is  wanted,  with  a  due  supply  of  cold  water  from  above. 
Two  pipes  issue  from  within  an  inch  of  thebotWm  of  the  bath  at  its  opposite  extremi- 
ties ;  one  at  the  hend  of  the  bath,  about  one  inch,  and  the  other  at  Uie  foot,  en  inch 
and  one-eighth  in  diameter.  'Hiese  tubes  descend  to  the  boiler,  the  smaller  one  entei"- 
i'lg  it  at  the  bottom,  and  the  larger  one  issuing  from  its  top. 

ijnder  these  circuinstanoee,  supposing  the  pipes  and  boiler  eveiywhere  perfectly 
tight,  when  the  hatii  is  filled,  the  water  will  descend  into  and  expel  the  air  from  the 
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boiler,  and  coraplelely  fill  it.  Kow  upon  malting  n  gentle  fii'o  under  the  boiler,  an 
nseeading  current  of  waj'm  wntej'  will  naoeafiftiily  paaa  upwards  through  the  larger 
pipe  wliieh  issues  from  its  toii,  and  cold  water  will  deauend  hy  the  pipe  which  entei's 
at  thfl  bottom ;  and  thus,  by  the  establishment  of  currents,  the  whole  maas  of  walef 
in  the  >.ath  will  become  heated  to  the  desired  point;  or,  if  above  it,  the  temperature 
m.'iv  easily  be  lowered  by  the  admixture  of  eold  water. 
Tlie  advantages  of  this  foim  of  bath  are  numerous.    The  shorter  the  pipes  of  eom- 


...e  beyond  that  of  expeiiaa;  so  that  there  ia 
bed-room  while  the  boiler  la  on  tiie  ba^emenC  stop-y.  Theie  is  but  little  time  reqniied 
for  hfating  the  batli;  the  water  in  which  may,  if  requisite,  be  raised  to  about  IM"  in 
about  tialf  an  hour  from  tlip  time  of  lighting  the  fii'e.  The  cousumptiou  of  fuel  is  also 
trifling. 

The  fiiUawiiig  are  the  chief  disadvantages  atleadattt  upon  thia  plan,  and  the  means 
of  obviating  them; — 

Zv  ia  iieO'-BSiiry,  when  the  water  has  acquired  its  proper  temperature,  to  aiTcet  the 
cireulation  of  the  wat-er  by  meana  of  a  stupeock  or  valve  adjoining  the  boiler;  the  next 
roaouree  is  to  withdraw  the  fii'e  fi-om  the  boiler,  or  not  to  use  the  bath  immadiately, 
A3  it  may  go  on  acquiring  some  heal  from  tlie  boiler,  bo  that  we  may  become  incoii- 
Tenienlly  hot  in  the  batti.  When,  tlierefore,  this  bath  is  uaed,  we  may  proi^eed  as  fol- 
lows:— Beat  the  water  jn  it  an  honr  before  It  ia  wanted,  to  about  100°,  and  tben  ex- 
tingnisli  the  fire.  Tlie  wattr  will  retain  its  temperature,  or  nearly  so,  for  three  or 
four  lioui's,  especially  if  tlie  bath  be  shut  np  with  a  cover;  so  that  when  about  tu  use 
it,  cold  water  may  be  admitted  till  the  teinperatare  is  lowered  to  the  required  point, 
and  thus  all  the  above  inconceniences  are  avoided. 

Another  disadvantage  of  this  bnlh  arises  from  too  fierce  a  fire  being  made  under 
the  boiler,  so  as  to  occasion  the  water  to  boil  within  it>  a  circumstaace  which  ought  al- 
ways to  be  carefully  avoided.  In  that  case,  l.)e  steam  rising  in  the  upper  part  of  the 
'•oiler,  and  into  the  top  pipe,  condenses  there,  and  occasions  violent  concussions,  tlie 


of  which  often  alarms  tlie  whole  house,  and  leads  to  apprehensions  of  explosion, 
SSI  ons  thus  produced  inj\i  re 


which,  however,  is  very  unlikely  to  occijr;  but  the 

the  pipes,  and  may  render  them  leaky;  so  that  in  regard  to  these,  and  all  other  bathf, 
&V.,  we  may  remark,  that  the  pipes  should  paaaupand  down  insuch  parts  of  the  house 
as  will  not  be  injured  if  some  leakage  takes  place;  and  under  the  bath  itself  should 
he  a  sotKcieutly  large  leaden  tray  with  a  waste-pipe,  to  receive  and  carry  off  any  ac- 
cidental drippings,  wliioh  might  injure  the  ceilings  of  the  rooms  below.  In  all  newly- 
built  houses  two  or  three  flues  should  be  left  in  proper  places  for  the  passage  of  as- 
cending and  descending  water-pipes;  and  these  nuea  should  in  some  way  receive  at 
tlieir  liiwer  part  a  little  warm  air  in  winter,  to  prevent  tlie  pipea  freezing;  the  same 
attention  should  also  be  paid  to  the  situation  of  the  cisterns  of  water  in  houses,  which 
should  be  kept  within  the  liousc,  and  aiways  supplied  with  a  very  ample  wasie-pipe, 
to  prevent  tlie  danger  of  overflow.  Cisterns  thus  properly  placed,  ond  carefully  eon- 
alructed,  should  be  supplied  from  the  water-mains  by  pipes  kept  under  ground,  till 
they  enter  the  house,  and  not  earned  across  the  area,  or  immediately  under  the  pave- 
ment, whei'c  tliey  are  liable  to  freeze. 

(8.)  Batlis  are  sometimes  heated  by  stcam.whicli  has  several  advantages;  it  may  either 
bo  condensed  directly  into  the  water  of  the  bath,  or,  if  the  batli  be  of  copper  or  tinned 
iron,  it  may  be  couducted  into  a  casing  npon  ita  outside,  usually  called  a  jacket;  in 
the  latter  case  there  must  be  a  propei'  vent  for  the  condensed  water,  and  for  the  escape 
of  air  and  waste  steam.  Steam  is  also  sometimes  passed  tlirough  a  serpentine  pipe, 
placed  at  the  bottom  of  the  bath.  But  none  of  these  methods  are  to  be  recommended 
for  adoption  in  private  houses,  and  are  only  advisable  in  IVospitals,  or  establistuncnta 
where  steam  boilers  are  worked  for  other  purposes  than  the  mere  heating  of  batlis. 

The  Freneii  make  much  more  nse  of  hot  baths  than  we  do,  both  aa  respects  health 
and  cleanliness,  a  fact  well  illustrated  by  the  following  statistics.  In  the  year  1180  the 
whole  public  bathing  establishments  in  Paris  contained  only  250  separate  baths ;  in 
ISI!!  they  contained  304);  in  18R2  there  were  13  houses  fitted  up  with  23T4  fixed  hatha, 
and  1050  movable  ones  for  transporting  to  private  houses;  and  at  present  new  bathing 
establishments  arebeing  mounted  from  day  to  day  in  the  several  quarters  of  the  capital. 

Galvanized  iron  is  now  preferred  even  to  copper  for  making  baths,  being  equally 
durable  and  greatly  cheaper.  Sulphureous  baths  are  made  of  sheet  zinc,  for  the  alka- 
line Bulphurets  act  very  little  upon  that  metal.  The  foi'm  of  the  baths  is  usually 
made  ovoid,  because  this  shape  requires  less  water  for  immersing  the  human  body  Iha, 
the  rectangular. 

Many  copper  and  tin  baths  have  been  lately  constmcted  in  London,  with  a  littl; 
furnace  attached  to  one  end,  andsurroundedwithacaaeor  jacket,  into  which  the  water 
flows  and  circulates  backwards  and  forwards  till  the  whole  mass  in  the  bath  gets 
heated  to  the  due  degree.    One  of  the  best  of  these  is  that  constructed  by  Mr.  Benham, 
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uT  Wigmore  street.  The  bath  mu9t  be  placed  near  the  fire-grate,  and  the  smoKe-pip* 
of  the  altaclied  furnace  be  coniluclei  up  the  chimne;  a  rertain  way  to  secure  a  suffieieni 
draught  to  laainlain  combustion.  The  above  bath,  well  m.inBged,  heals  the  water  from 
50^  to  98°  ill  about  20  or  25  minutes,  as  I  have  experimentally  proved.  When  Ihe 
proper  temperature  is  attained,  the  fire  niu^l  of  course  be  exiinsuished. 

fiUELLlUM.  A  gum  resin,  produced  by  an  unknown  plant  which  grows  in 
Persia  and  Arabia.  It  comes  to  us  in  jellowish  or  reddish  pieces,  smells  iaintiy, 
iilie  myrrh,  and  consists  of  5i)  resin,  9-2  gam,  30'6  bassoriae,  and  1'2  elhereous  oil. 

HKKR.  (BUre,  Fr. ;  Bier,  Germ.)  The  fecmenleil  infusion  of  mailed  barley,  flavoreu 
with  hops,  constitutes  Ihe  best  s|)ecies  ofbeer;  but  there  are  many  beverages  of  inferior 
quality  lu  which  Ihis  name  is  given,  such  as  sprnce  beer,  Kinger  beet,  molasses  beer,  8m:.  ; 
all  ut  which  consist  of  a  sacchaiine  liquor,  partially  advanced  into  the  vinous  feroientatiun, 
anil  flavored  with  peculiar  substances. 

Tile  ancien!s  were  acquai.iled  with  beer,  jnd  the  Romans  gave  it  the  appropriate 
aame  of  CerevUia  (quasi  Ceretaa),  as  being  the  product  of  cor,?  ihe  gift  of  Ceres.  The 
most  celebrated  liquor  of  Ibis  kind  in  the  old  lime,  was  the  Pt  Kjiou  potatitr,  so  cailed 
from  the  Iowa  where  it  was  prepared  at  the  month  of  Ihe  ifile.  Aristotle  speaks  of  the 
inioxication  canscd  by  beer ;  and  Theophrastus  very  justly  de;  aminated  it  the  tuitie  of 
larUy.  We  may,  indeed,  infer  from  Ihe  notices  found  in  historians,  that  drinks  analo- 
gous to  our  beer  were* in  use  amung  the  ancienl  Gauls,  Germans,  and  in  fact  almost  every 
people  of  our  leniperate  zone ;  and  they  are  siitl  the  t-uiversal  beverage  in  eveiyland 
wheie  tlie  vine  is  nol  ou  object  of  rustic  husbandry. 

The  manufacture  of  beer,  or  the  art  of  brewing,  may  be  conveniently  considered  unJer 

J.  An  examination  of  the  natural  proiluctjons  which  enter  into  its  composition  ;  or  of 
barley  and  hops. 

2.  The  changes  which  barley  must  undergo  to  fit  it  for  making  beer  ;  or  the  processes 
)f  malting  and  mashin;. 

3.  The  (brmation  of  a  proper  wort  from  the  mashed  matt  and  hops. 

4.  The  fermentation  of  that  wurl;  and, 

5.  The  lining,  ripening,  and  preservation  of  the  beer. 
!.  Of  Ike  materialt. 

I.  Barley,  wheat,  maize,  and  several  other  kinds  »fcorn  are  capable  of  nnde^oing  those 
fermentative  changes,  by  which  beer  may  be  made ;  but  the  hrst  substance  is  t>y  far  the 
fittest,  'i'here  are  two  species  of  Irariey,  the  hordeum  vulgare  or  common  barli^y,  liavicg 
Iwo  seeds  arranged  in  a  row  on  its  spikes ;  and  the  hordeam  heiatttdion,  ia  which  three 
seeds  spring  from  one  point,  so  thai  its  double  row  has  apparently  sis  seeds.  The  former 
is  the  pi-upei  barley,  and  is  much  the  larger  sized  grain ;  the  latter  is  little  known  in 
England,  but  is  much  cullivaled  in  Scotland  under  the  name  of  bear  or  bigg  ;  being  a 
hardy  plani  adapted  lo  a  colder  country.  The  finer  the  climate  in  which  barley  grows, 
the  denser  and  larger  its  seed,  and  the  thinner  its  husk  ;  thus  the  Norfolk  and  Sulfolk 
barley  is  distinguished  in  these  respects  from  that  of  Aberdeenshire.  Bigg  is  alecs  com- 
pact grain  than  barley ;  the  weight  of  a  Winchester  bushel  (2I50'42  cubic  inches)  of 
the  former  is  only  about  47  lbs.,  while  that  of  a  bushel  of  the  latter  is  nearly  51  Ib's. 
Their  constituents,  however,  bsar  mucii  the  same  proportion  to  each  other. 

The  quality  of  barley  is  proved  not  only  by  its  density  when  dry,  but  by  the  increase 
of  volume  which  it  acquires  when  tteeped  in  water.    Thus, 

100  measures  of  average  English  barley  thereby  swell  into  124. 

100      —        of   —        Scotch  ditto,  -        -        -'       121, 

100      —        of   —  —     lugg  or  bear,  ■        118, 

Nay,    100  of  very  fine  SntTolk  barley  have  swollen  into  -        183. 

Wliile  100  of  an  inferior  Scotch  bigg  became  no  more  than      -        109. 

Tins  circumstance  indicates  so  nearly  the  probable  yield  of  mall,  that  it  is  carefully 
attended  to  by  the  olficers  of  excise,  who  gauge  the  steep  cistern,  and  levy  their  duly  in 
conformity  with  the  largest  volume.  100  pounds  of  good  barley  become  almost  one  half 
heauur  by  the  absorption  of  moisture;  and  weigh  upon  an  average  U7  pounds;  the  best 
of  course  taking  up  most  water. 

By  chemical  analysis  barley  Hour  seems  to  consist  of  67'18  parts  of  hordeine,  or  slarcli 
and  Eluten  intimately  combined,  7-a9  ojf  vegetable  libre,  l-iS  of  coagulalcd  alburjen, 
3-5-2  parts  of  gluten,  5-21  of  sugar,  4-62  of  gum,  0'24  of  phosphate  of  lime,  and  9-37  oi 
water.  The  loss  amounted  10  1-42.  To  Ihese  princiiiles  shuukl  be  added  a  peculiar 
volaiile  oil  of  a  concrete  nature,  which  is  obtained  during  the  process  of  distilling  fer- 
wenied  malt  wash,  (See  Whiskbv.)  It  may  also  be  extracted  from  barley  flour,  by  the 
solvent  action  of  alcohol ;  and  never  amounts  to  more  than  a  few  parts  in  the  thousand. 
The  husk  also  contains  some  of  that  fetid  oil.  Proust  thoushi  that  he  had  discovered  in 
barley  a  peculiar  principle,  to  which  he  gave  the  name  of  lionieiae ;  and  which  he  sepa- 
rated fi-ooi  3  arch  by  Ihe  action  of  both  cold  and  boiling  water.    He  found  that  bv  Irfut- 
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ina;  liatley  meat  successirely  with  water,  he  obtsined  from  89  to  90  parls  of  a  fatinereoiis 
siibslaiiee,  comijosed  of  from  32  to  33  of  starch,  and  fiom  57  to  58  othordebie.  Einhof 
oblained  from  baiiej  seeds,  70-05  of  flour,  18-75  of  husks  or  binn,  and  lJ-20  uf  water, 

Accofding  to  Proust,  hoideipe  is  a  yellowish  powder,  noi  unlike  fine  saw-dust.  It 
contains  no  azote,  for  it  affords  no  aninionia  by  disliUaiion,  and  is  therefore  very  dissuni- 
lar  to  glnten.  In  the  gerniinalion  of  barley,  which  conslilutes  the  process  of  mailing, 
tlie  proportion  of  hordeine  is  p-e«tly  diminished  by  its  conversion  into  sugar  and  starch. 
Other  chemists  suppose  that  the  hfu-deiiie  of  Proust  is  merely  a  mixture  of  ihe  bran  if 
the  barley  with  stareh  and  glntea.  It  is  obvioas  thai  the  subject  stands  in  need  of  new 
chemical  researches.  In  barley  the  husk  conslitmes  from  one  foorth  to  one  fifth  of  ihft 
whole  we^ht;  in oals  il  constitutes  one  thiidj  andin  wheat  one  terfth.  From  the  ana- 
lysis of  barley  done  recendy  made,  it  appears  lo  consist  in  1000  parts  !  of  water,  100  ;  al- 
bumen, 22-3;  Eogar,  56i  guin  or  mucilage,  60  j  gluten,  37-6 ;  starch,  720;  phosphate 

2.  The  hop,  AumuftisZupuJus,  the  female  flowers  of  theplanl.  Ives  first  directed  allenlinn 
to  a  yellow  pulverulent  substance  w-hieh  invesis  Ibe  scales  of  tJie  calkins,  amounting  to 
aboutone  eighth  of  their  weight;  and  referred  to  it  the  valuable  propeilies  which  hops  im- 
part to  beer.  We  may  obtain  this  substance  by  drjinz  Ihe  hops  al  a  temperalure  of  86° 
P.,  introducing  Ihem  into  a  coarse  canvass  bag,  and  shaking  it  so  that  the  yellow  powder 
shall  pass  through  Ihe  poresof  ihe  canvass.  This  powder  bears  fuime  resemblance  to  lyco- 
oodium.  3f  the  13  pans  ia  100  of  this  powder,  4  parts  are  foreign  matters,  derived  from 
lue  scales  of  the  cones ;  leaving  9  parls  of  a  iieculiar  granular  substance.  When  disiilled 
with  water,  this  sul>stance  affords  two  per  cent,  of  its  weight  (JL  for  100  times  the 
weight  of  hops)  of  a  volatile  cobrless  oil,  to  which  the  plant  owes  its  peculiar  aroma. 
Tliii  nil  dissolves  in  waler  in  considerable  quantity.  It  appears  io  contain  sulphur  (fbr 
it  blackens  eolations  of  silver),  and  also  acetate  of  ammonia.  No  less  than  65  per  cent, 
of  Ihe  yellow  dust  is  soluble  in  alcohol,  Thij  sclutmn,  treated  wilh  waier  and  distilled, 
leaves  a  resin,  which  amounts  to  52'5  per  cent.  It  has  no  biller  taste,  and  is  soluble  in 
alcolioi  and  ether.  The  watery  solution  from  which  ihe  resin  was  separated  contains  ihe 
bitter  substance  which  has  been  called  lapuliTie  by  Payen  and  Chevallier,  mised  wiih  a 
little  tannin  and  malic  acid.  To  obtain  this  in  a  slate  of  parity,  the  free  acid  must  be 
saturated  wilh  lime,  the  solution  evaporated  todryne!<s,  and  the  residuum  must  be  treated 
whh  eiber,  which  removes  a  little  resin;  after  which  the /opaiiii*  is  dissolved  oirt  by  al- 
cohol, which  leaves  the  malale  oflitne.  On  evaporating  away  the  alcohol,  the  lupuline 
remains,  we^thing  from  8-3  lo  12-5  per  cent.  Il  is  sometimes  white,  or  slishtly  yel- 
lowish, and  opaque,  sometimes  oranlje  yellow  and  transparent.  At  ordiaary  lempera- 
luies  il  is  inodorous,  but  when  healed  strongly  il  emits  the  smell  of  hops.  It  possefses 
the  -rharac!  eristic  taste  and  bitterness  of  the  hop.  Water  dissolves  it  only  in  the  pjopor- 
linn  of  5  per  cent,,  but  it  Ibereby  actpiires  a  pale  yellow  color.  Lupuline  is  neither 
arid  nor  alkaline;  it  is  a  Med  upon  neither  by  Ihe  dilute  acids  nor  alkalis,  nor  by  the 
siilulions  of  the  metallic  sails ;  it  ia  quite  soluble  in  alcohol,  but  hardiy  in  eiher.  It 
cunlains  apparently  no  azote,  for  il  affords  no  amraonia  by  deslruclive  distillation  ;  but 
only  an  empyveumatic  oil. 

The  yellow  dust  of  hops  contains,  moreover,  traces  of  a  fatty  matter,  gum,  a 
small  quantity  of  an  azotized  substance,  and  several  saline  combinaticns  in  minul« 
quantity.  Boiling  water  dissolves  from  IS  to  31  per  cent,  of  the  contents  of  the  duel,  of 
which  a  lai^e  proportion  is  resin.  Ives  thought  thai  the  scales  of  the  catkins  of  hops,  when 
fi  eed  from  the  yellow  powder,  cuntalned  no  principles  analogous  to  it ;  bul  Payen  and 
Chevallier  have  proved  the'  contrary.  The  cones  of  hop  give  up  to  boiling  alcohtd  SB 
per  cent,  of  soluble  matter;  while  the  same  cones,  stripped  of  ibeir  yellow  powder,  yield 
only  26  per  cent. ;  and  further,  these  chemists  found  the  same  principles  in  the  different 
parls  of  the  hop,  but  in  diH'erent  proporlion;. 

The  packing  of  the  hop  catkins  or  cones  is  one  of  Ihe  most  important  operations 
towards  ihe  preservation  of  Ihis  plant;  and  is  probably  the  cause  of  the  enormous  dif 
ference  in  value  between  the  English  and  French  hops  after  a  few  years  keeping.  The 
former,  at  the  end  of  six  years,  possess  still  great  value,  and  may  be  sold  as  an  article 
only  two  or  three  years  old ;  while  the  latter  have  lost  the  greater  part  of  their  value  in 
three  years,  and  are  no  more  saleable  at  the  end  of  fonr.  In  France,  it  is  packed  merely 
by  tramping  it  wilh  ihe  feet  in  sacks.  Under  Ihis  slight  pressure,  large  interstitial 
s|>nces  are  lefl  amid  Ihe  mass  of  the  hops,  through  which  tlie  air  freely  circulates,  car- 
rying off  the  essential  oil,  and  oxygenaling  some  of  the  other  proximate  principles,  so  as 
lo  render  them  inert.  Ey  Ihe  English  method,  on  the  contrary,  Ihe  hops,  after  being 
well  rammed  into  stroi^  sacks  hung  in  frames,  are  next  subjected  to  the  action  of  a 
bydranlic  press.  The  valuable  yellow  powder  thus  enclosed  on  every  side  by  inni' 
merable  compact  scales,  is  completely  screened  from  the  contact  of  the  atmosphere,  aim 
from  all  its  vicissitudes  of  humidity.  Its  essential  oil,  in  pa  ttcular,  the  basis  of  its  flavor, 
is  presCi"Vti!  williout  denaj. 


■  (  ,oii(;lc 


128  BEER. 

According  to  the  eiperimenls  of  Chevallier  and  Payen  upon  the  hops  of  Enslana, 
Flanders,  the  Kelherlands,  and  tlie  department  of  the-Vosires,  liiose  of  the  county  of  Kent 
afrunled  the  lai^est  cones,  and  were  most  productive  in  useful  secreleil  and  soluble  mat- 
ters.   Next  to  them  were  the  hops  of  Alost. 

The  best  hops  have  a  golden  yellow  color,  kr^e  cones,  an  agreeable  aroma  :  whtn  rub- 
bod  between  Ihe  hands,  they  leave  yelluw  traces,  powerfully  odoriferous,  without  uny 
broken  portions  of  the  plant,  sueh  as  leaves,  Elems,  and  scaly  fratnnenls.  When  alcohol 
is  digested  on  good  hops,  from  9  to  12  per  cent,  of  soluble  jellow  mailer  maybe  obtained 
by  evaporating  it  to  dryness.    Tliis  is  a  good  lesl  of  their  quality. 

The  best-flavored  and  palest  hops  are  packed  in  sacks  of  fine  canvass,  which  are  call- 
ed pockets,  and  wei^h  al»out  Ij  cwt.  each.  Tliese  are  bought  by  the  ale  brewer.  The 
stronger- flavored  and  darker-coloreil  hops  are  packed  in  bags  of  a  very  coarse  texture 
like  doormats,  called  hop  ha^s :  these  contain  generally  about  3  cwt.,  and  are  sold  to  the 
porter  and  beer  brewers.  Afler  the  end  of  a  year  or  two,  hops  are  reckoned  to  have  lost 
much  of  their  marketable  value,  and  are  then  sold  id  Ihe  second-rate  porter  brewers,  un- 
der the  name  of  old  hops.  The  finest  hoiB  are  grown  in  the  neighborhood  of  Canterbury ; 
but  those  of  Worcester  have  an  ^re''able  tnildnrss  of  flavor,  ereatly  admired  by  many 
ale  drinkers.  When  the  bitter  and  aromatic  principles  disappear,  tlie  hops  are  no  better 
than  so  much  ehafTj  therefore,  an  accurate  chemical  criterion  of  their  principles  would 
he  a  great  benefit  to  the  brewer. 

II.  Malting. — This  process  consists  of  ihree  successive  operations  s  the  steeping ;  the 
couching,  sweating,  and  flooring;  and  the  kiln-drj ing. 

The  aleepiti/f  is  performed  in  larse  cisterns  made  of  wood  or  stnne,  which  being  filled 
with  clear  water  np  to  a  certain  height,  a  quantity  of  barley  is  shot  into  ihem,  and  well 
stirred  about  wilh  rakes.  The  good  grain  is  heavy,  and  subsides;  the  lighter  gidins, 
which  float  on  the  surface,  are  damaged,  and  should  be  slimmrd  off"!  for  they  would  in- 
jure the  quaJilyof  the  malt,  and  the  flavor  of  the  beer  made  with  it.  They  seldom  amount 
to  more  than  two  per  cent.  More  barley  is  snccessively  emptied  into  the  sleep  cistern, 
till  the  water  stands  only  a  few  inches,  about  five,  above  its  surface ;  when  this  is  levelled 
very  carefully,  and  every  light  seed  is  removed.  The  steep  lasls  from  forty  to  sixly  hours, 
accordii^  lo  circumstances ;  new  barley  requiring  a  longer  period  than  old,  and  bigg  re- 
quiiing  much  less  time  than  barley. 

During  this  steep,  some  carbonic  acid  ts  evolved  from  the  grains,  and  combines  with 
the  water,  which,  at  the  same  time,  acquires  a  yellowish  tinge,  and  a  strawy  smell,  from 
dissolving  some  of  the  extractive  matter  of  the  barley  busks.  The  grain  imbibes  about 
one  half  its  weight  of  water,  and  increases  in  sLie  by  about  one  fifib.  By  losing  this  ex- 
tract, the  husk  Incomes  about  one  seventieth  %hter  in  weight,  and  paler  in  color. 

The  duration  of  the  steep  depends,  in  some  measure,  apon  the  temperature  of  the  air, 
and  is  shorter  in  summer  than  in  winter.  In  general  from  40  lo  4S  hours  wilt  be 
found  sufficient  for  sound  dry  grain.  Sleeping  has  lor  its  object  lo  expand  the  farina 
of  Ihe  bailey  with  humidity,  and  thus  prepare  the  seed  fur  germination,  in  the  same  way 
as  the  moisture  of  the  earth  preimres  for  the  growth  of  the  radicle  and  plomula  in  seed 
sown  in  it.  Too  long  continuance  in  the  steep  is  injurious;  because  it  prevents  the 
germination  at  the  proper  time,  and  thereby  ejihausts  a  portion  of  Ihe  vegetative  power  ; 
it  causes  nlsoanabslractionof  saccbarineniallerby  ihewater.  The  maceration  is  known 
to  be  eomplela  when  the  grain  may  be  easily  transfixed  with  a  needle,  and  is  swollen 
lo  ils  full  siie.  The  following  is  reckoned  a  good  test : — If  a  barley-corn,  when  pressed 
between  the  thumb  and  fingers,  continues  entire  in  its  husk,  it  is  not  sufficLently  steeped ; 
but  if  il  sheds  its  flour  Dpon  the  fingers,  it  is  ready.  When  the  sul>stance  eiiides  in  Ihe 
form  of  a  milky  juice,  the  steep  has  been  too  long  continued,  and  the  barley  is  spoiled  for 
germination. 

In  warm  weather  il  sometimes  happens  that  the  water  becomes  acescent  before  the 
grain  is  thoroughly  swelled.  This  accident,  which  is  manifest  to  the  taste  and  smell, 
must  be  immediately  obviated  by  drawing  off  Ihe  foul  water  through  the  lap  at  the  bottom 
of  the  cistern,  and  rephicing  il  with  fresh  cold  water.  It  does  no  harm  lo  renew  it  two 
or  liiree  times  at  one  steep. 

The  eaiicli. — The  waler  being  drawn  ofl^,  and  occasionally  a  fresh  qnanfity  passed 
through,  to  wash  away  any  slimy  matter  which  may  have  been  generated  in  warm 
weather,  the  barley  is  now  laid  upon  Ihe  couch  floor  of  stone  flags,  in  square  heaps  fron; 
12  lo  16  inches  high,  and  left  in  that  position  for  24  hoars.  At  this  period,  the  bulk 
of  the  grain  being  the  greatest,  it  maybe  gauged  by  the  revenue  oflicecsiflhey  think 
fit.  The  moisture  now  leaves  the  surface  of  the  barley  so  completely,  that  it  imparts 
no  dampness  to  Ihe  hand.  By  degrees,  however,  il  becomes  warm ;  the  temperalure 
rising  10°  above  the  almosphere,  while  an  agreeable  fruity  smell  is  evolved.  At  this  lime 
if  the  hand  be  thrust  into  Ihe  heap,  it  not  only  feels  warm,  but  it  gels  bedewed  with 
moU'Jiro.  At  this  sweating  stage,  the  genninalion  begins;  the  fibrils  of  the  radicle 
first  sprout  forth  from  the  tip  of  every  grain,  and  a  while  elevation  appears,  that  soon 
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sepsrates  Inlo  three  oi  more  radides,  whieli  grow  rapidly  larger.  Alioul  a  dnyafift  tliiu 
oppearsnce,  the  plumula  peeps  forth  ol  the  same  point,  piOL-eeiling  thence  bfenfnih  the 
Iiusk  to  Ihe  other  eml  of  the  seed,  in  tlie  form  of  a  green  leaflet. 

The  greatest  heal  of  the  conch  is  Bsnally  ahoot  96  bouts  ader  the  barley  has  liien 
token  out  of  the  Eteep.  In  conseqnenee,  ihe  radicles  tend  to  increase  in  length  mlh 
yery  great  tspidily,  end  must  bs  checked  by  artificial  means,  which  conftjlule  Iho 
ctiief  art  of  the  maltster.  He  now  begins  to  spread  the  barley  thinner  on  llie  Smu; 
and  turns  it  over  serelal  times  in  the  course  of  a  day,  bringing  the  portions  of  the 
interior  into  the  eilerior  surface.  The  deplh,  which  was  oriainally  15  or  16  inches, 
is  lowered  a  liltie  nt  every  turning  over,  till  it  he  brought  eventuaUy  down  to  three 
or  four  inches.  Tyro  turnings  a  day  are  generally  required.  At  this  period  of  spread, 
ing  or  Boorii^,  the  temperatuie  in  England  is  about  62°,  and  in  Scotland  5  or  6  degrees 

About  a  day  aAer  the  radirfes  appear,  the  rudiments  of  the  stem,  or  of  the  plumula, 
sprout  forth,  called  by  the  English  maltsters  the  acrosjiire.  It  issues  from  the  same  end 
of  the  seed  as  ihe  radicle,  but  luras  round,  and  proceedswithin  the  husk  towards  the  other 
end,  and  would  there  come  foith  as  a  gieen  leaf,  were  its  progress  Jiot  arrested.  The 
malting,  however,  is  complete  before  the  acrospii'e  becomes  a  leaf. 

The  bailey  conch  absorbs  o^'gen  and  emits  carbonic  acid,  jnst  -i  animals  do  in  breath- 
ing, but  to  a  very  limited  extent!  I"!  'tie  grain  loses  only  three  pei  ;ent.  of  its  weight 
upon  the  malt  floor,  and  a  part  of  this  loss  is  due  to  waste  particles.  As  the  acrospire 
creeps  along  the  surface  of  the  seed,  the  farina  within  undergoes  a  remarkable  altera' 
lion.  The  gluten  and  mucilage  disappear,  in  a  great  measure,  the  color  becomes  whiter, 
and  the  snbslance  becomes  so  friable  that  it  crumbles  into  meal  betweeq  the  fingers. 
This  is  the  great  purpose  of  malting,  and  it  is  known  to  be  accomplished  when  the  plo. 
mala  or  acrofpire  has  approached  the  end  of  the  seed.  Now  the  further  growth  must 
be  completely  slopped.  Fourteen  days  may  be  reckoned  the  usual  duration  of  Ihe 
germinating  stage  of  the  matting  operationa  in  England;  but  in  Scotland,  where  the 
temperature  of  the  couch  is  lower,  eighteen  days,  or  even  Iwenty-one,  are  sometimes  re- 
quired. The  shorter  the  period  within  the  above  iitr.ite,  the  more  advantageous  is  the 
process  to  the  maltster,  as  he  can  tnm  over  his  copilol  the  sooner,  and  bis  malt  is  also 
somewhat  the  better.  Bigg  is  more  rapid  in  its  germination  than  barley,  and  requires  to 
be  slill  more  carefully  watched.  In  dry  wenlher  i;  is  sometimes  necessary  to  water  the 
oarloy  upon  the  couch.  . 

Occasionally  the  odor  disengaged  from  the  couch  is  offensive,  resembling  that  of 
rotten  apples.  This  is  a  bad  progoostic,  indicating  either  that  the  bailey  was  of  bad 
quality,  or  that  the  workmen,  through  careless  shovelling,  Jinve  cmshed  a  number  of  the 
grains  in  turning  them  over.  Hence  when  the  weather  cnneea  too  quick  germination,  it 
is  better  lo  check  it  by  spreading  the  heap  out  thinner  than  by  turning  it  lop  frequently 
over.  On  comparing  difl'erent  satutJes  of  barley,  we  shell  flnd  that  the  best  develop  thi' 
germ  or  acrospire  quicker  than  the  iBdicles,  and  ihua  occasion  a  groaler  production  of 
the  saccharine  principle!  this  conversion  advances  along  with  the  acrospire,  and  keeps 
pace  with  it,  so  that  the  portion  of  the  seed  to  which  it  has  not  reached  is  still  in  its  un- 
altered starchy  state.  It  is  never  complete  for  any  single  barleycorn  till  the  acrospire 
has  come  to  the  end  opposite  to  that  from  which  it  sprung;  hence  one  part  of  the  corn 
may  be  sugary,  while  the  other  is  still  insipid.  If  the  gimn  were  allowed  to  vegetate 
bej'ond  tliis  term,  the  radicles  being  fully  one  third  of  an  inch  long,  the  future  stem  woulij 
become  visibly  green  in  the  exterior;  it  would  shoot  forth  rapidly,  the  inlerior  of  the 
grain  would  become  milky,  with  a  complete  exhaustion  of  all  its  usefiil  constituents, 
and  nothing  but  the  husk  would  rem^.  . 

In  Jrance,  the  brewers,  who  generally  mall  their  barley  themselves,  seldom  leave  it  on 
the  couch  more  than  8  or  10  days,  which,  ei'Sn  taking  into  account  the  warmer  climate 
of  their  country,  is  certainly  loo  short  a  period,  and  hence  they  make  inferior  wort  to  the 
English  brewer,  from  the  same  quantity  of  malt. 

At  the  end  of  tlie  germination,  the  radicles  have  become  IJ  longer  than  the  barley, 
and  are  contorted  so  that  the  corns  hook  into  one  another,  hut  tlie  acrospire  is  just 
Ixiginning  lo  push  through.  A  moderate  temperature  of  the  air  is  beet  adapted  to  malt- 
ing; therefor  be  rr  d  n  w  d  g  ummer  or  Ihe  colds  of 
winter.  Mfl  ildbpd  b  w  lied  buildings,  without 
access  of  'tb  rm  m  5  60°  may  prevail  inside. 
Some  recomm  d  h  b  k  b  of  the  ground,  if  the 
situation  be  drj 

During  gm  am        bhith         kpa 

grain.    The  n  h      aim  d  sap 

iiave  passed  h    m  tt  h   rad         w  po  me  starcn  is  conveiieu 

inlo  sugar     nd  ic        ^  .    Th     ch     g  w  arch   undereoes    when 

dissolved  in  water,  and  digested  in  a  heal  of  about  ICO'  F.  along  with  a  little  gluten. 
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The  thick  paste  becomes  gradually  liquid,  Iransparenl,  and  sweet  tasteJ,  and  the  solutinl 
tcinlains  now,  sugar  and  gum,  mked  with  some  unaltered  starch.  The  glolpn  suficrs  n 
change  at  the  same  time,  and  becomes  acescent,  bo  that  only  u  certain  quantity  o(  starch 
can  be  Ihns  converted  by  a  quantity  of  gluten.  By  the  artificial  growth  ii;>on  the  malt- 
floor,  nil  the  gluten  and  albumen  present  in  barley  is  not  decomposed,  and  only  abuul 
one  half  of  the  slarch  is  eonverjed  into  SHgar ;  the  other  half,  by  a  continuance  of  the 
jterminalion,  would  only  go  lo  the  growth  of  the  roots  and  stems  of  the  plant ;  but  it  re- 
cci'Jes  its  nearly  complete  conversion  into  sngar  without  any  notable  waste  of  substance 
in  the  brewer's  operation  of  mashing. 

The  kiln-dryijig. — When  the  malt  has  become  perceptibly  dry  lo  the  hand  upon 
the  floor,  it  is  taken  to  the  kiln,  and  dned  hard  with  artificial  heat,  to  stop  all  further 
growth,  and  enable  it  to  be  kept,  without  change,  fur  future  use,  at  any  time.  The 
mall-kiin,  which  is  particnlarly  described  in  the  next  pa^e,  is  a  round  ot  a  square 
chamber,  covered  with  perforated  plates  of  cast  iron,  whose  area  is  heated  by  a  stove  or 
furnace,  so  that  not  merely  the  plates  on  which  the  malt  is  laid  are  warmed,  but  the  air 
which  passes  up  through  Ihe  stratum  of  malt  itseH^  with  the  effect  of  carrying  off  very 
rapidly  the  moisture  from  the  grains.  The  layer  of  malt  should  be  about  3  ur  4  inches 
thick,  and  evenly  spread,  and  its  beat  should  be  steadily  kept  at  from  the  90th  to  the 
lOOth  degree  ofFahrenheit's  scale,  till  th  m  t  be  m  tly  hldf  m  t  During 
this  time  Ihe  malt  must  be  Inrned  over  t  fi  t  f  eq  ll  d  1  tt  ly  y  th  ee  or 
four  hours.     When  it  is  nearly  dry,  its  t  mpe    t  re    h     Id  b  1       f   m  145°  lo 

165°  F.,  and  it  must  he  kept  at  this  heat  llllh  dthd        dhdf  color, 

which  is  commonly  a  brownish -yeHow  oryllwhb  Thfi  w    Uowcd 

lo  die  out,  and  the  malt  is  left  on  Ihe  plal  I  !l  t  h  be  m  mpl  t  ly  1  result 
promoted  by  the  stream  of  cuol  air,  which  w  es  p  th  gh  th  ba  f  tl  rale; 
or  the  thoroughly  dry  browned  malt  maj  bj  d  mp  th  h  b  I  k  1  1  f  m  the 
plates,  and  cooled  upon  the  floor  of  an  adj  g  p  t  t  Th  p  ptr  d  m  ll  mu>,t 
he  kept  in  a  dry  loft,  where  it  can  be  oc  Uy  t        d    ^     1 11    t  d      The 

period  of  kiln-drying  should  not  be  burn  d      M     )  p  mpl  y   w    d  y      i  this 

Opcralion. 

According  to  the  color  and  the  degree  f  dry  m  It  d  I  b  ted  t  th  ee  sorts  ; 
pale,  yellow,  and  brown.  The  first  is  prod  ed  wh  ih  h  hest  h  t  I  wh  I  it  has 
been  subjecied  is  from  00°  lo  100°  F. ;  ih  mb  )  II  w  wh  t  h  ff  d  heat 
of  122°;  and  the  brown  when  it  has  been  I  td  b  deter  bed  Th  bl  k  mall 
used  by  the  porter  brewer  to  color  hisb  h  fl'd  mhhl  h  and  is 
partially  charred.  The  temperature  of  th  k  1  h  Id  11  cos  b  m  t  gralnally 
raised,  and  most  equably  maintained.     If  th    heat  b    I  t    t  th    beg         g,  Ihe 

husk  gets  hard  dried,  and  hinders  the  etaporal         f  th    w         f   m  th       I  sob- 

stance;  and  should  the  interior  be  dried  by      t  hllhhkwUpbbly  splil, 

and  the  farina  become  of  a  horny  testnre,  very  reiractory  in  Ihe  mash  tun.  In  general, 
it  is  preferable  totrown  malt,  rather  by  a  lona-conlinued  modeixite  heat,  than  bj'  a  more 
violent  heat  of  shorter  duration,  which  is  apl  to  carbonize  a  portion  of  Ihe  mncilaginous 
sugar,  and  to  damage  Ihe  article.  In  this  way,  the  sweet  ia  sometimes  converted  inio  a 
bitter  principle. 

During  the  kiln-drying,  the  roots  and  acrospirc  of  the  barley  become  brittle,  and  fall 
off;  and  are  separated  by  a  wire  sieve  whose  meshes  are  loo  small  to  allow  the  malt 
itself  lo  pass  Lhroueb. 

A  quanlily  of  good  barley,  which  weighs  100  pounds,  belnj  jti'"'ciously  malted,  will 
weigh,  after  drying  and  sifting,  80  pounds,  Since  ihe  raw  giain,  dried  hy  itself  at  Ihe 
same  temperature  as  Ihe  malt,  would  lose  12  per  cent,  of  its  weight  in  waler,  the  miilt 
process  dissipales  out  of  these  remaining  88  pounds,  only  8  pounds,  or  8  per  cent,  of  the 
raw  barley.    This  loss  consists  of— 

IJ  per  cenl.  dissolved  out  in  the  steep  water, 
3        —         dissipated  ia  the  kiln, 
3       _        bv  ihe  falling  of  the  fibrils, 
h     —        of  waste. 

The  bulk  of  good  malt  exceeds  that  of  the  barley  from  vihich  ii  waa  made,  bj  about  8 
ur  St  per  cenl. 

The  operation  of  kiln-drying  is  not  confined  to  the  mere  eipul^ion  of  the  moisture 
from  the  germinated  seeds;  but  it  serves  lo  convert  into  =u2ar  a  portion  of  the  =tarcli 
which  ren*ined  unchanged,  and  that  in  a  twofold  wav,  fii-»il,  by  the  action  of  Ihe 
gluton  npon  Ihe  fecula  at  an  elevated  temperature,  as  also  by  the  speci"s  of  roasting 
which  the  starch  undei^oes,  and  which  renders  it  of  a  Rummy  nature  (See  brAjtCH  ) 
We  shall  have  a  proof  of  this  explanation,  if  we  dry  one  portion  of  tb"  malt  in  a 
naturally  dry  atmosphere,  and  another  in  a  moderately  warm  kJn,  the  former  wiD 
yield  less  saccharine  extract  than  the  latter.  Moreover,  the  kdn  dried  malt  has  a  pe 
lulinr,  agreeable,  and  jaiAtiy  bumed  taste,  prohabl]  Irom  a  small  portion  of  empy 
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renmatie  oil  formed  in  the  linslt,  and  which  not  only  imparls  its  flavor  lo  the  heei;  bat 
Bfsi)  conlribiites  to  us  preservat.'on.  Il  is  Ihererore  obvious,  thai  llie  skilAil  preimralion 
of  tlie  malt  must  have  the  greatest  influence  both  on  the  quantily  and  qualilj  of  the  worij 
lo  be  made  from  it.  If  the  germination  be  pnSbed  loo  far,  a  part  of  the  exiractible  mat- 
ler  h  wasted;  if  it  has  noi  advanced  far  enougb,  the  malt  will  be  too  raw,  and  too  mueb 
of  its  salMtance  will  remain  as  an  insoluble  slareh  ;  if  it  is  too  highly  kiln  dried,  a  portion 
of  its  snzar  will  be  caiamelized,  and  become  bitter ;  and  if  the  gwenling  was  imperfei'.l 
or  Irregular,  mueh  of  the  barley  may  be  rendered  lumpy  and  useless.  Good  mall  is  dis. 
tiniiuisiiBble  by  the  followins  characters  :— 

The  grain  is  round  and  full,  brealis  freely  between  the  teeth,  and  has  a  sweelish  lasle, 
an  asreeable  smell,  and  is  full  of  a  soft  flour  from  end  lo  end.  Ii  aliords  no  unplensani 
flavor  on  being  chetved ;  it  is  not  hard,  so  that  when  di  awn  alon^  an  oalien  table  acruss 
the  fibtes,  it  leaves  n  while  streak,  like  chalk.  Il  swims  uiwn  water,  wliile  unmalled 
barley  sinks  in  it.  Since  (he  qualilf  of  t^e  matt  depends  inucli  on  ihal  of  the  barlev,  the 
Eame  sort  only  should  be  used  fur  one  maltinc!.  New  barley  sei  niinales  quicker  than 
old,  which  is  more  dried  np ;  a  couch  of  aciixiure  of  the  two  would  be  Irregular,  and 
difficult  to  rejfulale. 

DexcriptUm  of  the  maltJdla. — Figj.loVOSjlOa.llO,  exhibit  the  construction  of  a  wcll- 
contriveJ  maii-faVn.  yig.  107,is  the  ground  plan  !  ^g,  108,i8  the  veiticoi  section;  and 
fig'.ioa.and  110,ahorizontalandverlical  section  in  the  line  of  the  mnli-t.latpa.  Tliesama 
leile-i  denote  the  same  parts  in  each  of  the  figures.    A  cast-iron  cupola-slmped  oven  ii 


a  wall  of  brickwork  four  feet  high  ; 
whose  top  a 


supported  in  the  middle,  upon  . 

p^le  and  its  ash-pit.  The  smoKe  passes  on  ltiroii°ntwo  cqui-uisiam  pipes  inio  tne  cnim- 
nrjy.  The  oven  is  surrounded  with  four  pillars,  on  whose  top  a  stune  linlel  is  laid  ;  a  is 
the  grate,  9  inches  below  the  sole  of  the  oven  b ;  t  c  c  c  are  the  four  nine-inch  strong 
pillars  of  brickwork  which  bear  the  lintel  m;  d  d  d  d  d  d  are  strong  nine-incli  pillars, 
which  support  the  girder  and  joists  upon  which  perforated  plates  rr-pore;  e  denotes  n 
vaulted  arch  on  each  of  (he  four  sides  of  the  oven ;  /  is  the  space  between  the  kiln 
and  the  side  arch,  inio  which  a  workman  may  enter,  lo  inspect  and  clean  the  kiln  ;  g  g, 
the  walls  on  either  side  of  the  kiln,  upon  which  the  arches  rest;  ft,  the  space  forlheasbea 
to  fall ,  k,  the  iire-door  of  the  kiln  ;  I  I,  junction-pieces  to  connect  the  pipes  r  t  wiih 
the  kiln;  the  mode  of  attaching  them  is  shown  in  ^p.  109.  These  smoke-pipes  lie 
about  three  feet  under  the  iron  plates,  and  at  the  same  distance  from  the  side  walls : 
they  are  supported  upon  iron  props,  which  are  made  fast  to  the  arches.    In  Jig.  1 08, u 
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shows  iheir  section;  at  j  j, /g.l09,lhej'  enlec  the  chimney,  which  is  prov.dcd  ■with  two 
register  or  damper  plates,  lo  regulate  the  draught  through  the  pipes.  These  regislera 
Hie  represented  bj  t  I,  fig.  110,  which  shows  a  perpendicular  seclion  of  the  chimney, 
m,  fig.  lOS.is  the  lintel  which  causes  the  heated  air  to  spread  laterallj'  instead  of 
ascending  in  one  mass  in  the  middle,  and  prevents  any  comhnstihle  panicles  from  falling 
upon  the  iron  eupohi,  ji  ii  are  the  main  girders  of  iron  for  the  iron  beams  o  o,  upon 
wliieli.the  perforated  plalesplie;  5,_(ig,  108, is  the  vapor  pipe  in  the  middle  of  the  roof, 
which  allows  the  steam  of  the  drying  mall  to  escape.  The  kiln  may  he  heated  eithel 
with  coal  or  wood. 

The  size  of  this  kiln  is  ahont  £0  feet  square ;  bul  it  may  be  made  proportionally  eilhei 
smaller  or  greater.  The  perforated  floor  should  be  large  enough  lo  receive  the  contenu 
of  one  steep  or  couch. 

The  peribrated  plate  m^ht  be  conveniently  heated  by  steam  pipes,  laid  zig-zag,  or  in 
parallel  hiiss  under  itj  or  a  wiie-gauze  web  nyghl  be  slrelched  upon  such  pipes.  The 
wooden  joisis  of  a  common  floor  would  answer  perfectly  lo  support  this  steam-range,  and 
the  heat  of  the  pipes  would  cause  an  abundant  circatalion  of  air.  For  drying  the  pale 
malt  of  the  ale  brewer,  ihis  plan  is  paiticularly  well  adapted. 

The  kiln-dried  malt  is  sometimes  ground  between  stones  in  a  common  corn  mill,  like 
oatmeal ;  hnt  it  is  more  generally  crushed  between  iron  rollers,  at  least  for  the  purposes 
of  the  London  brewers. 

The  crashiyig  milt.— "Hie  cylinder  ma!t-mill  is  constructed  as  shown  in /igi.  Ill,  112. 
I  is  the  sloping  trough,  by  which  the  inal(  is  lei  down  from  its  bin  or  floor  to  Ihe 
hopper  A  of  the  mill,  whence 
it  is  progressively  shaken  in 
between  the  rollers  B  D.  The 
rollers  are  of  iron,  truly  cylin- 
drical, and  their  ends  rest  in 
bearers  of  hard  brass,  iitled  into 
the  side  frames  of  iron.  A  screw 
E  goes  through  Ihe  upr%ht, 
and  serves  to  force  the  bearer 
of  the  one  roller  lowanis  that  of 
the  other,  so  as  lo  bring  them 
closer  toEelher  when  the  crush- 
ing effect  is  lo  be  mcreased.  G 
is  the  square  end  of  the  axis, 
by  which  one  of  the  rollers 
may    be    turned    either  by    Ihe 

hand   or   by   power;    the    other 

denies  its  rotatory  motion  (torn  i  jair  of  equal  toolhed  wheels  H,  which  are  fitted  to 
the  other  end  of  the  a\es  ol  the  rollers  rf  la  a  catch  which  works  into  the  teeth  of 
a  ^atche^wheel  on  the  end  of  one  of  the  roller'  (not  shown  in  Ihis  view.)  The  lever 
c  strikes  Ihe  trough  6  at  the  hollom  of  the  hopper,  and  gives  it  the  shakmg  molion  for 
discharging  the  malt  between  the  rollers,  from  the  slide  sluice  a.  e  ^tfig.  lU,  are 
scraper-plates  of  sheet  iron,  the  edges  of  which  press  by  a  weight  against  the  snrlaees 
of  Uie  rollers,  and  keep  Ihetn  clean 

Instead  of  the  cylinders,  some  employ  a  crushmg  mil]  of  a  conical-grooved  form  like  a 
coffee-mill,  upon  a  large  aeale      (See  tke general  /.Ian,  infra.) 

The  ina.ffiiiig  and  boilli  g  — Mashme  is  the  operation  by  which  Ihe  wort  is  eilracted, 
or  eliminated  from  the  malt,  and  whereby  a  saccharo-mucilagmous  extract  is  made 
from  it.  The  matt  >diould  not  in  general  be  ground  into  a  fine  meal,  lor  in  that  case 
it  would  be  apt  lo  form  acohetive  paste  with  hot  water,  or  lo  set,  as  it  is  called,  and  to 
he  diHicult  to  drain.  In  cruslied  mall,  the  husk  remains  nearly  entire,  and  thus  helps 
to  keep  the  farinaceous  particles  open  and  porous  to  the  action  of  the  water.  The  bulk 
of  Ihe  crushed  malt  ia  about  one  fifth  greater  than  that  of  the  whole,  or  one  bushel  rf 
malt  gives  a  bushel  and  a  quarter  of  crashed  mail.  This  is  frequently  allowed  to  lie 
a'fewdaysin  a  cool  place,  in  order  Ihat  it  may  attract  moisture  from  the  air,  which  it 
does  very  readily  by  Its  hygrometrie  power.  Thus,  the  farinaceous  substance  which  had 
been  indurated  in  the  kiln,  becomes  soft,  spongy,  and  fit  for  the  ensuing  process  of  watery 
exlraclion. 

Mashing  bos  not  for  its  object  merely  lo  dissolve  the  sugar  and  gimi  already  present 
in  the  malt,  but  also  to  convert  into  a  sweet  mucilage  the  starch  which  had  remained 
unchanged  during  the  germination.  We  have  already  slated  that  starch,  mixed  with 
gluten,  and  digested  for  some  time  wilh  hot  water,  becomes  a  species  of  sugar.  This 
conversion  takes  place  in  the  mash-tun.  The  malted  barley  contains  not  only  a  portion 
of  gluten,  but  diastase  more  than  sufficient  to  convert  the  starch  contained  in  it,  by  tttie 
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Tlie  researches  of  Piiyeii  nnd  Persoz  show,  that  the  mucilage  Tornied  by  llie  reaction 
of  malt  upon  starch,  may  eilher  be  converted  into  £u^(tr,  or  be  made  into  jiermaneni 
gum,  aicordins  to  the  lempetature  of  the  water  in  wliich  the  materials  are  digested. 
We  take  of  pale  barley  malt,  ground  fine,  from  6  to  10  parts,  and  100  parts  of  March;  wu 
heat,  by  means  of  a  water-bath,  400  parla  of  water  in  a  copper,  to  about  80°  F. ;  we 
then  stir  in  the  mail,  and  increase  the  heat  to  140°  F.,  when  we  add  the  starch, 
and  stir  well  twtether.  We  next  raise  the  temperature  to  158°,  and  endeavor  to 
mainiain  it  constantly  at  that  point,  or  at  least  to  keep  it  within  the  limits  of  167°  on 
the  one  side,  and  158°  on  the  other.  At  the  end  of  30  or  30  minutes,  (he  original  milliy 
and  pasty  solution  becotnes  thinner,  and  soon  aller  as  fluid  nearly  as  water.  This  is  Ihc 
moment  in  wbich  the  starch  is  converted  into  gum,  or  into  that  substance  which  Ihc 
French  chetoists  call  dextrine,  from  its  power  of  polarizing  light  to  the  right  band,  whereas 
coumion  gum  does  it  to  the  lefl.  If  this  merely  mucilai^inous  solntion,  wliich  seems  to 
be  a  mixture  of  gum  with  a  lillle  liquid  starch  and  s<^ar,  be  suitably  evaporated,  it  may 
serve  for  various  purposes  in  the  arts  to  which  gnm  is  applied,  but  with  this  view,  it 
must  be  quickly  raised  to  the  boilinll  paint,  to  prevent  the  farther  operation  iif  the  nmtt 
upon  it.  If  we  wish,  on  the  conlrary,  however,  to  promote  the  saccharine  fermentation, 
for  the  formation  of  beer,  we  must  maintain  the  temperature  at  between  15S°  and  167° 
for  three  or  four  hours,  when  the  greatest  part  of  the  gum  will  have  passed  into  sugar, 
and  by  evaporation  cf  the  liquid  at  the  same  temperature,  a  starch  sirup  maybe  obtained 
like  thatprocuredhy  Iheaction  of  sulphuric  aeid  upon  starch.  The  eubsiance,  which  oper- 
ates in  the  formation  of  sugar,  or  is  the  peentiar  ferment  of  the  sugar  fermentation,  may 
be  considered  as  a  residuum  of  the  eluten  or  vegetable  albumen  in  the  germinating 
grain :  it  is  reckoned  by  Payen  and  Persoz,  a  new  proximate  principle  called  diastase, 
which  is  formed  during  mailing,  in  the  grains  of  bailey,  oats,  and  wheat,  and  may  be 
separated  in  a  pure  state,  if  we  moisten  the  malt  flour  for  a  few  minutes  in  cold  water, 
press  it  out  slron?ly,  filler  the  solution,  and  beat  the  clear  liquid  in  a  water  bath,  to  the 
temperature  of  I5S°.  The  greater  part  of  that  alhumlnons  azotized  substance  is  thug 
coaiiulated,  and  is  to  be  separated  by  a  fresh  filtration ;  after  which,  tbe  dear  liquid  is 
to  be  treated  nith  alcohol,  when  a  flocky  precipilate  appears,  which  is  diastase.  To  pu- 
rify it  slill  further,  especially  from  the  azotized  matter,  we  should  dissolve  it  in 
water,  and  precipilate  again  with  alcohol.  When  dried  at  a  low  temperature,  it  appears 
as  a  solid  white  substance,  which  contains  no  azote;  is  insoluble  in  alcnhol,  but  dissolves 
in  water  and  proof  spirit.  Its  solution  Is  neutral  and  tasteless;  when  lefl  to  itself,  it 
changes  with  greater  or  less  rapidity  according  to  the  temperature,  and  becomes  sour  at 
a  temperature  of  from  149°  to  167°.  It  has  the  property  of  converting  starch  inlo  gum 
(dextrine)  and  sugar,  and  indeed,  when  sufiiclenlly  pure,  with  such  energy  that  one 
part  of  it  disposes  2000  partsof  dry  starch  to  that  change,  but  it  operates  the  quicker  the 
greater  its  quantity.  Whenever  the  solution  of  diastase  with  starch  or  with  dextrine  is 
heated  to  the  boilmg  point,  it  loses  the  sugar-fermenting  properly.  One  hundred  parts 
of  well-malted  starch  appear  to  contain  about  one  part  of  this  substance. 

We  can  now  understand  the  theory  of  malting,  and  the  limits  between  which  the 
temperature  of  the  liquor  ought  to  he  maintained  in  this  operation ;  namely,  the  ran?e 
between  157°  and  160°  F.'  Il  has  been  ascertained  as  a  principle  in  mashing,  that 
the  best  and  sonndest  extract  of  the  malt  is  to  be  obtained,  first  of  all,  by  beeinning  to 
work  with  water  at  the  lowest  of  these  heats,  and  to  conclude  the  mash  wilh  water  at 
the  highest.  Secondly,  not  to  operate  the  extraction  at  once  with  the  whole  of  the  water 
that  is  to  be  employed;  hut  with  separate  portions  and  by  degrees.  The  first  portion  is 
added  with  the  view  of  penetrating  equally  the  crushed  malt,  an  1  of  extracting  the 
already  formed  sugar ;  the  next  Ibr  eflecting  the  sugar  fermentation  by  the  action  of  the 
diastase.  By  this  means,  also,  tlie  starch  is  not  allowed  to  run  into  a  cohesive  paste,  and 
the  extract  is  more  easily  drained  from  the  poorer  mass,  and  comes  off"  in  the  form  of  a 
nearly  limpid  wort.  The  thicker,  moreover,  or  the  less  diluted  Ihe  mash  is,  so  much  the 
easier  is  Ihe  wort  fined  in  the  boiler  or  copper  by  the  congnlation  of  the  albuminous 
matter ;  these  principles  illustrate,  in  every  condition,  the  true  mode  of  cimciueting 
the  mashii^  process ;  but  different  kinds  of  malt  require  a  dilTerent  treatmCTit.  Pale 
and  slightly  kilned  malt  requires  a  somewhat  lower  heat  than  malt  highly  kilned,  because 
the  former  has  more  urdecomposed  starch,  and  is  more  ready  to  become  pasty.  The 
f  jriner  also,  for  the  same  reason,  needs  a  more  leisurely  infusion  than  the  latter,  for  its 
eouversion  into  mucilaginous  sugar.  The  more  sugar  the  malt  contains,  the  more  is  its 
saccharine  fermuntalion  accelerated  by  the  action  of  the  diastase.  What  has  been  here 
Ijaid  of  pale  malt,  is  still  mofe  applicable  to  the  ease  of  a  mixture  of  raw  grain  with  malt, 
tbr  it  requires  still  gentler  heats,  and  more  cautious  treatment. 

III.  The  mash-tun  is  a  targe  circular  tub  with  a  double  bottom  ;  the  uppermost  of 
which  is  called  a  false  bottom,  and  is  pierced  with  many  holes.  There  is  a  space  of  about 
2  or  3  inches  between  the  two,  into  which  the  stopcocks  enter,  for  letting  in  the  water 
snJ  drawing  ofl"  the  wort.   The  holes  of  the  false  bottom  should  be  burned,  and  not  bored 
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to  prevent  the  chance  of  their  filling  up  by  the  svfelUns  of  the  wood,  whieh  woiU 
jbstruct  Ihc  drainage;  the  holes  should  be  conicaJ,  and  largest  below,  being  about  J  OJ 
an  inch  there,  and  J  at  the  upper  surface.  The  perforated  bottom  must  be  fitted  trulj 
at  the  sides  of  the  mash-tun,  $o  that  no  grains  may  pass  through.  The  mashed  li[|Uor  la 
let  off  into  a.  \arge  back,  IVom  which  it  is  pumped  into  the  wort  coppers.  The  mash-tun 
is  provided  with  a  peculiar  rotatory  apparatus  for  agitatii^  the  crushed  grams  and  water 
together,  which  we  shall  presently  describe.  The  size  of  the  wort  copper  is  proportional 
to  the  amount  of  the  bi'ewin,;,  and  it  must,  in  general,  be  at  least  so  large  as  to 
nperale  upon  the  whole  quantity  of  wort  made  from  one  mashii^ ;  that  is,  for  every 
quarter  of  malt  mashed,  the  copper  should  contain  140  gallons.  The  mash-tun  ought  to 
be  at  least  a  third  lai^r,  and  of  a  conical  form,  somewhat  wider  below  than  above. 
The  quantity  of  water  to  be  employed  for  mashing,  or  the  extraction  of  the  wort,  de- 
pends upon  the  greater  or  less  strength  to  be  given  to  the  beer.  The  seeds  of  the  crushed 
malt,  after  the  wort  is  drawn  off,  retain  still  about  32  gallons  of  water  for  every  quartet 
of  malt.  In  the  boiling,  and  evaporation  from  the  coolers,  -40  gallons  of  water  are  dis- 
sipated from  one  quarter  of  malt !  constituting  72  gallons  in  all.  If  13  quadors  of  barley 
ie  taken  lo  make  1500  gallons  of  beer,  2400  gallons  of  water  must  therefore  be  required 
for  the  mashing.  This  example  will  give  an  idea  of  the  proportions  for  an  ordinary 
quality  of  beer. 

When  the  mash  is  to  begin,  the  copper  must  be  filled  with  water,  and  heated.  As  sonn 
as  the  water  has  attained  the  heat  of  145°  in  summer,  or  167°  in  winter,  600  gallons  of  it 
are  to  be  run  off  into  tlie  mash-tun,  and  the  13  quarters  of  crushed  malt  are  to  be  gradu< 
ally  thrown  la  and  well  intermixed  by  proper  agitation,  so  hat  it  may  be  uniformly 
moistened,  and  no  lumps  may  remain.  After  contiilaing  the  agitation  in  this  way  for  one 
half  or  three  quarters  of  an  hour,  the  water  in  the  copper  will  have  approached  lo  its 
boiling  point,  when  450  gallons  at  the  temperature  of  about  SOtP  are  to  be  run  into  the 
mash-tun,  and  the  agitation  is  to  be  renewed  Ull  [he  whole  assumes  nn  equally  fluid 
slate :  Ihe  ton  is  now  to  be  well  covered  for  the  preservation  of  ils  heat,  and  lo  be 
allowed  to  remain  at  rest  for  an  hoar,  or  an  hoar  and  a  half.  The  mean  lemperalure  of 
lliis  mash  may  be  reckoned  at  about  145°.  The  time  which  is  necessary  for  the  trans- 
muting beat  of  the  remaining  starch  into  sugar  depends  on  the  quality  of  the  malt. 
Brown  malt  requires  less  time  than  pale  malt,  and  still  less  than  a  mixture  with  raw 
grain,  as  already  explained.  After  the  mash  has  rested  Ihe  proper  time,  the  lap  of  the 
tun  is  opened,  and  Ihe  clear  wort  is  lo  be  drawn  out  into  the  under  back.  If  the  wort 
that  first  flows  is  turbid,  it  must  be  returned  into  the  tun,  tijl  it  runs  dear.  The  amount 
of  Ibis  first  wort  may  be  about  675  gallons.  Seven  hundred  and  fifty  gallons  of  water, 
at  the  temperature  of  200°,  are  now  to  be  introduced  up  through  the  drained  mall,  into 
Ihe  tun,  and  Ihe  mixture  is  to  be  agitated  till  it  becomes  uniibrm,  as  before.  The  maeh- 
'.un  is  then  lo  be  covered,  and  allowed  to  remain  at  rest  for  an  hour.  The  temperature 
of  this  mash  is  from  167°  to  174°.  While  the  second  mash  is  making,  the  worls  of  the 
first  are  lo  be  pumped  into  Ihe  wort  copper,  and  set  a-boiling  as  speedily  as  possible. 
The  wort  of  the  second  mash  is  to  be  drawn  off  at  llie  proper  time,  and  added  to  the 
copper  as  fast  as  it  win  receive  it,  without  causing  the  ebullition  to  slop. 

A  third  quantity  of  water  amounting  lo  600  gallons,  a(  200°,  is  to  be  introduced  into 
Ihe  mas'i-tun,  and  after  half  an  hour  is  to  be  drawn  oflj  and  either  pumped  into  the  wort 
copper,  :-  reserved  for  mashing  fresh  mall,  as  the  brewer  may  Ihink  fit. 

The  quantity  of  exlracl,  per  barrel  weight,  which  a  quarter  of  malt  yields  to  wort, 
amounK  to  about  84  lbs.  The  worl  of  the  first  extract  is  the  strongest  j  Ihe  second  con- 
lains,  commonly,  one  half  the  extract  of  the  first ;  ^d  Ihe  third,  one  half  of  the  second ; 
according  to  circumstances. 

To  measure  iJie  degrees  of  concentration  of  the  worts  drawn  off  fnmi  the  tun,  a  par- 
ticular (brm  of  hydrometer,  called  a  saccharometer,  is  employed,  which  indicates  the 
number  of  pounds  weight  of  liquid  contained  in  a  barrel  of  36  gallons  imperial  measure, 
ftow,  as  the  barrel  of  water  weighs  360  lbs.,  the  indication  of  the  instrument,  when 
placed  in  any  wort,  shows  by  how  many  pounds  a  barrel  of  that  wort  is  heavier  than  a 
tiarrel  of  water;  thus,  if  the  instrument  sinks  with  ils  poise  till  the  mark  10  is  upon  a 
line  wilh  the  surface  of  the  liquid,  it  indicates  that  a  barrel  of  that  wort  weighs  ten 
pounds  more  than  a  barrel  of  water.    See  Sacchabometeb. 

Or,  supposing  the  barrel  of  wort  weighs  396  lbs.,  lo  convert  that  number  into  specific 
gravity,  we  have  the  following  simple  rule : — 

360:396  !!  100  :  MOO; 
at  which  density,  by  my  experiments,  the  wort  contains  25  per  cent,  of  solid  cstracl. 

Haling  been  employed  to  make  experitnents  on  the  density  of  worls,  and  the  ferment- 
alive  changes  which  they  undergo,  toi  the  information  of  a.  committee  of  the  House  ol 
Commons,  which  sat  in  July  and  Angust,  1830, 1  shall  here  introduce  a  short  abs.tract  ol 
'Jiat  part  of  my  evidence  which  bears  upon  the  present  subject. 

Mr  first  object  was  to  clear  up  the  dilScuhies  which,  to  common  apprehension,  liuni; 
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over  the  matler,  from  Ihe  difference  in  llie  sceIcs  of  the  saccliarometers  m  use  among  the 
brcweie  and  distillers  of  tngland  and  Scotland.  I  found  that  on»  qnarler  of  good  mail 
would  yield  to  llie  porter-brewer  a  barrel  Imperial  mtasnre  of  wort,  at  the  concenlrated 
specific  giavily  of  1'234.  Now,  if  the  decimal  part  of  this  number  he  multiplied  hy 
360,  being  Ihe  number  of  pounds  weight  of  water  in  the  barrel,  the  product  will  denote 
the  excess  in  pounds,  of  the  weight  of  a  barrel  of  such  concentrated  wort,  over  thai  ol 
a  hnrrel  of  water;  and  Ihnt  product  is,  in  the  present  case,  84'24  pounds. 

filr.  Martineau,  Jan.,  of  the  house  of  Messrs.  Whitbread  and  Company,  and  a  gentle- 
man connected  witi  another  great  London  brewery,  hod  the  kindness  to  inform  inc  llin.' 
(heir  averse  prodact  from  a  quarter  of  malt  was  a  barrel  of  84  Ihs.  gravity.  It  is  ob 
vious,  therefore,  that  by  tabing  the  mean  operation  of  two  such  great  establishments,  i 
must  have  arrived  very  nearly  at  the  trtith. 

It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1'S34  is  not  the  resnU  ol 
any  direct  eiperiment  in  the  brewery,  for  infusion  of  matt  is  never  dra^sn  off  so  strongi 
thai  densily  is  deduced  by  compntalion  from  the  quantity  ind  qunlily  of  several  succes- 
sive infustons ;  thus,  supposing  a  first  infusion  of  the  quarter  of  mall  to  yield  a  barrel  ol 
suecific  gravity  1'112,  a  second  to  yield  a  barrel  at  1*09],  and  a  third  a  barrel  at  1-031, 
we  shall  have  three  barrels  al  the  mean  of  these  three  nuiohers,  or  one  barrel  at  theii 
sum,  equal  to  1-234. 

1  may  here  observe  that  the  arithmetical  mean  or  sum  is  not  the  true  mean  or  sum  nf 
the  two  specific  gravities;  but  this  diflcrence  is  either  not  known  or  disregarded  by  the 
toewers.  At  low  densities  tliis  difference  is  inconsiderable,  but  at  h^h  densities  it  would 
lead  to  serious  errors.  At  specific  gravity  1-231,  wort  or  simp  contains  one  half  of  its 
weiRht  of  solid  pure  saccharum,  and  at  1-1045  it  contains  one  fourth  of  its  weight;  but 
Ihe  brewer's  rule,  when  here  applied,  gives  for  the  mean  specific  gravity  l-ir/>o= 
l-asi  +  l-OOO.   rj-jjg  ponienjg  ;„  stJiij  saccharine  matter  at  that  density  are  however  27i 

per  cenl.jsbowirtt;  the  rule  to  be  2J  lbs.  wrong  in  ejcesa  on  100  lbs.,  or  9  lbs.  per  barrel. 

The  specific  gravity  of  the  solid  dry  extract  of  malt  wort  is  1-264 ;  it  was  taken  in  oil 
of  turpentine,  and  the  result  reduced  to  dfetiUed  .water  as  unity.  Its  specific  volume  is 
0-7911,  that  is,  10  lbs.  of  it  will  occupy  the  volume  of  7-911  ihs.  of  water.  The  mean 
specific  gravity,  by  eompolalion  of  a  solution  of  that  extract  in  its  own  weight  of  water, 
is  MI66;  but  by  experiment,  the  specific  Rravity  of  that  solution  is  1-216,  showing 
considerable  condensation  of  volume  in  the  a£l  of  combination  with  water. 

The  following  Table  shows  the  relation  between  the  specific  gravities  of  solutions  ot 
malt  extract,  and  the  per-centagc  of  solid  extract  they  contain ; 
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SuB>'  in  mo. 

Specific  giavjty. 

50-00 

47-00 

I-2I60 

37'00 

M670 

600 

1200 

33-3 

31-50 

M350 

600 

1500 

28-57 

26-75 

M130 

600 

- 

1800 

!500 

24-00 

MOOO 

The  extract  of  mall  was  evaporated  to  dryness,  air  a  temperature  of  about  250°  F., 
without  the  sl^htest  injury  to  its  quality,  or  any  empyreumatic  smell.  Bate's  tables 
have  been  constructed  on  solutions  of  sugar,  and  not  with  solutions  of  extract  of  malt, 
or  ihey  aeree  sofficiently  well  with  the  former,  but  differ  materially  from  the  latter. 
Allan's  tables  give  the  amount  of  a  certain  form  of  solid  saccharine  matter  extracted 
from  ma  .  and  dried  at  175°  F.,  in  correspondence  to  the  specific  gravity  of  the  solution ; 
but  I  have  ibund  it  hnpossible  to  make  a  solid  extract  from  infusions  of  malt,  except  at 
much  higher  temperatures  than  175°  F.  Indeed,  the  numbers  on  Allan's  saccharometei 
scale  clearly  show  that  his  extract  was  by  no  means  dry  :  thus,  at  MOO  of  gravity  he 
assigns  29*669  per  cent,  of  solid  saccharine  matter ;  whereas  there  is  at  that  density  <i 
solid  extract  oijy  25  per  cent.  Again,  at  1-135,  Allan  gives  40  parts  per  cent,  of  soLd 
extract,  whereas  there  are  only  %%\  present. 

Hy  the  triple  mashii^  operations  above  described,  the  malt  is  so  much  exhausted  (hat 
it  can  yield  no  further  extract  Hscfal  for  stron;  beer  or  porter.  A  weaker  wort  might 
no  donbt  still  be  drawn  off  for  small  beer,  or  for  contributing  a  little  to  the  strength  of 
the  next  mashing  of  fresh  malt.  But  this  I  believe  is  seldom  practised  by  respectable 
brewers,  as  it  impoverishes  the  grains  which  Ihey  dispose  of  for  feefjing  cattle. 

The  wort  should  be  tiakisfcrred  into  the  copper,  and  made  to  boil  as  soon  as  possible, 
for  if  it  remains  long  in  the  onder-badt  it  is  apt  to  become  acescent.  The  steam  more- 
ovel  raised  ftom  it  in  the  act  of  boiling  serves  to  screen  it  from  Ihe  oxygenating  or  acicli- 
(ying  influence  of  toe  atmosphere.  Until  i(  begins  (o  boil,  the  air  should  be  excluded 
by  some  kind  of  a  cover. 
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Sometimes  the  first  wort  is  brewad  by  itself  into 
inteimeiliate  quality  ;%nd  the  third  into  sm^tU  tx 
lowed  in  this  country. 

We  shiill  now  treat  of  the  boiling  in  of  the  hops.  The  wort  drawn  from  the  mash- 
tan,  whenever  it  is  pumped  into  the  copper,  must  receive  its  allowance  of  hops.  Besides 
evappratin!;  off  a  portion  of  the  water,  and  thereby  concentrating  the  wort,  boiliiis  has  a 
twofold  object.  In  the  first  place,  it  coagulates  the  albuminous  mstler,  piTrtly  by  the 
heat,  and  partly  by  the  principles  in  the  hops,  and  thereby  causes  a  general  clarificatinn 
of  the  whole  mess,  with  the  effect  of  separating  the  muddy  matters  in  a  flocculenl  form. 
Secondly,  during  the  ebullition,  the  residuary  starch  and  hordeine  nf  the  malt  are  con- 
verted  into  a  limpid  sweetish  mucilage,  the  dexlriae  above  described  \  while  some  of  the 
glutinons  stringy  matter  is  rendered  insoluble  by  ihe  tannin  principle  of  Ihe  hops,  which 
favors  still  further  the  deariiig  of  the  wort.  By  toth  operations  the  keeping  quality 
of  the  beer  is  improved.  This  boil  mnsl  be  continued  dnring  several  hours;  a  lonEer 
lime  for  the  stronger,  and  a  shorter  for  the  weaker  beers.  There  is  osoally  one  sevenll 
or  one  sixth  part  of  the  water  dissipated  in  the  boiling  copper.  This  process  is  knowi 
to  have  conlinued  a  sufiicient  lime,  if  Ihe  separation  of  the  albnmino'is  fiocks  is  distinct, 
and  if  these  are  found,  by  means  of  a  proof  gauge  suddenly  dipped  to  (he  bottom  to  be 
collected  there,  while  the  supernatant  liquor  has  become  limpid  Tw  th  1 
boil  is  deemed  long  enough  in  many  well-conducted  breweries;  b  t  <io  f  tl  se 
Belgium,  ihe  boiling  is  continued  from  10  lo  15  hours,  a  period  i  ly  d  t  im  tal  I 
the  aroma  derived  from  Ihe  hop. 

Miny  prefer  adding  the  hops  when  the  wort  has  just  com    1    th    b   I        p      t 
The  r  eliect  is  to  repress  Ihe  further  progress  of  fermentation,  a  d  esp       lly  th   p 
into  the  acetous  stage,  which  would  otherwise  inevitably  ensue  in     f  w  d  y       I     th 
respect,  no  Other  vegetable  production  hitherto  discovered  can  b  bsl  t  I    f      Ih 

hop     The  odorant  principle  is  not  so  readily  volatilized  as  would    t  fi   t  b     mag    ed 
for  when  hop  is  mined  with  strong  beer  wort  and  boiled  for  m    y  h%  t  ea      t  II 

impart  a  -very  considerable  degree  of  its  flavor  to  weaker  bee       By  m  f  in 

hot  beer  or  water,  without  boiling,  .the  hop  loses  very  little  f  ts  sol  bl  p  pi 
The  tannjn  of  Ihe  hop  combines,  as  we  have  said,  with  the  t  ,  tab)  lb  me  f  th 
barlev,  and  helps  to  clarify  the  liquor.  Should  there  be  a  deficiency  of  albumen  and 
gluten,  in  consequence  of  the  mashing  having  been  done  at  such  a  heat  as  to  have  coagn- 
laled  them  beforehand,  the  defect  may  be  remedied  by  Ihe  addition  of  a  little  gelatine  to 
the  nort  copper,  either  in  the  form  of  calf's  foot,  or  of  a  little  isinglass.  If  the  hops  be 
bulled  in  the  wort  for  a  longer  period  than  5  or  6  hours,  they  lose  a  portion  of  their  fine 
flavor ;  but  if  their  natiiral  flavor  he  rank,  a  little  extra  boiling  improves  it.  Many  brew- 
el's  throw  the  bops  in  upon  the  surface  of  the  boiling  wort,  and  allow  them  to  swim  there 
for  some  time,  that  the  steam  may  penetrate  them,  and  open  their  pores  for  a  complete  so- 
lution of  .their  principles  when  they  are  pushed  down  into  the  lii|uor.  It  is  proper  to  add 
the  hops  in  considerable  masses,  because,  in  tearing  Ihera  asunder,  some  of  the  lupuline 
powder  is  apt  to  be  lost. 

The  quantity  of  hop  to  be  added  lo  the  wort  varies  according  to  the  strength  of  the 
beer,  the  length  of  lime  it  is  to  be  kept,  or  the  heat  of  the  climate  where  it  is  intended 
to  be  sent.  For  strong  beer,  A^  lbs,  of  hops  are  required  to  a  quarter  of  malt,  when  it 
islo  be  highly  aromatic  and  tEmarkably  clear.  For  the  stronger  kinds  of  ale  and 
porter,  the  rule,  in  England,  is  to  take  a  pound  of  hops  for  every  bushel  of  malt,  or  8  lbs. 
f  0  a  quarter.  Common  beer  has  seldom  more  than  a  quarter  of  a  pound  of  hops  lo  the 
bushel  of  malt. 

It  has  been  atlampted  lo  form  an  eitraci  of  hops  by  bniling  in  covered  vessels,  so  as 
nol  to  lose  the  oil,  and  to  add  this  instead  of  the  hop  itself  to  the  beer.  On  the  great 
scale  this  method  bos  no  practical  advantase,  because  the  eilraelion  of  Ihe  hop  is  per- 
fectly accomplished  during  the  necessary  boiling  of  the  wort,  and  because  the  hop  ope- 
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worts  down  to  Ihe  fermenting  pitch  as  fast  as  possible,  varioas  contrivances  have  been 
made  for  effecting  lliis  purpose.  The  common  cooler  is  a  square  wooden  cistern,  aboui 
6  inches  deep,  and  of  such  an  extent  of  surface  that  the  whole  of  one  boil  may  only 
occupy  2  inches,  or  Ihereabouis,  of  depth  in  it.  For  a  quantity  oftworl  equal  to  about 
'.500  gallons  its  area  bhould  be  at  least  54  feet  long  and  20  feet  wide.    The  seams  ot 
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I  he  cooler  miislbe  made  perreetly  water-t^ht  anJ  smooth,  so  111  at  no  liquor  iimy  lod^i;  m 
lUeia  wlien  they  are  emptied.  The  utmost  cleanliness  is  rcciuircii,  and  an  occasLcna' 
(weeleniilg  with  lime-water. 

The  hot  wort  reacheis  the  cooler  at  a  temperature  of  from  S00°  to  908°,  according-  to 
(he  power  of  the  pump.  Here  it  should  be  cooled  1o  the  proper  temperature  for  ihe 
frrmenting  tun,  which  may  Tary  from  54"  to  64",  accivding  to  circumstances.  The 
redigerallon  is  accomplished  by  the  evaporalion  of  a  por  Jon  of  (he  liqaof :  it  is  mort 
raiFid  in  prnpoitioii  lo  the  extent  of  the  surface,  to  the  low  temperature,  and  the  diynuaa 
of  (lie  atmosphere  sarrounding  the  cooler.  The^rtnewa"!  of  a  body  of  cool  dry  air  by 
Ihe  agency  of  a  fan,  may  he  employed  witti  great  adtanls^e.  The  cooler  itself  must 
be  so  placed  that  its  surface  shall  he  freely  exposed  to  the  prevailing  wind  of  the  district, 
and  be  as  free  as  possible  from  (he  eddy  of  surrounding  buildings.  It  is  thought  by  mary 
that  the  agitation  of  the  wort  during  its  cooling  is  hnrlful.  Were  the  roof  made  move- 
able, so  that  the  wort  could  he  reaJily  exposed,  in  a  clear  night,  to  the  aspect  of  the  sky, 
il  would  cool  rapidly  by  evaporation,  on  the  principles  explained  by  Dr.  Wells,  in  his 
"Essay  on  Dew." 

When  the  cooiiilg  is  effected  by  evaporation  alone,  the  temperature  falls  very  slowly, 
even  in  cold  air,  if  it  be  loaded  with  moisture.  But  when  the  air  is  dry,  the  evaporation 
is  vigorous,  and  the  moislute  exhaled  does  not  rcr^ain  bcumhent  on  the  liquor,  as  in 
damp  weather,  hut  is  diffused  widely  in  space.  Hti.ce  we  can  understand  how  worl 
cools  so  rapidly  in  the  spring  and  ant'jmn,  when  the  air  is  generally  dry,  and  even  more 
quickly  tlwn  in  winter,  when  the  air  is  cooler,  but  loaded  with  moisture.  In  fact,  Ihe 
cooling  process  goes  on  better  when  the  atmosphere  is  from  BO'  to  65°,  than  when  it  falls 
to  the  freezing  point,  beeaose  in  this  ease,  if  (he  air  be  still,  the  vapors  generaled  remain 
on  the  surface  of  the  liquor,  and  prevent  further  evaporation.  In  summer  the  cooling 
can  take  place  only  during  the  nisht. 

In  consequence  of  the  evaporation  during  this  coolmg  process,  the  bulk  of  the  worts 
is  considerably  reduced;  thns,  if  the  temperature  at  the  beginning  was  208°,  and  if  it 
be  at  the  end  64°,  the  quantity  of  water  necessan  to  be  evaporated  to  produce  this 
refrigeration  would  be  nearly  J  of  the  whole,  putting  ladialion  and  conduction  of  liest 
out  of  (he  question.    The  effect  of  this,  will  be  a  propoitioml  concentration  of  the 

The  period  of  refrigeration  in  a  well-constructed  cooler,  anioun(s  lo  6  or  7  hours  in 
favorable  weather,  but  lo  12  or  [6  in  other  circumslancra  The  quality  of  the  beer  is 
much  improved  by  shortening  this  period;  because,  in  consequence  ol  the  great  surface 
which  (he  wort  exposes  (o  the  air,  it  readily  absorbs  oxeyen,  and  pnsses  into  the  acetous 
fermentation  with  (he  prodaclion  of  various  mouldy  spots ;  an  evil  to  which  ill-hopped 
beer  is  particularly  liable.  Various  schemes  have  been  contrived  to  cool  wort,  by  trans- 
mitting it  through  the  convolutions  of  a  pipe  immersed  in  cold  water.  The  best  plan 
Is  to  expose  the  hot  wort  for  gome  hours  freely  tp  the  atmosphere  and  the  cooler,  when 
the  loss  of  heat  is  most  rapid  by  evaporation  and  other  means,  and  when  the  tempera- 
ture falls  to  100°,  or  (hereby,  lo  ti-ansmit  the  liquor  tlirough  a  z%-zag  pipe,  laid  almost 
horizontally  in  a  trpugh  of  cold  water.  The  various  methods  described  under  Sefrigera- 
ior  are  more  complex,  but  they  may  be  practised  in  many  situations  with  considerable  ad- 
vantage. 

Whilst  the  wort  reposes  in  the  cooWr,  il  lets  fall  a  slight  sediment,  which  consists 
partly  of  fine  flocks  of  coagulated  albumen  combined  with  tannin,  and  partly  of  starch, 
which  had  been  dissolved  at  the  bi^h  temperature,  and  separates  at  the  lower.  Tlie  wort 
should  be  perfectly  limpid,  for  a  muddy  liquor  never  produces  transparent  beer.  Such 
beer  contains,  besides  mucilaginous  sngar  and  gum,  usually  some  starch,  which  even  re- 
mains after  the  fermentation,  and  hinders  its  clarifying,  and  gives  it  a  tendency  to  sour. 
The  wort  contains  more  starch  the  hotter  it  has  been  mashed,  the  less  hops  have  been 
added,  and  the  shorter  time  it  has  been  boiled.  TIi;  presence  of  starch  in  the  worl  may 
be  made  manifest  by  adding  a  little  solution  of  iodine  in  alcohol  lo  it,  when  it  will  be- 
come immediately  (Que.  We  (bus  see  that  the  tranquil  cooling  of  wort  in  a  proper  ve3> 
sel  has  an  advantage  over  cooling  il  rapidly  by  a  refrifreratory  apparatus.  When  the 
worl  is  sufficiently  cool,  it  is  let  down  into  the  fermenting  tun.  In  Ibis  transfer  the  cool- 
iai(  might  be  carried  several  degrees  lower,  were  the  wort  made  lo  pass  down  through  a 
lube  enclosed  in  another  tube,  along  which  a  stream  of  cold  water  is  flowing  in  Ihe  oppo- 
site direction,  aa  we  have  described  in  the  sequel  of  Acetic  aero.  These  fermenting  tuns 
are  commonly  called  gyle-lwis,  or  working  tuns,  and  are  either  square  or  circular,  (lie 
taller  being  preferable  on  many  accounts. 

IV.  Of  the  FermeatatioK. — in  the  great  I^indon  breweries,  the  size  of  these  fermenting 
(tins  is  such  that  they  conlnin  from  1200  lo  1500  barrels.  The  quantity  of  wort 
introduced  at  a  lime  must,  however,  be  considerably  less  than  the  capacity  of  (he  vessel, 
lo  allow  room  Ibr  the  head  of  yeast  which  rises  during  the  process  ;  if  the  vessel  be 
cylindrical,  this  bend  is  proportional  lo  Ihe  depth  of  the  wdits.    In  certain  kinds  of 
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lennenlHtion,  il  bmj  rise  to  a  third  of  that  depth.  In  general,  the  feimentation  proceeds 
more  UQiformly  and  conslantly  in  large  massef^,  because  they  are  little  iniluenced  by  \i- 
;issLtudes  of  lemperatuie ;  smaller  yessels,  on  the  oilier  hand,  are  more  easily  hanElied. 
The  general  view  of  fermentalion  tvill.  be  found  under  that  title ;  I  shall  here  make  a 
few  remarks  on  what  is  peculiar  lo  beer.  During  the  fermentation  of  worl,  a  poitiun 
of  lis  saccharine  matter  is  converted  into  alcohol,  and  woit  ihus  changed  is  tiieer.  Ii  is 
necessary  that  this  canversion  of  Ihe  sugar  be  only  partial,  for  beer  which  contains  no 
unJecomposed  sogar  would  soon  turn  sour,  and  even  in  the  casks  its  alcohol  undergoes 
a  slow  fermenlaiion  into  vinegar.  The  amount  of  ihts  excess  of  sugar  is  grealer  in 
prnporiioQ  to  the  Strength  of  the  wort,  smce  a  certain  quantity  of  alcohol,  already 
formed,  prevents  the  operation  of  the  ferment  on  the  remaininj!  -vort.  Temperature  haa 
the  greatea^t  influence  upon  the  fermentation  of  wort.  A  temperature  of  from  55°  to  Gtfi 
of  the  liquor,  when  that  of  the  atrnDsphere  is  66°,  is  most  advantageous  for  the 
cuDimcQcemcnt.  The  warmlh  of  the  wort  as  it  comes  into  the  gyle-tun  must  be  modi- 
fied by  thai  of  the  air  in  the  apartment.  In  winter,  when  this  apartment  is  cold,  the 
wuit  should  not  be  cooled  under  64°  or  60°,  as  in  that  case  the  fermentation  would  be 
tedious  or  interrupted,  and  Ihe  wort  liable  lo  spoil  or  become  sour.  In  summer,  when 
Ihi'  temperature  of  the  place  rises  to  above  75°,  the  wort  should  be  cooled,  if  possible, 
down  10  65",  for  which  purpose  il  should  be  let  in  by  the  sysiera  of  double  pipes,  above 
mentioned.  The  hisher  the  temperature  of  the  wort,  Ihe  sooner  will  the  fermentation 
be^in  and  end,  and  the  less  is  it  in  our  power  to  regulate  lis  prt^ress.  The  expert 
brewer  must  steer  a  middle  course  between  these  two  extremes,  which  threaten  lo  de- 
slroy  his  labors.  In  some  breweries  a  convoluted  pipe  is  made  to  traverse  or  go  round 
the  sides  of  the  gyle-tun,  throngh  which  warm  water  is  allowed  lo  flow  in  winler,  and 
cold  in  summer,  so  as  lo  modify  Ihe  temperature  of  Ihe  mass  to  the  proper  feimenling 
pilch.  If  there  be  no  contrivance  of  ihis  kind,  the  apartment  may  be  eooled  it  summer, 
by  suspending  wet  canvass  opposite  the  windows  in  warm  weather,  and  kindling  a  small 
eiove  within  it  in  cold. 

When  the  worl  is  discharged  into  the  gyle-ton,  il  must  receive  its  dose  of  yeasl,  which 
has  been  previously  miieil  wilh  a  quantity  of  the  worl,  and  left  in  a  warm  place  lill  it 
has  be!;un  to  ferment.  This  mixture,  called  lobb,  is  then  lo  be  put  into  ihe  tun,  and  stir- 
red well  through  the  mass.  The  yeast  should  be  taken  from  similar  beer.  lis  quantity 
ma.-t  depend  upon  the  temperature,  strength,  and  quantity  of  the  wort.  In  general,  one 
gallon  of  yeast  is  solficienl  to  sel  100  gaUonsof  wort  in  complete  fermentation.  An  ex- 
cess of  yeast  is  to  be  avoided,  lest  the  fermentation  should  be  loo  violent,  and  be  finished 
in  less  than  Ihe  proper  period  of  6  or  8  days.  More  yeast  is  required  in  winter  than  tn 
summer;  for,  at  a  leniperalure  of  50°,  a  double  quantity  may  be  used  lo  ibat  at  68°. 

Sis  or  eight  hours  after  adding  Ihe  yeast,  the  tun  being  meanwhile  covered,  Ihe  fer- 
mentation becomes  active  :  n  while  milky-looking  froth  appears,  first  on  the  middle,  and 
spreads  gradually  over  the  whole  surltice ;  but  continues  highest  in  the  middle,  forming 
a  tiolhy  elevation,  the  height  of  which  increases  wilh  the  progress  of  the  fermentation, 
and  who«e  color  gradually  changes  lo  a  bright  brown,  the  result,  apparently,  of  ihe  oxy- 
dation  of  the  extractive  contained  in  this  yeasty  lop.  This  covering  screens  the  wort 
liom  the  contact  of  the  atmospherical  air.  During  this  lime,  there  is  a  perpetual  disen- 
gagement ofcarMnic  Bcid  gas,  which  is  proportional  to  the  quantity  of  sugar  converted 
into  alcohol.  The  warmth  of  Ihe  fermenting  liquid  increases  at  the  same  lime,  and  is  at 
a  ma\imum  when  the  fermentation  has  come  to  its  behest  point.  This  increase  of 
temperilure  amounts  to  from  9°  lo  14°  or  upwards,  and  is  the  greater  the  more  rapid  the 
fermentation.  But  in  general,  the  fermenlalion  is  not  allowed  to  proceed  so  far  in  the 
gyle-lun,  (or  after  it  is  advanced  a  little  way,  ihe  beer  is  cleatiaed,  that  is,  drawn  off  inlo 
oilier  vessels,  which  are  large  barrels  set  on  end,  with  large  openings  in  their  top,  fur- 
nished wilh  a  sloping  tray  for  discharsing  an  excess  of  yeast  into  the  wooden  trough,  in 
which  the  ttiUions  stand.  These  sHllioas  are  placed  In  communicalion  with  a  slcre-lub, 
which  keeps  them  always  full,  by  hydrostatic  pressure,  so  Ihat  the  head  of  yeasl  may 
Eponlaneousiy  flow  over,  and  keep  the  body  of  liquor  in  Ihe  cask  clean.  This  aiiparatus 
will  be  explained  in  describing  the  brewery  plant.    See  Ihe  figures,  bifid. 

Il  must  be  observed,  that  the  quanlily  of  yeasl,  and  the  heat  of  fermenlalion,  differ 
foi  every  diflerent  quality  of  beer.  For  mild  ale,  when  the  fermenlalion  has  reached  73° 
ilT  first  flavor  begins;  at  80°  the  flavor  increases;  at  86°  il  approaches  the  high 
flavor;  al  90°  it  is  high;  but  il  may  be  carried  to  100°  and  upwards,  for  particular 
purposes.  A  worl  of  30lbs.  per  barrel  (sp.  gr.  1-088),  ought  to  increase  abonl  15°, 
so  that  in  order  lo  arrive  al  80°,  it  should  be  set  at  65°.  The  quantity  of  yeast  for  such 
an  ale  should  be  from  2  to  3  lbs.  per  barrel  The  hiaher  Ihe  heat,  the  less  yeosl  is  ne- 
^^essa^y.  If  the  heal  of  the  fermontaliuu  shonid  at  any  lime  fail,  it  must  be  raised  by  6 
Btipjdy  of  fresh  yeasl,  well  stirred  in;  but  Ibis  practice  is  not  advisable  in  general, 
because  rousing  Ihe  worts  in  the  gyle-lun  is  apt  lo  communicate  a  rank  flavor  of  yeasl 
to  Ihc  ale.     It  is  the  practice  of  many  e^tperienced  brewers  to  look  every  2  hours  inlo  thf 
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»f  le-lun,  ciiiefly  with  the  view  of  observing  the  proeress  of  the  heat,  which  is  low  al 
liijl,  but  afterwiirils  often  increases  half  a  degree  per  hour,  and  suhsequenlJy  deelinef,  aa 
tlie  fernjcnialion  approaches  its  conclusion,  till  at  iennlh  the  heat  Tiecomcs  iiniform,  or 
fomelinics  decreases,  before  the  feimentalion  is  iinished,  especially  where  the  quanlilj 
operated  upon  is  smalL 

Some  brewers  reiomnienil,  when  the  fermentalion  is  carried  to  its  utmost  period,  to  add 
ahout  7  lbs.  of  wheat  or  bean  floor  to  a  gyle-tun  of  g5  or  30  barrels,  at  (he  lime  of  ifcon- 
shig,  so  as  to  quicken  the  discharge  of  the  yeast,  by  disengajienienl  of  more  earbonic  ociil. 
The  flour  should  be  whisted  up  in  a  pail,  with  some  of  ihe  beer,  till  the  lumps  are  bro- 
ken, and  then  poured  in.  By  early  cleansing,  the  yeast  is  preserved  longer  in  a  slate 
priiper  for  a  perfect  fermentation  than  by  a  contrary  practice. 

For  old  ale,  which  is  lo  be  long  tept,  the  heat  of  Ihe  feimentation  should  not  exceed 
75°,  but  a  longer  lime  is  required  to  complete  the  fermentation  and  ensure  Ihe  future 
good  flavor  of  the  ale. 

For  pniter,  the  genera]  prnciice  is,  to  use  from  4  to  4J  lbs.  ofhops  per  barrel  for  teep- 
in|; ;  ttiougb  what  is  termed  mild  or  miixing  pcj  ter,  hoe  not  more  than  3  or  3  J  lbs.  1  he 
heal  of  fermentation  mast  not  exceed  KF,  and  begin  aboul  60°.  If  the  heat  tend  to  in- 
crease much  above  Ihat  pitch  in  Ihe  gyle-tun,  the  poller  should  be  cleansed,  by  means  of 
the  alilliona.  Al  thi::  period  of  Ihe  fermentation,  care  should  be  taken  that  the  sweetness 
of  the  malt  be  removed,  for  which  purpose  more  yeast  may  be  ised  than  witli  any  other 
beer  tf  the  same  sliengtli.  The  qnantily  is  from  3  to  4  lbs.  per  barrel,  rousina  the  wort 
in  the  eyie-lan  every  2  hours  in  Ihe  day-lime. 

When  the  plan  of  cleansing  casks  is  not  employed,  the  yeast  is  removed  from  the 
surfBce  of  the  fermenting  tun  by  a  skimmer,  and  the  clear  beer  beneath  is  then  drawn 
oft  into  the  ripening  tuns,  called  nlore-rals,  in  which  it  is  mixed  up  with  different  brew- 
ings, lo  suit  Ihe  taste  of  the  cnslomers.  This  transfer  most  lalie  place  whenever  the 
eilrication  of  carbonic  acid  has  nearly  ceased ;  lest  the  alcohol  formed  should  dissolve 
some  of  the  floaline  yeast,  acqaiie  thereby  a.  disagreeable  taste,  and  pass  partially  into 
the  acetous  state. 

In  this  process,  durins  the  formation  of  vinous  spirit  at  the  expense  of  the  sugar,  the 
albumen  and  ginten  diflnsed  through  the  beer,  being  acted  upon  by  the  alcohol,  become 
insoluble;  one  portion  of  them  is  buoyed  lo  the  top  with  llie  carbonic  acid  gas,  to  form 
the  frothy  yeast;  and  another  portion  falls  to  form  ihe  bottom  barm.  The  former  con- 
sists of  the  same  materials  as  the  wort,  with  a  large  proporiion  of  gluten,  which  forms 
its  active  constituent;  Ihe  tatter  is  a  peculiar  deposile,  consisting  of  Ihe  same  gluten  miied 
with  the  various  dense  imptii  ilies  of  the  wort,  and  may  be  also  used  as  a  ferment,  but  is 
cruder  than  the  floating  yeast.  The  amount  of  yeast  is  propottional  to  the  activity  of  the 
fermenlation,  or  extricalion  of  carbonic  acid  gas,  as  also  to  the  heat  of  the  mashing  pro- 
cess, and  the  quantity  of  starch  or  flour  unaltered  by  germination,  Pale  malt  afliirds, 
usually,  avKt  yeast  than  malt  highly  kilned.  When  Ihe  jeast  becomes  excessive,  from 
too  violent  fermentation,  it  should  be  skimmed  oiffrom  time  to  time,  which  will  tend  to 
cool  Ihe  liquor  and  moderate  the  intestine  changes. 

After  ilie  beer  is  let  down  into  the  close  store-tuns  in  the  cellar,  an  obscure  fennenla- 
tjon  goes  on,  for  a  consulerable  period.  In  its  body,  which  tncreast^  its  spirituous  strength, 
and  keeps  up  in  it  a  constant  impregnation  of  carbonic  acid  gas,  so  as  lo  render  it  lively 
and  agieeaMe  to  Ihe  taste,  when  it  (S  casked  off  for  sale,  ll  would  appear  that  beer  is 
never  stationary  in  quality,  while  it  is  contained  in  Ihe  tuns  ;  for  (he  moment  when  it 
ceases  to  improve  by  Ihe  decomposition  of  its  residuary  sugar,  it  begins  to  degenerate 
into  vinegar.  This  resall  may  be  produced  either  by  the  exhaustion  of  the  saccharine, 
or  by  the  fermentative  mailer.  The  store  cellar  should  therefore  be  under  ground,  free 
from  allernalions  of  lemperatnre,  vibrations  of  carriapes,  and  as  cool  as  possible.  In  Ihe 
great  London  breweries  Ihe  fermentalion  is  rendered  very  complete  in  Ihe  cleansing 
butts ;  so  that  a  slow  and.  steady  ripening  is  ensured  in  the  great  store-tuns.  The  gyte- 
,  tuns  are  loo  capacious  lo  permit  Ihe  fermenlation  to  be  finished,  with  either  safely  or 
suljicieni  despatch  in  them. 

v.  OrEirENiNGDlFFEBENTKiNDS  OF  BErji.— The  Varieties  ofhcer  depend  either  ttpon 
Ihe  diflerence  of  their  materials,  or  from  a  different  manaEemrnt  of  Ihe  brewing  processes. 
With  regard  to  the  materials,  beers  diflcr  in  the  proportion  of  their  malt,  hops,  and 
water ;  and  ill  the  diflerent  kinds  of  matt  or  olher  grain.  To  the  class  of  table  or 
small  beers,  all  those  sorts  may  be  refeiTed  whose  specific  gravity  does  not  c:scted  r0£5, 
which  contain  about  6  per  cent,  of  malt  extract,  or  nenrly  18  pounds  per  barrel.  Beers 
ol  middling  slrenBlh  may  be  reckoned  those  between  the  density  of  1-025  and  1040; 
which  contain  at  the  average  7  per  tent,  or  25  pounds  per  barrel.  The  latter  may 
be  made  wilh  400  quarters  of  malt  lo  1500  barrels  of  beer.  Stronger  beers  have  a 
specific  gravity  of  from  I'OSO  to  l-OSO,  and  take  from  45  lo  75  quarters  of  malt  to 
the  same  quantity  cf  beer.  Tlie  strongest  beer  found  in  ihe  market  is  some  of  the 
English  and  Scotch  ales,  ibr  which  from  18  to  27  quarters  of  mall  art   taken  for  I50C 
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pallor,3  of  beer.    Gooil  porter  reiiiiires  from  16  to  1  E 

art  sometimes  made  wiih  ihe  addition  of  olher  fit 

when  Ihe^  latter  constitutes  the  main  portion  of  t  mal 

kinds  of  corn   becomes  unnecessary,  for   the  diasl  m 

stariih  into  sugar  during  the  mashin?  operation.     E         w  h        re         w  j;         he 

is  made  in  eonie  parts  of  the  Continent,  the  brew 

slarcli  into  Sugar  to  the  action  of  the  clulen  alone  w  la         i     m 

(he  principle  of  Saussure's  and  Kirchoff's  researche 

The  color  of  the  teer  depends  upon  the  color  of         m 
boil  in  the   cop|ier.    The  pale  ale  is  made,  as  we  h  m 

mall,  and  the  youn?  shoots  ofthe  hop;  the  deep  y  mm  tl 

yellow'  and  brown  mall ;  and  the  durk  brown  bee      rom  well  ar 

bnnized  malt,  mixed  with  a  Itood  deal  of  the  pale,  to  od  m 

Siran^lj  heated  the  malt  has"  been  in  the  kiln,  the  le 
does  it  afford.     In  matinc;  the  line  nild  ales,  hizh     mpe         es 
md  the  yeast  ousht  to  be  skimmed  o\r,  or  allowed       fl  ry   ead  m 

means  of  the  cleansing  butt  system,  so  that  little  fe  m  g         in  ec  ropose 

the  rest  of  the  sagar,  the  sweetness  may  remain  u    m       ed  ega  d        po 

in  certain  breweries,  each  of  the  three  kinds  of  mal     m       ed  is      pa 

mashed,  after  which  the  first  and  the  half  of  the  s  co      w  bo  ed  al    g 

whole  of  the  hops,  and  thence  cooled  and  set  to  fe  m  ej  T  d 

drswn  wort,  with  the  remaining  half  of  the  second,  is  bo 

saved  by  the  drainer,  and,  after  cooling,  added  to  th 
two  mnst  be  well  roused  together. 

It  is  obvious,  from  the  preceding  development  of  11  d 

saccharine  materials,  such  as  potatoes,  beans,  turnips  ca 

molasses,  &c.,  may  be  used  in  brewing  beer.    Wh  pen 

brown  beer  is  desired,  malted  barley  is  indispensab  es  e« 

a  mixture  of  it  is  most  advantageous.    The  washed    oo         th        mm 
red  and  yellow  heel,  or  of  the  potato,  must  be  first  bo  ed        w  mas 

into  a  pulp.    This  pulp  must  be  mixed  with  water  PP    ,         g  w       whea 

or  oat  meal,  and  the  proper  quantity  of  hops,  then  boiled  during  8  or  9  hours.  This 
wort  is  to  be  cooled  in  the  usual  way,  and  fermented,  with  the  addition  of  yeast. 
A  much  better  process  is  that  now  practised,  on  a  considerable  scale,  at  Slrasboni^,  in 
making  the  ale,  for  which  that  city  is  celebrated.  The  mashed  potatoes  are  mixed  with 
from  a  twentieth  to  a  tenth  of  their  weight  of  finely  ground  barley  mall,  and  some 
water.  The  mixture  is  exposed,  in  a  water-bath,  lo  a  heal  of  160°  F.  for  four  hours, 
whereby  it  passes  into  a  saccharine  state,  and  may  then  he  boiled  with  hops,  cooled,  and 
properly  fermented  into  good  beer. 

Maize,  or  Indian  com,  has  also  been  employed  to  make  beer;  but  its  mailing  is 
somewhat  difficult  ou  account  of  the  rapidity  and  vistor  with  which  its  radicals  and 
plumula  sprout  forth.  The  proper  mode  of  causing  il  to  germinate  is  to  cover  it,  a  few 
inches  dee[],  with  common  soil,  in  a  garden  or  field,  and  to  leave  it  there  till  the  bed  is 
covered  with  green  shoots  of  the  plant.  The  corn  must  be  then  lifted,  washed,  and 
exposed  to  the  kfln. 

The  Differeiux  of  the  Fern,  ta  —The  gr  iter  or  less  rapidity  with  which  tha 
worts  are  made  to  ferment  ha  a  a  kabl  fluence  upon  the  quality  of  the  beer, 
especially  in  reference  to  its  fi  f     k    p  ng     The  wort  is  a  mucilaginous  solution 

in  which  the  yeasty  principle  1  m  uat  d  by  tie  fermentation,  will,  if  favored  by 
regular  and  slow  intestine  mo  em  nt  mpl  t  ly  rise  lo  the  surface,  or  sink  to  the 
bottom,  so  as  to  leave  the  body  Sn  B  t  wh  n  ihe  action  is  too  violent,  these  barmy 
glutinous  matters  get  comminnt  d  and  d  pe  ed  through  the  liquor,  andean  never  after- 
wards be  thoroughly  separated.  A  po  on  of  tie  ame  feculent  matter  becomes,  moreover, 
permanently  dissolved,  during  this  furious  commotion,  by  the  alcohol  that  is  generated. 
Thus  the  beer  loses  not  merely  its  agreeable  flaior  and  limpidity,  bi«  is  apt  to  spoil 
from  the  slightest  causes.  The  slower^  more  regularly  progressive,  and  less  interrupted, 
therefore,  the  fermentation  is,  so  much  belter  will  the  product  be. 

Beer,  in  its  perfect  condition,  is  an  excellent  and  healthful  beverage,  combining,  in 
some  measure,  the  virtnes  of  water,  of  wine,  and  of  food,  as  it  quenches  thirst,  slimnlates, 
cheers,  and  strengthens.  The  vinous  portion  of  il  is  the  alcohol,  proceeding  from  the 
fermentation  of  the  malt  sugar.  Its  amount,  in  common  strong  ale  or  beer,  is  about 
4  per  cent.,  or  four  measures  of  spirits,  specific  gravity  0-825  in  100  measures  of  the 
liquor.  The  best  brown  stout  porter  contains  6  per  cent.,  the  strongest  ale  even  8  per 
cent. !  but  common  beer  only  one.  The  nutritive  part  of  the  beer  is  the  undecomposed 
gum-sugar,  and  the  slarch-gum,  not  changed  into  sugar.  Its  quantity  is  very  variable, 
BCconling  to  the  original  starch  of  the  wort,  the  length  of  the  fermentation,  and  the  agt 
of  the  btcr 
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The  main  fealure  of  piod  beer  is  fine  color  and  transparency ;  the  produetjon  of 
xv-bich  is  an  ubject  of  great  interest  lo  the  brewer.  Attempts  to  clnrily  it  in  tb(  cask 
seldom  fail  to  do  it  barm.  The  only  thing  that  can  be  used  with  adiantB!»e  for  fiiirng 
I'ljul  or  tuuddy  beer,  is  isinglasB.  For  porter,  as  commontj  brewed,  It  is  frequently  had 
reconree  tc.  A  pound  of  good  isinglass  will  make  abont  12  gallons  of  ^niwgj.  Il  a 
cut  into  slender  shreds,  and  pul  into  a  tub  with  os  much  vinegar  or  hard  beer  as  will 
eover  11,  in  order  thai  it  may  sweU  and  dissolve.  In  proportion  as  the  solution  proceed<:, 
more  beer  must  be  poured  upon  it,  but  il  need  not  be  so  aeidulous  as  the  first,  beeau^e, 
when  ouce  well  softened  by  the  vinegar,  it  readily  dissolves.  The  miiLture  should  be 
frequently  agitated  with  a  bundle  of  rods,  till  it  acquires  the  uniform  consistence  of  thin 
'•vacle,  when  it  must  be  equalized  Klill  moic  by  passing  through  a  tauimy  cloth,  or  a 
sieve.  li  may  now  be  made  up  with  beer  to  the  proper  ;neasure  of  dilution.  The 
qi^antity  generally  used  is  from  a  pint  to  a  quart  per  barrel,  mure  or  less,  aceoidins  t(i 
the  foulness  of  the  beer.  But  before  putting  it  into  (he  butt,  il  should  be  diffused 
through  a  considerable  volume  of  the  beer  with  a  whisk,  (ill  a  frothy  heao  be  raised 
upon  it.  It  is  in  this  state  to  be  poured  into  the  cask,  briskly  stirred  about;  aflei 
which  the  cask  must  be  bunged  down  for  at  least  24  hours,  when  the  liqtior  should  be 
limpid.  Sometimes  the  beer  wilJ  not  ^e  improved  by  this  treatment ;  but  this  should 
be  ascertained  beforehand,  by  drawing  ff  m  f  Ih  be  to  tindrie  jar  or  vial, 
and  adding  to  il  a  little  of  the  fininss.  Ait  b  It  g  d  t  down  the  glass,  we 
shall  observe  whether  the  fcculencies  b  t  II  t  flclyp  eels,  which  slowly 
subside;  or  whether  Ihe  isinglass  falls  loth  b  I  m  with  t  m  k  g  any  ■  impression 
upon  Ihe  beer.    This  is  always  the  cas   wh      lb     f   m    1  t  complete,  or  a  se- 

condary decomposition  has  b^un.    Mr.  J    1         hn  ed  f     Ihis  clarifying  eflcct 

of  isinglass  in  the  following  way. 

The  isinglass,  he  Ihinks,  is  first  of  all  II  d  IT  ed  m  h  lly,  than  chemically 
dissolved,  in  Ihe  pour  beer  or  vinegar,  so  that  wh  h  fi  i  es  a  e  vut  into  the  foul  beer, 
Ihe  gelatinous  fibres,  being  set  free  in  the  liquor,  attract  and  unite  with  ihe  floating  fccu- 
lencies, which  before  this  union  were  of  the  same  specific  gravity  wilh  the  beer,  and 
therefore  coukl  not  subside  alone;  but  having  now  acquired  additional  weight  by  Ihe 
coating  offish  glae,  precipitale  as  a  floceulent  magma.  This  is  Mr.  Jackson's  explana- 
tion ;  to  which  I  would  add,  that  if  there  be  the  slightest  disensagrment  of  carbonic 
acid  eas,  itwill  keep  up  an  obscure  locomotion  in  the  particles,  which  will  prevent  the  said 
l^Jil  impurities,  either  alone  or  when  coated  with  isinglass,  from  subsiding.  The  beer 
is  Ihen  jwoperly  enough  called  il'ibbom  by  the  coopers.  Bui  the  true  theory  of  the  action 
of  isinslasB  is,  that  the  tannin  of  the  hops  combines  wilh  Ihe  fluid  gelatine,  and  forms  a 
flocculent  mass,  which  envelopes  the  muddy  particles  of  the  beer,  and  carries  them  io  the 
bottom  as  it  falls,  and  forms  a  sediment.  When,  ofler  the  finings  ara  poured  in,  no 
pi'opei  precipitate  ensues,  it  may  be  made  lo  appear  by  the  addition  of  a  little  decoction 

Mr.  Richardson,  the  author  of  the  well-known  brewer's  saccharometer,  giT'Ss  the 
follon'ing  as  the  densities  of  dilTerent  kinds  of  beer  : — 


Bfer. 

Pounds  pt,  Eirrd. 

SfedHc  UiBvilj.             1 

Burton  ale,  1st  sort       - 

40  to  43 

Mil  to  M20 

2d  ditto  - 

So  to  JO 

1-097  to  Mil 

J-077  to  1-092 

Common  ale    .... 

25  to  27 

J-070  lo  1-073 

Ditto  ditlo 

1-058 

18 

1-050 

Dittb,  double       ...        - 

20 

1-055 

Dilto,  brown  stout   - 

23 

1-064 

Ditto,  best  brown  stout 

6 

Good  table  beer  - 

12  to  14 

0/ Jlduras  or  JWuKifesidTtams.— When  small  beer  is  brewed  after  a!e  or  porter,  only 
one  mash  is  lo  be  made  ;  but  where  this  is  not  done,  there  may  be  two  mashes,  in  order 
to  economize  malt  to  the  utmost.  We  may  let  on  the  waler  at  160°  or  165",  Il  any 
convenient  quaiilily,  infuse  for  an  hour  or  thereby,  then  run  it  off,  and  pump  into  the 
copper,  putting  some  hops  into  It,  and  causing  it  lo  boil  for  an  instant;  when  it  may  be 
lrant.ferred  to  the  cooler,  A  second  mash  or  return  may  be  made  in  ihe  same  manner, 
but  at  a  heal  5°  lower;  and  Ihen  disposed  of  in  the  boiler  with  some  hops,  which  may 
remain  in  the  copper  during  the  night  at  a  scalding  heal,  and  may  be  discharged  int6 
Iho  cooler  in  the  morning.  These  two  returns  are  to  he  let  down  into  the  under- 
back  immediately  before  tha  next  brewii^,  and  thence  healed  in  Ihe  copper  for  the  next 
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maBhlng  of  fresh  mall,  instead  of  hot  water,  commonly  called  Hqvor,  in  Ihe  brewcrira, 
But  allowance  must  be  made,  in  the  calculation  of  the  worts,  for  the  quantilj  of  fennenl- 
alile  matter  in  these  two  returns.  The  nett  aj^regate  saving  is  estimated  from  tht 
gravity  of  Ihe  return  talten  when  cold  in  the  cooler.  A  slight  economy  is  also  maile  in 
the  extra  boilii^  of  the  used  hops.  The  lapse  of  a  day  or  two  between  the  consecutive 
brewin<^  is  no  objection  to  the  method  of  relunn,  because  they  are  too  weak  in  sacchn 
cine  matter  to  run  any  risk  of  fermentation. 

In  conclusion,  it  may  be  remarked  Ibat  Mr.  Bichardson  somewhat  underrvtes  Ihe 
g-avity  of  porter,  which  is  now  seldom  under  20ibs.  per  barrel.  The  criterion  Cor  Irans- 
femng  from  the  gjle-tan  to  Uie  cleansing  butts  Is  the  attenuation  canseil  by  the  produc- 
tiun  («r  alcohol  in  Uie  beer  -.  when  thai  has  fallen  to  lOlbs.  or  1  libs.,  which  it  nsually  dues 
in  48  hours,  the  cleansing  RroceBS  is  commenced.  The  heat  is  al  this  lime  generally  7^, 
if  it  was  pitched  at  65°;  for  the  heal  and  the  ottenuation  go  hand  in  hand. 

About  thirty  yaars  ago,  it  was  customary  for  the  London  brewers  of  porter  to  keep 
immense  stocks  of  it  for  eighteefl  months  or  two  years,  with  the  view  of  improving  its 
qualiiy.  The  beer  was  pumped  from  the  cleansing  butts  into  store-vats,  holding  fVota 
twenty  10  Iwenly-five  gyles  or  brewings  of  several  hundred  barreb  each.  The  store-vats 
had  commonly  a  capacity  of  5(XH)  or  6000  barrels ;  and  a  few  were  double,  and  one  was 
Irebia,  this  size.  The  porter,  during  its  long  repose  in  these  vats,  became  fine,  and  by 
obscare  fermentation  its  saccharine  mucilage  was  nearly  all  converted  into  vinous  liquor, 
and  dissipated  in  carbonic  add.  Its  hop-bitter  was  also  in  a  great  degree  decomposeii. 
Good  hard  beer  was  the  boast  of  the  day.  This  was  sometimes  softened  by  Ihe  publican, 
by  the  addition  of  some  mild  new-brewed  beer.  Of  late  years,  the  taste  of  the  metro- 
polis has  undergone  such  a  complete  revolution  In  this  respect,  that  nothing  but  tlie 
mildest  porter  will  now  go  down.  Hence,  six  weeks  is  a  long  period  for  beer  to  he  kept 
in  London ;  and  much  of  it  is  drank  when  only  a  lortnight  old.  Ale  is  for  Ihe  same  rea- 
son come  greatly  into  vogue;  and  the  two  greatest  porter  houses,  Messrs.  Barclay, 
Perkins,  &  Co.,  and  Truman,  Hanbiiry,  &  Co.,  have  become  extensive  and  successlni 
brewers  of  mild  ale,  to  please  the  changed  palate  of  their  customers. 

We  shall  add  a  few  observations  upon  the  brewing  of  Scotch  ale.  This  beverage  is 
characterized  by  its  pale  amber  color,  and  its  mild  balsamic  flavor.  The  bitterness  of 
(he  hop  is  so  mellowed  with  the  mail  as  not  to  predominate.  The  ale  of  Preston  Pans 
is,  in  fact,  the  best  substitute  for  wine  which  barley  has  hitherto  produced.  The  low 
temperature  at  which  Ihe  Scotch  brewer  pitches  his  fermenting  tun  restricts  his  labors 
to  the  colder  months  of  the  year.  He  does  nothing  during  four  of  the  summer  months. 
He  is  extremely  nice  in  selecting  his  malt  and  hopsj  the  former  being  made  from  the  best 
English  barley,  and  the  latter  being  the  growth  of  Farnham  or  East  Kent.  The  yeast  is 
carefully  looked  after,  and  measured  into  the  fermenting  tun  in  the  proportion  of  one 
gallon  to  240  gallons  of  wort. 

Only  one  mash  is  made  by  the  Scotch  ale  brewer,  and  that  pretty  strong ;  but  the 
malt  IS  exhausted  by  eight  or  ten  successive  sprinklings  of  liquor  (hot  water)  over  the 
goods  <malt>,  which  are  termed  in  the  vernacular  loi^e,  sparges.  These  waterii^s 
percoHte  through  the  malt  on  the  mash-tun  bottom, and  extract  as  much  of  the  saccharine 
matter  as  may  be  suffleient  for  the  brewing.  By  tliis  simple  method  mach  higher  specific 
giivittes  may  be  obtained  than  would  be  practicable  by  a  second  mash.  Vith  malt,  the 
infusion  or  saccharine  fermentalion  of  the  diastase  is  finished  with  the  first  mash;  and 
Dolhmg  remains  bat  to  wash  away  from  the  goods  the  mailer  which  that  process  has 
rendered  soluble.  It  will  be  (bund  on  trial  that  30  barreb  of  wort  drawn  from  a  certain 
quantity  of  malt,  by  two  successive  masbings,  will  not  be  so  rich  in  fermentable  mailer 
as  20  barrels  extracted  by  ten  successive  spai^es  of  two  barrels  each.  The  grains 
al\VB^s  remain  soaked  wilb  wort  like  that  just  drawn  off,  and  the  total  residual  quantity 
IS  ll  ree  hurlhs  of  a  barrel  for  every  quarter  of  malt.  The  gravity  of  this  residual  wort 
wilt  on  the  first  plan  be  e<]ual  to  that  of  the  second  mash  ;  but  on  the  second  plan,  it 
will  be  equal  only  to  that  of  llie  tenth  spar^,  and  will  be  more  attenuated  in  a  very  high 
geometrical  ratio.  The  only  serious  objection  to  the  sparging  system  is  the  loss  of  lime 
by  the  successive  drainages.  A  mash-tun  with  a  steam  jacket  promises  to  suit  the 
sparging  system  well ;  as  it  would  keep  up  a  uniform  temperature  in  the  goods,  without 
requiring  Ihem  to  be  sparged  with  very  hot  liquor. 

The  first  part  of  the  Scotch  process  seems  of  doubtfid  economy;  for  the  mash  liquor  is 
Seated  so  high  as  180°.  After  mashing  for  about  half  an  hour,  or  till  every  particle  of 
the  molt  is  thoroughly  dreiiched,  the  tun  is  covered,  and  the  mixture  left  to  infuse  about 
Qiree  hours ;  it  is  then  drained  oif  into  the  under-back,  or  preferably  into  the  wort 
copper. 

After  this  wort  is  run  off,  a  quantity  of  liquor  (water),  at  180°  of  heat,  is  sprinkled 
uniformly  over  the  snnlice  of  the  malt;  being  Ijrst  dashed  on  a  perforated  circulal 
hoard,  suspended  horizontally  over  the  mash-tnn,  wherefrom  It  descends  like  a  shawei 
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upon  Ilie  wliole  of  the  goods.  The  pcrcolalina:  wort  is  allowed  to  flow  off,  uy  tliree  ot 
mure  smoll  stopcocks  round  the  vircnmference  of  the  mash-tnii,  to  easuce  tlie  equal  diJ^ 
fusion  of  tlie  liquor. 

The  fitBt  Epurge  being  nin  off  in  Uie  course  of  twenty  rninuies,  another  Bimilar  one 
is  aflitsed ;  and  thus  in  succession  till  the  whole  of  the  drainage,  when  rnixcd  with  the 
liist  iTjash-wort,  constitutes  the  density  sdapled  to  tlie  quality  of  the  ale.  Thus,  the 
strong  woris  are  prepared,  and  the  mall  is  exhausted  eiiiier  for  table  beer,  or  for  i' 
relnrn,  as  pointed  out  above.  The  last  sparges  aie  made  5°  or  6"  eooier  than  tht 
fii-Gt. 

The  quantity  of  hops  seldom  exceeds  fonr  pounds  to  the  qoarlec  of  mall.  The  manner 
cf  heiling  the  worts  is  the  same  as  that  above  described ;  but  the  conduct  of  the  fei- 
menlalirm  is  peculiar.  The  heat  is  pitched  at  50°,  and  the  ietmentaljon  conlinnes  from 
a  fortnight  to  three  weehs.  Were  three  hrewings  made  in  the  week,  seven  or  eighi 
woi-king  luns  would  thus  be  in  constant  action  j  and,  as  they  are  nsiisJy  in  one  room, 
and  fonie  of  them  at  an  elei-alion  of  lemperatnre  of  15°,  the  apartment  njust  be  pro- 
pitious lo  fermentation,  however  low  its  heat  may  bo  at  the  commencement.  Ko  mrin; 
yeast  is  nsed  than  js  indispensable ;  if  a  lillle  more  be  needed,  it  is  made  eiTeeiive  bi 
rousing  up  the  tnns  twice  a  day  from  the  bottom. 

IVhen  the  progress  of  the  atlennatlon  becomes  so  slaclc  as  not  to  eiceed.half  a  pound 
in  the  day,it  is  prudent  lo  cleans e,  otherwise  the  top-baim  jiigbt  re-enter  the  body  of  Ihe 
beer,  and  it  would  become  yeaai-iitUn.  When  the  ale  is  cleansed,  the  head,  which  has 
not  been  disturbed  for  some  days,  is  allowed  to  float  on  the  surface  till  the  whole  of  the 
Ihfn  pore  ale  is  diawn  off  into  tlie  tasks.  This  lop  is  regarded  as  tt  sufficient  pceEer('ative 
againtl  the  contact  of  the  atmosphere.  The  Scotch  do  not  sltim  their  tuns,  as  the  Lon- 
don ale  brewers  commonly  do.  The  Scotch  ale,  when  so  cleansed,  does  not  require  to 
be  set  upon  close  slillions.  It  Ihiows  off  Utile  or  no  yeast,  because  (he  fermentation 
was  nearly  finished  in  Ihe  lun.  The  strength  of  the  best  Scotch  ale  ranges  between  S2 
and  44  pounds  to  the  barrel  i  or  il  has  a  specific  gravity  of  liom  1'088  to  1"122,  according 
to  the  price  at  which  it  is  sold.  In  a  good  fermentation,  seldom  more  than  a  fotirUi  of 
the  original  gravity  of  the  wort  remains  at  the  peiiod  of  Ihe  cleansing.  Between  one 
third  and  one  fourth  is  the  nsual  degiee  of  allenualibn.  Scotch  ale  soon  becomes  fine, 
and  is  seldom  racked  for  the  home  market.  The  following  table  will  show  the  progress 
of  fermentation  in  a  brewing  of  good  Scotch  ale : 

20  barrels  of  mash-worts  of  ^Sj  pounds  gravity  =  860-6 
20      —  returns  C^L  =  122 

12  )  982-6 

pounds  weight  of  extract  per  quarter  of  malt  =  81 


Fermentntion  i— 


4  gallons. 

11  pounds. 

39 

34 

29  added  1  lb.  of  yeast. 


lbs.   per  Itnrlfl   nfispecific  Gravity  of 

LiK  per  Uirrri  n! 

Art=m=ti<™  or  Sar- 

Sacdiurino    WkHer 

Ihh  Ale. 

1-0950 

88-73 

1-0500 

40-25 

0-478 

J-0918 

85-62 

1-0420 

38-42 

0-5,52 

1-0829 

78-125 

1-0205 

16-87 

0-787 

80-625 

1-0236 

20-00 

0-757 

1-0780 

73'7g 

1'0280 

0-698 

1-0700 

es-oo 

1-0285 

25-00 

0-615 

Vim 

93-75 

1-0400 

36-25 

0-613 
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Cllisiiial  Gmvilj  of 

'^:r^ri„fMal,°; 

Spedfln  G™,itr  of 

sU',.i,ri'„i"Mft.:r, 

A™„u»ti..,.rS.^ 

M025 

95'93 

1-0420 

3S-42 

0-600 

J -0978 

91-56 

1-0307 

27-00 

0-705 

1-0056 

89-37 

1-0358 

32-19 

0-640 

Mi30 

105-82 

1-0352 

31-87 

0-661 

102-187 

1-0302 

26-75 

0-605 

1-1171 

110-00 

I  0400 

36-25 

0-669 

M030 

96-40 

1-0271 

23-42 

0-757 

1-06SO. 

61-25 

1-0214 

17-80 

0-709 

The  second  column  here  does  not  represent,  I  Ijeliere,  the  solid  extract,  Tint  the  pasty 
Mtiact  obtained  as  the  basis  of  Mv.  Allen's  Eaccharometer,  and  therefore  each  of  its 
numbers  is  somewhat  too  high.  The  last  column,  also,  must  be  in  some  measure  erro- 
neous, on  account  of  the  quantity  of  acoho)  diasipa.ted  during  the  process  of  fermenta- 
tion. It  must  be  likewise  incorrect,  because  Ihe  density  dne  to  Ibe  saccharine  matter 
will  be  partly  counteracted,  by  the  effect  of  the  alcohol  present  in  the  fermented  liquor. 
In  fact,  the  attenuation  does  not  corrcsiiond  to  the  strensth  of  tlie  wort ;  being  g:realc'Sl 
in  the  third  brewing,  nnd  smallest  in  the  first.  The  quantity  of  yeast  for  the  above  ate 
brewings  in  the  table  was,  upon  an  average,  one  gallon  for  108  gallons ;  but  it  varied 
with  its  quality,  and  with  the  state  of  the  weather,  which,  when  warm,  permits  much 
less  to  be  used  with  propriety. 

The  good  quality  of  Ihe  malt,  and  the  r^ht  management  of  the  mashing,  may  be  tested 
by  the  quantity  of  saccharine  matter  contained  in  the  suceessircly  diuwn  worts.  With 
this  view,  an  aliquot  portion  of  each  of  them  should  be  evaporaled  by  a  SBfcty-bafh  heat 
to  a  nearly  concrete  consistence,  and  then  mixed  with  twice  its  yolnme  of  strong  spirit 
of  wine.  The  truly  Gaccharine  substance  will  be  dissolved,  while  the  starch  and  other 
mattei^  will  be  separated;  efler  which  Ihe  proportions  of  each  may  be  delcimlned  by 
filtration  and  evaporation.  Or  an  equally  correct,  and  much  more  expeditious  method  of 
arriving  at  the  same  result  would  be,  after  agitating  the  viscid  extract  with  the  alcohol 
in  a  loll  glass  cylinder,  to  allow  the  insoluble  fecula  to  subside,  and  then  to  determine 
the  specific  gravity  of  the  supernatant  liquid  by  a  hydrometer.  The  additional  density 
which  the  alcohol  has  acquired  will  indicate  the  quantity  of  malt  sugar  which  it  has 
received.  The  following  table,  constraeted  by  me,  at  the  request  of  Henry  Warburton, 
Esq,,  M.  P.,  chairmaQ  of  the  Molasses  Committee  of  the  House  of  Commons  in  1830, 
will  show  the  brewer  ihe  principle  of  Ibis  miportant  inquiry.  Lt  exhibits  the  quantity  in 
grains  weight  of  sugar  requisite  to  raise  Ihe  specific  gravity  of  a  gallon  of  spirit  of  ilif- 
ferenl  densities  to  the  gravity  of  water  —  1-000  ; 

Specific  Griiily  of  Graisj ;  Weight  of  Sugar  in  the 

0-995  "  "980"""' ' 

0-990  1-830 

0-985  2-800 

0-980 

0-975 

0-970 

0-965 

0-960 

0-955 

0-Q50  9-310 

The  immediate  purpose  of  this  table  was  to  show  the  effect  of  saccharine  matter  in 
disEuisii^  the  presence  or  amount  of  alcohol  in  the  weak  feints  of  the  distiller.  But 
a  similar  table  might  easily  be  constructed,  in  which,  lakii^  a  -jnifonn  quantity  of  alco- 
h  il  of  0-825,  for  example,  the  quantity  of  sugar  in  any  wort-extract  would  be  shown  by 
the  increase  of  specific  gravity  which  (he  alcohol  received  fi-om  agitation  with  a  certain 
weight  of  the  wort,  inspissated  to  a  nearly  solid  consistence  by  a  safety-pan,  made  on 
the  principle  of  my  patent  sugar-pan.  (See  Sttgar.)  Thus,  the  normal  quantities 
being  1000  grain  measures  of  alcohol,  and  100  grains  by  weigh!  of  inspissated  mash- 
extract,  the  hydrometer  would  at  once  indicate,  by  help  of  the  table,  first,  the  quantily 
per  cent,  of  truly  saccharine  matter,  and  next,  by  kublraction,  that  of  farinaceous  mailer 
present  in  it. 

Plan,  Machinery,  and  nieuails  of  a  great  Bmoery. — Figs.  113  ami  114  represent  the 
arrangement  of  the  utensils  and  machinery  in  a  porter  brewery  on  the  largest  scale ;  in 
which,  however,  it  must  he  observed  that  the  elevation  fig.  1 13  is  in  a  great  degree  imn- 
ginary  as  to  the  plane  upon  which  it  is  (alren ;  but  the  difierenl  vessels  are  arranf^ed  so  as 


5-600 
6-650 
7-070 
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Tlie  mall  for  the  BU[  plj  1  e  we  v  s  sto  ed  n  asHtrananes  or  mall  oils,  usually 
Bitaalol  in  ihe  nppoi  pait  ofllie  biiililin.s.  Of  the^e,  I  have  been  aWe  to  represent 
anij-  one,  at  A,  fig,  lis  i  the  others,  which  are  sapposed  to  be  on  each  side  of  it,  cannut 
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be  Been,  in  this  view.  Ik  mediately  teneath  tlio  granary  a,  on  the  gtound  flwir,  is  tiif, 
tuill;  inlhe  upper  stuty  above  It,  ore  two  pales  of  coUerSj^gs.  Ill,  112,  and  113,  undef 
a,  a,  Ibr  bruising  or  crushing  the  ^rsiae  of  the  malt.  In  the  floor  beneath  the  roller?  ore 
the  mill-stoneB  6,  6,  where  the  mall  is  Bometimes  ground,  instead  of  being  mclely  Ijtuiseil 
by  passing  between  the  rollers,  nnder  a,  a. 

The  malt,  -when  prepared,  is  conveyed  by  a  trough  into  a  chest  d,  to  the  right  of  b, 
from  which  it  can  be  elevated  by  the  action  of  a  spii'al  screw,  fig.  115,  enclosed  in  the 
sloping  lube  e,  into  the  large  cliest  or  bin  b,  for  holding  ground  malt,  situated  imme- 
diately over  the  mash-Inn  d.  The  malt  is  reserved  in  this  bin  till  wanted,  and  it  is 
then  let  down  into  the  roashing-tun,  where  the  extract  is  obtained  by  Tiot  water  supplied 
from  the  capper  g,  seen  to  the  right  of  a. 

The  water  for  Ibe  service  of  the  brewery  is  obtained  from  the  well  E.seen  beneath  the 
mill  to  the  left,  by  a  lifting  pump  worked  by  the  stsam  engine ;  and  the  forcinft-piiie  / 
of  this  pomp  conveys  the  water  np  to  the  large  reservoir  or  water-back  r,  placed  at  the 
top  of  the  engine-honse.  From  this  cistern,  iron  pipes  are  kid  to  the  copper  g  (on  the 
right-hand  side  of  the  figorel,  as  also  lo  every  part  of  the  establishment  where  cold  water 
can  be  wanted  for  cleaning  and  washing  the  vessels.  The  copper  G  can  be  filled  with 
cold  water  by  merely  turning  a  cock ;  and  the  water,  when  boiled  therein,  is  conveyed 
by  the  pipe  g  nlo  the  bottom  of  the  mash-fun  r.  It  is  introduced  beneath  a  false  bot- 
tom, upon  which  the  mall  lies,  and,  rising  'up  through  the  holes  in  the  false  bottom,  it 
extracts  the  saccharine  matter  from  the  malt ;  a  greater  or  less  time  being  allowed  for  the 
infusion,  .according  to  cu-camstances.  Tul  instant  the  water  is  drawn  off  from  the  copper, 
fresh  water  mnst  be  let  mto  it,  in  order  to  be  ready  for  boiling  the  second  mashing;  be- 
cause the  copper  must  not  be  left  empty  for  a  moment,  otherwise  the  intense  heat  of  tiie 
foe  woald  destroy  its  bottom.  For  the  convenience  of  thus  letting  down  at  once  as  much 
liquoras  will  iill  the  lower  part  of  the  copper,  apan  or  second  boiler  is  pkeed  over  the 
top  of  the  copper,  as  seen  in  fi^.  1)3 ;  and  the  steam  rising  from  the  copper  communi- 
cates a  considerable  degree  of  heat  to  the  contents  of  the  pan,  wil.hoat  any  expense  of 
fuel.    This  wiU  be  more  minutely  explained  hereafter.     (See  fig.  117.) 

During  the  process  of  mashing,  the  malt  is  agitated  in  the  mash-tun  so  as  lo  expose 
every  part  to  the  action  of  the  water.  This  is  done  by  a  mechanism  contained  withiti 
the  mash-tun,  which  is  put  in  motion  by  a  horizontal  shaft  above  it,  H,  leading  from  the 
mill.  The  mash  machine  is  shown  separately  in^g,  116.  When  the  operation  of  masli* 
ing  is  finished,  the  wort  or  extract  is  drained  down  from  the  malt  into  the  vessel  i,  called 
the  nndJV-baS,  immediately  below  the  mash-tun,  oflike  dimensions,  and  situated  always 
onalowec  level,  for  which  reason  it  has  received  this  name.  Here  the  wort  does  not  re- 
main loiter  than  is  necessary  to  drain  off  the  whole  of  it  from  the  tun  above.  It  is  then 
pumped  up  by  the  three-barrelled  pnmp  k,  into  the  pan  upon  the  top  of  the  copper,  by  a 
pipe  which  cannot  be  seen  in  this  section.  The  wort  remains  in  the  pan  until  the  wf  let 
for  the  succeeding  mashes  is  discharged  from  the  copper.  But  this  delay  is  no  less  of 
lime,  because  the  heat  of  the  copper,  and  the  steam  arising  from  it,  prepare  the  wort, 
which  bad  become  cooler,  for  boiling.  The  instant  the  copper  is  emptied,  the  first  wort 
is  let  down  from  the  pan  into  the  copper,  and  the  second  wort  is  pumped  ap  from  the 
undet-baok  into  the  upper  pan.  The  proper  proportion  of  hops  is  thrown  into  the  cop- 
per through  the  near  hole,  and  then  the  door  is  shut  down,  and  screwed  fast,  to  keep  in 
the  steam,  and  cause  it  to  rise  up  through  pipes  into  the  pan.  It  is  thus  forced  to  blow 
up  through  lhe*ort  in  the  pan,  and  commnnicates  so  much  heat  to  it,  or  water,  called  ?i- 
pMocby  the  brewers,  that  either  is  brought  near  to  the  boiling  point.  The  different  worts 
succeed  each  other  Ihrongh  all  the  different  vessels  with  the  greatest  regalarjty,  so  tliat 
there  is  no  loss  of  time,  but  every  part  of  the  apparatus  is  constantly  employed.  When 
the  ebullition  has  continued  a  snfiicienl  period  to  coagulate  the  grosser  part  of  tlie  extract, 
and  to  evaporate  part  of  the  water,  the  contents  of  the  copper  are  run  off  through  a  large 
cock  into  the  jade-baek  x,  below  g,  which  is  a  vessel  of  sufficient  dimensions  to  contain 
it,  and  provided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through 
which  the  wort  drains  and  leaves  the  hops.  The  hot  wort  is  drawn  off  from  the  jaek- 
bact  through  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  up  to  the  coolers 
L,  I,  L  I  this  pump  being  made  with  different  pi|>es  and  cocks  of  commnnicatbn,  to  serve 
all  the  purposes  of  the  brewery  except  that  of  raising  the  cold  water  from  the  well.  The 
coolers  r,,  l,  l,  arevery  shallow  vessels,  bnilt  over  one  another  in  several  stages  !  and  that 
part  of  the  building  in  which  they  are  contained  is  built  with  hittice-workor  shutter  Paps, 
on  ail  sides,  to  admit  free  currents  of  air.  When  the  wort  is  sutBciently  cooledto  be  putta 
the  first  fermentalion,  it  is  conducted  in  pipes  from  all  the  different  coolers  to  the  \i\riie 
fermenting  vessel  of  gyle-tun  m,  which,  with  another  similar  vessel  behind  it,  is  of  suffi- 
dcnt  capacity  lo  contain  all  the  beer  of  one  day's  brewings 

Whenever  the  first  fermentation  is  concluded,  the  beer  is  drpwn  off  from  the  great  fer- 
menting  vessel  m,  into  the  small  fermenting  casks  or  cleansing  vessels  N,  of  which  thers 
ire  a  great  number  in  the  brewery.  They  are  placed  four  together,  and  to  each  four  a  com- 
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iiduct  it  inlo  the  trouglii  u,  plnc-d 
ill  ihe  fermentation  is  completed, 
or  tuns  ol  an  immense  size,  where 
it  13  kept  till  wanted,  and  ti 
finally  drawn  off  into  bairels, 
and  sent  away  from  the  brewer} 
Tlie  store  vats  are  not  represented 
in  the  iigure  they  are  of  a  conical 
shape,  and  of  different  diinen 
sions,  flora  fifteen  to  Iwentj  feet 
diimeler,  and  usually  from  fifteen 
to  twenty  feel  in  dtpth  The 
steam  enEine  which  puts  all  (he 
machine  in  motion  is  e\liibi|pd 
in  Its  place,  on  Ihe  left  stie  of 
the  figme  On  the  aMS  ot  the 
lirge  fl) -wheel  i  a  hevelled  spur- 
wheel,  which  turns  anolhei  ei 
inilar  wheel  npon  the  end  of  a 
hoiizonial  shaft,  which  eMenda 
from  tlic  engme  house  to  t''" 
great  lioise  wheel,  set  in  mition 
hy  E"'ans  of  a  spur-wheel  The 
horse  wheel  diives  all  t)ie  pmun? 
for  the  miil  stones  b  b,  and  ^<o 
the  horizontal  btis  which  vorlis 
the  three  barrelled  pump  Ii  The 
lollera  a,  a,  are  tmned  hj  a  bevel 
wheel  upon  the  upper  end  (f  Hi" 
a\ia  of  the  horse  wheel,  which  i 
prolonged  for  that  purpose ,  incl 
the  horizontal  shaft  h,  for  the 
maahing  engine,  is  dnven  bv  a 
pair  of  bevel  wheels  Then  is 
likewise  a  sack  tackle,  whitli  is 
not  represented  It  is  a  machine 
for  drawmj  up  the  soelis  of  malt 
liom  the  court  jard  to  the  higliLSi 
pftit  of  the  huildme,  whence  the 
sacks  aie  wheeled  on  i  truck  to 
the  malt  loft  a,  and  the  contents 
of  the  sacks  are  discharsed 

The  horse  wheel  la  intended  to 
be  diiven  by  hoises  occasionillj, 
t  e  leam-engine  should  fail 
but  t  ese  engines  are  now  broogi  t 
to  such  perfect  on  that  it  is  very 
seldom  any    eco  irse  ol  this  kind  n 
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f.  This  pipe  is  tonducleil  purposely  up  the  wall  of  Ihe  fermenling-honse,  jfg.  114,  and 
has  a  cock  in  il,  near  r,  to  slop  the  passage.  Just  beneath  lliis  passage  a  branch-pipe  p 
proceeds,  and  enlei's  a  large  pipe  x  x,  which  lias  the  former  pipe  r  wilhinside  of  it. 
From  the  end  of  the  pipe  x,  nearest  to  the  squares  m,  another  branch  n  n  proceeds,  and 
relums  to  the  original  pipey",  wilh  a  cocit  to  re^julale  it.  The  object  of  Ihasarrangemenl 
is  to  njEike  all,  or  any  part,  of  the  cold  water  flow  throush  the  pipe  x  x,  which  surrounds 
the  pipe  r,  firmed  only  of  thin  copper,  and  thus  cool  Ihe  wort  passing  through  the  pipe 
r.  until  il  is  found  by  the  thermometer  to  have  the  enact  temperature  which  is  desirable 
before  it  is  put  to  fermenl  in  Ihe  Kreal  square  m.  By  means  of  the  cocks  at  n  and  p,  Iha 
quantity  of  cold  water  passing  over  the  surface  of  the  pipe  rcan  be  resulated  ai  pleasure, 
whereby  the  heat  of  Ihe  wort,  when  it  enters  into  the  square,  may  be  adjusted  within  half 

When  the  first  fermentation  in  the  squares  m  m  is  finished,  the  beer  is  drawn  off  from 
them  by  pipes  marked  u,  and  conducted  by  its  branches  w  w  w,  lo  the  different  rows  of 
fermenting-inns,  marked  n  h,  which  occupy  the  gieater  part  of  the  building.  In  the 
hollow  between  every  two  rows  are  placed  large  troughs,  to  contain  the  yeast  which 
they  throw  olT.  The  ligure  shows  (hat  the  small  tuns  are  all  placed  on  a  lower  level 
than  the  bottom  of  the  great  vessels  m,  so  thai  the  beer  will  flow  into  them,  and,  by  hy- 
drostatic equilibriam,  will  fill  them  to  the  same  level.  When  they  are  filled,  the  com- 
munication-cock is  shut;  bat,  as  the  working  off  the  yeast  diminishes  the  quantity  of 
beer  in  each  vessel,  it  is  necessary  to  replenish  them  from  time  la  time.  For  Ihig 
purpose,  the  two  large  vats  o  o  are  filled  fi-om  the  jj'reat  squares  m  m,  before  any  beer 
Is  drawn  olf  into  the  small  caslis  n,  and  this  quantity  of  beer  is  reserved  at  the  highei 
level  for  filling  up.  The  two  vessels  o  o  are,  in  reality,  situated  between  Ihe  two  squares 
M  M  i  but  I  have  been  oblieed  to  place  them  thus  in  the  section,  in  order  that  they 
may  he  seen.  Near  each  filUng-up  tun  a  is  a  small  cistern  (  communicating  with  the 
tun  o  by  a  pipe,  which  is  closed  by  a  float-valve.  The  small  cisterns  (  are  always  in 
communication  with  the  pipes  which  lead  to  the  small  fennentine  vessels  n  ;  and  there- 
foi'e  the  surface  of  the  beer  in  all  the  tuns,  and  in  the  cisterns,  will  always  be  at  the  same 
level ;  and  as  this  level  suhsides'by  the  working  oS  of  the  yeast  from  Ihe  tuns,  the  float 
sinks  and  opens  the  valve,  so  as  lo  admit  a  sufficiency  of  beer  (kun  the  filling-up  tuns 
0,  to  restore  the  surfaces  of  the  beer  in  all  the  tuns,  and  also  in  the  cistern  t,  to  the 
original  level.  In  order  lo  carry  ofi"  the  yeast  which  is  prodnccd  by  the  fermentation  of 
the  beer  in  (he  tuns  o  o,  a  conical  iron  di^  or  funnel  is  made  to  float  upon  the  surface  of 
the  beer  which  they  contain!  and  from  the  centre  of  this  funnel  a  pipe,  o,  descends,  and 
passes  through  the  bottom  of  the  tun,  being  packed  with  a  collar  of  leather,  so  as  to  be 
water-light;  at  the  same  time  that  it  is  at  liberty  to  slide  down,  as  the  surface  of  the  beer 
descends  in  the  tun.  The  yeast  flows  over  the  edge  of  this  flmnel-shaped  dish,  and  is 
conveyed  down  the  pipe  to  a  trough  beneath. 

Beneath  Ihe  fennenting-house  are  lar?e  arched  vaults,  r,  built  with  slone,  and  lined 
with  stucco.  Into  these  the  beer  is  let  down  in  casks  when  suiBciently  fermented,  and 
is  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbrcad's  brewery,  instead 
of  the  great  store-vats  of  which  we  have  before  spoken,  and  are  in  some  respects  pre- 
ferable, because  they  preserve  a  great  equality  of  temperature,  bel^  beneath  the  surfac* 
of  ihe  earth. 

The  malt-rollers,  or  machines  for  bruisins;  the  grains  of  the  malt,  Jigs.  Ill,  J12,  hav( 
been  already  described.  The  malt  is  shot  down  from  A,  fig.  113,  the  malt-loft,  into  tht 
hopper;  and  from  this  it  Is  let  out  gradually  through  a  sluice  or  sliding  shuttle,  a,  ^g.  113, 
and  falls  between  Ihe  rollers. 

Fig.  115,  is  the  screw  by  which  the  ground  or  bruised  mall  is  raised  up,  or  conveyed 
from  one  part  of  the  brewery  to  another.  K  is  an  inclined  box  or  Iroagh,  in  the  centre 
of  which  the  axis  of  the  screw  n  is  placed;  the  spiral  iron  plate  or  worm,  which  is 
fixed  projecting  from  the  axis,  a^d  which  forms  (he  screw,  is  made  very  nearly  to 
fill  the  inside  of  the  box.  By  Ihis  means,  when  the  screw  is  turned  round  by  the 
wheels  e  f,  or  by  any  other  means,  it  raises  up  the  malt  from  the  box  d,  and  delivers  it 
at  the  spout  n. 

This  screiv  is  equally  applicable  for  conveying  the  malt  horizontally  in  the  trough  e, 
as  slantingly ;  and  similar  machines  are  employed  in  various  parts  of  breweries  for  con- 
vej'ing  the  malt  wherever  the  situation  of  the  works  requires. 

■Fig.  11 6,  is  the  mashing-machine.  a  a  is  the  tun,  made  of  wood  slaves,  hooped  to- 
gether. In  the  centre  of  it  rises  a  perpendicular  shaft,  b,  which  is  turned  slowly  round 
by  means  of  the  bevelled  wheels  t  h  at  Ihe  top.  e  c  are  Iwo  arms,  projecting  from 
that  axis,  and  supporting  the  short  vertical  axis  d  of  the  spur-wbcel  x,  which  is 
turned  by  Ihe  spur-wheel  vi;  so  that,  when  the  central  axis  6  is  made  to  revolve,  il 
will  carry  (lie  thick  short  nxle  d  round  the  tun  in  a  circle.  That  axle  d  is  furnished 
nilh  a  number  of  arms,  e  e,  which  have  blades  placed  obliquely  to  the  plane  of  their 
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motion.     When  the  asis  is  turned  round,  these  arms  agitate  the  malt  in  the  tun,  and  give 
it  a  constant  tendency  to  rise  upward  fiom  the  bijltom. 
Tllc  motion  of  the  axle  d  is  produced  by  a  wheel,  x,  on  the  upper  end  of  it,  which  is 


turned  bv  a  wheel        f   le  ed  on  the  m  ddle  of  the  tube  h  whiel   lums  freelv  round 
uj    n         c  nt  a    a\         L  |  on  a  h    her  i  ol    he  same    ube  6    s  a  be  el  wheel,  o, 

recL  V  ng  mot       f    m  a  be  p|  nhtel  q  lixe  1     pon  the  end  of  the  ho    zontal  axis  n  n, 


wh  ch  e  ves  mot  on  to  the  whole  machine  This  same  aiis  hns  a  p  n  on  p,  upon 
It  nhch  "ve!  motion  to  tie  wheel  r  fixed  near  tie  midlle  of  a  ho  zontal  a);le, 
wh  ch,  at  Its  left  hand  end,  has  a  bevel  pmion,  (,  wirking  the  wheel  ii,  before  mentioned. 
By  these  means,  the  rotation  of  the  central  axis  6  will  be  veiy  slow  compared  with  the 
motion  of  the  axle  d;  for  the  latter  will  make  seventeen  oi-  eighteen  revolutions  on  its 
own  axis  in  the  same  space  of  time  that  it  will  be  carried  once  round  the  tun  by  (he 
motion  of  the  shall  b.  At  the  besinning  of  the  operation  of  mashing,  Ihe  machine  is 
made  to  lam  with  a  slow  motion ;  but,  after  having  welled  all  Ihe  malt  by  one  revo- 
lution, it  is  driven  quicker.     For  this  purpose,  Ihe  ascending  shaft/g,  which  gives 


B  BEER. 

nio  0  the  machine,  has  two  level  wheels,  ft  t,  fised  upon  a  lube,  /  g,  whiili  ia,  filled 

central  shnil.    These  wheels  actuate  the  wheels  m  and  o,  upun  the  end  of  the 

h  al  shaft  n  n;  but  the  distance  between  the  two  wheels  h  and  i  is  such,  that  ihej 

be  engaeed  both  at  once  with  the  wheels  m  and  o  ;  but  the  tube  /  g,  lo  which 

fixed,  is  capable  of  sliding  op  and  down  on  its  central  ajiis  sufficiently  to  bring 

wheel  k  or  i  into  gear  with  its  corresponding  wheel  D  or  m,  apon  the  liorizonlal 

nft      nd  as  the  diameters  of  n  o,  and  t  m,  are  of  Tcry  different  proportions,  the  velocity 

motion  of  the  machine  can  be  varied  at  pleasure,  hy  using  one  or  olher.    k  and 

wo  levers,  which  are  forked  at  their  estremilies,  and  embrace  collars  al  the  endi 

bc/g.    These  levers  being  united  by  a  rod,  I,  the  handle  k  gives  the  means  of 

in  he  tube/  g,  and  its  wheels  A  t,  np  or  down,  to  throw  either  the  one  or  the  other 

w  to  gear. 

bjecl  of  boiling  the  wort  is  not  merely  evaporation  and  concentration,  but  extrac- 

gulation,  and,  finally,  combination  with  the  hops  ;    orposes  which  are  better  ac- 

m        ed  in  a  deep  conAued  copper,  by  a  moderate  heat,  than  in  an  open  shallow  pan 

w  uick  Ere,    The  copper,  being  incased  above  in  brickwork,  retains  ila  digesting 

m  era  ure  much  longer  than  the  pan  could  do.    The  waste  sieam  of  the  close  kettle, 

m    CO      ,  can  be  economically  employed  in  communicating  heat  to  water  or  weak  worts ; 

w  the  esholations  from  an  open  pan  would  prove  a  nuisance,  and  would  need  to  he 

rr        if  hy  a  hooJ.    The  boiling  has  a  four-fold  effect :  I,  it  concentrates  the  wort ;  2. 

e  earlier  stages  of  healing,  it  converts  the  starch  into  sugar,  dextrine,  and  gum, 

m      a  of  the  diastase ;  3.  it  extracts  the  substance  of  the  hops  diffused  through  the 

it  coagulates  the  albuminous  matter  present  in  the  grain,  or  precipitates  it  by 

the  tannin  of  the  hops. 

T        egree  of  evaporation  is  regulated  by  Ihe  nalure  of  the  wort,  and  the  quality  of 

be         Strong  ale  and  slout  for  keeping,  require  more  boiling  than  ordinary  poiter 

beer  brewed  for  immediate  use.    The  proportion  of  the  water  carried  off  by 

on  is  usually  from  a  seventh  to  a  sixth  of  the  volume.    The  hops  are  introduced 

he  pn^esa  of  the  ebullition.    They  serve  to  give  the  beer  not  only  a  hitter 

m         taste,  bu*  also  a  keeping  quality,  or  they  counteract  its  natural  tendency  to 

be  sour;  an  effect  partly  due  to  the  precipitation  of  the  albumen  and  starch,  by 

Ih  inous  and  tanning  constituents,  and  partly  to  the  antifermentable  properties  of 

uline,  bitter  principle,  ethereous  oil,  and  resin.    In  these  respects,  there  is  none 

tier  plants  which  can  be  subslilnted  Ibr  hops  with  advantage.    For  strong  beer, 

po  fresh  hops  should  be  selected;  for  weaker  beer,  an  older  and  weaker  article 

w         ffiee. 

T      hops  are  either  boiled"  with  the  whole  body  of  the  wort,  or  extracted  with  a 

f  it ;  and  this  concentrated  extract  added  to  the  rest.    The  stronger  the  hops 

onger  time  they  require  for  extraction  of  their  virtues;  for  strong  hope,  an  hour 

alf  or  two  hours  boiling  may  be  proper ;  for  a  weaker  sort,  half  an  hour  or  an 

m  y  be  sufficient ;  but  it  is  never  advisable  to  push  this  process  too  far,  test  a  clis- 

e  bitterness,  without  aroma,  be  imparled  to  the  beer.    In  our  breweries,  it  is  ths 

ra         to  boil  the  hops  with  a  part  of  the  woit,  and  to  filter  the  decoction  through  a 

called  the  jack  hep-back.  The  proportion  of  hops  to  malt  is  very  various ;  but,  in 

g  from  a  pound  and  a  quarter  to  a  pound  and  a  half  of  the  former  are  taken  for 

bs  of  the  latter  in  making  good  table-beer.    For  porter  and  strong  ale,  2  pounds  of 

used,  or  even  more;  for  instance,  one  pound  of  hops  to  a  bnshel  of  malt,  if  tlte 

be  destined  for  the  consumption  of  India. 

D       g  the  boiling  of  the  two  ingredients,  much  coEgolatod  albuminous  matter,  in 

tates  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what  ii 

al  ed     efimifcingoreKnUtngofttewm-i,  when  numerons  minute  fiocks  ate  seen  floating 

The  resinous,  bitter,  and  oily-etli-reona  principles  of  the  hops  combine  with  the 

sugar  and  gum,  or  dextrine  of  Ihe  wort ;  but  for  this  effect  they  require  time  and  heat ; 

showing  that  the  boil  is  not  a  process  of  mere  evaporation,  but  one  of  chemical  reaction, 

A  yellowis.i-Ereen  pellicle  of  hop-oil  and  resin  appears  upon  the  surface  of  the  boiling 

wort,  in  a  somewhat  Jrothy  form  ;  when  this  disappears,  the  boiling  is  presumed  to  be 

completeil,  and  the  beer  is  strained  off  into  the  cooler.    The  residuary  hops  may  be 

pressed  and  used  for  an  inferior  quality  of  beei ;  or  they  may  be  boiled  with  fresh  wort, 

and  be  added  to  the  next  brewing  chai^. 

Ftgt.  I17,118,represent  the  copper  of  a  London  brewery.  Fig.  117  is  a  vertical  section; 
(is;,  118,  a  eround-plan  of  the  fire-grate  and  flue,  upon  a  smaller  scale  :  a  is  the  close  cop- 
per kettle,  having  its  bottom  convel  within ;  b  is  the  open  pan  placed  upon  its  lop.  From 
the  upper  part  of  the  copper,  a  wide  tube,  c,  ascends,  to  carry  ofl"  the  steam  generated 
daring  the  ebullition  of  the  wort,  which  is  conducted  through  four  downwards-slanting 
tubes,  d  d  (two  only  are  visible  in  this  section),  into  the  liquor  of  the  pan  b,  in  order  to 
warm  its  contents.  A  vertical  iron  shaft  or  spindle,  e,  passes  down  through  the  tube  c, 
nearly  to  the  bottom  of  the  copper,  and  is  there  mounted  with  an  iron  ann.  called  a 
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rrmser,  wliicli  carries  ronnd  a  chain  hung  in  loops,  lo  prevent  the  hops  from  Hdhcting  to 
Ihe  holtom  of  the  boiler.  Three  bent  slajs,/,  are  stretched  across  the  interior,  lo  support 
liie  shaft  by  a  collet  at  their  middle  junction.    The  sljafl  carries  at  its  tipper  end  a  bevel 


wheel,  g,  worltinf;   nto  a  bi-     1  h,  which  may  be  tarned  either  by 

power  or  by  hand      The  lo  1  by  means  of  the  chain  l,  which,  going 

liver  two  palleyi!,  has  its  en  I  ]  xi  el  ri   ni  Ihe  «heel  and  aile  A,  and  is  turned  by  a 
winch ;  i  is  a  lube  for  coniejing  the  wnste  steam  into  Ihe  chimney  m 

The  beat  is  applied  na  folioni  — For  beating  Ihe  colossal  coppers  of  the  London 
breweries,  two  separate  fires  are  required,  which  aie  separated  by  a  narrow  wall  of 
brickwork,  ii,j?gi,  117,  118.  The  dotted  circle  a  a  indicates  the  largest  circumlerence  of 
the  copper,  and  b"  1/  iis  bottom ;  o  o  are  the  grates  upon  which  ihe  cools  are  thrown, 
not  thron<;h  folding  doors  (as  of  old),  but  through  a  short  slanting  iron  hopper,  shown  at 
P,Jlg.  U7,  built  in  the  wall,  and  kept  constantly  tilled  with  the  fuel,  in  order  to  exclude 
the  air.  Thus  the  lower  stratum  of  coals  gels  ignited  before  it  readies  the  grate.  Above 
Ihe  hopper  p,  a  narrow  channel  is  provided  for  (be  admission  of  atmospherical  air,  in 
such  qoanlity  merely  as  may  be  requisite  lo  complete  the  combustion  of  the  smoke  of 
the  coals.  Behind  each  grate  there  is  a  fire-bridge,  r,  which  reflects  the  flame  u(»wards, 
and  causes  it  lo  play  upon  the  botlom  of  the  copper.  The  burnt  air  then  passes  round 
the  copper  in  a  semicircular  fine,  a  a,  from  which  it  (lows  olT  into  the  chimney  m,  on 
whose  under  end  a  slidinz  dam  per- plate,  I,  is  placed  for  tempering  Che  dranghl.  When 
colli  air  is  admilted  at  this  orifice,  the  combustion  of  Ihe  fuel  is  Immediately  checked. 
There  is,  besides,  another  slide-plale  at  the  entrance  of  the  slanling  fine  into  the  vertical 
chimney,  for  regulating  the  play  of  the  flame  under  and  around  the  copper.  If  Ihe  plate 
t  be  opened,  and  the  other  plale  shut,  the  power  of  the  fire  is  suspended,  as  it  ought  to 
he,  at  the  lime  of  emptying  the  copper.  Immediately  over  the  grate  is  a  britjt  arch,  u,  la 
protect  the  front  edge  of  the  copper  from  the  first  impulsion  of  the  flame.  The  chim- 
ney is  supported  upon  iron  pillars,  r,  u/'io  is  a  cavity  closed  with  a  slide-plate,  tlirough 
which  the  ashes  may  be  taken  out  from  behind,  by^ means  of  a  long  iron  book. 

Kg.  119  represents  one  of  the  sluiee-cocks,  which  are  used  to  make  the  commu- 
nications of  Ihe  pipes  wilh  the  pnmps,  or  other  pans  of  Ihe  brewery,  b  b  represents 
the  pipe  in  which  the  cock  is  placed.  The  two  parts  of  this  pipe  are  screwed  lo  the 
side  of  a  box,  c  c,  in  which  a  slider,  A,  rises  and  falls,  and  intercepts,  at  pleasure,  tiia 
passage  of  the  pipe.    The  slider  is  moved  by  the  rod  a.    This  passes  through  a  stuffing- 
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boK,  in  the  top  of  the  box  which  contains  the  slider,  and  Iiaa  the  rack  b  fastened  to  it 
The  rack  is  mored  by  a  pinion  lix«d  upon  the  axis  of  a  liandJe  c,  and  the  rack  and 
pinion  are  contaioed  in  u  fiame  d  which  is  aup|ioited  by  to-o  pillars.  The  frame 
containsaBmaOrollerbehind  the  rack,  which  bears  it  up  towards  the  pinion,  and  keeps 
its  teeth  up  to  the  teeth  of  tii«  pinion.  The  slider  a  is  made  to  fit  acouraleiy  against 
the  iateraal  surface  of  the  box  o,  and  to  bear  against  tliis  surface  by  tbe  pressure  of 
a  spring,  so  as  to  make  a  perfectiy  close  fitting. 

Fig.  120  is  a  small  eo«k  to  be  placed  in  the  side  of  the  great  store  vats,  for  the 
purpose  of  drawing  oif  a  small  quantity  of  beer  to  taste  and  try  its  quality,     a  is  a 


part  of  the  stare  or  tliukn'^'s  of  tne  great  si 

IS  fitted,  and  la  held  tiglit  in  its  place  by  a  n    ,    ,    ,  ..    ._  

other  end  ot  the  tube  b,  a  plug,  c,  is  fitted,  by  grinding  it  into  a  cone,  and  it  is  kept 
in  by  a  screw.  This  plug  lias  a  hole  up  the  eentre  of  it,  and  from  this  a  hole  pro- 
ceeds side-wise,  and  corresponds  with  a  hole  made  tJiiviiigh  the  side  ot  the  tube  when 
thecocki8open;butwhen  the  plug  c  is  turned  round,  the  hole  will  not  coincide,  and 
then  the  cock  will  be  shut,  n  is  the  handle  or  key  of  the  cock,  by  which  its  plug  is 
tnrned  to  open  or  sliut  it :  tliis  handle  is  put  up  the  bore  of  the  tabe  {the  cover  B 
being  first  unscrewed  and  removed),  and  the  end  of  it  is  adapted  to  fit  the  end  of  the 
plug  of  the  eoek.  The  handle  has  a  tube  or  passage  bored  up  it,  to  convey  the  beei 
away  from  the  cock  when  it  is  opened,  and  from  this  the  passage/,  through  the  han- 
dle, leads,  to  draw  Uie  beer  into  a  glass  or  tnmbler.  The  hole  in  the  side  of  the  plug 
is  so  arranged,  (hat,  when  the  handle  is  turned  int«  a  perpendicular  direction,  with 
the  passage  /  downwards,  the  cook  will  be  open.  The  intention  of  this  oontriyanee  is, 
that  there  shall  be  no  considerable  projection  beyond  the  surface  of  the  tun;  because 
it  sometimes  happens  tliat  a  great  lioop  of  the  ton  breaks,  and,  felling  down,  its  great 
weight  would  strike  ont  any  cock  which  had  a  projection ;  and,  if  this  happened  in 
the  night,  much  beer  might  be  lost  before  it  was  discovered.  The  eoek  above  de- 
scribed, being  almost  wholly  withinside,  and  having  scarcely  any  projection  beyond 
die  outHde  surface  of  the  tun,  is  secure  li'om  this  accident 
Fiq.  121  isasmall  contrivaiice  of  a  vent  peg,  to  be  strewed  into  the  head  of  a  common 
"  I  be  dmwn  off  from  it,  and  it  is  neeessaiy  to.admit  some  air  to 
How  the  beer  to  flow,  a  a  represents  a  portion  of  the  head 
if  the  cask  into  which  the  tube  b  is  screwed.  The  top  of 
5g,C  this  tube  is  surrounded  by  a  small  cup,  from  which  project 
the  two  small  bandies  o  o.'W  which  the  peg  is  turned  round 
to  screw  it  inffl  the  cask.  The  cup  round  the  other  part  of 
{he  tithe  is  filled  witli  water;  into  this  a  small  cup,  d,  is  in- 
verted ;  in  consequence,  the  air  can  gain  admission  into  the 
cask  when  the  pressure  within  is  so  fur  diminished,  that  the 
air  will  bubble  np  through  the  watei',  and  enter  beneath  the  small  cnp  n. 

The  most  efficient  substance  for  fining  beer  hitherto  discovered  is  isinglass,  which  is 
prepared  by  solution  in  vinegar  or  old  stale  beer,  and  this  solntion  is  afterwari^  reduced 
with  thin  mild  beer  general!)' brewed  tor  the  purpose,  in  all  large  establishments,  fiom 
a  raw  or  return  wort  It  must  next  be  passed  through  a  fine  hair  sieve,  by  means  ot 
rubbing  it  down  with  a  hard  hair-brneh,  and  brought  to  the  proper  consistency  by  thin 
mild  beer.  If  properly  made,  it  will  be  dear,  transparent,  and  free  from  feculencies. 
Finings  serve  excellently  to  remove  any  extraneous  matter  that  may  be  found  fioalJng 
in  the  beer,  and  thus  changes  itfrom  bright  to  brilliant  The  common  quantity  used 
is  from  a  pint  to  a  quart  per  barrel,  according  to  the  nature  of  the  beer. 

To  ascertain  whether  the  beer  is  in  a  fit  state  for  fining,  put  it  into  a  long  glas; 
cylindrie  vessel,  and  add  to  it  a  teaspoonful,  or  thereby,  of  the  fining;  then  give  tha 
mixture  a  good  shake,  by  turning  the  vessel  up  and  down,  after  closing  its  mouth  with 


ask  when  the  beer 
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Ihe  p^tm  nf  the  haiii!.  If  the  heer  hns  been  well  brewed,  its  Bplitnde  to  beeome  hriglil 
will  he  soon  shown  by  the  miiture  ecftins  thick  and  curdy  ;  a  briaht  porlion  will  E;ener- 
Blly  show  itself  at  the  bottom  or  middle  j  oiler  whidi  the  finings  will  gradually  mount  la 
the  top,  taking  op  all  the  imparities  along  with  them,  tiD  the  whole  becomes  brilliant. 
Some  have  saM  that  the  finings  ehould  carry  the  impurities  down  to  the  bottom '  but 
this,  according  to  Mr.  Black,*  takes  place  only  with  slubbor  b  wh  h  w  Id  h 
come  ihoroaghly  brighl  wilh  any  quantity  of  finings  which  coldb  td  dF  «^ 
have  usually  a  specific  grasily  of  from  1-010  to  1-016,  and,  nh      -idd  d  t    b  fit 

condition  for  fining,  invariably  go  to  the  top,  and  not  to  th    butt  m     I    fi         be 
a  harri-i  laid  on  its  side,  if  the  finings  do  not  make  their  app    ra  t  Ih    b        hi 

the  beer  will  not  become  bright.    The  isinglass  must  not  be  disfol    d      th  h 
hot  watsr. 

Beer  brewed  from  imperfectly  malted  grain,  or  from  a  mixt         f      It  and      w 
gives  a  fermentation  quite  different  in  flavor  from  that  of  b        f    m  sf      d  m  It      Th 
nose  is,  in  fact,  the  best  guide  to  the  experienced  Ire^'er  f  ta  wl  th      h 

process  is  going  on  well  or  ill. 

Ropiness  is  a  morbid  slate  of  beer,  which  is  best  remedied  rd       t    M    BI    1    by 

putting  the  beer  into  a  val  wilh  a  false  bottom,  and  adding,  per  barrel,  4  or  5  pounds  ot 
hops,  taken  gradually  away  after  the  first  boilings  of  Ihe  worts ;  and  to  them  may  be 
addtd  abont  half  a  pound  per  barrel  of  mustard-seed.  Rouse  Ihe  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  mil  be  perfectly  cured.  The 
beer  should  be  drawn  off  fiom  below  the  false  bottom. 

For  theoretical  views,  see  FERMENTATroN ;  and  for  wort-cooling  apparatus,  see  REFHt- 

The  quantity  of  beer  and  ale  exported  from  ihe  United  Kingdom  amounled  in  1850 
to  1 82,480  barrels,  and  in  1851  to  1B1,63B;  the  declared  value  being  respectively 
058,704/.,  and  5'77,874;. 

Ef^ER  (Bavarian).  The  Germans  from  lime  immemorial  have  been  habitually  beer 
drinkers,  and  have  axaroised  much  of  their  technical  and  eoientifio  still  in  the  produc- 
tion of  beer  of  many  dififerent  kinds,  some  of  which  are  little  known  to  our  nation, 
wlille  one  at  leasl^  called  Bavarian,  possesses  excellent  qualities  enlilling  it  to  the  at- 
tention of  all  brewers  and  conaumera  of  this  beverage.  The  peouliariiies  intbemanu- 
tiiJ^ture  of  Bavaiian  beer  have  recently  attracted  the  attention  of  the  most  eminent 
chemists  in  Germany,  especially  of  Professor  Liebig,  and  much  new  light  has  thereby 
bien  thrown  upon  this  curious  portion  of  vegetable  chemistry,  which  I  shall  endeav- 
or to  reflect  upon  the  present  article. 

The  fullowing  is  a  list  of  the  principal  beers  at  present  brewed  in  Germany. 
].  Brown  beer  of  Mersebui'g;  of  pure  barley  malt. 
3.        —  —  barley  malt  and  beet^root  sugar. 

3.  —  barley  malt,  potatoes,  and  beet- root  syrup. 

4.  —  refined  beet-root  syrup  alone. 

5.  Covent  or  tbinbeer. 

B.  Berlin  whites  beer,  or  the  Champagne  of  the  nortli. 

7.  Brriyhau,  a  famous  Hanoverian  bear. 

8.  Doutle  beer  of  Qrunthal. 

9.  Bavarian  beer ;  1,  Summer  beer;  B.  Winter  beer. 
!0.  —  Bock-beer.     , 

il.  Wheat  Zujei^beer  (slowly  fermented). 
12.  White  bitter.beer  of  Erlungen, 
Considerable  interest  among  men  of  science,  in  favor  of  the  Bavarian  beer  process, 
has  been  excited  ever  since  the  appearance  of  Liebig's  Ol^anio  Chemistry,  first  pub- 
lished about  twelve  years  ago.  In  the  introduction  to  this  admirable  work,  he  says, 
"  The  bei-re  of  England  and  France,  and  the  most  parts  of  those  of  Germany,  become 
grailiially  sonrby  contact  of  air.  Tliis  defect  does  notbelona  to  the  beers  of  Bavaria, 
which  may  be  preserved  at ']>ieaBure  in  half-full  casks,  aswell  as  full  ones,  without  al- 
'  ■  ''■  '  "  '  This  precious  qimlity  must  be  ascribed  to  a  peculiar 
""""""""   wort,  called  in  C .— -.i -_  <■ — 


employed  for  fernaenting  the  wort,  called  in  German  mttergahruiiff,   or  fermentation 
from  below;  which  has  solved  one  of  the  finest  theoretical  problems. 

"  Wort  is  proportionally  richer  in  soluble  gluten  than  in  sngai'.t  When  it  ia  =et  to 
ferment  by  the  ordinary  process,  it  evolves  a  large  quantity  of  yeast,  in  the  state  of  a 
thick  froih,  with  bubbles  ot  carbonic  acid  gas  attached  to  it,  whereby  it  is  floated  to  the 
surface  of  the  liquid.  This  phenomenon  is  easily  explained.  In  llie  body  of  the  wort 
along  side  of  particles  of  sugar  decomposing,  there  are  particles  of  glut  en  being  osidized 
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Rl  tl  e  a  1!  time,  and  enveloping  as  It  were  the  Former  partieli's,  whence  the  eaihoml 
a  d  of  Bugar  and  the  insoluble  ferment  ftom  the  glalcn  being  aima.wneouslj  pro- 
d  li  iild  mutually  adhere.  When  the  metamorphosia  of  the  sugar  is  completed, 
tee  meins  still  a  large  quantity  of  gluten  dissolred  in  the  fermented  liquor,  whii:h 
g  en,  a  virtue  of  its  tendency  to  appro|iriatc  oxygen,  and  to  get  decomposed,  induces 
a  so  he  cansformation  of  tlie  alcohol  into  acetic  acid  (vinegar).  '  But  vere  all  the 
na  e  3  susceptible  of  oiidizement  aa  well  as  this  vinegar  ferment  removed,  Uie  beer 
wou  d  he  eby  lose  its  faculty  of  becoming  sour.  These  conditions  are  duly  fulfiUeil  in 
Ihe  p  0  e  s  followed  in  Bavatta. 

"In  thai  country  the  malt-wort  is  set  to  ferment  in  open  hacks,  with  an  extensive  snr- 
lace,  and  placed  in  cool  cellars,  having  an  atmospheric  temperature  not  exceedinjiS^or 
10°  centigrade  (461"  or  5(P  F,).  The  operation  lasts  from  3  !o  4  weeks ;  the  carbonic 
acid  is  disengaged,  not  in  lai^e  buhbles  that  burst  on  the  surface  of  the  liiiuid,  bni  in 
very  small  vesicles,  like  those  of  a  mineral  water,  or  of  a  liquor  saturated  with  carbonic 
acid,  when  the  pressure  is  removed.  The  surface  of  the  fermenting  wort  is  always  in 
contact  with  the  oxygen  of  the  atmosphere,  aa  it  is  hardly  covered  with  froth,  and  aa 
all  the  yeast  is  deposited  at  the  bottom  of  the  back  under  the  form  of  a  very  viscid 
sediment,  called  in  German  unterhefe. 

■'  In  order  to  form  an  exact  idea  of  the  difference  between  the  two  processes  of  fer- 
mentation, it  mnst  be  borne  in  mind  that  the  metamorphosis  of  gluten  and  of  azotized 
bodies  in  general  is  accomplished  successively  in  two  principal  periods,  and  that  ii  is  hi 
the  firai  that  the  gluten  is  transformed  in  the  interior  of  the  liquid  into  an  insoluble 
ferment,  and  that  it  separates  alongside  of  the  carbonic  acid  proceeding  from  the  sugar. 
This  separation  is  (he  consequence  of  an  absorption  of  oxygen.  It  is,  however,  hardly 
possible  to  decide  if  this  oxygen  comes  from  the  sugar,  from  the  water,  or  even  from 
an  intestine  change  of  the  gluten  itself,  or,  in  other  words,  whether  the  oxygen  coir.- 
bines  directly  with  the  gluten,  to  give  it  a  higher  degree  of  oxidation,  or  whether  it  laj'g 
hold  of  its  hydrogen  to  form  water. 

"This  oxidation  ofthe  gluten,  from  whichever  cause,  and  the  transformation  of  the 
sugar  into  carbonic  acid  and  alcohol,  are  two  actions  so  correlated,  that  by  an  exclusion 
ofthe  one,  the  other  is  immediately  stopped." 

The  superficial  ferment  {obej-hefe  in  German)  which  covers  the  surface  of  the  fer- 
menting works  is  gluten  oxidized  in  a  state  of  putrefaction ;  and  the  ferment  of  deposile 
Is  the  cilulen  oxidized  in  a  stale  of  eTemacausie. 

The  surface  yeast,  or  barm,  excites  in  liquids  containing  sugar  and  gluten  the  same 
alteration  which  itself  is  undej^oing,  whereby  the  sugar  and  the  gluten  snd'er  a  rapid 
and  tamnliuous  metamorphosis.  We  may  form  an  exact  idea  ofthe  different  states  of 
these  two  kinds  of  yeast  by  comparing  the  siiperfidal  lo  vegetable  mailers  putrefying 
at  the  bottom  of  a  marsh,  and  the  boilom  yeast  to  the  rotting  of  wood  in  a  state  of 
erimacausie,  tiialis,  of  slow  combustion,  Thepeculiarcondilionof  the  elements  of  the 
aedimenl  ferment  causes  them  to  acl  upon  the  elements  of  the  sugar  in  an  extreniely 
slow  manner,  and  excites  the  change  into  alcohol  and  carbonic  acid,  without  that  ofthe 
dissolved  gluten. 

Sugar,  which  at  ordinary  temperatures  has  no  tendency  to  combine  with  oxygen, 
enters  in  the  above  predicament  into  fermentation ;  but  the  action  is  rendered  much 
slower  by  the  low  temperature,  while  Ihe  affinity  of  the  dissolved  glnlen  for  the  oxygen 
of  the  air  is  aided  by  the  contact  of  the  sediment.  The  saperticial  yeast  may  be 
removed  without  stopping  the  fermentation,  but  the  under  yeast  can  not  be  removed 
without  arresting  nil  the  phenomena  of  disoxidalion  of  the  second  period.  These  would 
immediately  cease ;  and  if  the  temperature  were  now  raised,  Ihey  would  be  succeeded 
by  the  phenomena  ofthe  first  period.  The  deposile  dues  not  excite  the  phenomena  of 
tumultuous  fermentation,  for  which  reason  it  is  totally  unfit  for  panification  (bread- 
baking),  while  the  superficial  yeast  alone  is  suitable  to  this  purpose. 

If  to  wort  at  a  temperature  of  from  46|°  to  SOf  F.  the  lop  yeast  be  added,  a  qviiet 
slow  fermentation  is  produced,  but  one  accompanied  wilha  rising  np  of  the  mass,  while 
yeast  collects  both  al  the  surface  and  bottom  of  thebacks.  If  ttiisdeposile  be  removed 
to  make  use  of  it  in  other  operations,  it  requires  by  little  and  little  the  characters  ofthe 
ttiderhefe,  and  becomes  incopable  of  exciting  the  phenomena  of  Ihe  first  fermenling 
period,  causing  only,  of  SEf  F.,  those  of  the  second ;  namely,  sedimentary  fermenlalion. 
It  mast  he  carefully  observed  Ihat  the  right  nnterhefi  is  not  the  precipitate  which  falls 
to  the  bottom  of  backs  in  Ihe  ordinary  fermentation  of  beer,  but  is  a  matter  entirely 
different.  Pecnliorpaina  must  be  taken  to  get  it  genuine,  and  in  a  proper  condition  at 
the  commencement.  Hence  the  brewers  of  Hessia  and  Prussia,  who  wished  lo  make 
Bavarian  beer,  found  it  more  to  their  interest  to  send  for  the  article  to  Wurtzburg,  or 
Bamberg,  in  Bavaria,  than  to  prepare  it  themselves.  When  once  the  due  primary  fer- 
mentation 'laa  been  established  and  well  regulated  in  a  brewerv,  abundanceot  the  true 
x-atcrhefe  may  be  obtained  for  all  future  operations. 
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In  a  TFort  made  to  ferment  at  a  low  temperatnre  with  deposite  only,  the  presence  of 
llie  mitcrliefc  in  [he  Urat  coniiition  essential  to  tlie  metamorphosis  of  the  sacLhamm, 
but  it  is  not  eompetejit  to  bring  about  the  oxidation  of  the  gluten  dissolved  in  the  wort, 
and  ils  liaiisformation  into  an  insoluble  state.  This  change  must  be  accomplished  at 
Ihs  cosl  of  the  atmospherical  oxy^eo. 

In  the  tendency  of  soluble  gluten  to  absorb  oxygen,  and  in  Ihe  free  access  of  the 
air,  all  Ihe  conditions  necessary  for  its  eremacuusis,  or  slow  combustion,  are  to  be  found 
It  is  known  that  the  presence  of  oxygen  and  soluble  gluten  are  also  the  conditions  of 
acetitication  (vinegar-making),  but  thcj  are  not  the  only  ones ;  for  thia  process  requires 
a  temperature  of  a  certain  elevation  for  the  alcohol  to  experience  this  slow  combustion. 
Hence,  by  excluding  that  temperature,  the  combustion  (oxidation)  of  alcohol  is  ob- 
structed, while  the  gluten  alone  combines  with  the  oxygea  of  Ihe  air.  This  property 
does  not  belong  to  alcohol  at  a  low  temperature,  so  that  daring  Ihe  oxidation  in  iliis 
case  of  the  gluten,  the  alcohol  exists  alonijaide  of  it,  in  the  same  condition  as  the  gluten 
alongside  of  sulphurous  acid  in  the  muled  wines.  In  wines  not  impregnated  with  the 
fumes  of  burning  sulphur,  the  oxygen  which  would  have  combined  at  the  same  time 
with  the  gluten  and  ^he  alcohol  does  not  seize  either  of  them  in  wines  which  have  been 
subjected  to  mutism,  but  it  unites  itself  to  the  sulphurous  acid  to  convert  it  into  the 
sulphuric.  The  action  called  acdimentary  fermentation  is  therefore  merely  a  simulta- 
neous metamorphosis  of  putrefaclion  and  slow  combustion ;  the  sugar  and  the  nnterhefe 
putrefy,  and  the  soluble  gluten  gets  oxidized,  not  at  the  expense  of  the  oxygen  of  the 
water  and  the  sugar,  but  of  the  oxygen  of  the  air,  and  (be  gluten  then  falls  in  the  in- 
soluble slate.  The  process  of  Appert  for  the  preservation  of  provisions  is  founded 
upon  the  same  principle  as  the  Bavarian  process  of  fermentation  ^  in  which  all  the  pu- 
Ireseible  matters  are  separated  by  the  intervention  of  the  air  al  a  temperature  loo  low 
for  the  alcohol  to  become  oxidized.  By  removing  them  in  this  way,  the  tendency  of 
the  beet  to  grow  sour,  or  to  suffer  a  further  change,  is  prevented.  Appert's  method 
consists  in  placing  in  presence  of  vegetables  or  meat  which  we  wish  to  preserve  the 
oxygen  at  a  high  temperature,  so  as  to  produce  slow  combustion,  but  without  putre- 
faction or  even  fermentation.  By  removing  the  residuary  oxygen  after  the  combusliun 
is  finished,  all  Ihe  causes  of  an  ulterior  change  are  removed.  In  the  sedimentary  fer- 
laenlation  of  beer,  we  remove  the  matter  which  erperiencea  the  combustion ;  whereas, 
on  the  contrary,  in  the  method  of  Appert,  we  remove  that  which  produces  it. 

It  is  uncertain  whether  the  dissolved  gluten,  in  being  converted  into  insoluble  yeast 
by  the  action  of  the  oxygen,  combines  directly  wilk  the  oxygen;  that  is  to  say,  whether 
the  yeast  difl'era  from  the  soluble  gluten  merely  by  having  absorbed  an  additional  quan- 
tity of  oxygen.  This  question  is  in  fact  very  difficult  to  solve  by  analysis.  If  the  gluten 
be  regarded  as  a  hydrogenated  combination,  it  is  obvious  Ihat  in  the  fermentation  of 
wine-must,  and  mall-wort,  the  hydrogen  will  be  carried  off  by  the  oxygen,  and  the 
action  will  then  be  the  same  as  the  transformation  of  alcohol  into  aldehyde.  When  the 
contact  of  the  atmosphere  is  excluded,  thia  oxygen  can  not  evidently  be  derived  from  the 
elements  of  the  air,  or  from  those  of  the  water;  for  it  can  not  be  supposed  ihat  oxygen 
will  lake  hydrogen  from  the  water,  in  order  to  reeompose  water  with  the  hydrogen  of 
the  gluten.  The  elements  of  the  aacchanim  must  therefore  furnish  this  oxygen;  or  ia 
the  course  of  the  formation  of  the  yeast,  a  portion  of  the  sugar  will  be  decomposed  ;  but 
lilts  decomposition  is  not  of  the  same  kind  as  that  which  results  from  the  immediate 
inelamorphosis  of  the  sugar  into  carbonic  acid  and  alcohol ;  hence  a  certain  portion  of 
(he  sugar  will  allbrd  neither  alcohol  nor  carbonic  acid,  but  it  wilt  yield  less  ovgenated 
prodacts  from  its  elements.  These  products  occasion  the  great  difference  in  the  qua!- 
ities  of  fermebted  liquors,  and  particularly  in  their  alcoholic  strength.  In  the  ordinary 
fermentation  of  grape-juice  and  worls,  these  liquids  do  not  furnish  a  quantity  of  alcohol 
equivalent  to  the  sugar  which  they  contain,  because  a  certain  portion  of  the  sugar  serves 
for  the  oxidation  of  the  gluten,  and  is  not  transformed  tike  the  rest.  But  whenever  the 
liriuor  has  arrived  at  the  second  period,  the  product  in  alcohol  ought  to  be  equivalent  to 
(be  quantity  of  sugar  present,  as  happens  in  all  fermeniations  which  are  not  accom- 
panied with  a  formation,  but  a  disappearance  of  the  yeast.  I(  is  well  ascertained  thai 
worts  furnish  in  the  Bavarian  breweries  10  or  20  per  cent,  more  alcohol  than  they  do 
ly  the  ordinary  process  of  fermentation.  It  is  also  a  well-established  fact  that  in  the 
manufaclare  of  spirits  from  potatoes,  where  no  yeast  is  produced,  or  merely  a  quantity 
corresponding  to  the  proportion  of  barley-ma!t  added  to  the  potato-wort,  a  quanlily  of 
alcohol  may  be  produced,  as  also  of  carbonic  acid,  corresponding  pxactly  to  the  quan- 
tity of  carbon  in  the  fecula  employed.  But,  on  the  contrary,  in  Ihe  fermentation  ol 
beet-root  juice,  it  is  hardly  possible  lo  determine  precisely,  ftom  the  quantity  of  car- 
bonic Bcicl  evolved,  the  quantity  of  sagar  contained  in  the  beets,  for  there  is  always 
less  carbonic  acid  than  (he  juice  of  the  fresh  root  would  furnish.  In  equal  volumes, 
the  beer  made  by  the  unlerhefe  process  contains  more  alcohol,  and  is  therefore  more 
heady  than  that  formed  by  the  ordinary  process. 
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Tl,e  temp(!rature  nt  which  fermentation  is  carried  on  has  a  very  mnrked  inflatnce 
apon  the  quantity  of  alcohol  producetl.  It  is  linown  that  tt.e  juice  of  heels  set  to 
ferment  between  86°  and  95  Kalir.  does  not  yield  nicohol,  and  its  sugar  is  replaced  bj 
a  less  onys^""'^  Hubatance,  tnunnite,  and  hictic  acid,  resulting  from  Uie  mucilage. 
In  proporlion  as  the  temperature  is  lowered  (be  maunite  fermentation  diminishes. 
As  to  azolized  juices,  however,  it  is  hardly  possible  to  define  the  conditions  undei 
which  the  Iransformation  of  the  sugar  ivill  take  place,  without  being  accompanied  with 
another  decomposition  which  modifies  its  products.  The  fermentation  of  beer  by 
de/iosite  demonstrates  that  by  tlie  simaltaneouB  action  of  the  oxygen  of  the  air  and  a 
low  temperature,  the  metamorphosis  of  sugar  is  eft'ected  in  a  complete  manner;  foi 
the  vessels  in  which  (he  operation  is  carried  on  are  so  disposed  that  the  oxygen  of  lli< 
air  may  act  upon  a  surface  great  enough  to  transform  all  the  gluten  into  insoluble 
yeast,  and  thus  to  present  to  the  sugar  a  matter  constantly  anderg«ing  decomposition. 
The  oxidiiement  of  the  dissolved  gluten  goes  on,  bot  that  of  the  alcohol  requires  a 
biiiher  temperature ;  whence  it  can  not  suH'er  eremacausis,  that  is,  a cetib cation,  or 


At  the  beginning  of  the  fermentation  of  must  and  wort,  the  quantity  of  matter 
undergoing  change  is  obviously  the  largest.  All  the  phenomena  which  accompany  it, 
the  disengagement  of  gas  and  the  rise  of  temperature,  are  most  active  at  this  period, 
and  in  proportioa  as  the  decomposition  advances,  the  external  signs  of  it  become  less 
perceptible,  without,  however,  disappearing  completely  before  the  transformation  has 
reached  its  limit.  The  slow  and  continuous  decomposition  which  succeeds  to  the 
rapid  and  violent  disengagement  of  gases  is  denominated  the  afler  or  compltmaitarij 
fermentation.  For  wine  and  beer  it  lasts  till  all  the  sugar  has  disappeared,  so  that  the 
specific  gravity  of  the  liquors  progressively  diminishes  during  several  months.  This 
slow  fermentation  is  in  most  cases  a  truly  depositary  fermentation;  for  by  the  pro- 
gressive decomposition  of  the  less,  the  sugar  stilt  in  solution  gels  completely  tranS' 
formed  ;  but  when  the  air  is  excluded,  that  decomposition  does  not  occasion  the  com- 
plete separation  of  the  azolized  matters  in  an  insoluble  shape. 

In  several  slates  of  the  German  confederation,  the  favorable  influence  of  a  rational 
process  of  fermentation  upon  Ihe  quality  of  Ibe  beers  has  been  fully  recognised.  In 
the  Grand  Dutchy  of  Hesse  considerable  premiums  were  proposed  for  the  brewing  of 
beer  according  to  the  process  pnrsned  in  Bavaria,  which  were  decreed  to  those  brewers 
who  were  able  to  prove  ttial  their  product  (neither  strong  nor  h^hly  hopped)  had  kept 
six  months  in  the  casks  without  becoming  at  all  sour.  When  the  first  trials  were  being 
made  several  thousand  barrels  were  spoiled,  till  eventually  experience  led  lo  Ihe  dis- 
covery of  the  true  practical  conditions  which  theory  bad  foreseen  and  prescribed. 

Neither  (he  richness  in  alcohol,  nor  in  hops,  nor  both  combined,  can  hinder  ordinary 
beer  from  getting  tart.  In  England,  says  Liebig,  an  immense  capital  is  sacrificed 
lo  preserve  the  better  sorts  of  ale  and  porter  from  souring,  by  leaving  them  for  several 
years  in  enormous  tuns  quite  full,  and  very  well  closed,  while  their  tops  are  covered 
with  sand.  This  treatment  is  identical  with  that  applied  to  wines  to  make  them 
deposite  the  wine-stone.  A  slighl  transpiration  of  air  goes  on  in  this  case  through 
the  pores  of  the  wood;  but  llie  quantity  of  azoliied  matter  contained  in  the  beer  ia  so 
great,  relatively  to  the  proportion  of  oxygen  admitted,  that  this  element  can  not  act 
upon  the  alcohol.  And  yet  the  beer  thus  managed  will  not  keep  sweet  more  than 
two  months  in  smaller  casks  to  which  air  has  access.  The  grand  secret  of  the  Munich 
brewers  is  to  conduct  the  fermentation  of  the  wort  at  too  low  a  temperature  to  permit 
of  the  acelilication  of  the  alcohol,  and  to  cause  all  the  azolized  matters  to  be  com- 
pletely separated  by  the  intervention  of  the  oxygen  of  the  air,  and  not  by  the  sacrifice 
of  the  sugar,    It  is  only  in  March  and  October  that  the  good  store  beer  is  begun  to  be 

In  our  ordinary  breweries,  the  copious  disengagement  of  carbonic  acid  from  the 
frothy  top  of  the  fermenting  tuns  and  gyles  prevents  the  contact  of  oxyi^en  from  the 
worts;  BO  rtiat,  as  the  gluten  can  not  be  oxidized  by  the  air,  it  attracts  oxygen  from 
the  sugar,  and  thus  gives  rise  to  several  adventitioas  bydrogenated  products,  just  as 
the  feiid  oil  is  generated  in  Ihe  rapid  fermentation  of  spirit-wash  by  the  distillers.  In 
this  case  no  inconsiderable  portion  of  the  gluten  remains  undecomposed  in  the  beer, 
which,  by  iis  extreme  proneness  to  corruption,  ailerward  attracts  oxygen  greedily  from 
the  air,  and.  at  temperature  above  52',  imparls  this  anUatt  action  to  the  alcohol,  and,  by 
u  species  of  infection,  changes  it  into  vinegar.  Indeed,  in  most  of  the  rapid  fermenta* 
lions  a  portion  of  vinegar  is  formed,  which  itself  serves  as  an  acetous  ferment  to  the  rest 
of  the  alcohol;  whereas  Ihe  result  of  the  ioWom  fermentation  is  a  beer  free  from  viDegar, 
and  certainly  liardly  a  trace  of  gluten;  so  that  it  does  not  possess  the  conditions  requisite 
to  intestine  change  or  deterioration.  This  perfection  is,  however,  in  my  opinion,  rarely 
attained.  In  my  several  journeys  into  Geimany  I  have  niet  with  much  spurious  at 
ill-made  Bavarian  beer     The  lies'   contains,  when  brought  to  England,  a  little  acid. 


but  no  perceptible  gluten  on  tlie  addition  of  oj 
Eles,  ite.,  deposilt  more  or  less  gluten  when  t 
The  folluwing  table  exhibits  the  results  of 
mentioned  kiacis  of  beer : — 
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treated. 


Most  of  our  beers, 
inalions  of  the  under- 
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lltjly  in  lao 

paila  oy  w 

gill 

' 

'^^^  of  tl.=  Ce^r. 

Carb.aciH 

Augustine  double  Leer—        ) 
Munieh       -            .             j 
Salvatiir  beer  — do.    - 

88-88 

8-0 

3-6 

0-M' 

Kaiser. 

87-62 

8-0 

4-2 

0-18 

Do. 

Bock-beer,  from  the  Roial   ) 

brewery  —  do.        -             $ 

Schenk  (pot)  beer,  from  a  Ba-  i 

varian  country  brewery  i  a  > 

kind  of  small  beer      -         ) 

Boolt-heer  of  Brunswick,  of  J 

the  Bavarian  kind      -         j 

Laser  (store)  beer,  ofEruns-  i 

91-0 

5-4 

3-50 

Otto. 

Brunswick  sweet  smaU  beer 

84-70 

14-0 

J-30 

Do. 

Brunswick  mum 

59-2 

89-0 

0-1 

Kaiser. 

MtiUiwg  in  Mmnich.~-The  barley  is  steeped  till  the  acrospire,  embryo,  or  seed-germ, 
seems  to  be  quickened;  a  circumstance  denoted  by  a  swellins  at  the  end  of  tliat  ear 
which  was  attached  to  the  fool-staili,  as  also  when,  on  pressing  a  pile  between  two 
fingers  against  the  thumb-nail,  a  sli^lit  projection  of  the  embryo  la  perceptible.  As 
ion",  however,  as  the  seed-germ  sticks  loo  firm  to  the  husk,  it  has  not  been  steeped 
enough  for  e:(posure  on  the  uniiergroand  mall-fioor.  Nor  can  deficient  steeplni;  be 
safely  made  up  for  afterward  by  sprinkling  the  malt-couch  with  a  walering-can,  which 
is  apt  10  render  the  malting  irtegolar.  The  steep-water  should  be  changed  repeatedly, 
according  to  the  degree  of  foulness  and  hardness  of  the  barley;  first,  six  hours  after 
Immersion,  having  previously  stirred  the  whole  mass  several  limes;  afterward,  in 
winter,  every  twenty-four  hours,  but  in  summer  every  twelve  hours.  It  loses  none  of 
its  substance  in  this  way,  whatever  vulgar  prejudice  may  think  to  the  contrary.  After 
letlins  olV  the  last  water  from  ihe  stone  cistern,  the  Bavarians  leave  the  barley  to  drain 
in  it  during  four  or  sii  hours.  It  is  now  taken  oat,  and  laid  on  the  couch  floor,  in  a 
square  heap,  eight  or  ten  inches  h^h,  and  it  is  turned  over,  morning  and  evening,  with 
dexterity,  so  as  lo  throw  the  middle  portion  upon  the  top  and  bottom  of  the  new-made 
couch.  When  the  acrospire  has  become  as  long  as  the  grain  itself,  the  malt  is  carried 
to  the  withering  (leelkbodeti)  or  drying- floor,  in  the  open  air,  where  it  is  exposed  (in 
dry  weather)  daring  from  eight  to  fourteen  days,  being  daily,  turned  over  three  times 
with  a  winnowit^  shovel.  It  is  next  dried  on  a  well-constructed  cylinder  or  flue- 
heated  malt-kin,  at  a  gentle  clear  heal,  without  being  browned  in  the  sl^htest  degree, 
while  it  turns  friable  into  a  fine  white  meal.  Smoked  malt  la  entirely  rqeeted  by  1M 
best  Bavarian  brewers.  Their  malt  is  dried  on  a  series  of  wove  wire  horizontal  shelves, 
placed  over  each  other;  np  through  whose  interstices  or  perforations  streams  of  air, 
heated  to  only  IS?"  Fnhr.,  rise  from  the  surfaces  of  rows  of  hot  sheet-iron  pipe-flues, 
arranged  a  little  way  below  the  shelves.  Into  these  pipes  the  smoke  and  burned  ait 
of  a  little  furnace  on  the  ground  are  admitted.  The  whole  is  enclosed  in  a  vaulted 
chamber,  from  whose  top  a  large  wooden  pipe  issues,  for  conveying  away  the  steam 
from  the  drying  majt.  Each  cfiaree  of  jaall  may  be  completely  dried  on  this  kiln  In  the 
space  of  from  eighteen  lo  twenty  Jbnr  hours,  by  a  gentle  uniform  heat,  which  does  not 
injure  Ihe  diastase,  or  dbcolor  the  farina,' 

The  malt  for  stor-'-beer  should  he  kept  three  months  at  least  before  using  it,  and  be 
freed  by  rubbing  and  sifting  from  the  acrospires  before  being  sent  to  the  mill,  where 
it  should  be  crashed  pretty  fine.  The  barley  employed  is  the  test  disiichm  or  common 
kind,  styled  hordeum  imigore. 

Tbi;  hops  are  of  Ihe  best  and  freshest  growth  of  Bavana,  called  the  fine  spatler,  or 
laalser  Bohemian  toamkopa,  and  are  twice  ns  dear  as  the  best  ordinary  hops  of  the  rest 
of  Germany.    They  are  in  such  esteem  as  to  be  exported  even  into  France. 

The  Bavarians  are  so  much  attached  to  the  beer  beverage,  which  they  have  enjoyed 
Irom  their  re'Sotest  ancestry,  that  they  regard  the  use  of  distilled  spirits,  even  in 
moderation,  as  so  immoral  a  practice,  as  lo  disqualify  dram-drinkers  for  decent  society. 
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Tlieir  government  has  taken  great  paina  to  improve  this  national  beverage,  by  ei> 
cduraging  the  growth  of  the  best  qualities  of  hops  anil  barley.  The  vaults  in  whieb 
tlie  beer  is  fermented,  ripened,  and  kepi,  are  all  iiHdei^ound,  and  mostly  ia  stony  ex- 
cavations, called  feUeiJieiler  or  rock-cellara.  The  beer  is  divided  into  two  sorts,  coJlod 
mmnttr  and  winiw.  The  latter  ia  light,  ond,  being  intended  for  imtnediate  retail  in 
tantarda,  is  termed  sAmikMcr.  The  other,  or  the  lagtrlmT,  very  sensibly  increases  in 
vinous  strength  in  proportion  as  it  decreases  in  sweetness,  by  the  judicious  mFUiage- 
ment  of  the  ikicAgaXraiig,  or  fermentation  in  the  casks.  In  several  parts  of  Germany 
V  keeping  quality  is  communicated  to  beers  by  burning  sulphur  in  the  casks  before 
filling  them,  or  by  the  introduction  of  sulphite  of  lime.  But  the  flavor  thus  im- 
parted is  disliked  in  Munich,  Bayreuth,  Begensbuj^,  Nurnberg,  Hof,  and  the  otiier 
chief  towns  of  Bavaria;  instead  of  which  a  preservative  virtue  is  sought  for  in  an 
aromatic  mineral  or  Tyrol  pi(eA,  with  which  the  insides  of  the  casks  are  ca.""fiiUy  coated, 
and  in  which  the  ripe  beer  is  kept  and  expci.ed.  In  December  and  Janufti/,  after  the 
casks  are  charged  with  the  summer  or  store-beer,  the  double  doors  of  the  cellars  are 
Closed,  and  lamps  of  ice  are  piled  up  against  them,  to  prevent  all  access  of  warm  sir. 
The  cellar  is  not  opened  till  next  August,  in  order  to  take  out  the  beer  for  consump- 
tion. In  these  circumstances  the  beer  becomes  inuisparent  like  champagne  wine ; 
and,  since  but  little  carbonic  acid  gas  has  been  disengaged,  little  or  none  of  tiie  addi- 
tionally generated  alcohol  is  tost  by  evaporation. 

The  winter  or  schank  (pot)  beer  is  brewed  in  the  months  of  October,  Kovember, 
March,  and  April;  but  Ihe  summer  or  store-beer  in  December,  January,  and  Feb- 
ruary, or  the  period  of  the  coldest  weather.  For  the  former  beer,  the  hopped  worts 
are  cooled  down  only  to  from  51"  to  55°,  but  for  the  Utter  to  from  41"  to  424"  Fahr. 
The  winter  beer  ia  also  a  little  weaker  than  the  summer  beer,  being  intended  to  be 
sooner  consumed;  since  four  bushels"  (Berlin  measure)  of  fine,  dry,  sifted  malt,  of 
large  heavy  k<rrdeum  viilgare  disiiclum,  affords  seven  eimers  of  winter  beer,  but  not  more 
than  from  five  and  a  half  to  six  of  summer  beer.f  At  the  second  iofnsion  of  the  worts, 
small  beer  is  obtained  to  the  amount  of  twenty  quarts  from  the  above  quantity  of  malt. 
Par  the  above  quantity  of  winter  beer,  six  pounds  of  middling  hops  are  reckoned 
Bafficient;  but  lor  the  aummer  beer,  from  seven  lo  eight  pounds  of  the  linest  hops. 
The  winter  beer  may  be  sent  out  to  the  publicans  in  barrels  five  days  after  the  fer- 
mentation has  been  completed  in  the  tuns,  and,  though  not  quite  clear,  it  will  become 
so  in  the  course  of  six  days;  yel  they  generally  do  not  serve  it  out  in  pots  for  two  or 
three  weeks.  But  the  summer  beer  must  be  perfectly  bright  and  still  before  it  is 
racked  off  into  casks  lor  sale. 

StatemetU  of  ike  Prodtida  o/ a  Breuiing  of  Bavarian  Beer, — The  quantity  brewed  is 
41  Munich  eimers  (64  maass)  =  85|  Berlin  quarts;  and  60  Berlin  quarts  —  1  eimer; 
or  24  Munich  barrels  (of  100  Berlin  quarts  each);  1  Munich  eimer  =15  gallons 
imperial.  The  beer  contains  from  50  to  60  parta  by  weight,  of  dry  saecharum  in  1,000 
pans. 

ETpendilure.  Thaler.  Slbg. 

24  Berlin  bushels  of  white  kiln-dried  barley,  rather  finely  crushed, 

weighing  from  12  to  13  cwts. 24      0 

38  pounds  of  new  fine  spalter  (parted)  hops  at  46  thalcrs  the  cwt.        -      ]6      ]7 
J  pound  of  Carageen  moss,  for  clarifying  -  -  -  -      0      3 

1  quart  of  yeast. 

I  quan  of  Tyrol  pitch     -  -  -  -  -  -  -     I!       0 

Mash — lax   (in  Bavaria  and  Prussia)  upon   12  cwts.  malt,  at   the 

rate  of  20  sitocrg^j'oscftcn^Si.,  the  cwt.      -  -  -  -80 

Cost  of  crushing  -  -  -  -  -  -  -10 

Fuel 4      0 

Wages  of  labor,  in  the  brewhouse  and  vault  -  -  -      6      0 

Do.        Do.    for  cooper  in  pitchmg  the  casks  -  -  -      3      0 

Sundry  small  expenses    .  -  -  -  -  -  -2    10 

Orin.  8j.  76      0 

1  thahr  =  30  silbergroschen  =  3  shillings 

Deduct  for  the  grains  of  12  cwts.  of  mall,  at  10  »i7bergroschen,  or  li, 
per  cwt.  =  4  ihalera,anA  for  the  value  in  yeast  produced  =2 
thatera  more    -  -  -  -  -  -  -  -60 

Total  neat  expenditure  =  lOi.  10s.        -  -  -  -  -    70      0 
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This  coat  for  42  eimprs  (1  eimer=  143  galls.  Inip.)=  619^  ga.lIon9=  I7'2  London 
porter  barrel',  amounts  to  i^d.  per  gallon,  or   12s.  2il.  ptr  barrel.     By  the  above 
reckoning,  a  i?ood  profit  accrues  lo  the  brewer,  after  allowing  a  liberal  sum  for  the 
rent  of  premises,  interest  of  capital,  &e. 

He  has  less  profit  Irom  the  summer  beer.    For  a  brewing  of  33  eimers  =  505  gallona 
Imp.,  containing  from  60  to  65  pounds  of  saechnrum  in  1,000  pounds  of  the  beer,  by 
Hermstaedt'a  aacchacometer. 

Expenditure. 

Thaler,  sag. 
24  BerJin  scheffela  of  wliile  kiln-dried  barley-malt,  weighing  from 

12  to  13  centners-  -  -  -  -  -  -  -     24     0 

48  Berlin  pounds  of  fresh  Barariau  line  hops,  at  46  thaler  per  centner      20    0 
^  pound  of  Carageen  moss  -  „  .  .  o    3 

1  quart  setting  yeaal  {niiHrhefe). 
1  centner  pitch  -  -  -  -  -  -  -     1 1     0 

Malt  lax  on  12  centners 8    0 

Crushing  the  malt  - 10 

Fuel  - 4     0 

Wages,  6  tbalers;  coopers'  do.,  3  thalers;  and  sundries,  3  th.  £7  sc|.  12  27 

SI     0 
Deduct  for  grains  4  thalers,  and  yeast  2  tbalers  -  -  6    0 

Neat  cost  .  -  -  -  -      75    0 

This  cost  of  IIZ,  5s.  for  505  gallons  amounts  to  fully  5iJ.  per  gallon,  and  IGj.  dd. 
the  bnrreL 

The  cost  at  Munich  is  2^  thalers  the  eimer,  aud  4  thalers  the  barrel.  The  eimer  of 
the  summer  beer,  or  lagfrbier,  is  sold  for  4  thalers.  The  publiea,n3  there,  as  in  Lou- 
don, are  known  to  add  more  or  less  water  lo  their  beer  before  retailing  it. 

The  yeasi  (KiiierA^c)  is  etirefully  freed  by  a  scraper  from  the  portions  of  light  top 
yeust  that  may  have  fallen  to  the  bottom ;  the  true  unlerkefe  is  then  carefully  sliced  off 
irom  the  slimy  aediment  on  the  wood. 

In  Munich  the  malt  is  moistened  slightly  12  or  16  hours  before  crushing  it,  with  from 
2  to  3  maas\  of  water  for  every  bushel ;  the  malt  being  well  dried,  and  several  months 
old.  The  mash-tun  into  which  the  malt  is  immediately  conveyed  is,  in  middle-sized 
breweries,  a  round  oaken  tub,  about  4^  feet  deep,  10  feel  in  diameter  at  bottom  and 
a  at  lop,  outside  measure,  containing  about  6,000  Berlin  quarts.  Into  this  tun  cold 
water  is  admitted  late  in  the  evening,  to  the  amount  of  25  quarts  for  each  sckeffel,  or 
600  quarts  for  the  24  scheffela  of  the  gronnd  mnit,  which  are  then  shot  in  and  atirred 
about  and  worked  well  about  with  the  oars  and  rakes,  till  a  uniform  paaty  is  formed 
without  lumpa.  It  is  left  thus  for  three  or  four  hours;  3,000  quarts  of  water  being 
put  into  the  copper,  and  made  to  boil;  and  1,800  quarts  are  gradually  run  down  into 
the  rnaah-tun,  and  worked  about  in  it,  producing  a  mean  temperature  of  142'b'  Fahr. 
After  an  hour's  interval,  during  whicli  the  copper  has  been  kept  full,  1,800  additional 
quarts  of  water  are  run  into  the  tun,  with  suitable  mashing.  The  copper  being  now 
emptied  of  water,  the  tnasb-mixtnre  from  the  tun  is  transferred  into  it,  and  brought 
quickly  to  the  boiling  point,  with  careful  stirring  to  prevent  its  setting  on  the  bottom 
and  getting  burned,  and  it  is  kept  at  that  temperature  for  half  an  hour.  When  the  mash 
rises  by  the  ebullition,  it  needs  no  more  stirring.  This  process  is  called,  in  Bavaria, 
boiling  the  thick  mash,  dickmaisch  kochea.  The  mash  is  next  relumed  to  the  tun,  and 
well  worked  abont  in  it,  A  few  barrels  of  a  thin  mash-wort  are  kept  ready  t»  be  put 
into  the  copper  the  moment  it  is  emptied  of  the  thick  mash.  After  a  quarter  of  an 
hour's  repose  the  portion  of  liquid  filtered  through  the  sieve-part  of  the  bottom  of  the 
tun  into  the  wort-cistern  is  put  into  the  copper,  thrown  back  boiling  hot  into  the  mash 
m  the  tun,  which  is  once  more  worked  thoroughly. 

The  copper  is  next  cleared  out,  filled  tip  with  water,  which  is  made  to  boil  for  the 
after  or  small-beer  brewing.  After  two  hours  settling  in  the  open  tun,  the  worts  are 
drawn  off  clear. 

Into  the  copper,  filled  up  one  foot  high  with  the  wort,  the  hops  are  introduced,  and 
the  mixture  is  made  to  boil  during  a  quarter  of  an  hour.  This  is  called  roaiting  the 
hops.  The  rest  of  the  wort  is  now  put  into  the  copper,  and  boiled  along  with  the  hops 
during  at  least  an  hour  or  an  hour  and  a  half.  The  miKlure  is  then  laded  out  through 
the  hop-filter  into  the  cooling-cistern,  where  it  stands  three  or  four  inches  deep,  and  is 
exposed  upon  an  extensive  surface  to  natural  or  artificial  currents  of  cold  air,  so  as  lo 


"CTIT 


jcjlc 


UO  BEEK,  SAVARIAH. 

be  quickly  cooled.  For  every  £0  barrels  of  lagerbier,  there  are  allowed  10  o(  sinall 
bt-er;  so  IJiat  30  barrels  of  wort  are  made  in  a]l. 

For  the  winter  or  pot-beer  the  worts  are  brought  down  to  about  59°  Fahr.  in  the 
cooler,  and  the  beer  b  to  be  transferred  into  the  fejinenling-tuns  at  from  54'0''  to  59° 
Fabr^j  Ibr  the  summer  or  Itigeriiier,  the  worts  must  be  brought  down  in  the  cooler  to 
frojn  43°  to  4S^°,  and  put  into  the  fermenting-tuns  at  to  from  41*  to  43°  Fahr. 

A  few  hours  beforehand,  while  the  wort  is  still  at  the  temperature  of  63^°  Fahr.,  a 
quantity  of /o6i  must  be  made,  called  vor^teOea  {fare-aeltiiig)  in  Genuanj  by  mixing  the 
proportion  of  ualerke/e  (yeast)  intended  for  the  whole  brewing  with  a  barrel  or  n 
barrel  and  a  half  of  the  worts,  in  a  small  tub  called  the  gahr-liene,  stirring  them  weJl 
together,  so  that  they  may  immediately  run  into  fermeutalion.  This  IM  is  in  this 
stale  to  be  added  to  the  worlg.  The  lobb  is  known  tc  be  ready  when  it  is  covered  with 
a  white  fioth  from  one  quarter  to  one  half  an  inch  Ihicl;;  during  which  it  must  be  well 
covered  up.  The  lari»e  fermenting-tun  must  in  like  manner  be  kept  covered,  even 
in  the  vault.  The  colder  the  worts,  the  more  yeast  must  be  used.  For  the  above 
quantity,  at 


41°  to  33°  12 

Some  recommend  that  wort  for  this  kind  of  fi-rmenti 
set  with  the  yeasl  at  from  48°  to  57°;  but  the  gener 
Bummer  lager  beer  at  from  41°  to  43°  F. 

By  following  the  preceding  directions,  the  wort  in  the  tan  should,  in  the  course  of 
from  twelve  to  Iwenty-four  hours,  exhihil  a  white  froth  round  the  rim,  and  even  a  slight 
whiteness  in  the  middle.  After  another  twelve  or  twenty-four  hours,  the  froth  should 
appear  in  cnrls;  and,  in  a  third  like  period,  these  curls  should  be  changed  into  a  still 
higher  frothy  brownish  mass.  In  from  twenty-four  to  forty-eight  hours  more,  the  barm 
should  have  fallen  down  in  portions  through  the  beer,  so  as  to  allow  it  to  be  seen  in  cer- 
tain points.  In  this  case  it  may  be  tnrned  over  into  the  smaller  ripening  tuns  in  tho 
course  of  other  five  or  six  days.  But  when  the  worts  have  been  set  to  ferment  at  from 
41°  to  43°  Fahr.,  they  require  from  eight  to  nine  days.  The  beer  is  transferred,  al^ei 
heini  freed  from  the  top  yeast  by  o  skimmer,  hy  means  of  the  stopcock  near  the  bottom 
of  the  large  tun.  It  is  either  first  run  into  an  intermediate  vessel,  in  order  that  the  top 
and  hott«m  portions  may  he  well  mixed,  or  into  each  of  the  lager  casks,  in  a  numbered 
series,  like  f|uantiiies  of  the  top  and  l)ottom  portions  are  introduced.  In  the  ripening 
cellars  the  temperature  can  not  be  too  low.  The  best  keeping  beer  can  never  be 
brewed  unless  the  temperature  of  the  worts  at  setting,  and  of  course  the  ferm  en  ting- 
vault,  be  as  low  as  50°  F.  In  Bavaria,  where  this  manufacture  is  carried  on  under 
government  inspectors,  a  brewing  period  is  prescribed  by  law,  which  is,  for  the  under 
fermenting  tager  beer,  from  Michaelmas  (29th  September)  to  St.  George  (23d  April). 
From  the  latter  to  the  former  period  the  ordinary  top-bann  beer  alone  is  to  be  made. 
The  ripening-casks  mast  not  be  quite  fnll,  aud  they  are  to  be  closed  merely  with  a 
loose  bung,  in  order  to  allow  of  the  working  over  of  the  ferment.  But  should  Ihe  fer- 
mentation appear  too  languid,  after  six  or  eight  days,  a  little  briskly  fermenting  lager 
beer  may  be  introduced.  The  itore  lager  beer-tuns  are  not  to  be  quite  filled,  so  as  to 
prevent  all  the  yeasty  particles  from  being  disehai^ed  in  the  ripening  fermentation; 
bnl  the  pot  laser  beer-tuna  must  be  made  quite  full,  as  this  beverage  is  intended  for 
speedy  sale  within  a  few  weeks  of  its  being  made. 

As  soon  as  the  summer  beer-vaults  are  charged  with  their  ripening-casks,  and  with 
Ice-cold  air,  they  are  closed  air-tight  with  triple  doors,  having  small  intervals  between, 
so  that  one  may  be  entered  and  shut  again,  before  the  next  is  opened.  These  vaults 
are  sometimes  made  in  ranges  radiating  from  a  centre,  and  at  others  in  rooms  set  oli 
at  right  angles  to  a  main  gallery  j  so  that  in  either  case,  when  the  external  opening  is 
well  secured,  with  triple  air-tight  doors,  it  may  be  entered  at  any  time,  in  order  to 
inspect  the  interior,  without  the  admission  of  warm  air  to  the  beer-barrels.  The 
wooden  bungs  for  loosely  stopping  them  must  he  coated  with  the  proper  pitch,  to 
prevent  the  possibility  of  their  imparling  any  acetous  ferment.  In  the  Beer  Brewer' 
of  A.  F.  Zunmermann,  teacher  of  theoretical  and  practical  brewing,  who  has  devoted 
thirty-five  years  to  this  business,  it  is  stated,  that  a  ripened  tun  of  lager  or  store-beer 
must  be  racked  off  all  at  once,  for  when  it  is  left  half  fall  it  becomes  (kit  (schaal) ;  and 
that  the  tan  of  pot  lager  beer  must,  if  possible,  be  all  drunk  off  in  the  same  day  it  is 
lapped ;  because  on  the  following  day  the  beer  gets  an  unpleasant  taste,  even  when 
the  bung  has  not  been  taken  out,  hut  only  a  small  hole  has  been  made,  which  is 
opened  only  at  the  time  of  drawing  the  beer,  and  is  immediately  closed  again  with  a 
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spigot.  He  aacribcs  this  changu  lo  the  loss  of  the  carbonic  ac'ii  gas,  with  which  the 
beer  has  got  strongly  impregnated  during  the  latler  period  of  its  ripening,  while 
being  kept  in  tighfly-faunged  casks.  The  residuums  in  these  casta  are,  however, 
bottled  up  in  Bavaria,  whereby  the  beer,  after  some  time,  recovers  its  brisk  and 
pungent  taste.  But  the  beer-topers  in  Bavaria,  who  are  professedly  very  numerous, 
indulge  so  delicate  and  fastidious  a  palate,  that  when  assembled  in  their  favorite  pot- 
houec,  lliey  wait  impatiently  for  the  tapping  of  a  fresh  cask,  and  cease  for  a  while  to 
(ipple  whenever  it  is  half  empW,  puffing  the  time  away  with  their  pipes  till  another 
fresh  tap  be  made.  In  the  well-frequented  beer-shops  of  Munich  a  common-sized  cask 
of  lagii-  beer  is  thus  drank  off  ia  an  tour.  A  reputation  for  superior  brewing  is  there 
the  readiest  road  lo  fortune. 

Bock-Bier  of  Bavaria. — This  is  a  favorite  double  strong  beverage,  of  the  best  lager 
description,  which  is  so  named  from  causing  its  consumers  to  prance  and  tumble  about 
like  a  buck  or  a  goal;  for  the  German  word  bock  has  both  these  meanings.  It  is 
merely  a  beer  having  a  specific  gravity  rne  third  greater,  and  is  therefore  made  with 
a  third  greater  proportion  of  mall,  but  wjh  the  same  proportion  of  hops,  and  flavored 
with  a  few  coriander-seeds.  It  has  a  somewhat  darker  color  Ikan  tbe  general  lager 
beer,  occasioaally  brownish,  taste  less  hitler  on  acconnt  of  the  predominating  mall, 
and  somewhat  aromatic.  It  is  an  eminently  intoxicating  beverage.  It  is  brewed  in 
December  aud  January,  and  takes  a  long  time  lo  ferment  and  ripen ;  but  still  it  con- 
tains too  large  a  quantity  of  unchanged  saccharavt  and  dixtriae  for  its  hops,  so  that  it 
tastes  too  luscious  for  habitual  topers,  and  is  drunk  only  from  the  beginning  of  May 
till  the  end  of  Julyj  when  the  fashion  and  appetite  for  it  are  over  for  the  year. 

Stattmait  of  a  Brmi-ag  of  Bavarian  Bock-Bcer. 
For  41  Bavarian  eimers  of  64  maasa  each  (about  13  gallons  Imperial)  per  timer,  or 
615  gallons,  nearly  17  barrels  English  in  aU ; — 

Expenditure, 

Thaler.  SIbg. 
32  Berlin  schefTels  of  the  best  pale  malt  freed  from  Its  acrospireg, 

weighing  I7J  centners,  at  1  tlialer  per  centner  -  -        32      0 

48  lbs.  (Berlin)  of  the  best  Bavarian  hops  -  -  -        20      0 

I  lb.  Carageen  moss  for  clarifymg  -  -  ■  -  0      3 

1  lb.  Coriander-seeds  -  -  -  -  -  -0I| 

1  Quart  setting  yeast. 

I  Centner  Tyrolese  pitch        -  -  -  -  -  -110 

MaU-tai        ^ il     20 

Malt-crnshing,  fuel,  wages,  coopering,  (tc.  -  -  -        16      5i 

ThalersofS).  each  -  -        91      0 

Deduct  fur  the  value  of  grains  and  yeast  -  -  -  7      0 

Thalers  of  neat  cost S-1      0 

Tliis  statement  makes  the  eimer  of  the  Bavarian  bock-beet  amount  to  about  2  tha- 
lers, or  6  shillings ;  being  at  the  rate  of  nearly  5  pence  per  gallon  j  though  without 
counting  rent,  interest  of  capital,  or  profit.  It  is,  IQ  fact,  a  malt  or  barley  sweet  wine 
or  tiqaear ;  but  a  very  cheap  one,  as  we  see  by  this  computation. 

The  chief  difference  in  the  process  for  making  bock-beer  lies  in  the  mash-worta, 
and  in  the  hops  being  boiled  a  shorter  time,  to  preserve  more  of  the  aroma,  and  acquire 
less  of  the  bitterness  of  the  hop.  The  coriander-seeds  are  coarsely  bruised,  and  added 
along  with  the  hops  and  Carageen  moss,  to  the  boiling  mosh-worts,  about  twenty 
oc  thirty  minutes  before  they  are  laded  or  drawn  off  into  the  mash-tun.  Sometimes 
the  hops  are  boiled  apart  in  a  little  clear  wort,  as  formerly  described.  The  bock-becr 
is  retailed  in  Mnnich  at  3  silver  grosehen,  about  d^d.  the  teidel,  or  pot,  which  is  one 
English  pint.  The  25  gallon  cask  (tonne)  is  sold  at  10  thalers,  or  30  shillings.  The 
publicans,  therefore,  have  a  very  remunerating  profit  per  pot,  even  supposing  that  they 
do  not  reduce  the  beer  with  water  like  our  London  craftsmen. 

Zimmermann  assumes  the  merit  of  having  introduced  C^arageen  moss  as  a  clarifier 
into  the  beer  manufacture.  I  do  not  know  whether  it  may  not  have  been  used  in  this 
country  for  the  same  purpose,  or  in  Ireland,  where  this  fucus  (Chandra  crispa)  grows 
abundantly.  He  says  that  1  ounce  of  it  is  sufficient  for  25  gallons  of  beer;  and  that 
it  operates,  not  only  in  the  act  of  boiling  with  the  hops,  but  in  that  of  cooling,  as  also 
in  the  squares  and  backs  before  the  fermentation  is  begun.  Whenever  this  change, 
however,  takes  place,  the  commixture  throws  up  the  gluten  and  moss  to  the  surface  of 
the  liquid  in  a  black  scum,  which  is  to  be  skimmed  off,  so  thai  the  proper  yeast  may 
13 
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not  be  soiled  with  it.  It  occasions  the  Eeparation  of  much  of  the  vegelabit  slinie,  ot 
mucilage,  called  by  the  Gennan  brewers  -peek  (piteli). 

On  tkt  Clarifying  or  Ckariag  of  Beers. — Clarifierg  act  either  chemicajlj — by  heing 
aolubie  in  the  beer,  and  by  forming  sn  insoluble  compound  with  the  vegetable  gluten, 
and  other  Tlscid  vegetable  extracts ;  gelatine  and  albumen,  under  one  shape  or  other 
have  been  most  aaedj  the  former  for  beer,  the  latter,  as  white  of  egg,  for  wine — 
or  mechanieaUy,  by  being  diffused  in  fine  particles  through  the  turbid  liquor,  and,  in 
their  precipitation,  carrying  down  with  them  the  floating  vegetable  matters.  To  this 
class  belong  sand,  bone-black  (in  some  measure,  but  not  entirely),  and  other  such 
articles.  The  latter  meana  are  very  imperfect,  and  can  talie  down  only  such  matters 
as  e\ist  already  in  an  insoluble  state ;  of  the  fonneir  class,  mtlli,  blood,  glue,  calf 's-foot 
jelly,  hartshorn-shavings,  and  ismglass,  have  been  chiefly  recommended,  Calve's-fool 
jelly  is  much  used  in  many  parts  of  Germany,  where  veal  forms  so  common  a  kind  of 
butchei-meat  i  but  in  summer  it  is  apt  to  acquire  a  putrid  taint,  and  to  imparl  the 
aamc  to  the  beer.  In  these  islands,  isinglass  swollen  and  partly  dissolved  in  vinegar, 
or  sour  beer,  is  almost  the  sole  clarifler,  called  fioings,  employed.  It  is  costly,  when 
the  best  article  is  used  i  but  an  inferior  kind  of  isinglass  is  imported  for  the  brewers. 
The  solvent  or  medium  through  or  with  which  it  is  administered  is  eminently  inju- 
dicious, aa  it  never  fails  to  infect  the  beer  with  an  ace^ius  ferment.  In  Germany 
their  tart  wine  has  been  used  hitherto  for  dissolving  the  isinglass ;  and  this  has  aieo  the 
some  bad  property.  Mr.  Zimmermann  professes  to  have  discovered  an  unexception- 
aHe  solvent  in  tartaric  acid,  one  pound  of  which  dissolved  in  24  quarts  of  water  is 
capable  of  dissolving  two  pounds  of  ordinary  isinglass;  forming  finings  which  maybe 
allerward  diluted  with  pure  water  at  pleasore.  Such  isinglass  imported  from  Peters- 
burg into  Berlin  costs  there  only  3s.  per  lb.  These  Goings  are  best  aJded,  as  already 
mentioned,  to  the  worts  prior  to  fermentation,  as  soon  as  they  are  let  in  lo  the  setting- 
back  or  tuD,  immediately  after  adding  tlie  yeast  lo  it.  They  are  best  administered  b; 
mixing  them  in  a  small  tub  with  thrice  their  volume  of  wort,  raising  the  mixture  into  a 
froth  with  a  whisk  (tviigJiesBm,  in  German),  and  then  stirring  it  into  the  worts.  The 
clarification  becomes  manifest  In  the  course  of  a  few  hours,  and  when  the  fermentntiOB 
is  completed,  the  beer  will  be  as  brilliant  as  con  be  wished;  the  test  of  which  with  the 
German  topers  is  when  they  can  read  a  newspaper  while  a  tall  glass  beoliec  of  beer  is 
placed  between  tlie  paper  and  the  candle.  One  quart  of  finings  of  the  above  strength 
will  he  generally  found  adequate  to  the  clearing  of  100  gallons  of  well-brewed  lager- 
beer,  though  it  will  be  surer  to  use  double  that  proportion  of  finings.  The  Cajageca 
noss,  as  finings,  is  to  be  cut  in  Une  shreds,  thrown  into  the  boiling  thin  wort,  when 
the  flocks  begin  to  separate,  and  before  adding  the  hops ;  alSer  which  the  boiling  is 
continued  for  an  hour  and  a  half  or  two  hours,  as  need  be.  The  clarifying  with  this 
kind  of  finings  takes  place  in  the  cooler,  so  that  a  limpid  wort  may  be  drawn  off  into 
the  fermenting  back. 

Berlin  White  or  Pale  Beer  (W«iss-Mer).— This  is  the  truly  patriotic  beverage  of 
Prussia  Proper,  and  he  is  not  deemed  a  friend  to  his  Valertand  who  does  not  swig  it. 
It  is  brewed  from  1  part  of  barley-malt  and  5  parts  of  wiieal-malt,  mingled,  moistened, 
and  coarsely  crushed  between  rollers.  This  mixture  is  worked  up  first  with  water  at 
95°  Fahr,,  in  the  proportion  of  30  quarts  per  ackeffel  of  the  malt,  to  which  pasty 
mixture  70  quarts  of  boiling  water  are  forthwith  added,  and  the  whole  is  mashed  in  the 
tun.  After  it  has  been  left  here  a  little  to  settle,  a  portion  of  the  thin  liquor  is  drawn 
off  by  the  tap,  transferred  to  the  copper,  and  then  for  each  bushel  of  malt  there  is  added 
to  it  a  decoction  of  half  a  pound  of  Mlmark  hops  separately  prepared.  This  hopped 
wort,  afVer  half  an  hour's  boiling,  is  turned  back  with  the  hops  into  the  mash-tun,  of 
which  the  temperature  should  now  be  162^°  Pahr.,  but  not  more.  In  half  an  hour 
the  wort  is  to  he  drawn  off  from  the  grains,  and  pumped  into  the  cooler.  The  grains 
are  aflerward  mashed  witJi  from  40  to  SO  quarts  of  boiling  water  per  scheffel  of  malt, 
and  tbis  infusion  is  drawn  off  and  added  to  the  former  worts.  The  whole  mixture 
is  set  at  66°  Falir,,  with  a  due  proportion  of  top  yeast  or  ordinary  barm,  and  very 
moderately  fermented.  According  to  Zimmermann,  a  very  competent  judge,  this  hia 
native  beer  is  very  apt  to  turn  sour,  nnd  therefore  it  must  be  very  speedily  consomed. 
Tills  proneness  to  acetification  is  the  character  of  all  wheat-malt  beers.  He  recom- 
mends, what  he  himself  has  made  for  many  j^ears,  a  substitution  of  potato-starch  sugar 
for  Ibis  sort  of  malt,  and  as  much  tartaric  acid  as  to  give  the  degree  of  tartness  pecnliai 
to  the  pale  Berlin  beer,  even  in  its  best  state.  This  acid  moreover  prevents  the  beer 
from  running  into  the  acetoas  fermentation. 

Pitalo-Bmr. — The  potatoes  being  well  washed  are  to  he  rubbed  down  to  a  pulp  by 
such  a  grating  cylinder-machine  as  is  represented  in_^(7. 122,  where  Q  is  the  hopper  for 
feceiving  tlie  roots  (whether  potato  or  beet,  as  in  the  Prendi  sugar-factories;  b  is  the 
crushing  and  grinding-dmm ;  e,  the  handle  for  turning  the  spur-wheel  d,  which  drive* 
Ihe  pinion  e,  and  the  fly-wheel/;  g,  ft,  is  the  frame.    The  dotted  lines  above  c,  aie  the 
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euUender  through  which  the  pulp  passes.  J'\g  12d  is  the  stop 
twtlling  beer.  For  every  sclieffcl  of  potatoes  80  quirts  of 
them  into  the  copper,  and  made  to  boi]. 


the  stopcock  used  1 


Crushed  malt,  lo  the  amount  of  12  sdieffels,  ia  lo  be  well  worked  about  in  the  mash 
tun  with  360  quarts,  or  90  gallons  (English)  of  cold  water,  to  a  thick  pap,  and  then 
840  additional  quarts,  or  about  6  barrels  (English)  of  cold  water  are  lobe  successively 
inttodaced  with  constant  stirring,  and  left  to  stand  an  hoo?  at  rest. 

The  potatoes  haying  been  meanwhile  boiled  to  a  fine  starch  paste,  the  whole  malt- 
mash,  thin  and  thick,  is  lo  be  speedilj  laded  into  the  copper,  and  the  miTture  in  it  is 
to  be  well  stirred  for  an  hour,  taking  care  to  keep  the  temperat'jre  at  from  144"  to 
156»  Fahr.  all  the  time,  in  order  that  the  diastaH  of  the  malt  may  convert  the  starch 
present  in  the  two  substances  into  sugar  and  dextrine.  This  tranafonnation  is  mode 
manifeal  by  the  while  pasty  liquid  becoming  transparent  and  thin.    Whenever  tfaii 
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linppeus  Uie  fire  is  to  be  raised,  to  make  the  mash  boil,  and  to  keep  it  at  thia  heat  for  IC 
toiniites.    The  firo  iathen  ■withdrawn,  the  contents  of  t]ie  copper  are  to  be  trausfePred 


The  clear  wort  is  to  be  drawn  off  from  the  top  of  the  tun,  aa  usual,  and  boiled  aa 
soon  aa  poBBible  with  the  due  proportion  of  hops;  and  the  boiling  water  may  be  addef* 
In  any  desired  oTiantily  to  the  drained  mash,  for  the  second  mashing.  Wort  made  ii: 
thifl  way  is  said  to  have  no  flavor  whatever  of  the  potaffl,  and  to  clarify  more  easily 
than  malt- worl,  from  its  contMninga  Bmallep  proportion  of  gluten  relatively  to  that  of 
aaccharum. 

A  Boheffel  of  good  mealy  potatfles  affords  from  26  to  Sti  lbs.  of  thick,  well-boilod 
syrup,  of  the  density  of  36°  Baumfi  (see  AttEOMETEE);  and  28  lbs,  of  such  ayrap  are 
eq^uivalent  to  a  seheffol  of  malt  in  saceharine  strength.  Zimmermann  thmks  beer 
so  brewed  from  potatoea  cjuite  eqnal,  at  leastj  if  not  superior,  to  pure  malt  beer,  both  in 
appearance  and  qualify. 

Profeaaor  Leo,  of  Munich,  has  given  the  following  analysis  of  t' 


0  kinds  of  Munich 


Alcohol    -    -    ■ 
Extract     -    - 
Carhonio  acid 
Water-     -     - 


6-000 
IS'600 
O-OTT 


Carli 
tract,  6- 
The  following  analyses  of  other  Gi 


tho  alcohol  in  the  Bavarian  beer  of  Bambei^  at  only  2-840  in  lOa    Ex- 
's are  also  by  Leo ; — 


Alcohol 

Albumen    -    -    -"    - 

Extract 

Water 

LlclitenbfliD. 

W^"r.    1    "™e"™-              J™»- 

Double  JeM. 

3-168 
0-048 
4-485 
92'S09 

0-020 
7-316 
90-09T 

8-09S 

o-ole 

7-012 
S9-7S3 

3018 
0-04B 
6-144 
80193 

2-OBO 

7 -153 
90-189 

100-000 

100-000     1  100-000     1  100-000 

100-000 

Under  the  term  extract^  in  1 
trine,  lactie  acid,  Tarioua  salts, 
and  fatty  matter. 

The  folio-wing  statement  is  : 


se  analyses,  is  meant  a  misturo  of  starch,  sugar,  dex- 
tain  extractive  and  aromatic  parts  of  the  hop,  gluten. 


me  of  the  published  analyaea  of  other  beersi- 

Engliah  ale 8-5in  100 

Burton ^-2 

Scotch B'g 

Common  London  ale  -        -        -        -        -    SO 


6-0 


London  porter  -        .        .        - 

To  the  aboye  I  add  the  following  analyse)  of  certain  alea  madg  lately  by  myseH  at 
follows; — 

1.  After  exposing  a  portion  of  the  liqnor  in  a  win 
acid  were  diaengaged,  I  took  the  speoifio  gravity 

a.  I  tlien  saturated  SOOO'gi-ain  maasurea  of  the  ale  with  a  teat  solution  of  pure  car 
bonate  of  soda,  to  determine  the  quantity  of  acid  prcaent,  after  which  I  added  an  ex- 
oesB  of  the  alkali  to  precipitate  the  gluten ;  which,  howeTer,  being  but  small  in  amouni^ 
I  did  not  aeparate  by  a  filter,  dry,  and  weigh. 

3.  .1  subjected  the  supersaturated  liquid  to  distillalion,  by  the  heat  of  230"  F.  in  a 
ohlor-zino  bath  till  I  drew  off  all  its  alcohol,  of  which  I  noted  the  quantity  in  water* 
groia  raeaeures  and  the  specific  gravity. 


.  L.oc 


i.  I  evaporated  to  dryness  aOO  wa 
'/I  determine  tlie  extract. 

"■■•'•""• 

asures  slowly  in  a  porcelaia  eapflule, 

Specific  gravity     .---., 

Bavatlu. 

Do.  Boot. 

Altop's. 

BtM'a. 

1'004 

1013 

1-010 

1-ooa 

Extract 

Acetic  acid 

Wader 

400 
4-50 
O'SO 
91-30 

4'50 
6-40 
0-20 
8a'90 

600 
S-00 

4-80 
0-18 
88-02 

100-00 

10000 

100-00 

100.00 

The  Bavarian  beers  had  been  recently 
piteli.  The  two  saQiples  of  Eagliab  ale  ai 
but,  being  highly  hopped,  and  comparatively  clean,  as  the  "brewers  Bay,  have  been 
recommended  as  a  tonic  beverage  by  the  facalty.  Hodgson's  bitter  beer  waa  the  ori- 
ginal of  thb  quality. 

The  above  Bavarian  beers  afford  no  precipitate  of  gluten  -with  carbonate  of  potnsli; 
the  two  English  alea  become  mottled  thereby,  and  yield  a  small  portion  of  gluten, 
which  had  been  held  in  solution  by  the  acid,  which  is  here  estimated  as  tlie  acetic. 
Common  vinegar,  excise  strength,  contains  5  per  cent  of  such  acid  as  is  stated  in  the 
above  analyais,  indicating  from  3  to  4  per  cent  of  table  vinegar  in  the  above  varieties 


;  OE  BmEE;  brevsed  ckiejly  for  llie  Indian  market  and/or  other  iropUal  eoun- 
a  light  beverage,  ivith  much  aroma,  and,  in  consequence  of  the  regnlntions 
■agarding  the  malt  duty,  is  eommooly  brewed  from  a  wort  of  specific  gi-svity  lOSS  or 
npwards ;  for  no  drawback  is  allowed  by  the  excise  on  the  exportation  of  beer  brewed 
fram  worts  of  a  lower  gravity  than  1  "0S4.  This  impolitic  interferecoe  -with  the  opera- 
tions of  trade  compels  (Le  maautacturer  of  bitter  beer  to  employ  wort  of  a  much  greater 
density  than  he  otherwise  would  do ;  for  beer  made  from  wort  of  the  specific  gravity 
1-042  is  not  only  better  calculated  to  resist  secondary  fermentation  and  the  other  effects 
(if  a  hot  climate,  bat  is  also  more  pleasant  and  salubrious  to  the  eonsumer.  0nder  pre- 
sent circumstances  the  law  expects  the  brewer  of  bitter  beer  to  obtain  4  barrels  of 
marketable  beer  from  every  quarter  of  malthenaes,  which  is  just  barely  possible  when 
the  best  malt  of  a  good  barley  year  is  employed.  With  every  quarter  of  snch  mait 
18  lbs  of  the  best  hops  are  used;  so  that,  if  we  assume  the  cost  of  malt  at  60s.  pci- 
quarter,  and  the  best  hops  at  2s.  per  lb.,  wa  shall  have,  for  the  prime  cost  of  each  barrel 
of  bitter  beer,  in  malt  15s.,  in  hops  8j.,  and  together  23s. ;  from  which,  on  exportation, 
we  mast  deduct  the  drawback  of  6j.  per  barrel  allowed  by  the  excise,  which  brings 
tbo  prime  cost  down  to  18a.  per  barrel,  exclusive  of  the  expense  of  maniiiactnre,  wear 
and  tear  of  apparatus,  capital  invested  iu  barrels,  cooperage^  An.,  which  constitute 
altogether  a  very  formidable  outlay.  As,  however,  this  ale  is  sold  as  high  as  from 
MW.  to  658.  per  barrel,  tJiere  can  be  no  doubt  that  the  bitter  ale  trade  has  lone  been, 
and  sUll  continues,  an  exceedingly  profitable  speculation,  though  somewhat  hazard- 
ous, from  the  liability  of  the  article  to  undergo  decomposition  ei-e  it  finds  a  market 

The  English  ale-bibbers  were  recently  horrified  by  a  public  report,  apparently  well 
authenticated,  that  French  chemistry  was  lai^ely  engaged  in  preparing  immense 
quantities  of  that  most  deadly  poison  itrifdaiine,  for  the  purpose  of  drugging  the  pale 
bitter  ale,  in  such  great  vf^ue  at  present  in  Great  Britain  and  its  colonies.  The  fa- 
ble -would  have  been  made  more  piqtumt,  by  Boggesting  that  it  was  a  project  of  the 
""''"'  ■    ■   '        ■'  '-  .    -  ■•     ■■^- -----ies  of  Waterloo.    It 

6  and  almost  incrc- 
i  of  reputation,  for 
the  following  plain  reasons:  I.  Strychnine  is  an  exceedingly  costly  article;  2.  It  has 
a  most  unpleasant  metallic  bitter  taste;  3.  It  is  a  notorious  poison,  and  by  its  use  in 
any  bl-ewery  would  ruin  the  reputation  of  the  brewer;  i.  It  cannot  be  mtroduced 
into  ordinary  beer  brewed  with  hops,  because  it  is  entirely  precipitated  by  infusions 
of  that  wholesome  fragrant  herb.  In  fact,  the  quereit*nnJo  acid  of  hops  is  incompati- 
ble with  strychnia  and  all  its  kindred  alkaloids.  Hence  hopped  beer  becomes  in  this 
I'espeet  a  sanatory  beverage ;  refusing  to  take  up  a  particle  of  etrychnia,  and  other 
nosious  drugs  of  like  character.  Had  the  two  chemists  employed  by  Messrs.  Allsopp 
to  disprove  the  above  calumny  in  respect  to  their  bitter  ale  taken  the  trouble  to 
consult  Borzelins,  Anthony  Todd  Thompson,  and  other  -writers-  «-     ' — '  ---  -"--^ 


Frinee  President  of  France  to  indemnify  his  country  for  the  m 

is  surprising  that  such  a  tale  should  have  been  told  by  any  gossip,  and 
dible  that  it  should  have  been  entertained  gravely  by  any  chemist  of  Tf 


strychnia,  they 


might  have  saved  themselves  the  vain  attempt  to  dissolve  strychnia  i 

for  it  all  remains  at  the  bottom  in  combination  -with  the  queroitannio  acid  so  abun 

3antly  prfisent.    Were  the  nvx  vomica  powder,  from  which  strychnin  is  extracted, 
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fiven  stealtHly  thrown  into  the  mast  tun,  its  dangerous  prindple  would  be  all  iiifal 
libly  thrown  down  with  tlie  grounds  in  the  subsequent  hop-boil. 

'Hie  Board  of  EKciae  or  Inland  Sevenne  haring  a  few  years  ego,  witli,  delusive  libe 
ralitj,  permitted  tlie  legislature  to  grant  Leave  to  use  sugar  in  the  plaae  of  barley 
malt  in  breweries,  an  eicteneiye  sugar  merchant  in  London,  hoping,  under  this  pre- 
tended boon,  to  acquire  a  new  and  ivealtliy  class  of  customers,  employed  ma  to  ascer- 
tain by  experiment  the  relatire  values  of  malt  and  sugar  for  the  manufacture  of  beer. 
Tan  samples  of  muscovado  sugar  of  several  qualities  were  examinefl,  and  were  founJ 
to  vary  very  slightly  in  the  proportions  of  aloohol  they  could  furnish  by  fermentation 
in  a  brewert  tun ;  the  average  being  13  gallons  of  proof  spirit  for  112  lbs.  of  the  su- 
gar;  whereas  an  equal  quantity  of  proof  Epirit  could  be  obtained  from  4-8  bushels  of 
malt.  One  pound  of  malt  yields  |  of  a  lb  of  extract,  capable  of  making  as  rouehbeer 
as  that  weight  of  sugar.  On  eomparing  the  actual  prices  of  sugar  and  malt,  we  shall 
see  how  ruinous  a  business  it  would  be  to  use  sugar  instead  of  malt  in  a  brewery,  and 
hence  the  delusiveness  of  the  excise  generosity  towards  the  beer  trade. 

BEET-ROOT  SUGAR.     See  Suhab. 

BELL  METAL,  an  alloy  of  copper  and  tin.    See  Coppeh 

BELLOWa    See  Metallurgt. 

BEN  OIL.    SeeOiLOFBKK. 

BENGAL  STRIPES.     Ginghams;   a  kind  of  cotton  cloth  woven  with  colored 

BENJAMIH  or  BENZOIN.  {Benjoin,  Fr. ;  Bemde,  Germ.)  A  species  of  resin  used 
chiefly  in  perfumery.  It  is  extracted  by  incision  from  the  trauk  and  branehas  of  the 
styrax  bmsoin,  which  grows  in  Java,  Sumatra,  Santa  FS,  and  in  the  kingdom  of  Siam. 
The  plant  belongs  to  the  decandria  mont^ynja  of  Linnseos,  and  the  natural  fomily  of 
the  ebenaeete.  It  hardens  readily  in  the  air,  and  comes  to  us  in  brittle  masses,  whose 
fracture  presents  a  mixture  of  red,  brown,  and  white  grains  of  various  sizes,  which, 
when,  white,  and  of  a  certain  shape,  have  been  called  amygdaloid,  from  their  resem- 
blance to  almonds.    The  sorted  benzoin  is,  on  tlie  other  hand,  very  impure. 

The  fracture  of  benzoin  is  concboidal,  and  its  lustre  greasy :  its  specific  gravity  va- 
ries ffom  1-063  to  iTjga.  It  has  an  agreeable  smell,  aomewhat  lEke  vanilla,  which  is 
intffit  manifest  whan  it  is  ground  It  enters  into  fusion  at  a  gentle  heat,  and  then  ex- 
hales B  white  smoke,  which  may  be  condensed  into  the  aeicnlar  crystals  of  benaoio 
acid,  of  which  it  contains  IS  parts  in  the  hundred.  Stoltze  recommends  the  follow- 
ing process  for  extracting  the  acid :  The  resin  is  to  be  dissolved  in  8  parts  of  alcohol, 
the  solution  is  to  be  introduced  into  a  retort,  and  a  solntioa  of  earboaata  of  soda  dis- 
.'^olved  in  dilute  alcohol  is  to  be  gradually  added  to  it^  Ull  the  free  acid  be  neutralized ; 
and  then  abulfc  of  water  equal  to  double  the  weight  of  the  benzoin  is  to  be  poured 
in.  The  alcohol  being  drawn  off  by  distillation,  tiie  remaining  liquor  contains  the 
acid,  and  the  resin  floating  upon  it  may  be  stimmed  off  and  washei^  when  its  weight 
will  be  found  to  amount  to  about  80  per  cent,  of  the  raw  material.  The  benzoin  con- 
tains traces  of  a  volatile  oil,  and  a  substance  soluble  in  water,  at  least  through  the 
agency  of  carbonate  of  potash.  Ether  does  not  dissolve  benaoin  completely.  The 
fat  and  volatile  oils  dissolve  very  little  of  it 

Unverdorben  has  foand  in  benzoin,  beades  benzoic  acid,  and  a  little  volatile  oil,  no 
leas  tlian  three  different  kinds  of  resin,  none  of  which  has,  however,  been  turned  as 

Benzoin  is  of  great  use  in  perfumery,  as  it  enters  into  a  number  of  preparations ; 
among  which  may  be  mentioned  fnmigating  pastilles,  fumigating  cloves  (called  also 
nails),  potidre  i  la  marechale,  &b.  The  alcoholic  tincture,  mixed  with  water,  forms 
zrii^nal  nulk.  Benzoin  enters  also  into  the  composition  of  certain  varnishes  employed 
for  snuff-boxes  and  walking-sticks,  in  order  to  give  these  objects  an  tmreeable  smell 
when  they  become  heated  in  the  hand.  It  is  likewise  added  to  the  spintuous  solnljon 
of  isinglass,  with  which  the  brat  oonrt-plaster  is  made. 

BEKUN  BLUE,     Pmssian  blue,  which  see. 

TiEKBISS  OF  AVIGNON,  and  Persian  Sernea.  {Qraine!^  Avigiwn,¥r.;  Selbbeersn. 
Germ.)  A  yellowish  dye-drug,  the  fruit  of  QierhamnuainfecloTius,  aplant  cultivated 
in  Provence,  LanguedOe,  and  Danphinfi,  for  the  sake  of  its  berries,  which  are  plucked 
before  they  are  ripe,  while  they  have  a  greenish  hue.  Another  variety  comes  from 
Persia,  whence  ita  Wvial  name  r  it  is  larger  than  (he  French  kind,  and  has  superior 
properties.  The  principal  substances  contMned  in  these  berries  are :  1.  A  coloring 
matter,  which  is  onited  with  a  matter  insoluble  in  ether,  little  soluble  in  concentrated 
alcohol,  and  vary  soluble  in  water:  it  appears  to  be  volatile.  2.  A  matter  remarkable 
tor  it3_  bitterness,  which  is  soluble  in  wafer  and  aloohoL  S.  A  third  principle  in  small 
quantity.  A  decoction  of  one  part  of  the  Avignon  or  Persian  berry  in  ten  of  water 
affords  a  brown-yellow  liquor,  bordering  upon  green,  having  tlie  smell  of  a  vegetable 
istract,  and  a  slightly  bitter  taste. 
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Wilh  gelatine  '.ha   decoction 

—  lirne- water 

—  red  Bulphate  of  icon 

—  sulphate  of  cojiper, 

—  proto-muriate  of  tin 
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tr  some  time,  a  Blight  precipitate, — 
a  yellow  hue, 
a  slight  muddinesa, 
a  gr«eniah-jeUow  tint, 
a  yellow  color, 
nn  olive-gre«a  color, 
an  olive  color, 

agreenish  yellow  with  a  slight 
precipitate.        (See    Calico 

BEETL.  A  beautiful  mineral  or  gam,  of  moderate  price,  usually  of  a  green  color 
of  rarious  shades,  passing  into  honey-yellow  and  sty  blue. 

BEZOAR.  The  name  of  certain  concretions  found  in  ttie  stomachs  of  animala,  to 
which  many  fanciful  virtues  were  formerly  ascribed.  They  are  interesting  only  to  the 
eheoiieal  pathologist 

BICAEBOtJATE  OF  POTASH  AHD  OF  SODA.  These  salts,  so  mt.ch  used 
ill  medicine,  laay,  according  to  M.  Behrens.  bo  very  readily  prepared  by  gradually 
adding  acetic  acid  to  a  strong  solution  of  their  carbonates ;  that  of  joda  being  hot. 
The  carbonic  acid,  ot  the  moment  of  ila  disengagement,  by  the  stronger  jJBnity  of  the 
aeelie  for  the  alkalis,  combines  with  a  portion  of  them  to  form  biearbonates,  Tthich 
fall  to  the  bottom  of  thi  vesaal  in  whieh  the  mixture  is  made.  The  Euparnatant 
acetate  being  separated  by  decantation,  the  residuary  bicarbonate  is  to  be  pressed  in 
linen  washed  with  ioe-coM  water,  and  dried.  This  process  may  be  praetisec  hy  the 
chamber  ohemisti  but  will  not  afford  the  biearbonates  at  so  cheap  a  rate  as  the  oMinsry 
modes  of  manufaetare.  But  a  far  better  method  of  fbrmiug  these  two  salts  is  by  ex- 
posing each  of  them  in  chambers  on  extensive  surfaces,  perforated  with  small  holes,  to 
an  atmosphere  of  carbonic  acid,  generated  by  the  combustion  of  coke,  and  purified  by 
being  passed  through  cold  water,  by  the  action  of  an  air-pump  worked  by  a  steam- 
engine. 

BILE.  {Bile,  Fr. ;  Oalle,  Germ.)  The  secreted  liquor  of  the  liver  in  animals.  For 
an  account  of  the  uses  of  animal  bile  in  the  arts,  see  Gali. 

Bile  (ox's)  is  composed,  according  to  Berzelius, 

1.  Of  biline,  fellinie  oeid,  ana  fat  of  gail 

2.  Mucus  .... 

3.  Of  altali  combined  with  biline,  Ac 

4.  Muriate  of  soda,  ejtiraetlTe  matter 
o.    Phosphate  of  soda  r  do.  of  lime,  &e.     - 
fi.    Water  .... 


Tlienard's  analysis  gives ; — 

1.  Resin  ofbile  and  pierom 

2.  Coloring  matter 

3.  Soda 

i.  Phosphate  of  soda 

6.  Muriate  of  soda 

6.  Sulphate  of  soda 

7.  of  lime 

8.  Traces  of  oside  of 

9.  Water 


A  substance  may  be  tested  for  bile  by  dropping  into  it  two-thirds  of  its  bulk  of  oil 
of  vitriol  vevj  slowly,  so  that  the  heat  does  not  exceed  122*  Fahr.,  adding  a  few  drop 
of  syrup,  and  shaking  the  mixture ;  when  it  should  assume  a  deep  violet  hue. 

BIRDLIMa  (eiti,  Fr. ;  VogelUim,  Germ.)  The  best  birdlime  may  be  made  from 
tile  middle  bark  of  the  holly,  boiled  seven  or  eight  hours  in  water,  tiU  it  is  soft  and 
tender,  then,  laid  by  heaps  in  pits  under  ground,  covered  with  stones  after  the  water 
!s  drained  from  it.  There  it  must  be  left  durinK  two  or  three  weeks,  to  ferment  in  tlie 
summer  season,  and  watered,  if  necessary,  till  it  passes  into  a,  mucilaginous  state.  It 
is  then  to  bo  pounded  in  a  mortar  to  a  paste,  washed  in  running  water,  and  kneaded 
till  it  be  free  from  estraneeus  matters.  It  is  next  left  for  four  or  five  days  in  earthen 
vessels  to  ferment  and  purify  itself,  when  it  is  fit  for  use.  Birdlime  may  be  made  by 
the  same  process  from  the  mistletoe  (wiSwrnum  lantana),  young  shoots  of  elder,  and 
the  barks  of  other  v^etables,  as  well  as  from  most  parasite  plants. 

Goodbirdllmeisof  agreenishcolor.  and  sour  flavor,  somewhat  resembling  that  of 
linseed  nil ;  glupy,  stringy,  and  tenacious.     By  drying  in  tlic  air  it  becomes  brittle  and 
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maybe  powdered;  but  its  riscositj  may  be  restored  by  moistening  it.  It  has  an 
aeid  rcaetion  with  litmus  paper.  It  contains  resin,  maeili^e,  a  little  free  acid,  color- 
ing and  eJitractiyo  matter.    The  resin  has  been  called  Tbcine. 

All  the  parts  of  the  mistletoe  contain  a  peculiar  yiaaid  gluey  mibstante,  which  thej 
yield  by_  decoction,  particularly  of  the  bark  and  green  portions ;  as  also  froro  the  ex- 
pressed juice  of  the  bark  or  berries,  when  It  is  kneaded  with  the  fingers  under  wate». 
TliB  birdlime  is  thus  obtained  in  the  form  of  a  white  opaque  mass,  sticking  to  thi 
flngera.  It  may  also  be  extracted  from  the  berries  of  the  mistletoe  by  means  of  ether, 
repeatedly  applied,  digested  with  them.  It  diBsolTes  at  first  a  mixture  of  green  was 
and  birdluno,  bnt  afterwards  birdlime  alona.  By  distilling  off  the  ether,  the  birdlime 
remains  colorless  and  pure.  Birdlime  may  be  eonsidered  as  &  kind  of  riscid  resin 
which  does  not  dry,  and  resembling  in  this  respect  an  ointment  of  oil  or  lard  and 
rosin  melted  together — the  old  baiiliam  of  the  ani^eon.  Alcohol,  even  bojling  hot, 
dissolves  hardly  any  birdlime  ;  but  merely  ita  wasy  imparities,  which  it  deposits  in 
flocks  on  coohng.  It  is  soluble  in  the  oils  of  rosemary  and  turpentine,  as  also  in 
petroleum.  Heated  with  the  ley  of  caustic  potash,  it  forms  a  compound  soluble  in 
aloohol.     Nitric  acid  converts  it  into  oxalic  acid,  and  into  a  fat  which  solidifies. 

MaoMre  has  examined  a  substance  which  exudes  from  the  receptacle  and  involucr.: 
of  the  alraetylis  aammifera,  and  desciibea  it  as  the  pure  matter  of  birdlime,  which  he 
Btyles  vucine.  It  is  said  to  be  composed  in  100  pai-ts  of  76'G  carbon,  B'S  hydrogen, 
and  15'2  oxygen.  Common  birdlime  may  be  regarded  as  *  mixture  of  viscioe,  vege- 
table mucilage,  and  vinwar.  The  young  shoots  of  thejJiius  elastica  afford  a  milky 
juice,  which  is  viscine,  while  the  old  branches  afford  a  jnice  rich  in  caontchouc. 

BlSCUnS.  For  the  following  account  of  the  mechanical  ^stem  of  baking  lisetiita 
for  the  roj-al  navy,  I  am  indebted  to  the  ingenious  inventor,  Thomas  Grant,  Esq. 

Ships'  biscuits  are  now  made  by  machinerf ;  and  one  of  the  reasons  for  this  has 
been  that  the  manual  preparation  of  them  was  too  slow  and  too  costly  during  the  last 
war,  A  landsman  knows  very  little  of  the  true  value  of  a  biscuit :  with  o  seaman, 
biscuit  is  the  only  bread  that  ho  eats  for  months  together.  There  are  many  reasons 
why  common  loaves  of  bread  could  not  be  used  dm'mg  a  long  voyage;  beeanse,  con- 
taining a  fermenting  principle,  they  would  soon  become  musty  and  unfit  for  food,  il 
made  previous  to  the  voyage;  while  the  preparation  of  them  on  board  ship  is  subject 
to  insuperable  objections.  Biscuits  cootam  no  leaven,  and,  when  well  baked  through- 
out, they  suffer  little  change  during  a  long  voyi^e. 

The  allowance  of  biscnit  to  each  seaman  on  board  a  queen's  ship  is  a  pound  per  dav 
(averaging  six  biscuits  to  the  pound).  The  supply  of  a  man-of-war  for  several  months 
is,  consequently,  very  large;  and  it  often  happened  duiing  the  last  war  that  the  diffi- 
culty of  making  biscuits  fast  enough  was  so  great,  that  at  Portsmouth  wagon  loads 
were  unpacked  in  tlie  streets  and  conveyed  on  board  ships. 

We  shall  now  describe  the  mode  of  making  bisouita  by  hand ;  and  afterwards  speak 
of  the  improved  methoi  The  bakehouse  at  GoHport  contained  nine  ovens,  and  to  each 
was  attached  a  gang  ot  five  men — the  "turner,"  the  "mate,"  the  "driver,"  the  "break- 
man,"  and  the  "idleman."  The  requisite  proportions  of  flour  and  water  were  pat  into 
a  large  trough,  and  the  "driver,"  with  his  naked  arms,  mixed  the  whole  up  together 
Into  the  form  of  dough — a  veiy  laborious  operation,  lie  dough  was  then  taken  from 
the  trough  and  put  on  a  wooden  platform  called  the  break :  on  this  platform  worked 
a  lever  called  the  break-staff,  five  or  six  inches  in  diameter,  and  seven  feet  long;  one 
end  of  this  was  loosely  attached  by  a  kind  of  staple  to  the  wall,  and  the  breakman, 
riding  or  sitting  on  the  other  end,  worked  this  lever  to  and  fro  over  the  dough,  by  an 
uncouth  jumping  or  shuffling  movement.  When  the  dough  hod  become  kneaded  by 
this  barbarous  method  into  a  thin  sheet,  itwaa  removed  to  the  moulding-board,  and 
cut  into  slips  by  means  of  an  enormous  knife;  these  slips  were  then  broken  into  pieces, 
each  largo  enough  for  one  biscuit,  and  then  worked  into  a  circular  form  by  the  hand. 
As  each  tiiscuit  was  shaped  it  was  handed  to  a  second  workman,  who  stamjied  the 
king's  mark,  the  number  of  the  oven,  £e..  On  the  biscuit.  The  biscuit  was  then 
docked,  that  is,  pierced  with  holes  by  an  instrument  adapted  to  the  purpose.  The 
finishing  part  of  the  process  was  one  in.  which  remarkable  dexterity  was  displayed. 
A  man  stood  before  the  open  door  of  the  oven,  having  in  his  hand  the  handle  of  a  long 
shovel  called  a  peel,  the  otiier  end  of  which  was  lying  flat  in  the  oven.  Another 
man  took  the  biscuits  as  fast  as  they  were  formed  and  stamped,  and  jerked  or  threw 
them  into  the  Oven  with  such  undeviating  accuracy  that  they  should  always  fall  on 
the  peel.  The  man  with  the  peel  then  arranged  the  biscuits  side  by  side  over  ^e 
whole  floor  of  the  oven.  Nothing  could  exceed  (in  manual  labor  alone)  the  regu- 
larity with  which  this  was  all  done.  Seventy  biscuits  were  thrown  into  the  oven  ano 
■egularly  arranged  in  one  minute ;  the  attention  of  each  man  being  vigorously  directed 
to  his  own  department;  for  a  delay  cf  a  single  second  on  the  part  of  any  one  mat 
would  have  disturbed  the  whole  gang.    The  biscuits  do  not  require  many  minutes 
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baiiing ;  and  as  the  oven  U  jiept  open  during  the  time  that  it  is  being  filled,  the  biscuits 
first  thrown  in  would  be  overbaked  were  not  some  precaution  taken  to  prevent  it. 
Tlic  moulder  therefore  made  those  which  mere  to  be  first  thrown  into  the  oven  Jargel 
tlian  the  subsequent  ones,  and  diminished  the  size  by  a  nice  gradation. 

The  mode  in  which,  since  about  the  year  1831,  ships'  biscuits  have  been  made  by 
machinery  invented  by  T.  T.  Grant,  Esq.,  of  the  Royal  Clarence  yard,  is  this ;  the 
meal  or  flour  is  conveyed  into  a  hollow  cylinder  four  or  five  feet  long  and  about 
in  diameter,  and  the  water,  the  quantity  of  which  is  regnlaled  by  n  gauge 
)  it ;  a  shaft,  armed  with  long  knifes,  worts  rapidly  round  in  the  cylinder, 
astonishing  effect  that,  in  the  short  space  of  three  minntes,  3^0  pounds 
of  dough  are  produced,  infinitely  belter  made  than  that  mixed  by  the  naked  arms  of 
a  man.  The  dough  is  removed  from  the  cylinder  and  placed  under  the  brealiing. 
rollers ;  these  latter,  which  perform  the  ofiice  of  kneadii^,  are  two  in  number,  and 
weigh  15  cwt.  each ;  they  are  rolled  to  and  fro  over  the  surface  of  the  dough  by 
means  of  machinery,  and  in  five  minules  the  dongh  ia  perfectly  kneaded.  The  sheet 
of  dough,  which  is  about  two  inches  thick,  is  then  cut  into  pieces  half  a  yard  square, 
which  pass  under  a  second  set  of  rollers,  by  which  each  piece  is  extended  to  tiie 
size  of  six  feet  by.  three,  and  reduced  to  the  proper  thickness  for  biscuits.  The 
sheet  of  dongh  is  now  to  be  cut  up  into  biscuits,  and  no  part  of  the  operation  is 
more  beautiful  than  the  mode  by  which  this  is  accomplished.  The  dough  is  brought 
under  a  stomping  or  calting-oal  press,  similar  in  effect,  but  not  in  detail,  to  that  by 
which  circular  pieces  for  coins  are  cat  out  of  a  sheet  of  metal.  A  series  of  sharp 
knives  are  so  arranged  that,  by  one  movement,  they  cut  out  of  a  piece  of  dough  a 
j'ord  square  about  sixty  hexagonal  biscuits.  The  reason  for  a  hexagonal  (iiix-sided) 
shape  is,  that  not  a  particle  of  waste  is  thereby  occasioned,  as  the  sides  of  the  hei- 
agonals  accurately  fit  into  those  of  the  adjoining  biscuits ;  whereas  circular  pieces 
cut  out  of  a  large  surface  always  leave  vacant  spaces  between.  That  a  flat  sheet  can 
be  divided  into  hexagonal  pieces  without  any  waste  of  material  is  obvions. 

Each  biscuit  is  stamped  with  the  queen's  mark,  as  well  as  punctured  with  holes 
by  the  same  movement  which  cuts  it  out  of  the  piece  of  dough.  The  hexagonal 
cutters  do  not  sever  the  biscuits  completely  asunder  i  so  that  a  whoJe  sheet  of  them 
can  he  put  into  the  oven  at  once  on  a  large  peel  or  shovel  adapted  for  the  purpose. 
About  fifteen  minutes  are  sufficient  to  bake  them ;  they  are  then  withdrawn  and 
broken  asunder  by  the  hand. 

The  com  for  the  biscuits  is  purchased  at  the  markets,  and  cleaned,  ground,  and 
dressed ;  at  the  government  mills ;  in  quality  it  is  a  mixture  of  fine  flour  and  mid- 
dlings, the  bran  and  pollard  being  removed.  The  ovens  for  baking  are  formed  of 
fire-hrick  and  tile,  with  an  area  of  about  160  feet.  About  112  lbs.  weight  of  biscuits 
are  put  into  the  ovens  at  once.  This  is  called  a  suit,  and  is  reduced  to  about  110  lbs. 
by  the  baking.  From  twelve  to  sixteen  suits  can  be  baked  in  each  oven  every  day,  or 
after  the  rate  of  224  lbs.  per  hour.  The  men  engaged  are  dressed  in  clean  check 
shirts  and  white  Lnen  trowsers,  apron,  and  cap;  and  every  endeavor  is  made  to 
observe  the  most  scrupulous  cleanliness. 

We  may  now  make  a  few  remarks  on  the  comparative  merits  of  the  hand  and  the 
machine  processes.  If  the  meal  and  the  water  with  which  the  biscuits  are  made  be 
not  thoroughly  mixed  up,  there  will  be  some  parts  moister  than  others.  Now,  it  was 
formerly  fodnd  that  the  dough  was  not  well  mixed  by  the  arms  of  the  workman ;  the 
consequence  of  which  was  tliat  the  dry  parts  became  burnt  up,  or  else  that  the  moist 
parts  acquired  a  peculiar  kind  of  hardness  which  the  sailors  called  "flint:"  these  defects 
are  now  removed  by  the  thorough  mixing  and  kneading  which  the  ingredients  receive 
by  the  machine. 

We  have  seen  that  450  lbs.  of  dough  may  be  mixed  by  the  machine  in  four  minutes, 
and  kneaded  in  five  or  six  minutes  ;  wo  need  htmlly  say  how  much  quicker  this  is  tlmu 
men's  hands  could  effect  it.  The  biscuits  are  cut  out  and  stamped  sixty  al  a  time, 
instead  of  singly:  besides  the  time  thus  saved,  the  biscoits  become  more  equally 
baked,  by  tlte  oven  being  more  speedily  filled.  The  nine  ovens  at  Gosport  ttsed  to 
employ  45  men  to  produce  about  1,500  lbs.  of  biscuit  per  hour ;  16  men  and  boys  will 
BOW  produce,  by  the  same  number  of  ovens,  2,240  lbs.  of  biscuits  (one  ton)  per  hour. 

Tlie  comparative  expense  is  thus  stated :  Under  the  old  system,  wages,  and  wear 
and  tear  of  utensils,  cost  about  Ij.  6i.  per  cwt.  of  biscuit :  under  the  new  system,  the 

Tlie  bakehouses  at  Deptford,  Gosport,  and  Plymouth,  could  produce  7,000  ot  8,000 
Ions  of  higcuits  annually,  at  a  saving  of  12,000/,  per  annum  fiom  the  cost  ander  the 
uM  sj6t«ra.  The  advantages  of  maciiine-raade  over  hand-made  biscuits,  tlierefore,  are 
many:   quality,  eleanlinass,  espedition,  cheapness,  and  independence  of  government 

Mg.  124  represents  the  biscuit  machinery,  as  executed  beautifully  by  Messrs.  Rcnnie, 
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beers,     a,  ia  the  breaMng  roller,  table  and  roller!  *.  the  finishing  roller,  table  std 
er;  c,c,  douting  maebines  for  b  tamping;  out  the  biaiuita;  d,iaisiDg  maoliina  foi 


making  the  dough ;  c,  spnr  pinion  to  engine  shaft ;  f,  spur  wheel ;  j.  <f,  bevel  mitre- 
wheels  to  gire  the  upright  motion;  /t,  ft,  bevel- wheels  for  working  tlie  mixing  macbine; 
i,i,i,  ditto  for  comnmnieatjng  motion  to  the  rolling  maebines;  J.j.k,  the  crank  ahaft; 
I,  I,  cotmeciing  rods ;  m,  m,  pendnlnma  for  giring  motion  to  rollen;  a,  n,  clutebes  for 
connecting  eiUier  half  of  the  machinery  to  the  other. 

BISMUTH.  (Bismuth,  Ft.;  WUtautX  Germ.)  Called  also  mareiiBite  and  tin-glaes. 
Ifi  was  shows  to  be  a  metal  somewhat  different  from  lead,  by  O.  Agricola,  in  1543;  Stabl 
and  Dnfay  proved  its  peculiarity;  but  it  waamoreminutdy  distingniahedby  Pottaad 
Geoffroy  about  the  middle  of  the  last  century.  It  is  a  rare  substance,  occurring  native, 
as  on  oxide,  under  the  name  of  bismuth  ochre ;  as  a  enlphuret,  ealled  bismuth  glance ;  as 
a  sulpburet  with  copper,  called  copper  bismuth  ore ;  as  also  with  copper  and  lead,  called 
needle  ore.  It  is  found  associated  likewise  with  selenium  and  teUnrium.  The  native 
metal  occurs  in  various  forms  and  colors,  as  white,  reddish,  and  variegated;  in  primi- 
tive and  floctz  formations,  along  with  the  ores  of  cobalt,  nickel,  copper,  silver  and 
bismuth  ochre ;  at  tie  Saxon  Erzegebirge,  near  Schneeberg,  and  Job.  Georgenatadt ;  also 
in  Bohemia,  Baden,  Wurtemberg,  Hessia,  Sweden,  Norway,  England,  and  France. 

The  production  of  this  metal  is  but  a,  limited  object  of  the  smelting-works,  of  the 
Saxon  Erzegebicge  at  Schneeberg.  It  there  occurs,  mixed  with  cobalt  speiss,  in  the 
proportion  of  about  7  per  cent,  upon  tlie  average,  and  is  procured  by  means  of  a  pe- 
culiar furnace  of  liquation,  which  is  the  most  economical  method,  both  as  to  saving 
fuel,  and  oxidizement  of  (he  bismuth. 

Tlie  bismutb  eliquntion  furnace  at  Sebneebergis  represented  in  _;f^x.  1S5,  ISG,  andl2T. 
of  whieli  the  first  is  a  view  from  above,  the  second  a  view  in,  fronts  and  the  third  a  trans- 
verse section  ia  the  dotted  line  A  B  otfiff.  125,    a,  is  tlio  ash-pit;  b,  the  fire-place;  c,  the 

'~ ~  ir  brickwork,  upon  whicli  the  fuel  is  thrown 

le  eliquation  pipes  is  closed 
ji'Oove,  through  which  tbe 
liquefied  metal  flows  off.  p  is  a  wall  extending  from  the  heartS-sole  nearly  to  the  anterior 
orifieefl  of  the  liquation  pipes,  in  which  wall  there  are  as  many  fire-holes,  h,  as  there  are 
pipes  in  the  furnace:  iare  iron  pans,  which  receive  the  fluid  metal;  h,  a  wooden  water 


verse  oeuijiuu  iji  uie  uutituiiue  a  a  o'^y.  lao,  a,  is  uio  asu-pic; 
eliquation  pipes;  d,  theerate  of  masonry  or  brickwork,  upon  w 
through  the  fire-door  e  e.  The  anterior  deeper  lying  orifice  of  the  e 
with  the  clay-plate/;  which  has  beneath  a  small  circular  gi'Oo 


[rough,  in  which  the  hiianulh  is  granuJaled  and  cooleii ;  I,  tlie  posleiior  and  highei  lying 
apei'lures  of  Ihe  eiiquation  pipes,  shut  merely  with  a  sheel-iron  cover.  The  granulatioiw 
af  bismuth  drained  from  the  posterior  openings  fall  upon  the  ilal  surfaces  tn,  and  then 


pipes,  which 


into  the  walcr-lrough.     ji  n  are  draught-hules  ii 
lerve  for  increasing  or  diminishing  the  heat  at ) 

The  ores  to  be  elir.viated  (sweated)  are  sorted  by  hanJ  from  the  gangue,  broken  into 
pieces  about  the  size  of  a  hazel  nut,  and  introduced  into  the  ignited  pipes.;  one  charge 
consisting  of  aljout  |  cwl. ;  so  thai  the  pipes  are  filled  to  half  their  ^ameler,  and  three 
fourths  of  their  length.  The  sheet-iron  door  is  shut,  and  Ihe  fire  strongly  ui^eii,  whereby 
the  bismuth  begins  to  flow  in  ten  minutes,  and  falls  through  the  holes  in  the  claj'-plates 
into  hot  pans  containing  some  coal-dnsl.  Whenever  it  runs  slowly,  the  ore  is  stirred 
round  in  the  pipes,  at  intervals  during  half  an  hour,  in  which  time  the  liquation  is  usually 
finished.  The  residuum,  called  bismuth  barley  (graiipeB),  is  scooped  out  with  iron  rates 
into  a  water  trough ;  the  pipes  are  charged  afresh ;  ihe  pans,  when  full,  have  Iheii-  con- 
tents cast  into  moolds,  forming  bars  of  from  25  to  50  pounds  we^ht.  About  20  ewt.  of 
ore  are  smelted  in  8  hours,  with  a  consomption  of  63  Leipzic  cubic  feet  of  wood.  The 
total  production  of  Shneebere,  in  1830,  was  9800  lbs.  The  bismuth  thus  procured  by 
liquation  upon  the  great  scale,  contains  no  small  admixture  of  arsenic,  iron,  and  some 
other  metals,  from  which  It  maybe  freed  by,  solution  in  nitric  acid,  precipitation  by  water, 
and  reduction  of  the  subnilrated  oxyde  by  black  flui.  By  exposing  the  crude  bismuth 
for  some  time  to  a  dull  red  heat,  under  charcoal,  arsenic  is  expelled. 

Bismuth  is  white,  and  resembles  antimony,  but  has  a  reddish  tint ;  whereas  the  latter 
melal  has  a  blueish  cast.  It  is  brilliant,  crystallizes  readily  in  smdl  cubical  facets,  is 
very  brittle,  and  may  be  easHy  reduced  to  powder.  Its  specific  gravity  is  9-83 ;  and  by 
hammermg  it  with  care,  the  densitymay  be  increased  to  9-8827.  It  melts  at  48(P  Fahr., 
and  may  be  cooled  6  or  7  degrees  below  this  point  without  fixing;  but  the  moment  it  be- 
gins to  solidify,  the  temperature  rises  to  480°,  and  continues  stationary  till  the  whole 
mass  is  congealed.  When  heated  from  32°  to  212=,  it  expands  j\^  in  length.  When 
pnre  it  afiords  a  very  valuable  means  of  adjusting  the  scale  of  high-ranged  thermometers. 
At  strong  heats  bismuth  volatilizes,  may  be  distilled  in  close  vessels,  and  is  thus  obtained 
in  crj'slalline  lamina;. 

The  alloy  of  bismuth  and  lead  in  equal  parts  has  a  density  of  I0'709,  being  greater 
than  the  mean  of  Uie  constituents;  it  has  a  foliated  texture,  is  brittle,  and  of  the  same 
color  as  bismuth.  Bismulli,  with  tin,  forms  a  compound  more  elnstic  and  sonorous  than 
the  tin  itself,  and  is  therefore  frequently  added  to  it  by  the  penterers.  With  1  of  bis- 
muth and  24  of  tin,  the  aUoy  is  somewhat  malleable ;  with  more  bismuth,  it  is  brittle. 
When  much  bismuth  is  present,  it  may  be  easily  parted  by  strong  muriatic  acid,  which 
dissolves  the  tin,  and  leaves  the  bismuth  in  a  black  powder.  It  has  been  said,  that  on 
alloy  of  tin,  bismuth,  nickel,  and  silver  liinders  iron  from  rasting.  (Erdmaim's  Jrrarnal.) 
The  alloy  of  bismuth  with  tin  and  lead  was  first  examined  by  Sir  I.  Newton,  and  has 
been  called  ever  since  ilisiWe  metal.  Eight  parts  of  bismnth,  B  of  lead,  and  3  of  tin,  melt 
at  the  moderate  temperature  of  202?  P. ;  but  2  of  bismuth,  1  of  lead,  and  I  of  tin,  melt 
at  200'7s''  F.  according  to  Kose.  A  small  addition  of  mercury  of  coui-se  aids  the  fusi- 
bility. Such  alloys  serve  to  take  casts  of  anatomical  preparations.  An  alloy  of  1  bis- 
muth, 2  tin,  and  1  lead,  is  employed  as  a  soft  solder  by  the  pewterers ;  and  Ihe  same 
has  been  proposed  as  a  bath  for  tempering  steel  instruments.  Cake-monlds,  for  the 
manufactnrers  of  toilet  soaps,  arc  made  of  the  same  melal ;  as  also  excellent  cliches  for 
stereotype,  of  3  lead,  2  tin,  and  5  bismuth;  an  alloy  which  melts  at  199°  F.  This  com- 
pound shoaM  be  allowed  to  cool  upon  a  piece  of  pasteboard,  till  it  becomes  of  a  doufjliy 
consistence,  before  it  is  applied  to  the  mould,  to  receive  the  impress  of  the  stamp. 
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172  BISTEE. 

Thfi  employment  of  plates  of  fusible  metal  as  safety  rondelles,  to  afcrtures  in  llie  tops 
'jf  steam  boilers,  has  been  proposed  in  France,  because  they  would  melt  and  give  way  at 
elevalions  of  temperature  under  those  which  would  endanger  the  bursting  of  the  vessel ; 
the  fnulbility  of  the  alloy  being  proportioned  to  the  quality  of  steam  required  for  the  en 
gine.  It  hjus  been  found,  however,  that  boilers,  apparently  secured  in  this  way,  burst, 
wMe  the  safety  discs  remained  entire  ;  the  expansive  force  of  the  steam  causing  explo- 
sion so  suddenly,  that  the  fusible  alloy  had  not  time  to  melt  or  give  way. 

There  are  two,  perhaps  three,  oxydes  of  bismuth ;  the  first  and  the  third,  or  the  sub- 
oxyde  and  super-oxyde,  are  merely  objects  of  chemical  curiosity.  The  oxyde  proper  occurs 
native,  and  may  he  readily  formed  by  exposing  the  metal  lo  a  red-white  heat  in  a  muffle, 
when  it  takes  fire,  burns  with  a  faint  blue  iWne,  and  sends  olf  fumes  which  condense  into 
a  yellow  pulverulent  rayde.  But  an  easier  pcoeess  than  that  now  mentioned  is  to 
dissolve  the  bismuth  ia  nitric  acid,  precipiiate  with  water,  and  expose  the  precipilale  to 
n  red  heat.  The  oxyde  thus  obtained  lias  a  slraw  yellow  color,  and  fuses  at  a  high 
heat  into  an  opaque  glass  of  a  dark-brown  or  black,  color ;  but  which  becomes  less 
opaque  and  yellow  after  it  has  cooled.  Its  specific  gravity  is  so  high  as  8'211.  It  con- 
sists of  89-S7  of  metal  and  ]0*13  oxj^en  in  100  parts.  The  above  precipitate,  which 
is  a  sub-nitrate  of  bismuth,  is  called  pearl-vihile,  and  is  employed  as  a  flux  for  certain 
enamels;  as  it  ailments  their  fusibility  without  imparting  any  color  to  them.  Hence, 
it  is  used  BOBietimes  as  a  vehicle  of  the  colors  of  other  metallic  oxydes.  When  well 
washed,  it  is  employed  in  gilding  porcelain;  being  added  in  the  proportion  of  one 
fifteenth  to  the  gold.  Bat  pearl-white  is  most  used  by  ladies  as  a  cosmetic  for  giving  a 
bniliant  tint  to  a  faded  complexion.  It  is  called  blanc  lieyitrii,  by  the  French.  If  it  con- 
tains, as  bismuth  often  does,  a  little  silver,  it  becomes  gray  or  dingy  colored  on  exposure 
fo  light.  When  the  oxyde  is  prepared,  by  dropping  the  nitric  solution  into  an  alkaline 
icy  in  excess,  if  this  precipitate  is  well  washed  and  dried,  it  forms  an  excellent  medicine  ; 
and  is  given,  mixed  with  gum  tragacanth,  for  the  relief  of  cardialgia,  or  burning  and 
spasmodic  pains  of  the  stomach. 

Another  sort  of  pearl-powder  is  prepared  by  adding  a  very  dilute  solution  of  common 
salt  to  (he  above  nitric  solution  of  bismuth,  whereby  a  pulverulent  sub-chloride  of  the 
metal  is  obtained  in  a  light  flocculent  form.  A  similar  powder  of  a  molher-of-pearl 
aspect  may  he  formed  by  dropping  dilute  muriatic  acid  into  the  solution  of  nitrate  of 
bismuth.  The  arsenic  always  present  in  the  bismuth  of  commerce  is  converted  by  nitric 
acid  into  arsenic  acid,  which,  forming  an  insoluble  arseniate  of  bismuth,  separates  from 
the  solution,  unless  there  be  snch  an  excess  of  nitric  acid  ns  lo  re-dissolve  it.  Hence  the 
medicinal  oxyde,  prep      d  f  '  h  1   m  d      '  '  'If 

write  with  a  pen  dipped  w  m 

plunging  the  paper  in  w    er 

It  has  been  proposed  ism  as      m  m 

quantity  of  it  answer  urpo  as  m       fl 

penetrate  the  cnpel  ino         ad  ly  m  B       m 

□f  the  objection  from    ts  hi  ism        ha    U  J 

well  as  of  fodehg  or  m  il  11  es 

heat.    In  extracting  si  m  gal  pp     m  Y         , 

it  has  happened  sometimes  that  the  silver  concreted  towards  the  end  of  the  operation, 
and  produced  a  cauliflower  excrescence,  which  had  to  be  cupelled  again  with  a  fresh 
dose  of  lead.  It  was  observed  that,  in  this  case,  a  portion  of  tile  silver  had  passed  into 
the  cupel.  Berzclius  detected  in  a  sample  of  silver  thus  concreted  the  presence  of 
bisninth. 

The  nitrate  of  bismuth,  mixed  with  solution  of  tin  and  tartnr,  has  been  employed  ns  a 
mordant  for  dyeing  lilach  and  violet  in  calico  printing. 

BISTRE.  (Bistre,  Fr.  j  bialer,  Germ.)  A  brown  color  which  is  used  in  water  colors, 
in  the  same  way  as  China  ink.  It  is  prepared  fccm  wood-soot,  that  of  beech  being  pre- 
ferred. The  most  compact  and  best  burned  parcels  of  soot  are  collected  from  the  chim- 
ney, pulverized,  and  passed  through  a  silk  sieve.  This  powder  is  infused  in  pure  ivater, 
and  stirred  frequently  with  a  glass  ruler,  then  allowed  to  settle,  when  the  water  is  decant- 
ed. If  the  salts  are  not  all  washed  away,  the  process  may  be  repeated  with  warm  water. 
The  paste  is  now  to  be  poured  into  a  long  narrow  vessel  filled  with,  water,  stirred  well, 
and  left  lo  selUe  for  a  few  minutes,  in  order  to  let  the  grosser  parts  snbsiiJe.  The  super- 
natant part  is  then  to  be  poured  off  into  a  similar  vessel.  This  process  may  be  repeated 
twice  or  thrice,  to  obtain  a  very  good  bistre.  At  last  the  settled  deposite  is  Bufficlently 
fine,  and  when  freed  from  its  supernatant  water,  it  is  mixed  with  gum-water,  moulded 
Lnto  proper  cakes,  and  diicd.  II  is  not  used  in  oil  painting,  but  has  Ihesame  effect  in 
water-colors  as  brown  pink  has  in  oil. 
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Part^mpIoyeJ. 

C<mi.t>T. 

ObservaHma          | 

Quassia 

Wood 

Snrinam,  E.  Indies 

Po-weifaliy  bitter    I 

Wormwood 

Herb 

Great  Britain 

Aloe 

Inspissated  JTioe 

South  Africa 

Ditto 

Ang^istura 

South  America 

Ditto 

Orange 
Ditto 

Unripe  Fruit 

South  of  Europe    1 

Ditto                >  t 

Aromatic  bitter 

Aeorus 

Root 

Ditto 

Carduus  Eenediutus 

Herb 

Greek  Avchipel^o 

Casearilla 

Ditto 

Herb 

Great  Britain 

Coloevnth 

Fniit 

levant 

Intolerably  bitter 

Root 

East  Africa 

Fumitory 

Herb 

Great  Britain 

Gentiana  lutoa 

Root 

Very  bitter 

Ground  Ivy 

Herb 

Great  Britain 

"With  tannin 

Island  moss 

■With  sWreii 

Hops 

Scales  of  the  fe-l 

Great  Britain 

Aromatic  bitters 

Milfoil 

Herb 

Great  Britain 

Ithubai'b 

Root 

China 

Disagreahle  odor 

Rue 

Herb 

Great  Britain 

Bitter  and  sliarp 

Tansy 

Hcib  flowers 

Ditto 

Bitter  and  otfensive 

Bitter  trefoil 

Herb 

Ditto 

Bark 

Bryony 

Root 

Great  Britain 

(Sharp,  bitter,  nau- 

Coffee 

Seeds 

Arabia 

BITUMEN,  or  ASPHALTUM.  {Bilwae,  Fr. ;  Erdpech,  Germ.)  A  black  sub- 
stance found  in  tlie  earth,  externally  not  dissimilar  t<i  pit-coal.  It  is  composed  of 
carbon,  hydrogen,  and  oxygen,  like  Organic  bodies;  but  its  origin  is  unknown.  It 
has  not  been  observed  among  the  primitive  or  older  strata,  but  only  in  theeecondaiy 
and  alluvial  formations.  It  constitutes  aometimea  considerable  beds,  as  in  the  Isle  of 
Trinidad,  where  it  occurs  over  an  extensive  district,  in  scattered  masses.  The  greater 
pact  of  the  asphaltum  to  be  met  with  in  commerce  conies  from  the  Dead  Sea,  on  whose 
shores  it  is  cast  up  and  gatliered ;  whence  it  has  got  the  name  of  Jewish  bitumen.  In 
its  bJaot  color  and  fi-acture  it  resombles  ordinary  pitch.  By  friction  it  affords  nega- 
tive electricity.  Its  average  density  is  1-16.  It  melts  at  the  temperatnre  of  boiling 
water,  kindles  very  readi^  at  the  flame,  burns  brightly  with  a  thick  smoke  and 
leaves  little  ashes.  Diatilled  by  itself,  it  yields  a  peculiar  bituminous  oil,  very  littU 
water,  some  eombustiblo  gases,  and  traces  of  ammonia.  It  leaves  about  one-third  ol 
its  weight  of  charcoal  after  eombusfion,  and  ashes,  containing  silica,  alumina,  oxide  of 
irOD,  sometimes  a  little  lime,  and  oside  of  manganese.  According  to  John,  asphaltum 
may  be  decomposed,  by  different  solvents,  into  three  distinct  subatanees.  Water  dis- 
solves nothing ;  alcohol  (anhydrous)  dissolves  out  a  yellow  resin  equal  to  6  per  tent,  of 
the  weight  of  the  asphaltum;  thatteain  is  aolnble  m dilute  aleohoi and  in  ether.  Tlic 
portion  not  soluble  in  the  alcohol  givesupabrown  resin  to  ether,  amounting  to  10  jicr 
cent  of  the  weight  of  the  asphaltmn.  On  evaporating  off  the  ether,  the  resin  remains 
of  a  brownish-blnok  colour,  whiah  dissolves  readily  in  the  volatile  oils  and  in  the  oil 
of  petrolium.  The  portion  of  asphaltum  which  does  not  diaaolve  in  ether  is  very 
soluble  in  oil  of  turpentine,  and  in  oil  of  petraleum;  but  Jess  so  in  oil  of  lavender. 
These  three  resinous  prinaiples  dissolve  all  together  by  digestion  in  the  oils  of  anise, 
rosemary,  turfentine,  olive,  hemp-seed,  nut,  and  linseed.  Caustic  potash  dissolves  a 
notable  quantity  of  asphaltum;  but  carbonate  of  potash  has  no  effect  upon  it. 

Aaphaltam  enters  into  the  composition  of  hydraulic  cements,  and  into  that  of  blacli 
varnisbea  called  japnns,  for  coating  iron  trays,  &e.  A  similar  varnish  may  be  pre- 
pared by  dissolving  12  parts  of  fused  amber,  2  parts  of  rosin,  and  2  parts  of  asphaltum, 
in  C  paiteof  linseed  oil  varnish,  to  which  12  parts  of  oil  of  turpentine  have  been  added. 
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Tbeifl  IB  a  kind  of  bitumenfound  at  Aniehes,  in  France,  in  the  dopartcient  tf  ilie 
North,  wMch  ifi  black,  very  fusible  aud  soft.  Itburns  with  flame.  Alcohol,  ether,  and  oil 
of  turpentine  oitraet  from  it  a  fatty  substance,  which  may  bo  saponified  with  altalis. 

The  bitumen  of  Murindd,  near  Chooo,  in  Colnmbia,  is  of  a  browniah-blaek  color, 
soft,  and  has  an  earthy  fractui-o.  It  has  an  acrid  taste,  bums  with  a  smell  of  yauilla, 
and  is  said  to  contain  a  large  qnantity  of  benzoic  acid.  It  appears  to  be  the  result  ol 
the  decomposition  of  trees  containing  benzoin. 

Asphaltum  occure  abundantly  at  Uie  snriaoe  of  the  salt  late  Asphaltites,  in  Jadea, 
pcodueed  from  springs  in  the  neighborhood;  it  is  floated  down,  gathers  consistency; 
and  aceumnlates  npon  the  auriiioe  of  the  lake;  the  winds  drive  it  on  Iho  shores,  and 
the  inhabitants  collect  it  for  sale.  Its  insplssation  diffuses  a  disagreable  smell  in  the 
air  of  that  region,  ■whiohiseupposedby  the  natives  to  be  powerful  enough  to  till  birds 
when  they  attempt  to  fly  aei'oss  the  lake. 

But  probaby  the  mosE  remarkable  locality  of  asphaltum  in  tho  world  is  the  entire 
basin  ocratherploinof  it^  in  theisland  of  Trmidad,  called thcTar Lake.  It  lies  on  the 
highest  land  in  the  island,  and  emits  a  strong  smell,  sensible  at  ten  miles' distance.  Its 
first  appearance  is  that  of  a  lake  of  water,  but  whenviewedmcienearlyitBcemBtobe 
a  surface  of  glass.  In  hot  weather  its  surfaee  liquifies  to  the  depth  of  an  inch,  and  it 
cannot  then  be  walked  upon.  It  is  of  a  circnlar  form,  about  three  miles  in  ciroumfe- 
renee,  and  of  a  depth  not  ascertained.  Lai^e  fissures  frequonlly  open  and  close  >™  in 
i^  whence  the  pitch  has  been  supposed  to  float  upon  a  body  of  water.  The  soil  for  a 
considerable  distance  Mund  it,  eonsists  of  cinders  and  burnt  earth,  and  presents  in 
many  points  indications  of  convulsions  by  subterranean  fire.  In  aevoral  parts  of  the 
neighboring  woods,  there  are  round  holes  and  fissures  in  the  ground,  contaming  liquid 
bitumen  t»>  the  depth  of  two  inches. 

Mr.  Hatchett  examinedsome  specimens  from  Tiinidad,  and  concluded  that  what  had 
been  heretofore  supposed  to  be  a  pure  mineral  pitch  was  in  reality  only  a  porous  stone 
of  the  argillaceous  kind,  much  impregnated  with  bitumen. 

ITiese  various  bitumens  belong  esclusitely  to  the  saeondary  and  tertiary  geologi- 
cal formations,  and  are  not  found  among  pnGiiUve  rocks,  exoept  very  rarely  in  veins. 
They  occur  most  generally  in  calcareous,  argillaceous  and  sandy  strata,  and  also  in 
volcanic  districts.  Petroleum  frequently  floats  on  the  waters  which  issue  from  tho 
volcanic  monntains,  or  which  lie  at  their  base;  even  the  sea  is  at  times  covered  with 
it  near  the  volcanic  islands  of  Cape  de  Veid.  Mr.  Breislack  observed  a  petrolenm 
spring  rising  from  tho  bottom  of  the  sea  near  thesouth  baseof  Vesuvius. 

The  substance  with  which  bitumen  seems  to  have  the  most  constant  and  most  re- 
markable relations  is  sea-salt ;  so  that  almost  all  the  countries  most  abundant  in  pe- 
troleum, asltaly,  Transylvania,  Persia,  the  environs  of  Eahylon,  the  region  of  the 
Dead  Sea,  Ae.,  contain  salt  mines,  or  lakes,  or  exhibit  saline  ^orescenoes.  Iron  py- 
rites ia  often  impregnated  with  petroleum,  or  contains  a  bitumiuons  nuoleus. 

The  origin  of  bituman  is  as  little  known  as  that  of  most  of  theproductiona  of  nature. 
Some  regard  it  as  an  erapyreumatie  oil,  a  matter  analogoustohquid  rosin  or  essential 
oil,  resulting  from  the  destruction  of  that  astonishing  multitude  of  animals  and  vege- 
tables buried  in  the  eardi,  whoso  solid  remains  are  daily  brought  to  view  in  mineral 
researches.  It  has  baen  ^o  supposed  thatnaptha  and  petroleum  are  the  product  of 
coals  decomposed  either  by  the  fire  of  volcanoes,  by  the  aubtorranean  combustion  of 
coal  itself  or  by  the  decomposition  of  pyrites.  The  latter  opinion  is  not  supported 
by  any  du'ect  evidence,  but  the  two  former  are  sufficiently  probable. 

Elastic  Bitumen  is  a  race  substance,  found  hitherto  only  near  Castleton,  in  Derby- 
ahire,  in  fissures  of  slaty  clay. 

Bitumimoui  mastic,  or  cement,  has  been  of  late  extensively  employed  in  France  for 
covering  roofs  and  terraces,  and  lining  water-cisterns.  The  mineral  bitumen  used  for 
the  composition  of  this  mastlo  is  procured  chiefly  from  tlie  Obsatin  (Bas-Ehinl,  from 
the  Pare  (department  de  TAin),  and  from  the  Puy-de-ia-Poix  (department  of  Puy-de- 
Dome).  But  boiled  ooa!  tar  answers  pretty  welL  In  the  neighborhood  of  thos» 
iooalities,  there  is  a  limestone  impregnated  with  bitumen  which  suits  for  giving  con 
sistcnoe  to  the  cement  This  is  well  dried,  ground  to  powder,  sifted,  and  stirred  while 
hot;  in  about  one  fifth  its  weight  of  melted  asphaltum,  contained  in  a  east  iron  boiler. 
Dry  chalk  or  bricks,  ground  and  sifted,  will  suit  equally  well.  As  soon  aa  this  paste  is 
made  quite  homogeneous,  it  is  lifted  out  with  an  iron  shovel  or  spoon,  and  spread  m 
rectangular  moulds,  secured  with  pegs  at  the  joints,  fastened  to  a  kind  of  platform  of 
amoothed  planks,  covered  with  strong  sheet-iron.  The  sides  of  these  moulds  should  be 
previously  smeared  over  with  a  thin  coat  of  loam-pastc,  to  prevent  their  adhesion  to 
the  mastic.  Whenever  the  cake  ia  cold,  the  frame  is  taken  asunder,  and  it  is  removed 
from  the  iron  plate  by  an  oblong  shovel,  or  strong  spatula  of  iron.  These  cakes  or 
bricks  are  usutlly  18  inches  long.  12  broad  and  4  thick,  and  weigh  about  10  lbs.   _ 

It  is  a  very  remarkable  fact,  ir.  the  history  of  the  useful  arts,  that  asphaltj  whiet 
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ras  so  generally  emplojed  us  a  solid  and  durable  oement  in  the  earliest  consiructions 
npon  record,  as  in  the  walla  of  Babylon,  should  for  ao  many  tliousand  years  havo 
fallen  well  nigh  into  disoae  among  oivilizeii  nations.  For  there  ia  certainly  no  class 
of  mineral  suBstanoe  so  well  fitted  as  the  bituminous  by  their  plasticity,  fusibility, 
lenacity,  adhesiveness  to  surfaces,  impeuetrability  by  n~ater,  and  unchangeableness 
In  the  atmospheire,  to  enter  into  the  composition  of  terraces,  foot-pavementa,  roofs, 
md  every  kind  of  hydraulic  work.  Bitumen,  combined  with  calcareous  earth,  forms 
%  compact^  semi-elastic  solid,  which  ia  not  liable  to  suffer  iqjury  by  the  greatest  alter- 
nations of  frost  and  thaw,  which  often  disintegmta  in  a  few  years  the  hardest  atone, 
nor  can  it  be  ground  to  dust  and  wora  away  by  the  attrition  of  the  feet  of  men  and 
animals,  as  sandstone,  flags,  and  even  blocks  of  granite  are.  An  asphalt  pavement, 
rightly  tempered  in  tenacity,  solidity,  and  elasticity,  seems  to  be  incapable  of  suffering 
abrasion  in  the  most  crowded  thorooghfarea ;  a  fact  exemplified  of  late  in  a  few  places 
in  London,  but  mnoh  more  eitenaively,  and  for  a  much  longer  fame  in  Paris. 

The  great  Place  de  la  Concorde  (formerly  Place  I,ouis  Quinze)  ia  covered  witb  a 
beautiful  mosaic  pavement  of  asphalt;  many  of  the  promenades  »n  the  Boulevards, 
formerly  so  filthy  in  wet  weather,  are  now  covered  with  a  tliin  bed  of  hituminons 
mastic,  free  alike  from  dust  and  mud ;  the  foot-paths  of  the  Pont  Royal  and  Pont 
Carousel,  and  the  areas  of  the  great  pnblio  slaughter-houaes,  have  been  for  aevernl 
years  paved  in  a  similnr  manner  with  perfect  eaccess.  It  is  much  to  be  resetted  thai 
the  asphalt  companies  of  London  made  the  iU-jndged,  and  nearly  abortive  attempt, 
lo  pave  the  carriage-way  near  the  east  end  of  Oxford  street,  and  especially  al  a  moist 
season,  moal  unpropitious  to  the  lay.ng  of  hituminoua  mastich.  Being  formed  of 
bhicks  not  more  than  three  or  four  inches  thick,  many  of  which  contained  much 
siliceous  sand,  such  a  pavement  conld  not  possibly  resist  the  craah  and  vibration  of 
many  [honsand  heavy  drays,  wagons,  and  omnibuses,  daily  rolling  over  it.*  This 
failure  can  afford,  however,  no  argument  against  rightly- constructed  foot-pavements 
and  terraces  of  asphalt.  Numerous  experinenla  and  observations  have  led  me  la 
conclude  that  fossil  bitumen  possesses  for  more  valnnble  properties,  for  muking  a 
durable  mastich,  than  the  solid  pitch  obtained  by  boilingwood  or  coal  tar.  The  latter, 
when  inspisaaled  to  a  proper  degree  of  hardness,  becomes  brittle,  and  may  be  readily 
crushed  into  powder  ;  while  the  former,  in  like  circumstances,  retains  sufficient  tena- 
city to  resist  abrasion.  Factitious  tar  and  pitch  being  generated  by  the  force  of  fire, 
seem  to  have  a  propensity  to  decompose  by  the  joint  agency  of  water  and  air,  whereas 
mineral  pitch  has  been  known  to  remain  for  ages  without  alteration. 

Bitumen  alone  is  not  ao  well  adapted  for  m^mg  a  substantial  mastich  as  the  native 
compound  of  bitumen  and  calcareous  earth,  which  has  been  properly  called  asphaltic 
rock,  of  which  the  richest  and  moat  extensive  mine  is  unquestionably  thai  of  the 
Val-d^Travers,  in  the  canton  of  Neufchaiel.  This  interesting  mineral  deposile  occurs 
in  the  Jurassic  limestone  formation,  the  equivalent  of  the  English  oolite.  The  mine 
is  very  accessible,  and  may  be  readily  excavated  by  blasting  with  gunpowder.  The 
stone  is  massive,  of  irregular  fracture,  of  a  liver-brown  color,  and  is  interspersed  with 
a  few  minute  spangles  of  calcareons  spar.  Though  it  may  be  scratched  with  the  nail, 
it  is  difficult  lo  break  by  the  hammer.  When  exposed  to  a  very  moderate  heat  it  ex- 
balea  a  fragrant  ambrosial  smell,  a  property  which  at  once  distinguishes  it  from  oil 
compounds  of  factitious  bitumen.  Its  specific  gravity  is  3'114,  water  being  1,000, 
being  nearly  the  density  of  bricks.  It  may  be  most  conveniently  analyzed  by  digeetu^ 
it  in  successive  portions  of  hot  oil  of  tarpentine,  whereby  it  affords  80  parts  of  a  while 
pulverulent  carbonic  of  lime,  and  20  parts  of  bitumen  in  100.  The  asphalt  rock  of 
Val-de-Travers  seems  therefore  to  be  far  richer  than  that  of  Pyrimont,  which,  ac- 
cording lo  ihe  statement  in  the  specification  of  Claridge's  patent,  of  November,  1837, 
contains  "  carbonate  of  lime  and  bitumen  inaboulthe  proportion  of  90  parts  of  carbonate 
of  lime  to  about  10  parts  of  bitumen." 
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men,  it,  may  be  converted  into  a  plastic  workable  mastic  of  escellent  quality  for  foot 
paTementfl  and  hydraulic  worka  at  ¥ery  little  csponae,  merely  by  tlia  addition  of  a 
very  small  quantity  of  mineral  or  coal  tar,  amounting  to  not  more  than  6  or  8  per 
cent.  The  union  between  these  materials  may  be  effected  in  an  iron  cauldron,  by  the 
application  of  a  very  moderate  heat,  as  the  aapiialt  bittimen  readily  eoalescea  with 
the  tar  into  a  tenacious  solid. 

The  mode  adopted  for  making  the  beautiful  asphalt  pavement  at  the  Place  de  la 
Concorde  in  Paris  was  as  follows : — The  ground  was  made  uniformly  smooth,  either 
in  a  horizontal  plane  or  with  a  gentle  slope  to  carry  off  the  water;  the  ourb-stoaea 
were  then  laid  round  the  margin  by  the  mason  about  4  inches  above  the  level  of  the 
ground.  This  hollow  space  was  iilled  to  a  depth  of  S  inches  with  concrete,  containing 
about  a  bIkUi  part  of  hydraulic  lime,  well  pressed  upon  its  bed.  The  surface  was 
next  emootlied  with  a  thTn  coat  of  mortar.  When  the  whole  mass  had  become  per- 
fectly dry,  the  mosaic  pattern  was  set  out  oa  the  surfaoe,  the  moalds  being  formed 
of  flat  iron  bars,  rings,  &<!.  about  half  an  inch  thick,  Into  which  the  fluid  mastic  was 
ponred  by  ladles  from  a  cauldron,  and  spread  evenly  over. 

The  mastic  was  made  in  the  following  way: — The  asphalt  rook  was  first  of  all 
roasted  in  an  oven,  about  10  feet  long  and  3  brood  in  order  to  render  it  friable. 
The  bottom  of  the  oven  was  sheet  iron,  heated  below  by  a  brisk  fire.  A  volatile 
matter  exhaled,  probably  of  the  nature  of  naptha,  to  the  amount  of  one-fortieth  this 
weight  of  asphalt;  after  rooBting,  the  asphalt  became  so  friable,  as  to  be  easily  reduced 
to  powder,  and  passed  through  a  sieve,  ha  vingmashea  about  one-fourth  of  an  inch  square. 

The  bitumen  destined  to  render  the  asplSlt  foaible  and  plastic  was  melted  in  small 
quantities  at  a  time,  in  an  iron  cauldron,  and  then  the  asphalt  ia  powder  was  gradually 
Etirred  in  to  the  amount  of  12  or  13  times  the  weiRht  of  bitumen.  When  the  mix- 
ture became  fluid,  nearly  a  bucketful  of  very  sniijl,  clean  gravel,  previously  heated 
apart,  was  stirred  into  it  j  and,  as  soon  as  the  whole  began  lo  simmer  with  a  treaciey 
confiistenee,  it  was  fit  for  use.  It  was  transported  in  buckets,  and  poured  into  the 
moulds. 

For  the  reasons  above  assigned,  I  consider  this  addition  cf  rounded,  polished,  siliceoDd 
stones  lo  he  very  injudicious.  If  anything  of  the  kind  be  wanted  to  give  solidity  to  the 
pavement,  it  should  be  a  granitic  or  hard  calcareous  sand,  whose  angular  form  will 
leenre  the  cohesion  of  the  masa,  I  conceive,  also,  that  tar,  in  moderate  quantity, 
should  be  used  to  give  toughness  to  the  asphaltic  combination,  and  prevent  its  being 
pulverized  and  abraded  by  friction. 

In  the  able  report  of  the  Baslenne  and  Gaujac  Bitumen  company,  drawn  up  by 
Messrs.  Goldsmid  and  Russell,  these  gentlemen  have  made  an  interesting  comparison 
between  the  properties  of  mineral  tar  and  vegetable  tar  :  the  bitumen  composed  of  the 
latter  substance,  including  various  modifications,  extracted  from  coal  and  gas,  have,  so 
far  as  they  were  able  lo  ascertain,  entirely  failed.  This  bitumen,  owing  to  the  quali- 
ties and  defects  of  vegetable  tar,  becomes  soil  at  115°  of  Fahrenheit's  scale,  and  is  brittle 
at  the  freezing  point;  while  the  bitumen,  into  which  mineral  tar  enters,  will  sustain 
170°  of  heat,  without  injury.  In  the  course  of  the  winter,  1837-'38,  when  the  cold 
was  at  14!^"  below  zero,  C.,the  bitumen  of  Bastenne  and  Gaujac,  with  which  one  side  of 
the  Pont  Neuf  at  Paris  is  paved,  was  not  at  all  impaired,  and  would,  apparently,  have 
resisted  any  degree  of  cold;  while  that  in  some  parts  of  tbe  Boulevard,  which  waj 
composed  of  vegetable  tar,  cradted  and  opened  in  white  fissures.  The  French  gov- 
ernment, instructed  by  these  experiments,  has  required,  when  any  of  the  vegetable 
bitumens  ace  laid,  that  the  pavement  should  he  an  inch  and  a  quarter  thick ;  whereas, 
where  the  bitumen  composed  of  mineral  tar  is  used,  a  thickness  of  three  quarters  of 
on  inch  is  deemed  sufficient.  The  pavement  of  the  bonding  warehouse  at  Bordeans 
has  been  laid  upward  of  15  years  by  the  Baatenne  company,  and  is  now  in  a  condition 
as  perfect  as  when  first  formed.  The  reservoirs  constructed  to  contain  the  waters  of 
the  Seine  at  Balignolles,  near  Paris,  have  been  mounted  6  years,  and,  notwithstanding 
the  intensecoldof  the  winter  of  1837,  which  froze  the  whole  of  Iheirconlents  into  one 
solid  moss,  and  the  perpetual  water  pressure  to  which  they  are  exposed,  they  have  not 
betrayed  the  slightest  imperfection  in  any  point.  The  repairs  done  to  the  ancient  for- 
tifications at  Bayonne,  have  answered  so  well,  that  the  government,  2  years  ago, 
entered  into  a  very  lai^e  contrnct  with  the  company  for  additional  worts,  while  the 
whole  of  the  arches  of  the  St-  Germain  and  St.  Cloud  railways,  and  the_  pavements  and 
floorings  necessary  for  these  works,  are  beii^  laid  with  the  Baslenne  bitumen. 

The  mineral  tar  in  the  mines  of  Bastenne  and  Gaujac  is  easily  separated  from  the 
earthy  matter  with  which  it  is  naturally  mixed  by  the  process  of  boiling,  and  is  then 
transported  in  barrels  lo  Paris  or  London,  being  laid  down  in  the  latter  place  to  the 
company  at  111.  per  ton,  in  virtue  of  a  monopoly  of  the  article  purchased  by  tlie  com- 
pany at  a  sum,  it  is  said,  of  8,000/. 

Mr.  Harvey,  the  able  superintendent  of  the  Baslenne  company,  was  good  enough 
lo  Bnpply  me  with  various  samples  of  mineral  tor,  bitumen,  and  nsphaltic  rock,  lor 
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■iia!ya;s.  The  tar  of  Baatenne  is  an  exceedingly  viacid  maas,  witliout  any  earthy  im- 
purity. Ithastlieconsiatance  of  bakers' dough  at  fiO' of  Fahrenheit ;  at  80"  it  yields 
to  the  slightest  presauro  of  the  finger;  at  ISO^  it  resembles  a  soft  extract ;  and  at  212° 
It  has  the  fluidity  of  raoluases.  It  is  admirably  adapted  to  giTe  plaBtieitj  to  the  cal- 
careous asphalts. 

A  specimen  of  Egyptian  asphalt  which  he  brouglit  me,  gave  by  analysis  the  very 
same  oompisition  aa  the  Val  de  TraTers,  namely,  80  per  cent  of  pare  oarbonilte  ol 
lime,  an.d  20  of  bitumen.  A  epeeimen  to  mastic,  prepared  in  France,  was  found  to 
consist,  in  100  parts,  of  29  of  bitumen,  62  of  carbonate  of  lime,  and  19  of  silieious  sand. 
A  portion  of  stone  called  the  natural  Bastenne  rock  afforded  me  80  parts  of  gritty 
sibcious  matter  and  20  of  thick  tar.  The  Trinidad  bitumen  contMns  a  considerable 
portion  of  foreign  earthy  matter ;  one  specimen  yielded  me  25  per  cent,  of  silicioaa 
sand;  a  second,  28;  a  third,  20  ;  anda  fourth,  30  ;  the  remainder  was  pure  pitch.  Oua 
Bpeoimeu  of  I^yptian  bitumen,  specific  gravity  1*2,  was  found  to  bo  perfectly  pure, 
tor  it  dissolved  la  oil  of  turpentine  without  leaving  any  appreoiable  residnum. 

Robinson's  Parisian  Bitumen  company  use  a  mastich  made  with  the  pitch  obtained 
from  boiling  coal-tar  mixed  with  chalk.  One  piece  laid  down  by  this  company  at 
Knightsbridjo  and  another  at  Brighton,  are  said  to  I.ave  gone  lo  pieces.  The  portion  of 
patement  laid  down  by  them  in  Oiford  street,  next  Charles  street,  has  been  taken  up. 
Claridge'a  company  hiije  laid  down  their  maatich  under  the  archway  of  the  Horse- 
Guards,  and  in  the  carriage-entrance  at  the  Ordnance  Otfice ;  the  latter  ?ias  cracked  at 
the  junction  with  the  old  pavement  of  Yorkshire  cnib-stone.  The  foot-pavement  laid 
down  by  Claridge'a  company  at  Whitehall  has  stood  well.  Tht  Bastenne  company 
has  exhibited  the  best  specimen  of  asphalt  pavement  in  OjJbrd  stiset ;  Hiey  have  laid 
down  an  excellent  piece  of  foot-pavement  near  Northumberland  House;  a  piece,  40 
feet  by  7,  on  Blackfriars'  Brii^e ;  they  have  made  a  substantial  job  in  paving  830 
superficial  feet  in  front  of  Che  guard-room  at  Woolwich,  which,  though  much  traversed 
by  foot-passengers,  and  beat  by  the  guard  in  gronndlng  arms,  remains  sound ;  lastly, 
the  floor  of  the  stiJls  belonging  to  the  cavalry  barracks  of  the  Blues  at  Knjghtsbridge, 
is  probably  the  best  example  of  asphallic  pavement  laid  down  in  this  country,  as  it  has 
received  no  injury  from  the  beating  of  the  horses'  feet. 

As  the  specific  gravity  of  properly-made  mastich  is  nearly  double  that  of  mater,  a 
cubic  foot  of  it  win  weigh  from  125  to  130  lbs.;  and  a  square  loot,  three  quarters  of 
an  inch  thick,  will  weigh  very  nearly  eight  pounds.  A  ton  of  it  will  therefore  covet 
280  square  feet.  The  prices  at  which  the  Bastenne  Bitumen  company  sell  their  prod- 
nets  is  as  follows  ; — 


From    50  to  100  feet,  I 


5000 


Id. 


lOd. 
9d. 


Where  the  work  exceeds  5,000  feet,  contracts  may  be  entered  into. 

For  filling  up  joints  of  brickwork,  &c.,  from  Id.  to  l{d.  per  foot,  run  according  ic 
quantity. 

Tliese  prices  are  calculated  for  half  an  inch  thickness,  at  which  rate  a  ton  will  cover 
420  square  feet. 

As  the  Vai-de-Travers  company  engage  to  lay  down  their  rich  asphallic  rock  in 
London  at  5/.  per  ton ;  and  as  the  mineral  tar  equal  to  that  of  Seissel  may  probably  be 
had  in  England  a:  ;ne  fourth  the  price  of  that  fore^  article,  they  may  afford  to  lay 
Iheir  mastich  three  quarters  of  an  inch  thick  per  the  thousand  feet,  including  a  sub- 
stratum of  concrete,  at  a  rate  of  fivepcnce  per  square  foot,  instead  of  ftfteenpence,  being 
the  rate  charged  ander  that  condition  by  the  Bastenne  company. 

These  charges  are  for  London  and  its  immediate  vicinity. 


1.  Robinson's  Parisian  bitumen,  laid  in  blocks  12  inches  sqaare  and  5  inches  deep; 
the  substance  is  a  compound  of  bitumen,  lime,  &c.,  and  five  granite  stones  are  inserted 
in  the  top  of  each  block  [  the  work  is  laid  in  atraight  courses,  the  joints  cemented  with 
hot  bitumen.  The  quantity  of  this  ia  97  square  yards,  the  length  is  20  feel,  and  the 
price,  if  adopted,  9s.  per  square  yard. 

2.  Same  as  1,  but  the  coursea  laid  diagonally.  The  quantity  is  97  square  yaidii,  the 
englh  is  20  feet. 

18 „^__, 
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3.  Granite  paving,  9  inches  deep,  joined  with  Claiige's  asphalt,  the  work  laid  in 
itraight  course*.  The  cost  to  the  parish  has  been  lls.l  d.  pep  yai'd  Buperfieial  for  the 
stone  and  laying,  Ae.,  no  charge  being  made  bj  Glaridge's  Company  for  ths  Rsphalt. 
The  qnantity  ia  240  yards,  the  length  54  faet 

4.  Granite  paving,  4  J  mehea  deep,  jointed  with  Claridge's  asphalt,  the  work  laid  in 
diagonal  ooaraes.  Cost  to  the  pan^  Bt  6d.  per  sqnare  yard.  No  chaigo  made  for 
the  asphalt.     The  qnantity  is  88  square  yards,  the  length  20  feet. 

6.  The  Bastenne  Bitumen  Company.  The  bloots  are  13  inches  long,  6\  wide,  and 
3  j  deep  with  bevelled  joints,  dose  at  bottom,  and  i  inch  open  at  top ;  the  joints 
cemented  with  hot  bitnmen  ;  the  snbstanoo  is  bituminons,  with  a  very  large  propor- 
tion of  granite  imbedded  in  each  bloct ;  the  price,  if  adopted,  ISa.  t-d.  per  sqnare 
yard;  the  length  in  straight  oonrses,  20  feet. 

6.  Same  as  5,  bnt  tho  courses  laid  diagonally.  The  length  40  feet ;  the  total  quan< 
tity  in  B  and  6  is  274  square  yards. 

7.  Aberdeen  granite  paving,  9  inches  deep;  laid  on  a  concrete  bottom,  formed  ol 
gravel  and  lime,  the  joints  of  the  pavement  run  with  hot  lime  gront,  in  straight  courses 
The  length  is  69  feet ;  cost,  Ws.  5d.  per  square  yard. 

6.  Same  as  7,  but  the  courses  laid  diagonally;  length  38  feet. 

9.  Aberdeen  granite  paviog,  9  inches  deep,  in  straight  courses,  without  a  concrete 
bottom;  joints  filled  with  fine  gravel;  cost,  12a.  5d.  per  yard;  length,  24  feci. 

10.  The  Scotch  Asphaltnm  company.  The  work  is  laid  in  blocks  of  divers  length, 
9  inches  wide,  and  6|  deep ;  the  side  joints  are  straiglit,  the  end  joints  are  bevdled 
alternately.  The  work  is  laid  in  straight  coniscs,  and  jointed  in  Koman  cement;  the 
substance  is,  apparently,  a  bituminous  matter  mixed  with  fine  gravel.  The  length  is 
50  feet;  the  number  of  square  yards,  210;  the  price,  per  yard,  if  adopted,  13s.  6d. 

11.  The  wood-paving.  The  blocks  are  seiagon  on  the  plan,  and  (with  the  eieep- 
tiott  of  a  few  courses  that  are  only  8  inches),  12  inches  deep.  The  work  is  laid  end- 
wise of  the  grain;  the  blocks  are  mostly  8  inches  diameter — a  few  courses  are  7 
inches.  The  materittl  is  Norway  fir ;  there  is  no  prepared  bottom — the  blocks  are 
laid  on  the  plain  ground,  a  small  layer  of  gravel  beiag  spread  to  bed  them  in.  Prom 
the  west  end,  23  rows  of  courses  of  blocks  are  of  wood  in  its  natural  state;  31  rows 
have  been  Kyanised;  9  rows  at  the  eastern  end  have  been  dipped  in  Glaridge's  as- 
phalt ;  6  rows  have  been  dipped  in  a  solution  prepared  by  the  patentee ;  the  remain- 
der are  of  wood  in  the  natural  state.  The  length  of  this  piece  is  60  feet:  the  number 
of  yards,  230;  price  per  yard,  if  approved,  10s.  6d. 

12.  Val-do-T^Tivers  company.  Blocks  in  straight  courses,  12  inches  square,  5  inches 
deep,  with  sqnare  joints.  The  substance  of  the  blocks  is  bituminous,  wiUi  a  very  large 
proportion  of  granite  imbedded  in  each  block,  the  joints  cemented  with  hot  bitnmen. 
The  length  is  25  feet;  number  of  square  yards  94;  the  work  is  performed  gr* 
tuitously. 

13.  The  same  company.  A  layer  of  clean  chippii^s  and  hot  asphalt  ponred  thereon 
The  face  up,  with  hot  asphalt  and  broken  stone  imbedded  therein.  The  length  is  2i 
feet  -.  number  of  yards,  94 ;  the  work  is  gratuitous. 

14.  Same  as  9.    The  length  47  feet. 

By  order  of  tho  Committee, 

H.  Kensett,  Chairman. 


Statement  of  the  n 
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The  asphalt  pavements  were,  in  my  judgment^  so  imperfectly  constructed  with  coal 
tar,  ill  boiled  and  aqueous,  as  to  haveaerumblmg  property  when  exposed  tovioissi- 
tudea  of  weather.    Hative  bitumen  makes  a  far  better  and  more  durable  cement. 

BLACK  DYE.  (Teijite  noire,  Fr. ;  Schwartse  faTbe,Qerm.)  For  1  ewt  of  cloth 
there  are  put  into  a  boiler  of  middle  size  ISlbs.  of  logwood  with  as  much  Aleppo  galls 
in  powder,  and  the  whole,  being  enclosed  in  a  bag,  is  boiledinaBufficientquantity  of 
water  for  12  hours.    One-third  of  this  bath  is  transferred  into  another  boiler  with  two 
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ponudfl  of  verdigris  ;  aiid  the  stuff  is  passed  through  thia  solution,  atirring  it  oontinu- 
ally  during  tmo  hours,  taking  care  to  keep  the  bath  very  hot  ■without  boiling.  The 
stuff  is  then  lifted  oul^  another  third  of  the  bath  is  added  to  the  boiler,  aloug  with  8 
poands  of  sulphat*  of  iron  or  green  vitriol.  The  fire  is  to  be  lowered  while  the  aul- 
phitte  dissolves,  and  the  bath  is  allowed  to  cool  for  half  an  hour,  after  which  the  stuff 
IS  introduced,  and  wellmoTed  aboot  for  anhour,and  then  it  ia  taken  out  to  air.  Lastly, 
the  I'amaining  third  ot  the  bath  is  added  to  the  other  two,  taking  eare  to  squeeze  the 
bag  well,  18  or  22  lbs.  of  flumach  are  thrown  in  ;  tlia  whole  is  j  ust  brought  to  a  boil, 
and  then  refreshed  with  a  little  oold  waf«r ;  2  pounds  more  of  sulphate  of  icon  are 
added,  after  which  the  stuff  is  turned  through  for  an  hour.  It  is  next  washed,  aired, 
and  put  again  into  the  bath,  stirring  it  oontinuallyfor  an  hour.  After  this,  it  is  car- 
ried to  the  river,  washed  well,  and  then  fulled,  whenever  the  water  runs  off  dear,  a 
bath  is  prepared  with  weld,  wliieh  is  made  to  boil  for  an  instant ;  and  after  refreshing 
the  batli-tlio  stuff  la  turned  in  to  soften,  and  to  render  the  black  more  iast.  Id  this 
manner,  a  very  beautiful  blaek  is  obtained  without  rendering  the  cloth  too  harsh. 

Commonly  more  simple  processes  are  employed.  Thus  the  blue  cloth  is  simply 
turned  through  a  bath  of  gaU-nnts,  where  jt  is  boiled  for  two  hours.  It  is  nest 
passed  throu^  a  bath  of  logwood  and  sulphate  of  iron  for  two  hours,  without  boil- 
ing, after  which  it  is  washed  and  fulled.  But  in  all  cases  the  cloth,  after  passing 
through  the  blue  vaf^  should  be  thoroughly  washed,  beeanae  the  least  remains  of  its 
alkalinity  would  iajure  the  tone  t«  ba  given  in  the  black  copper. 

Hellot  has  found  that  the  dyeing  might  ba  performed  in  the  following  manner: — 
For  20  yards  of  dark  bine  cloth,  a  bath  is  made  of  2  lbs.  of  fustic  l^moras  tinctoria), 
4i  lbs.  logwood,  and  II  lbs  of  sumach.  After  boiling  the  cloth  in  It  for  three  hours 
it  is  lifted  out,  11  lbs.  of  sulphate  of  iron  are  thrown  into  the  boiler,  and  the  cloth  is 
then  passed  through  it  daring  two  hours.  It  is  now  aired,  and  put  again  in  the  bath 
for  an  hour.  It  is,  lastlvi  washed  and  scoured.  The  black  is  less  velvety  than  tbat  by 
the  preceding  process.  Eiperieuce  convinced  him  that  the  maddering  prescribed  in 
the  ancient  regulations  only  gives  a  reddish  cast  to  the  black,  which  is  obtained  finer 
and  more  velveh'  without  madder. 

A  black  may  be  dyed  likewise  without  having  given  a  blue  ground.  This  method 
is  emploj^od  for  olotis  of  little  value.  In  this  ease  they  are  rooted ;  that  is  to  say, 
they  receive  a  dan  ground  with  walnot  husks,  or  the  root  of  the  walnut  tree,  and 
are  afterward i  mode  black  in  the  manner  above  described,  or  in  soma  other  way ;  for 
it  is  obvious  that  a  black  may  be  obtained  by  several  processes. 

According  to  Lewis,  the  proportions  which  the  English  dyars  moat  generally  adopt 
are,  for  US  Ho.  of  woollen  oloth  previous^  dyed  of  a  &rk  blue,  about  B  lbs.  of  sulphate 
irf  iron,  as  much  gall-nuts,  and  30  lbs.  oi'^logwood  They  begin  by  galling  the  cloth, 
they  thea  pass  it  through  the  decoction  of  logwood,  to  which  the  sulphate  of  iron  has 
been  added. 

When  the  eloth  is  completely  dyed,  it  is  washed  in  the  river,  and  passed  through 
the  fulling-mill  till  the  water  runs  off  clear  and  colorless.  Some  persons  reeommend; 
for  fine  cloths,  to  full  them  with  soap  water.  Thia  operation  requires  an  expert  work- 
man, who  can  free  the  cloth  thoroughly  from  the  soap.  Several  recommend  at  its 
coming  from  the  fulling  to  pass  the  cloth  through  a  bath  of  weld,  with  the  view  ot 
giving  softness  and  solidity  to  the  black.  Lewis  says,  that  passing  the  cloth  thronsh 
weld,  after  it  has  been  tieated  with  soap,  is  absolntely  useless,  although  it  may  be 
beneficial  when  this  operation  has  been  neglected. 

The  following  German  process  is  cheap  and  good.  100  lbs  of  cloth  or  wool  are  put 
into  the  copper  with  sufficient  water  ondlSlbs.  of  Salzburg  vitriol  (potaah-aulphate  ot 
iron)  and  5 lbs.  of  argol,  heating  the  bath  gradually  to  boiling,  while  the  goods  are 
well  worked  about  for  two  hours,  taking  tliem  out^  and  laying  them  in  a  cool  place 
for  twenty-four  hours.  They  are  then  to  be  put  in  a  lukewarm  bath  of  from  25  lbs.  to 
30  lbs.  of  logwood,  and  10  lbs.  of  fustic,  aai.  to  be  worked  therein  while  it  is  made  to 
boil  during  two  hours.  The  goods  are  now  removed,  and  there  is  put  into  the  copper 
IJ  lbs.  of  verdigris,  dissolved  in  vinegar  ;  the  goods  are  restored  into  the  improved 
batli,  and  turned  in  it  for  half  an  hour,  after  which  they  are  rinsed  and  dried. 

The  process  for  dyaii^  merinos  black  is  for  100  Iba.  of  them  to  put  lOlbs.  of  copperas 
into  the  bath  of  pure  water,  and  to  worl:  therein  for  a  quarter  of  an  hour,  as  soon  as 
it  is  tepid,  one-third  of  the  goods;  then  to  replace  that  portion  by  the  second,  and 
after  another  quarter  of  an  hour,  to  put  in  the  last  third.  Each  portion  is  to  ba  laid 
aside  to  air  in  the  cold.  The  bath  being  next  heated  to  140°  F,,  the  merinos  are  to  be 
treated  as  above  piecemeal  j  but  the  third  time  it  is  to  bo  passed  through  the  bath  at 
a  boiling  heat.  Being  now  well  mordanted,  the  goods  ace  laid  aside  to  air  till  the 
following  day.  The  copper  being  charged  with  water,  SO  lbs.  of  ground  logwood  and 
2  lbs.  of  arffol,  and  healid,  the  goods  ate  to  be  passed  through  while  boiling  for  half 
an  hour     Tlicj-  are  then  rinsed. 
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Different  opetalions  may  lie  distinguished  in  dyeing  silk  black ;  the  boiUnt"  of  the  silk, 
its  galling,  the  prepitration  of  the  bath,  the  operation  of  dyeing,  the  sonening  of  the 
black. 

Silk  naturally  contains  a  snbstance  called  gum,  which  gives  it  the  stiffness  and  elas- 
ticity peculiar  to  it  in  its  native  state ;  but  tliis  adds  nothing  to  the  strength  of  the  silk, 
irhich  is  then  styled  raw ;  it  imther  renders  it,  indeed,  more  apt  to  wear  out  by  the  stiff- 
ness which  it  communicates ;  and  allhongh  raw  siDt  more  readily  takes  a  Mack  cobr,  yet 
the  Uack  is  not  so  perfect  in  intensity,  nor  does  it  so  well  resist  the  re-agents  capable  of 
dissolving  the  coloring  particles,  as  sUk  which  Is  scoured  or  deprived  of  its  gum. 

To  cleanse  silk  intended  for  black,  it  is  usually  boiled  four  or  five  hours  with  one  flfUi 
of  its  weight  of  white  soap,  after  whicb  tt  is  coreTuIly  beetled  and  washed. 

For  the  galling,  nut^ls  equal  nearly  to  three  fourths  of  the  weight  of  the  silk  are 
boiled  during  three  or  four  hours ;  but  on  account  of  the  price  of  Aleppo  galls,  more  or 
less  of  the  white  gall-nuts,  or  of  even  an  inferior  kind  called  galon,  berry  or  apple  galls, 
are  used.  The  propoition  commonly  employed  at  Paris  is  two  parts  of  Aleppo  galls  to 
from  eight  to  ten  parts  of  galon.  Alice  the  boiling,  the  galls  are  allowed  to  settle  for 
about  two  hours.  The  silk  Is  then  plunged  into  the  bath,  and  left  in  it  from  twelve  to 
iMrly-six  hours,  afler  which  it  is  takeit  out  and  washed  in  the  river. 

Silk  is  capable  of  combining  with  ([iiantities,  mare  or  less  considerable,  of  the  astrin- 
gent principle ;  whence  results  a  considerable  increase  of  we^ht,  not  only  from  the  weighi 
of  the  aatsingent  principle,  but  also  from  that  of  the  coloring  particles,  which  subsequent- 
ly fix  themselves  in  proportion  to  the  quantity  of  the  astringent  principle  which  had  en- 
tered into  combination.  Consequently  the  processes  are  varied  according  to  the  degree 
of  we^hl  which  it  is  wished  to  communicate  to  the  silk;  a  circumstance  requiring  some 
illustration. 

The  commerce  of  silk  goods  is  carried  on  in  two  ways ;  they  are  sold  either  by  the 
weight,  or  by  the  surface,  that  is,  by  measure.  Thus  the  trade  of  Tours  was  formerly 
distinguished  from  that  of  Lyons ;  the  silks  of  the  former  being  sold  by  weight,  those  of 
the  latter,  by  measure.  It  was  therefore  their  interest  to  surcharge  the  weight  at  Tours, 
aad,  on  the  contrary,  to  be  sparing  of  the  dyeing  ingredients  at  Lyons ;  whence  came  the 
distiaclion  of  light  black  and  heavy  black.  At  present,  both  methods  of  dyeing  are  prac- 
tised at  Lyons,  the  two  modes  of  sale  having  been  adopted  there. 

Silk  loses  nearly  a  fourth  of  its  weight  by  a  thorough  boiling,  and  it  resumes,  in  the 
light  black  dye,  one  half  of  this  loss ;  but  in  the  heavy  black  dye,  it  takes  sometimes  up- 
wards of  a  fiilh  more  than  its  primitive  weight ;  a  snrcharge  injurious  to  the  beauty  of 
the  black,  and  the  dm'abiUly  of  the  stuff.  The  surcharged  kind  is  dcnominBted  English 
Mack,  because  it  is  pretended  that  it  was  first  practised  in  England.  Since  silk  dyed  with 
a  great  surcharge  has  not  a  beautiful  hlack,  It  Is  usually  destined  forweA,  and  is  blended 
with  a  warp  dyed  of  a  fine  black. 

The  peculiarity  of  the  process  for  obtaining  the  heavy  black  consists  in  leaving  the 
silk  longer  in  the  gall  liquor,  in  repeating  the  galling,  in  passing  the  silk  a  greater  num- 
ber of  times  throngh  the  dye,  and  even  letting  it  lie  m  it  for  some  time.  The  first  gall- 
ing is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and  fresh 
gall-nuts  are  employed  for  the  second.  But  these  methods  would  not  be  sufficicDt  for 
giving  a  great  sarchai^e,  such  as  is  found  in  what  is  called  the  English  black.  To  give 
it  this  weight,  the  silk  is  galled  wllhaut  being  vngummed ;  and,  on  coming  out  of  ihu 
galls,  it  is  rendered  supple  by  being  worked  on  the  jack  and  pin. 

The  silknlyers  keep  a  black  vat,  and  its  very  complex  composition  varies  in  different 
dye-houses.  These  rats  are  commonly  established  for  many  years  :  and  when  their  block 
dye  is  exhausted  it  is  renovated  hy  what  Is  called  in  France  a  ln-evet.  When  thedeposile 
which  lias  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end  of  a  certain 
time  nothing  remains  of  the  several  ingredients  which  composed  the  primitive  balh,  hut 
which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  galled  in  the  cold,  with  the  bath  of  galls  which 
has  already  served  for  the  black  of  boiled  silk.  For  this  purpose,  silk,  in  its  native 
yellow  color,  is  made  choice  of.  It  should  be  retnarked,  that  when  it  is  desired  to 
preserve  a  portion  of  the  gum  of  the  silk,  which  is  afterwards  made  flexible,  the  galling 
is  given  with  the  hot  bath  of  gall-nuts  in  the  ordinary  manner.  But  here,  where  the 
whole  gum  of  the  silk,  and  its  concomitant  elasticity,  are  to  be  preserved,  the  galling 
is  made  in  the  cold.     If  the  infusion  of  galls  be  weak,  the  silk  is  left  in  it  for  several 

Silk  thus  prepared  and  washed  takes  very  easily  the  black  dye,  and  the  rinsing  in  a 
little  water,  to  which  sulphate  of  iron  may  be  added,  is  sufficient  to  give  it.  The  dye  is 
made  in  the  cold;  but,  according  to  the  greater  or  less  strength  of  the  rinsings,  it  re- 
quires more  or  less  time.  Occasionally  three  or  four  days  are  necessary ;  after  which 
t  is  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wringing,  to  avoid 
(oftcning  it. 
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titer  the  galling,  airing  it,  and  repuaWng  these  manipnlations  Beveral  times,  after 
which  it  is  waelied  and  dried  as  above. 

Macquor  describes  a  more  simple  process  for  Uie  biack  hj  which  Telvet  is  dyed  at 
Genoa;  andhe  says  Ihattbis  prooes8,r«ndered  sliii  simpler,  has  had  complete sviceess 
at  Tours.    The  following  is  his  description. 

For  1  owt.  (60  kilogrammes)  silk,  S2  lbs.  (II  kilogrammes)  of  Aleppo  galls,  in  powder, 
arc  boiled  for  an  hour  in  a  suffiwent  quanHt^  of  water.  The  bath  is  Slowed  to  settle  till 
the  galls  have  fallen  t«  the  bottom  of  the  boiler,  from  which  they  are  withdrawn;  after 
which  33  lbs.  of  English  vitriol  (or  copperas)  are  introduced,  with  1 3  lbs.  of  iron-filings, 
and  22  lbs  oE  country  gum,  put  into  a  kind  of  two-handled  cullender,  pierced  every 
where  with  holes.  Thia  kettle  is  suspended  by  two  rods  in  the  boiler,  so  ita  not  to 
rcauh  the  bottom.  The  gum  ia  left  to  dissolve  for  about  an  hoar,  stirring  it  from  time 
to  time.  If,  after  this  time,  some  gum  remains  in  the  kettJe,  it  is  a  proof  that  the  hatJi, 
which  contains  two  hoesheads,  has  taken  as  mnch  of  it  as  is  necessaiy.  If,  on  the  con- 
trary, the  whole  gum  is  dissolved,  from  1  to  -t  lbs.  more  may  ba  added.  This  cullen- 
der IS  left  constantly  suspended  in  the  boiler,  from  which  it  is  removed  only  when  the 
dyeinffisgoingon;  andaftacwardaitisreplaoed.  Duringalltheseoperationsthe boiler 
must  be  kept  hot,  but  without  boiling.  The  galling  of  the  siik  is  performed  with  ono 
t\acA  of  Aleppo  galls.  The  silk  is  lefl  in  it  for  six  hours  the  liret  time,  (ben  for  twelve 
hours.    The  rest,  wfunJutn  artem. 

Lewis  stales  that  he  has  repeated  this  process  ift  the  small  way ;  and  that  by  addmg 
sulphate  of  iron  progressively,  and  repeating  the  immersions  of  the  silk  a  great  number 
of  times,  he  eventually  obtained  a  fine  black. 

Astringents  differ  from  one  another  as  to  the  quantity  of  the  principle  which  enters  into 
combination  with  the  oiyde  of  iron.  Hence,  the  proportion  of  the  sulphate,  or  of  any 
other  salt  of  iron,  and  that  of  the  astringents,  should  vary  according  to  the  astringents 
made  use  of,  and  accordii^  to  their  respective  quantities.  Gall-nnI  is  the  substance 
which  contains  most  astringent ;  sumach,  which  seems  second  to  it  in  this  respect,  throws 
down  (decomposes),  however,  only  half  as  much  sulphate  of  iron. 

The  most  suitable  proportion  of  sulphate  of  iron  appears  to  be  that  which  corresponds 
to  the  quantity  of  the  astrii^ent  matter,  so  that  the  whole  iron  precipitable  bf  the  as- 
tringent may  be  thrown  down,  and  the  whole  astringent  may  be  taken  up  in  combination 
witii  the  iron.  As  it  is  not  possible,  however,  to  arrive  at  such  precision,  it  is  better 
that  the  sulphate  of  iron  should  predominate,  because  the  astringent,  when  in  excess, 
connteraets  the  precipitation  of  the  black  coloring  particles,  and  has  the  property  of  even 
dissolving  tkem. 

This  action  of  the  astringent  is  such  that,  if  a  pattern  of  black  cloth  be  boiled  with  gall- 
nuts,  it  is  reducible  to  gray.  An  observation  of  Lewis  may  thence  be  explained.  If  cloth 
be  turned  several  times  through  the  coloring  bath,  after  it  has  talten  a  good  black  color, 
instead  of  acquiring  more  body,  it  is  weakened,  and  becomes  brownish.  Too  considera- 
ble a  quantity  of  the  ii^edients  produces  the  same  effect;  to  which  the  sulphuric  acid, 
set  at  liberty  by  the  precipitation  of  (he  oxyde  of  iron,  contributes. 

It  is  merely  the  highly  oxydized  sulphate  which  is  decomposed  by  the  astringent ; 
whence  it  appears,  that  the  sulphate  will  produce  a  different  effect  according  to  its  stale 
of  oiydiiement,  and  call  for  other  proportions.  Some  advise,  tlierefore,  to  follow  the 
method  of  Proust,  employing  it  in  the  oxydized  state ;  bnt  in  tlus  case  it  is  only  partially 
decomposed,  and  another  part  is  brought,  by  the  action  of  the  astringent,  into  the  lower 
dearee  of  oxydizement. 

The  particles  precipitated  by  the  mixture  of  an  astringent  and  sulphate  of  iron  have 
not  at  Srst  a  deep  color ;  but  they  pass  to  a  black  by  contact  of  air  while  they  are 

Under  dyeing  I  shall  show  that  the  black  dye  is  only  a  very  condensed  color,  and  that 
it  assumes  more  intensity  from  the  mixture  of  different  colors  likewise  deep.  It  is  for 
this  reason  advantageous  to  unite  several  astringents,  each  combination  of  which  produ- 
ces a  dilTerenC  shade.  But  blue  appears  the  color  most  conducive  to  this  effect,  and  it 
corrects  the  tendency  to  dun,  which  is  remarked  in  the  black  produced  on  stuffs  by  the 
other  astringents. 

On  this  property  is  founded  the  practice  of  giving  a  blue  ground  to  black  cloths,  which 
acquire  more  beauty  and  solidity  the  deeper  the  blue.  Another  advantage  of  this  prac- 
tice is  to  diminish  the  quantity  of  sulphuric  acid  which  is  necessarily  disengaged  by  the 
precipitation  of  the  black  particles,  and  which  would  not  only  counteract  their  fixation, 
bnt  would  further  weaken  the  stuff,  and  give  it  harshness. 

For  common  stuffs,  a  portion  of  the  effect  of  the  bine  ground  is  produced  by  the 
rooting. 

The  mixture  of  logwood  with  astringents  contributes  to  the  beauty  of  the  bhick  in  a 
twofold   way.     It  produces  molecule:  of  a  hue  different  from  what  the  astringents  do. 


.  Cuu<;  k 


BLACK  riGMENT. 


The  boil  of  weld,  bj  whiah  the  dye  of  blaok  cloth  is  frequBntiy  finished,  may  also 

contribute  to  its  beauty,  by  the  shade  peculiar  to  its  eombinotion.    It  hr "  

the  advantage  of  giving  softness  to  the  stuftk 

The  proeeBsea  that  ore  employed  for  wool  yield,  according  t 
I^wis,  only  a  rosty  black  to  snk ;  and  cotton  is  hardly  dyed  I 
for  wool  and  silk.    Let  us  endeayorto  ascertain  the  conditions  which  these  Uircey: 
tieaof  dyeing  demand. 

"Wool  has  a  great  tendency  to  oomblae  with  coloring  substances;  but  its  physical 
nature  requires  its  combinations  to  be  made  in  general  at  a  high  temperature.  The 
combination  of  the  black  molecules  may  therefore  he  directly  effected  in  a  bath,  in 
propoi'tion  as  tliey  form ;  and  if  the  operation  be  prolonged  by  aubdividing  it,  it  is 
only  with  the  view  of  changing  the  neoessa^  osidiiiement  of  the  sulphate,  and  aug- 
menting that  of  the  coloring  particles  themsefyes. 

Silk  has  little  disposition  la  unite  with  fie  black  particles.  It  seems  to  bo  merely  by 
the  agency  of  the  tannin,  with  which  it  is  previously  impregnated,  that  these  particles 
can  iix  themselves  on  it,  especially  after  it  has  been  scoured.  For  Uiis  reason,  silk  baths 
should  be  old,  and  have  the  coloring  parfiolea  accumulated  in  them,  but  so  feebly  sus- 
pended as  to  yield  to  a  weak  affinity.  Their  precipitation  is  counteracted  bytheaddi- 
tion  of  gum,  or  otber  mucilaginons  substances.  The  obstacles  which  might  arise  from 
the  sulphuric  acid  set  at  liberty  is  destroyed  by  iron  filings,  or  other  basis.  Thns. 
baths  of  a  yery  different  composition,  but  with  the  essential  condition  of  age,  may  be 
proper  for  this  dye.     For  eotton  black  dye,  see  Calico  PmNnno. 

Blue-blaek  dye. — The  mordant  much  employed  in  some  parts  of  Germany  for  this 
dye,  with  logwood,  galls,  sumach,  ilnt.,  is  iron-alum,  so  called  on  account  of  its  having 
the  crystalline  form  of  alum,  though  it  contains  no  alumina.  It  isprepnred  by  dissolv- 
ing 18  pounds  of  red  oxide  ot  iron  in  111  pounds  of  sulphuric  acid,  diluting  this  com- 
pound with  water,  adding  to  the  mixture  87  pounds  of  sulphate  of  potjiah,  evaporating 
the  solution  to  the  crystalliaing  point  This  potashsulphate  of  iron  has  afine amethyst 
color  when  recently  prepared ;  and  tliough  it  gets  coated  in  the  air  with  a  yellowish 
crust,  it  is  none  the  worse  on  this  account  As  a  mordant,  a  solution  of  this  salt,  in 
from  6  tfl  60  parts  ot  water,  serves  to  communicate  and  fix  a  great  variety  of  uniform 
ground  colors,  from  light  gray  to  brown,  blue,  or  jet  black,  with  quercitron,  galls,  log- 
wood, sumach,  &c.,  separate  or  combined.  The  above  solution  may  bo  usefully  mom- 
fied  by  adding  to  eveiy  10  pounds  of  the  ircm-alwn,  dissolved  in  8  gallons  (80  pounds) 
of  warm  water,  10  pounds  of  acetate  (sugar)  of  lead,  and  leaving  the  mixture,  after 
careful  stirring,  to  settle.  Sulphate  of  lead  falls,  and  the  oxide  of  iron  remains  com- 
bined with  the  acetic  acid  and  the  potash.  After  passing  through  tbe  above  mordant, 
the  cotton  goods  sho  Idb   q     klj  dn  d. 

BLACK  PIGMENT  Th  fi  t  1  ght  black  is  prepared  principally  for  the  mann- 
fnoturing  of  printers'     It      I     Mes        Martin  and  Grafton's  patent  process,  the  black 
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.  ,  . .  .  e  contemplaied,  and  also  would  caase  the  apparatus  to 
require  freqnent  cleaning  from  the  carbonized  pitcli  deposited.  In  order,  therefore,  to 
gel  rid  of  the  mineral  pilch,  or  asphaltum,  forty  gallons  of  the  tar  are  to  be  introduced 
.nto  a  still,  as  before  j  and,  instead  of  stopping  the  operation,  as  soon  as  llie  spirit  begins 
to  come  over,  the  distillation  is  continued  wilh  a  strong  beat,  so  as  to  force  over  the 
whole  of  Ihe  oJI  and  spirit,  leaving  the  residuum  of  asphallum  in  tbe  slill ;  this  process, 
however,  is  known  to  every  cbemist,  and  need  not  bo  further  explained. 

In  fig.  128,  is  exhb'  ed  a   ude   op     en  a  on  of  he  oppa  a  us  emplo  ed   n  preparing 
and  coUecling  the  fi  e  I  b  a  k       od      d  by    h    co   bu      n    f   he  oil  and 


(pirit  of  coal  tar  after  it  has  been  purified  as  above  described. 


t!ie  brickwork 


tbe  tuba  Burner,  and  receiver,  na  w  jl  bo  desi,ribed  hereflftec.  The  tube  may  be  called 
tbe  tar  main,  as  it  is  intended  t«  be  filled  with  tar:  it  is  eonstrocted  of  cast  iron,  and 
{mm  it  issue  several  {in  this  figure  twenty-four)  jets  or  burners,  c.  e,  c  ;  any  other 
number  may  be  employed,  rf  is  a  furnace  under  the  tar  main,  tbe  flue  of  which 
extends  along,  for  tbe  parpose  of  beating  the  tar  to  the  boiling  point,  in  order  to 
fiicilitato  the  process.  l!rom  tbe  main,  ^  the  tar  flows  into  the  jets  e;  wiots  are 
mtroduced  into  the  jeta,  aad,  when  set  fira  to  by  a  red-hot  atiok,  will  burn  and  emit  a 
Fery  considerable  quantity  of  smoke  ;  whieh  it  is  the  object  of  this  apparatus  to  con- 
duct throagh  raany  passives,  for  the  purpose  of  eolleetiag  its  sooty  particles. 

Th^re  are  a  lomber  of  hoods,  ft  «,  ^  or  bonnets,  as  liiej  are  termed,  all  of  wbich, 
througb  their  ^Ipes,  have  communication  with  or  lead  into,  amameWmaey,//.  Into 
these  hoods  or  bonnets  the  smoke  of  tbe  burners  ascends,  and  from  thonoe  peases  into 
the  main  ebimney/,  and  tlience  tbrough  the  smoke  tubes  into  the  box  g ;  here  the 
heaviest  particles  of  the  black  deposit  themselves;  but,  as  the  smoke  passes  03  through 
the  farthest  pipes,  a  deposit  of  the  second,  or  finer,  particles  of  black  takes  place  in  tbe 
box,  h.  From  hence  the  smoke  proceeds  through  other  pipes  into  aseries  t>f  oaflvaa 
bags,  i,i,i,  which  are  proposed  to  be  about  18  feet  long,  and  3  ic  diameter.  These  b»gij 
are  connected  together  at  top  and  bottom  alternately,  and  through  the  whole  s?««j 
tbe  smoke  passes  up  one  bi^  and  down  the  next,  depositing  flue  olack,  called  spinn 
black,  upon  the  sides  of  the  convas.  After  the  jets  have  continued  burning  fi" 
several  days,  the  bags  are  to  be  beaten  with  a  stick,  so  thai;  the  black  may  fall  to  th 
bottom;  and  when  a  sufficient  quantity  has  accumulated,  the  bags  may  be  emptiec 
and  swept  out  Thus  seventy  or  eighty  bags  may  be  employed ;  so  that  the  smoke  saoulo 
pass  through  a  length  of  about  400  yards,  the  farthest  of  which  will  ba  found  to  con 
tain  the  finest  black.  The  last  bag  should  be  left  open,  in  order  to  allow  tbe  vapoi 
to  escape  m'.o  the  open  air. 

The  main  tar  tube  will  require  to  be  emptied  eveiy  four  or  five  days,  in  order  tc 
clear  it  from  the  pitchy  matter  that  may  have  subsiaed  from  the  burners,  and  they 
also  will  require  to  be  frequently  poked  with  a  wire,  to  clear  off  the  black  which 
forma  upon  tho  edges,  and  to  drive  down  the  carbonized  tar  which  attaches  itself  to 
the  upper  part  of  the  jets. 

A  one  lamp-black  is  obtained  by  the  combustion  of  a  thick  torch  of  coal^as,  sup- 
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plied  with  a  quantity  of  air  adequate  to  bum  oaly  its  hydrogen.  In  tliia  case,  th« 
whole  of  its  carbon  ia  deposited  in  the  form  of  a  very  fine  bla^  powder  of  eitfcme 
lightneaa.    Ttlis  blaek  is  used  in  mating  the  better  qualities  of  printers'  int, 

BLACKItfaTOR  SHOES,     (^drage  Sisbofles,  Fr.;  Scft«Atcfi™i«(r.) 

The  following  prescription  for  making  liquid  and  paste  blacting  is  given  by  Wil- 
liam Bryant  anil  Edwai-d  Jamea,  under  tlie  title  of  a  patent,  dated  December,  1B36. 
Their  improvement  eonsjsts  in  the  introduotion  of  caontehone,  with  tie  view,  poEsibly, 
of  mailing  the  blacking  waterproof: — 

18  ounces  of  caoatehouo  are  to  be  dissolved  in  about  9  pounds  of  hot  rape  oil.  To 
this  solution  60  pounds  of  fine  ivory  black,  and  45  pounds  of  molasses,  are  to  be  added, 
along  with  1  pound  of  finely  gr'iiiid  gum  arable,  previously  dissolved  in  20  gallons  of 
vinegar,  of  strength  No.  24.  These  mixed  ingredients  are  to  be  finely  triturated  in  a 
paint  mill  till  fie  mixture  becomes  perfectly  smootJi,  To  this  vamisli  1 2  pounds  o[ 
sulphuric  aeid  are  to  be  now  added  in  small  successive  quantities,  with  powerful  etir- 
riug  for  half  an  hour.  The  blaoiing  thus  compounded  is  allowed  to  stand  for  14 
days,  it  being  stirred  half  an  hour  diuly ;  at  the  end  of  which  time,  3  pounds  of  fine- 
ly-ground gum  iirabio  are  added;  after  which  the  stirring  is  repeated  half  an  hour 
every  daj^  ftir  14  days  longer,  when  the  liquid  blacking  is  ready  for  use. 

In  making  the  paste  blacking,  the  patentees  presoribe  the  above  quantity  of  India 
rubber  oil,  ivory  black,  molasses,  and  gum  arabie,  the  latter  being  dissolved  in  only 
12  pounds  of  vinegar.  These  ingredients  are  to  be  well  mixed,  and  then  ground  to- 
getier  in  a  mill  tiU  they  form  a  perfectly  smooth  paste.  To  this  pirate  12  pounds  of 
sulphuric  acid  are  to  be  added  in  small  quantities  at  a  time,  with  powerful  stirring, 
whioh  is  to  be  eontinued  for  half  an  hour  fcfter  the  last  portion  of  the  acid  has  been 
introduced.    This  paste  will  be  found  fit  for  use  in  about  7  days, 

BLACK  SILK  DYEING.  In  dveiog  silk,  "  the  hat-hlack  color,"  it  has  been  usual 
to  employ  nitrate  of  iron  as  a  mordant,  and  oak  bark  as  the  dye  stuff,  but  Mr,  Le  lei- 
vre  has  found  that  alder  bark  is  preferable  ;  in  the  next  process  fustio  has  been  em- 
ployed, but  equal  parts  of  fustic  and  citron  bark  are  to  be  preferred  ;  and  the  paten- 
tee proposes  to  finish  the  process  with  a  lather  of  olive  oil,  $oap  and  logwood. 

In  stretching  silk  so  dyed  he  does  it  in  an  atmosphere  of  steam,  by  placing  a  per- 
forated tube  eonneoted  with  a  steam  boiler  close  uiider  the  ailk  while  being  stretched. 
_  BLEACHING  (Blaru:himent,  Fr. ;  Bleidiea,  Germ,)  is  the  process  by  which  the  tex- 
tile filaments,  cotton,  iiax,  hemp,  wool,  silk,  and  the  cloths  made  of  them,  as  well  s$  va- 
rious vegetable  and  animal  suhslances,  are  deprived  of  their  natural  color,  and  rendered 
nearlj'  or  altogether  white.  The  term  bleaching  comes  from  the  French  verb  WaiicAiV,  to 
whiten.  The  word  ilaack,  which  has  the  same  origin,  is  applied  to  the  whitening  of 
living  plants  by  making  them  grow  in  tlie  dark,  as  when  the  stems  of  celery  are  covered 
over  with  mould. 

The  operations  whieli  the  hleacher  has  recourse  to  differ  according  lo  the  nature  of 
the  bleaching  mea.ia,  the  properly  of  the  stuff  to  be  bleached,  and  local  customs  or  cir- 
cumstances !  and  the  result  is  also  obtained  with  more  or  less  rapidity,  certainty, 
economy,  and  perfection.  The  destruction  of  the  coloring  matters  attached  to  the  bodies 
to  he  bleached  is  effected  either  by  the  action  of  the  air  and  light,  of  chlorine,  or  sulphu- 
rous aeid ;  which  may  be  considered  the  three  bleaching  powers  employed  for  manufac- 
taria?  purposes. 

Bleaehu^  by  the  influence  of  air  and  sunshine  is  the  most  ancient,  and  still  the  most 
common,  method  in  several  civilized  coontries ;  it  is  also  supposed  by  many  to  be  the 
least  injnrioas  to  the  texture  of  yam  and  cloth.  The  operations  it  involves  are  very 
simple,  consisting  in  the  exposure  of  the  goods  upon  a  grass-plat  to  the  sky,  with  their 
occasional  aspersion  with  moisture  if  necessary,  in  addition  to  the  rain  and  dew.  The 
atmospheric  air  effects  the  bleaching  by  means  of  its  oxyEonous  constituent,  which  com- 
bines with  the  coloring  matter,  or  its  elements  carbon  and  hydrogen,  and  either  makes  il 
nearly  white,  or  converts  it  into  a  substance  easily  soluble  In  water  and  alkaline  solutions. 
This  natural  process  is  too  slow  to  suit  the  modern  demands  of  the  cotton  and  linen 
manufiicturers.  Fortonalely  for  Ihem,  a  new  bleaching  agent,  unknown  to  our  forefathers, 
has  been  discovered  in  chlorine,  formerly  called  oxymuriatic  acid,  an  agent  modified  by 
chemistry  so  as  to  give  an  astonishing  degree  of  rapidity,  economy,  and  perfection,  to  this 
important  art.  It  is,  however,  not  a  little  surprising,  that  the  sctenee  which  has  so  greatly 
advanced  its  practical  part  should  have  left  its  theory  far  from  complete,  and  should  afford 
no  satisfactory  answers  to  the  two  following  questions, — What  is  the  action  of  the  solar 
rays  upon  the  coloring  matter  ?  How  do  air  and  chlorine  operate  upon  this  principle  ? 
Borne  suppose  that  hght  predisposes  the  coloring  matter  to  combine  with  oiygen  [  others 
fancy  that  it  acts  merely  in  the  manner  of  a  high  temperature,  so  as  to  determine  a 
reaction  between  the  elements  of  that  substance,  and  lo  cause  a  new  combination 
possessed  of  peculiar  properties.  It  is  generally  admitted  at  the  present  day,  that  a 
portion  of  the  oxygen  of  the  air  passes  into  the  coloring  matter,  and  changes  its  con- 
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slilntion.  This  is,  however,  probably  not  the  part  which  oijgen  ploys,  nor  is  it  theonlj 
principle  in  the  atmosphere  which  eseicises  a  bleaching  influence.    Nei  h  an 

of  chlorine  such  as  has  been  commonly  represented  in  our  chemical  syst  m 

But  if  authors  offer  us  only  vaglie  hypotheses  concerning  Ihe  three  pnn  pal  ag  n 
light,  oxygen,  chlorine,  they  afford  no  mfonnation  whatever  concerning  h  ph  n  m  n 
due  to  greasy  spots  so  frequently  found  upon  cotton  cloth,  and  so  vei  b   son 

the  bleacher.  It  has  indeed  been  sometimes  said  in  bleach-^orks  ha  a  y  b- 
stances  are  no  longer  soluble  in  alkalis,  when  they  are  combined  with  g  n  Th 
very  reverse  of  this  statement  is  probably  nearer  the  truth. 

The  object  of  bleaching  is  to  separate  from  the  textile  fibre,  by  suitable  operations,  r11 
the  substances  which  mask  its  intrinsic  whiteness :  or  which,  i"  the  course  of  nlteriot 
dyeing  operations,  may  produce  injurious  effects.  In  this  latter  respect,  cotton  deserves 
especial  consideration.  This  substance  is  covered  with  a  resinous  matter,  which  obstructs 
its  absorption  of  moisture,  and  with  a  yellow  coloring  matter  in  very  small  quantity, 
often  so  inconsideraUe  in  some  cottons,  that  it  would  be  unnecessary  'lC  bleach  them, 
before  submitting  them  to  the  dyer,  were  it  not  that  the  manipnlations  which  they 
undergo  introduce  certain  impurities  which  are  more  or  less  injurious,  and  must  be 
removed.  It  is  in  fact  a  circumstance  well  known  in  the  factories,  that  unbleached 
cottons  may  be  dyed  any  dark  color,  provided  they  are  deprived  of  that  matter  which 
makes  them  dttRcult  to  moisten.  The  substances  present  in  coUon  goods  are  the 
following ; — 

1.  The  resinous  matter  natural  to  the  cotton  filaments. 

2.  The  proper  coloring  matter  of  this  vegetable. 

3.  The  paste  of  the  weaver, 

4.  A  fat  matter. 

5.  A  cupreous  soap. 

6.  A  calcareous  soap. 

7.  The  filth  of  the  hands. 

8.  Iron,  and  some  earthy  substances. 

1.  The  matter  which  prevents  the  moistening  oC  cotton  wool  may  be  separated  by 
means  of  alcohol,  which,  when  evaporated,  leaves  thin  yellowish  scales,  soluble  in  alkalis, 
in  acids,  and  even  in  a  large  quantity  of  boiling  water.  For  a  long  time  the  bleaching 
process  commenced  with  the  removal  of  this  resinous  stuff,  by  passing  the  cloth  or  the 
yam  through  an  alkaline  ley.    This  was  called  scouring  ;  it  is  now  nearly  laid  aside. 

2.  The  coloring  matter  of  cotton  seems  to  be  superficial,  and  to  have  no  influence 
on  the  strength  of  the  fibres;  for  the  yam  is  fonnd  to  be  as  strong  after  it  has  been 
stripped  by  caustic  soda  of  its  resinous  and  coioriog  matters,  as  it  was  before.  The 
coloring  matter  is  sl%hlly  soluble  in  water,  and  perfectly  in  aikaline  leys.  When  gray 
calico  is  boiled  in  lime-water,  it  comes  out  with  a  tint  darker  than  it  had  before  ;  whence 
it  m^ht  be  supposed  that  the  coloring  matter  was  not  dissolved  out,  even  in  pari. 
This,  however,  is  not  the  case ;  for  if  we  filler  the  liquor,  and  neutralize  it  with  an  acid, 
we  shall  perceive  light  flocks,  formed  of  the  resinous  substance,  united  with  the  coloring 
matter.  The  dark  color  of  the  cloth  is  to  be  ascribed  solely  lo  the  property  which  lime 
possesses  of  browning  certain  vegetable  colors.  This  action  is  here  exercised  upon  the 
remaining  color  of  the  cloth. 

It  may  be  kud  down  as  a  principle,  that  the  coloring  matter  is  not  dkeclly  soluble 
by  the  alltalis ;  but  that  it  becomes  so  only  after  having  been  for  some  lime  exposed  to 
the  joint  action  of  air  and  l^ht,  or  after  having  been  in  contact  with  chlorine.  What 
change  does  it  thereby  experience,  which  gives  it  this  solubility  ?  Experiments  made 
upon  pieces  of  cloth  placed  in  humid  oxygen,  in  dry  oiygen,  in  moist  chlorine,  and  in  dry 
chlorine,  tend  to  show  that  hydn^jen  is  abstracted  by  the  atmosphere;  for  in  these 
experiments  proofs  of  dia-hydrvgenaiion  appeared,  and  of  the  production  of  carbonic  acid. 
In  all  eases  of  bleaching  by  dilorine,  this  principle  combines  immediately  with  the 
hydrogen  of  the  coloring  matter,  and  forms  muriatic  add,  while  the  carbon  is  elimi- 
nated. Undoubtedly  water  has  an  influence  upon  this  phenomenon,  since  the  bleaching 
process  is  quicker  with  the  humid  chlorine  than  with  tiie  dry ;  but  this  liquid  seems  to 
act  here  only  mechanically,  in  condensing  the  particles  of  the  gas  into  a  solution.  We 
should  also  take  into  account  the  great  alEnity  of  muriatic  acid  lor  water. 

3.  The  weaver's  dressing  is  composed  of  farinaceous  matters,  which  are  nsually  aUowed 
to  sonr  before  they  are  employed.  It  may  contain  glue,  starch,  gluten;  which  last  is 
very  soluble  in  lime-water. 

4.  When  the  dressing  gets  dry,  the  hand-weaver  occasionallyrenders  his  warp-threads 
more  pliant  by  rubbing  some  cheap  kind  of  grease  upon  them.  Hence  it  happens,  thai 
the  cloth  which  has  not  been  completely  freed  from  this  fatty  matter  will  not  readily 
imbibe  water  in  the  different  bleaching  operations  ;  and  hence,  in  the  subsequent  dyeing 
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occasion  siuins  which  it  is  almost  impossible  to  discbarge.  The  acids  set  difTerenll] 
upon  the  fatty  matters,  and  thence  remarltable  anomalies  in  bleaching  take  place.  When 
cil  is  treated  with  the  acetic  or  muriatic  acid,  or  with  aqueous  chlorine,  it  evolves  no 
gas,  as  it  does  with  the  sulphuric  and  nitric  acids,  but  it  combines  with  these  substances 
so  as  to  form  a  compound  which  cannot  be  dissolved  by  a  strong  boilic^  ley  of  caustic 
soda.  Carbonic  acid  acts  in  Ihe  same  way  with  oil.  On  the  other  hand,  when  the  oils 
and  fals  are  sufficiently  exposed  to  the  air,  they  seize  a  portion  of  its  oxygen,  and 
I>ecome  thereby  capable  ofsaponifcntionjthat  is,  very  soluble  in  the  alkalis. 

0.  When  the  hand- weaver's  grease  continues  in  contact  for  a  night  with  the  copper 
dents  of  his  reed,  a  Itind  of  cupreous  soap  is  formed,  which  is  sometimes  very  ditHeult  to 
remove  from  the  web.  Lime-water  does  not  dissolve  it;  but  dilute  sulphuric  acid  carries 
o/T  the  metallic  osyde,  and  liberates  the  mai^aric  acid,  in  a  state  ready  to  be  acted  on  by 
alkalis. 

6.  When  cloth  is  boiled  with  milk  of  lime,  the  grease  which  is  uneombined  nnites 
with  that  alkaline  earth;  and  forms  a  calcareous  soap,  pretty  soluble  in  a  great  eicess  of 
lime-water,  ttnd  still  more  so  in  caustic  soda.  But  all  fats  and  oils,  as  well  as  the  soaps 
of  copper  and  lime,  cease  to  be  soluble  in  alkaline  leys,  when  tliey  have  remained  a  con- 
siderable time  upon  the  goods,  and  have  been  in  contact  with  acetic,  carbonic,  mui-ialic 
acids,  or  chlorine.    These  results  have  been  verified  by  experiment, 

7.  Cotton  goods  ace  sometimes  much  soiled,  from  being  sewed  or  tamboured  with  dirty 
hands ;  but  they  may  be  easily  cleansed  ftora  this  filth  by  liot  water. 

S.  Any  ferruginous  or  earthy  matters  which  get  attached  to  the  goods  m  the  course  of 
bleaching,  are  readily  removable. 

We  are  now  prepared  to  understand  the  true  principles  of  bleaching  cotton  goods,  for 
ihe  most  delicate  operations  of  Ihe  calico  printer. 

1,  The  first  process  is  steeping,  or  rather  boilii^,  the  goods  in  water,  in  order  to  re- 
move all  the  substances  soluble  in  that  liquid. 

S.  Tlie  next  step  is  to  wash  or  scour  th  ood  by  h  d  h  wheel  or  the  sloclis.  This 
is  of  great  importance  in  the  course  of  bl  hm  and  m  t  be  repealed  several  limes ;  so 
much  so,  that  in  winter,  when  the  wale  f  th  da  h  wheel  is  cold,  the  bleaching  is 
mote  tedious  and  dilficult.  Yarn  and  v  rj  P  f  b  d  not  much  need  the  dash- 
wheel. 

By  these  first  two  operations,  the  wov  ?  od  I  ab  t  sixteen  per  cent,  of  their 
weight,  while  they  lose  only  two  parts  f  fi       h  udred   in   all   the  rest  of  the 

bleaching. 

S.  In  the  third  place  the  calicoes  are  boiled  with  Ttiilti  of  lime,  whereby  they  are 
stripped  of  their  gluten,  and  acquire  a  portion  of  calcareous  soap.  Formerly,  and  still 
in  many  bleach-works,  the  gluten  was  got  rid  of  by  a  species  of  lermentation  of  the 
farinaceous  dressing,  but  this  method  is  liable  to  several  objections  in  reference  to  the 
calico  printer.  1.  The  fermentative  action  extends  sometimes  to  the  goods  and  weakens 
their  texture,  especially  when  they  are  piled  up  in  a  great  heap  wiEhout  beii^  previously 
washed.  2.  The  spots  of  grease,  or  of  the  insoluble  soaps,  become  thereby  capable  of 
resisting  the  caustic  alkalis,  and  are  rendered  in  some  measure  indelible ;  an  effect  due 
(o  Ihe  acetic  and  carbonic  acids  generated  during  fermentation,  and  which  will  be  easily 
understood  from  what  has  been  said  concerning  the  action  of  acids  on  fatty  substances. 
It  is  not,  therefore,  without  good  reason  that  many  practical  men  throw  some  spent  leys 
uilo  Ihe  fermenting  vats,  to  nenlraliie  the  acids  which  are  formed.  Were  it  not  for  the 
presence  of  fat,  fermentation,  skilfully  conducted,  would  be  an  excellent  means  of  car- 
rying oft  the  gluten;  and  the  sleep  is  therefore  applicable  to  power-loom  good?,  which 
are  not  polio  ted  with  grease. 

4.  ITie  goods  are  now  subjected  to  a  caustic  soda  ley,  which  dissolves  out  the  soaps 
of  lime  and  copper,  as  well  as  that  portion  of  the  coloring  matter  which  is  sufficiently 
dis-hydrogcnated  to  be  capable  of  combining  with  it.  This  bucking  with  ley,  which  is 
repealed  several  limes  upon  the  goods,  in  order  to  purge  them  completely  ftom  the  fatty 
matter  present  in  t!ie  hand-loom  webs,  and  also  partially  introduced  in  the  spinnmg,  is 
almost  the  only  operation  to  which  yams  for  Turkey  red  are  Enbjected.  After  being 
boiled  in  a  caustic  soda  ley,  (hey  are  passed  through  solutions  of  chloride  of  lime,  and 
afterwards  through  the  acid  steep. 

5.  When  the  goods  are  snfficienUy  bucked  in  the  leys,  they  are  either  exposed  to 
chlorine,  or  laid  out  on  the  grass;  sometimes  both  are  had  recourse  to  for  delicate  work. 
These  different  modes  of  action  have  the  same  influence  on  the  coloring  matter,  hut 
lliey  give  rise  to  different  effects  in  reference  to  greasy  stains. 

The  goods  are  dipped  in  a  solution  of  chloride  of  lime,  which  should  be  kept  tepid 
by  means  of  steam.  Alongside  of  the  chlorine  cistern,  there  is  another  filled  with  dilute 
sulphuric  or  muriatic  acid.  When  the  goods  tre  taken  out  of  the  chlorine,  they  are 
ilrained  oo  the  top  of  its  cistern  till  no  more  liquid  runs  ofT  them,  and  they  are  then 
plunged  into  the  jour.    The  action  of  the  acid   in  the  present  case  may  be  easily  ex- 
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plained.  In  proportion  as  a  salt  of  lime  is  formed,  this  base  quits  llie  chlorine,  and  allciva 
it  to  act  freely  upon  the  coloring  matter.  Thus  we  prevent  the  development  of  too  great 
a  qaantily  of  chlorine  ac  once,  vf hich  would  be  apt  to  injnie  the  fibres ;  and  we  pursue 
botli  a  prudent  and  economical  plan.  Only  so  much  chlorine  as  is  sCrictl)'  ncccs^.ar)'  is 
called  forth,  and  hence  it  eicites  no  smell  in  the  apartment. 

The  chlorine  seri-es  to  acidify  the  coloring  mailer,  hy  abstracting  a  portion  of  its  hy- 
drogen ;  but  v/e  must  lake  the  greatest  care  that  there  Is  no  grease  upon  the  goods  before 
immersion  in  it,  for  the  conseqaence  would  be,  as  above  shown,  very  troublesome  spots. 
When  ihe  dotli  is  laid  out  upon  the  grass,  it  is  the  oxygen  of  the  air  which  acidities  the 
coiorit^  taatter ;  for  which  reason,  the  dew,  which  contains  much  nir  rich  in  oxygen,  sin- 
gnlorly  accelerates  the  bleaching  process.  It  is  likewise,  by  absorbing  oiygen  from  the 
atmosphere,  that  fats  or  oils  pass  to  the  state  of  niai^aric  and  oleic  acids,  anil  become 
most  easily  saponified.  Should  the  goods,  however,  be  leAtoo  long  on  the  grass,  the  fats 
absorb  carbonic  acid,  and  become  insolnble  in  leys, 

6.  The  goods  must  now  receive  a  new  soda  ley,  to  dissolve  out  that  portion  of  (he 
coloring  matter  which  has  been  dis-hydrogenated  in  the  chlorine  of  the  air,  as  well  as 
(he  grease,  if  any  perchance  remained  in  the  soluble  state.  These  last  two  operations 
ate  lo  be  several  times  repeated,  because  the  coloring  matter  should  be  removed  only  by 
degrees,  for  fear  of  injuring  the  texture  of  the  goods,  by  subjecting  them  lo  too  much 
ehlorine  at  b  time. 

7.  We  finish  with  the  dilute  sulphuric  acid,  which  should  be  very  weak  and  tepid.  11 
dissolves  out  the  iron,  and  some  earthy  matters  occasionally  found  upon  cotton.  The 
goods  must  be  most  carefully  washed  at  the  dash-wheel,  or  in  a  stream  of  water  on  quil- 
ling the  sour  baih,  for  if  the  acid  were  allowed  to  dry  in  them,  it  would  infallibly  injure 
llieir  testurc  by  its  concentration.  In  winter,  if  Ihe  goods  are  allowed  to  get  frozen  with 
the  acid  upon  Ihem,  they  may  likewise  be  damaged. 

We  may  here  observe,  that  when  the  goods  are  not  to  remain  while,  their  bleaching 
may  be  completed  with  a  ley ;  for  though  it  leaves  a  faint  yellow  lint,  this  is  no  incon- 
venience to  the  dj'er.  But  when  they  are  lo  be  finished  with  a  starching  after  the  last 
lej,  they  must  liave  another  dip  of  the  chlorine  to  render  the  while  more  perfect.  An 
immeraion  in  the  dilute  acid  has  nearly  the  same  effect. 

The  pnncmles  expounded  above  lead  lo  this  important  consequence,  that  when  we 
wiih  lo  bleach  goods  that  are  free  from  greasy  stains,  as  is  the  case  generally  with  the 
better  kmds  of  muslins,  or  when  we  wish  to  bleach  even  greasy  goods  for  Ihe  starch 
finish,  we  maj  content  ourselves  with  the  following  operations :— ^ 

1    Boihng  jn  water. 

2.  Scourmg  by  the  Slocks  or  the  dash- wheel. 

i    Bucking  with  milk  of  lime. 

4    Parsing  through  chlorine,  or  exposure  on  the  grass. 

3  Bucking,  or  bonking  with  milk  of  lime.  These  two  latier  operations  require  to  fce 
alternated  several  times,  till  the  whole  of  the  coloring  mailer  be  removed. 

6   Sonrmg 

The  bleachmg  of  goods,  which  are  never  laid  down  on  the  green,  and  which  nre  not 
iried  between  two  operations,  may  be  completed  in  a  couple  of  days.  They  answer  as 
well  for  the  printer  as  the  others,  and  they  are  as  white.  Cotton  fibres  or  yarns  suffer 
no  diminution  of  Iheii  strength,  when  the  cloth  has  been  properly  Ireaied  in  the  above 
described  processes. 

Accurate  experiments  have  demonstrated  that  their  strength  is  not  impaired  by  being 
boiled  in  milk  of  lime  for  two  hours  at  the  ordinary  pressure,  provided  they  be  constantly 
kept  covered  with  liquid  durii^  the  whole  ebuliiiion,  and  that  they  be  well  washed  im- 
medialely  afterwards  ;  or,  by  being  boiled  in  pure  water  under  the  pressore  of  ten  atmos- 
pheres of  steam ;  or  by  being  boiled  under  the  same  pressure  in  a  caustic  soda  ley,  mark, 
ing  3°  of  Tweedale,  or  specific  gravity  1'015,  though  it  has  increased  lo  double  Ihe  density 
in  the  course  of  the  boil,  by  the  escape  of  the  steam  ;  ot  by  being  boiled  under  the  atmos- 
pheric pressure  at  14°  of  Tweedale,  or  specific  gravity  of  I'OTO  ;  or  by  being  immersed 
for  eight  hours  in  chloride  of  lime,  capable  of  decoloring  three  times  its  bulk,  of  test  so- 
lution of  indigo  (See  Chlorine)  ;  and  by  bein"  afterwards  dipped  in  solphHric  acid  of 
specific  gravity  1-067,  Tweedale  14°  ;  or  by  Irai  g    eeped  g  h         in  sulphit- 

ric  or  muriatic  acid  of  specific  gravity  1-035,  7   Tweed 

In  other  well-conducted  bleach-works  the         w    g         h  p  rations  i — 

I.  Cleansing  out  the  weaver's  dressing  by  ste  p       th  h  w  nrs  in  cold 

water,  and  then  washing  it  at  the  stocks  or  the  das    whee  B  ihi^      m  Ik  of  lime, 

of  a  strength  suited  to  the  quality  of  the  good     b  h  im     h  n  with  the 

soda  ley;  two  short  operations  with  the  lime,  w  h  rmedi  w  hi  e  b  ng  prefer- 
able to  one  of  greater  duration.  3  and  4,  Two  n  welve  hours' 
boiling,  with  about  two  ponnds  of  soda  chryslals  for  I  cwt.  of  cloth.  S.  Exposure  lo 
the  air  for  sii;  or  e^hl  days,  or  the  application  of  the  chloride  of  lime  and  the  sulphurli' 
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aiM.  f>.  A  ley  of  caustic  soda,  like  the  former,  sometimes  wi(h  less  alkali.  7.  Eiiposure 
to  Ihe  air  for  six  or  eight  days,  or  chlorine  and  the  sour,  as  above,  8.  Caustic  soda  ley, 
as  before.  9.  Chlorine  and  the  soar.  10.  Einsii^  in  hot  water,  or  scouring  at  the 
dash-wheel. 

If  the  nimioH:  of  vessels  to  be  heated  exceeds  four  or  five,  there  is  an  economy  in 
using  steam  as  the  medium  of  heat ;  but  under  this  number  there  is  an  advantage  in 
the  direct  appliealion  of  fire  to  a  boiling  or  bucMng  apparatus;  since  when  only  two 
vessels  ace  in  activity,  there  is  a  waste  of  fuel  by  the  eiHra  sleam  power.  It  deserves  to 
be  remarked,  also,  thai  the  increase  of  the  bulk  of  tlie  liquid  by  the  cnndensation  of  the 
steam,  does  not  permit  the  spent  white  ley  to  be  turned  to  use  for  Ihe  green  goods,  on  ac- 
count of  its  ercessive  dilution.  With  the  tnilk  of  lime  boil,  however,  'his  dilution 
would  be  rather  an  advantage. 

'1  has  been  found  that  Ihe  introduction  of  bran  into  the  fermenting  steep  (when  this  is 
used)  endangers  the  texture  of  the  goods,  by  causing  a  putrefactive  fermentation  in  some 
places. 

When  in  the  milk  of  lime  boil  there  is  too  much  of  this  caustic  earth,  or  when  it  is 
poured  in  on  the  top  of  the  goods,  they  are  apt  to  suffer  damage.  The  milk  of  lime  should 
be  introduced  from  beneath  into  the  under  compartment  of  the  bucking  apparatus.  For 
the  same  reason,  after  the  caustic  soda  ley,  the  vessel  should  be  filled  up  with  water,  if 
tbe  goods  be  not  immediately  transferred  to  the  dash-wheel.  Wben  they  are  allowed  to 
become  partially  dry  on  the  lop,  they  are  easily  injured.  The  copper  of  the  bucking  ap- 
paratus ought  to  be  of  a  size  proportioned  lo  that  of  the  surmounting  crib  or  vat  i  for 
when  it  is  too  small,  the  liquid  is  too  long  of  being  brought  into  proper  circulation,  and 
ihe  goods  may  be  meanwhile  injured.  In  a  bucking  apparatus,  which  requires  five  or  six 
hours  to  be  brought  into  full  play,  those  goods  are  very  apt  to  be  injured,  which  lie  im- 
mediately under  the  overflow  pipe. 

When  the  chloride  of  lime  steep  is  too  strong,  sometimes  small  round  holes  are  made 
in  the  calico,  just  as  if  they  had  been  cut  out  by  a  punch,  especially  in  the  borders  or 
thicker  parts  of  the  goods.  This  accident  is  owing  to  the  presence  of  bubbles  of  chlorine. 
From  the  saturated  state  of  the  liquid,  they  remain  gaseous  a  sufficient  length  of  time  for 
eorroding  the  parts  of  the  cloth  with  which  they  are  in  contact.  These  will  be  obviously 
the  denser  parts,  for  they  confine  the  gas  most  completely,  or  prevent  its  diffusion  through 
the  mass.  This  evil  is  prevented  by  diluting  the  chloride  steep  lo  the  proper  degree,  and 
moving  Ihe  goods  through  it. 

The  greasy  spots,  described  above,  show  themselves  in  the  maddering  by  atlracting  the 
dye-stuff  more  copiously  than  the  pure  parts  of  the  cloth,  so  as  to  mottle  it;  they  are  also 
recognised  in  the  white  goods  by  being  somewhat  repulsive  of  moisture.  When  the  com- 
bination of  fttly  nwllers  with  chlorine  takes  place  at  the  surface  of  cotton  goods,  it  is  d( 
a  nature  to  resist  the  action  of  alkalis.  Tt  is  the  stearine,  or  the  principle  of  suet,  par- 
ticularly, which,  by  this  means,  acquires  such  a  strong  aMnity  for  cottons  ;  the  elniue,  or 
the  principle  of  oils,  has  no  such  remarkable  atfinity.  Lime,  in  some  circumstances, 
seems  (o  act  as  a  mordant  lo  greasy  matters,  aid  lo  fix  tliem  fast.  Hence  ihe  weaver 
should  be  prohibited,  in  nil  cases,  from  allowing  candle-grease  to  touch  his  web.  Goods 
soiled  nilh  it  should  never  be  allowed  Co  lie  by  in  the  ware-house,  but  be  immediately 
cleansed  before  the  air  has  fixed  Ihe  stearine  by  converting  it  into  margaric  acid.  Lime 
should,  in  these  cases,  beprudently  employed;  chlorine  should  never  be  used  till  the  greasy 
stains  are  thoroughly  removed ;  and  the  bleacher  should  never  warrant  his  pieces  for  the 
printer  till  he  has  verified  some  of  them  by  the  water  test. 

I  shall  conclude  this  general  analysis  of  Ihe  principles  of  bleaching  by  a  few 
precepts  Avoid  lime,  at  the  first  ley,  for  goods  which  contam  greasy  spots ;  out  use 
it  freely  after  one  or  two  soda  leys,  and  apply  two  soda  leys  after  it.  Do  not  apply 
chlorme  between  these  leys,  but  reserve  it  for  the  final  operation.  By  Ihts  plan  the 
goods  wiQ  be  well  bleached  and  very  liltle  worn.  Use  the  souring  steeps  freely, 
giving  them  after  each  ley,  whether  of  lime  or  soda,  since  the  calcareous  base,  with 
which  the  greasy  spots  get  charged  merely  from  hard  water,  is  an  obstacle  to  the  furthet 
action  of  the  leys. 

I  shall  now  give  some  practical  instructions  concerning:  the  several  sleps  of  the  hleach- 
iiig  process,  as  applied  to  cotton,  linen,  silk,  and  wool. 

The  first  thing  which  the  cotton  bleacher  does,  is  to  mark  the  pieces  with  the  initials 
of  the  owner,  by  means  of  a  stamp  imbued  with  coal  lar.  The  linen  bleacher  marks 
with  nitrate  of  silver,  a  far  more  expensive  substance,  but  one  which  resists  better  the 
severer  treatment  which  his  goods  are  destined  to  undergo. 

The  cotton  goods  are  generally  singed  before  Ihey  are  sent  to  ihe  bleacher,  and  this  is 
done  either  by  passing  them  rapidly  over  a  red-hot  semi-cylinder  of  iron,  or  over  a  row 
dI  gas  flames,  by  Mr.  Hall's  ingenious  contrivance.  (See  SiNOEHfG.)  Each  piece  is  next 
creased  together  lengthwise  like  a  rope,  folded  into  a  bundle,  and  fixed  by  a  noose  at  the 
end.  In  this  open  state  it  is  easily  penetrated  by  the  water  of  the  soaking  cistern  into 
which  it  is  Ihroivn.    It  is  then  scoured  by  the  dash  or  wash-wheel.    It  is  now  ready  fol 
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the  bnckiug  or  sleiimiaj  apparatus,  where  it  is  treated  with  milk  or  lime.  The  rteoin 
ehaniber  resembles  the  bucking  vessel,  without  its  bottom  copper ;  that  is  to  say,  a  few 
inches  below  (he  grated  bottom  of  the  bucking  tub,  there  ia  a  close  iron  sole,  Ihrough 
ihe  centrH  of  which  the  stearo  is  admitted  by  several  small  apertures,  for  the  purpose  ol 
disusing  it  throughout  the  goods,  and  causing  a  liquid  circulation  by  its  pressure,  as 
the  steam  does  in  the  proper  bucking  boiler.  One  pound  of  lime  previously  made  inlc 
a  cream  consistenced  miiture,  and  passed  through  a  sieve,  is  used  for  every  thirty  or  fort  j 
poundsof  cloth,  according  lo  its  color  and  texture,'  and  this  cream  mixed  with  more  walei 
IS  interstralified  with  the  pieces,a3  they  are  laid  regularly  in  the  vessel.  Whenever  this 
ia  slocked  with  goods,  ail  their  mterslices  are  filled  up  with  water.  After  (he  lima 
bnckiug,  the  clotn  is  transferred  lo  the  dash-wheel. 

A  pound  of  cloth  requires  for  its  vbitening  about  half  a  pound  of  good  average 
chloride  of  lime  or  bleaching  powder,  as  it  is  commonly  called,  and  this  ought  to  b« 
dissolved  in  about  three  gallons  of  water.  Mr,  Crura  of  Thorniebank,  near  Gktsgow 
an  extensive  and  excellent  bleacher,  has  so  modified  Dr.  Dallon's  ingenious  plan  of 
testing  the  power  of  bleaching  liquors  by  green  sulphate  of  iron,  as  to  give  it  much 
greater  precision  for  the  bleacher's  use,  than  the  discoloration  of  indigo  originally  pro- 
posed by  Berlhollet.  Mr.  Crum  dissolves  four  ounces  of  fresh  green  vitriol  in  hoi  water, 
and  then  adds  tlie  solution  of  bleaching  powder  by  small  quantities  at  a  time,  till  the 
iron  becomes  wholly  peroKydzied,  when  the  smell  of  chlorine  will  become  perceptible. 
When  the  bleacher  has  once  found  by  trial  the  proper  blanching  power  which  his  chlorine 
steep  ought  to  have,  he  can  verify  its  standard,  by  seeing  how  much  of  it  must  be  added 
to  an  ounce,  or  any  given  weight  of  fresh  copperas,  dissolved  in  hot  water,  to  cause  the 
peroxydizement  and  the  exhalation  of  the  peculiar  odor.  M.  Gay  Lussac's  new  method 
by  arsenions  acid  will  be  described  under  chlorine.  Prom  the  experiments  which  1 
made  some  years  ago,*  upon  indigo,  tt  will  be  seen  that  this  dye  stuff  is  so  variable  in 
its  quantity  of  coloring  matter,  tlwl  no  two  chemists  operating  with  it  independently, 
as  a  test  for  cMoride  of  lime,  could  arrive  at  the  same  result.  They  must  provide 
themsetves  with  absolute  indigo,  by  an  expensive  and  troublesome  process,  not  suited  to 
(be  busy  bleacher.  The  vitriolage,  as  the  French  term  it,  or  the  souring  of  the  English 
bleacher,  consists  in  immersing  the  goods  for  four  hours  in  dilute  sulphuric  acid,  con- 
taining one  gallon  of  oil  of  vitriol  to  from  2a  to  30  of  water,  thoroughly  intermixed  by 
stirri)^  I  for  (he  density  of  the  acid  is  an  obstacle  to  its  equal  distribution  through  the 
water.  This  dilute  acid  will  have  a  density  of  from  1047  to  X'040,  and  will  contain 
from?  to  6|  per  cent,  by  weight  of  the  oil  of  vitriol. 

The  goods  are  now  washed,  and  (hen  boiled  for  eight  or  nine  hours  in  an  alkaline 
ley,  containing  about  two  pounds  of  crystals  of  soda,  or  their  equivalent  in  soda  asti  or 
pcarl-ash,  for  every  100  lira,  of  cloth.  The  ley  must  be  made  previously  caustic  by 
quick  lime.  A  washing  in  the  wheel  follows  tiiis  boil ;  and  then  a  chhirine  steep  for 
five  hours  in  a  liquor  two  thirds  of  the  strength  of  the  former.  It  is  next  soured  in  the 
dilute  sulphuric  acid,  for  two,  three,  or  four  houra,  according  lo  the  color  and  quality 
of  the  cotton,  and  then  thoroughly  washed. 

The  cloth  is  now  bleached  white,  but  cannot  be  presented  in  the  market  till  il 
undergoes  certain  finishing  processes.  The  piece  is  elongated  Gom  the  folds  which  it 
contracts  daring  the  rolalion  of  the  dash-wheel  by  being  thrown  into  a  stream  of  water 
in  a  cistern,  terminated  by  the  squeezing  rollers,  which  take  in  the  end  of  the  piece,  and 
ran  il  through  between  them,  with  the  effect  of  making  il  neariy  diy.  Two  pieces  of 
cloth  pass  simultaneously  through  the  rollers,  and  are  disentangled  spontaneously,  so  ta 
apeak,  without  the  help  of  hands. 

The  sjueezing  rollers  or  squeezers,  for  dischai^ing  the  greater  part  of  Ihe  water  froc 
the  yarnaand  goods  in  the  process  of  bleaching,  are  represented  in  Jiga,  130,  131,  the 
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foimer  being  a  siJe-view,  W  show  how  the  rolier  gudgeons  He  in  the  siotsot  the  rrame, 
and  how  the  shaft  ot  the  upper  rolier  is  pressed  downward  by  a  weighted  lever,  through 
a  TCFlical  junction  rod,  jointed  at  the  bottom  to  a  nearly  horizontal  bar,  on  whose  end 
the  proper  weight  is  hung,  la  fig.  131  these  rollers  of  birch-wood  are  shown  in  face ; 
the  under  one  receiving  motion  through  flie  toothed  wheel  on  its  si^ft,  (com  any  Euilable 
power  of  waler  or  steam.  Upon  the  shaft  of  the  latter,  between  the  toothed  wheel  and 
the  roller,  ihe  lever  and  pulley  for  putting  the  machine  into  and  out  of  gear  are  visible. 
The  under  roller  makes  about  25  revolutions  in  the  minute,  in  which  lime  three  pieces 
of  goods,  stitched  endwise,  measuring  28  yards  each,  may  be  run  through  the  machine, 
from  a  ivatcr  trough  On  one  side,  to  a  wooden  grating  upon  the  other. 

When  ihe  goods  are  run  through,  they  are  carried  off  upon  a  grated  wheelbarrow,  in 
a  nearly  diy  stale,  and  transferred  to  the  spreading  machine,  called  at  Mancliester  a 
caadroij.  In  many  bleach-works,  liowever,  the  creased  pieces  are  pulled  straight  by  the 
hands  of  women,  and  are  then  strongly  Iwat  against  a  wooden  stock  to  smooth  out  the 
edges.  This  being  done,  a  number  of  pieces  are  stitched  endwise  together  preparatory 
to  being  mangled. 

Cukiukr.—Fig.  183  is  a  cross  section  of  this  machine  and  figs  1^"  114  are  front 
riews  broken  oft'.     The  goods   are  hist  loll  i  upun   the  wooden   cjlmder  o    near  the 


ground;  by  the  tension  roller  b,  upon  the  same  cylinder,  the  goods  receive  a  ptoper 
degree  of  slcetchiug  in  the  winding  off.  They  then  pass  over  the  spreading  bars  c  c  c, 
by  which  they  ore  still  More  distended  ;  next  round  the  hollow  iron  cylinder  d,  16  inches 
diameter,  and  (he  paper  cylinder  e,  of  like  dimensions  ;  thence  they  proceed  under  the 
second  massive  iron  cjdinder  /,  of  8  inches  diameter,  to  be  finally  wound  aboul  the  pro- 
jecting woode.i  roller  g.  This  is  set  in  motion  by  the  pnlleys  h,fig.  134,  and  i,fig.  138, 
and  receives  its  proper  tension  from  the  hanging  roller  ft;  I  is  a  press  cylinder,  of  14 
inches  diameter,  made  of  plane-tree  wood.  By  its  means  we  can  at  all  limes  secure  an 
equal  degree  of  pressure,  which  would  be  hardly  possible  did  the  weighted  lever  press 
immediately  upon  two  points  of  the  calender  rollers.  The  compression  exercised  by 
the  cylinders  ma/  be  increased  at  pleasure  by  the  bent  lever  m,  weights  being  applied 
to  it  at «.  The  upper  branch  of  Ihe  lever  a  is  made  fiiBt  by  screws  and  bolls  at  p,  to 
the  upper  press-cylinder.  The  junction  leg  5  is  attached  to  the  intermediate  piece  r,  by 
left  and  right-banded  screws,  so  that  according  as  that  piece  is  turned  round  to  Ihe  right 
or  the  left,  the  pressure  of  the  weighted  roller  will  be  either  increased  or  dimlnislied,  By 
turning  it  still  more,  the  piece  will  get  detached,  the  whole  pressnre  will  be  removed,  and 
the  press-roller  may  be  taken  off;  which  is  a  main  object  of  this  mechanism. 

The  unequable  movement  of  the  cylinders  is  produced  by  the  wheels  j  i  b,  of  which 
the  undermost  has  69,  the  uppermost  has  20,  and  Ihe  carrier-wheel  (,  either  33, 32,  or  30 
teeth,  according  to  the  difference  of  speed  required.  The  carrier-wheel  is  bolted  on  at 
p,  and  adjusted  in  its  proper  place  by  means  of  a  slot.  To  the  undermost  iron  cylinder, 
the  first  motion  is  communicated  by  any  power,  for  which  purpose  either  a  rigger 
(driving  pulley)   is  applied  to  its  shaft  at  ji,  or  a  crank  motion.    If  it  be  desired  fc 
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operate  with  a  heated  calender,  the  undermost  hollow  tylinder  may  be  (Uled-wilti  hot 
Bleam,  admitted  through  a  stnfKng-boi:  sX  one  end,  and  discharged  through  a  slnHin^-boi 
al  the  other,  or  by  a  red-hot  iron  roller. 

Pnre  starch  would  be  too  expensive  a  dressing  for  common  calico  shirtings,  and  Ihere- 
Ibre  nn  extemporaneous  starch  is  made  by  mixing  one  pound  of  Hour  with  one  gallon  of 
iTatcr,  and  allowing  the  mixlhre  to  ferment  in  a  warm  place  for  twenty-four  hours.  In 
this  way,  a  portion  of  lactic  acid  is  formed,  which  dissolves  the  gluten,  or  separates  it 
from  the  starch ;  so  that  when  the  whole  is  thrown  upon  u  sieve,  a  liquid  paste  paraes 
through,  which,  beii^  boiled,  answers  well  for  sliffeniog  the  goods,  without  giving  them 
a  gray  tinge.  The  paste  is  thinned  wilh  waler  to  the  desired  degree,  and  faintly  tinged 
with  solution  of  indigo.  The  starch,  which  is  sometimes  Ihiclcened  with  porcelain  cfay, 
Paris  plaster,  or  Spanish  while,  is  pat  into  a  trough,  and  is  evenly  imparled  to  the  cloth  as 
this  is  drawn  down  through  it,  by  ihe  traction  of  rollers.  There  is  a  roller  near  the 
bollom  of  the  trough,  round  which  the  clolh  is  made  to  ran,  to  secure  lis  full  impregna- 
tion ;  while  the  upper  rollers  serve  to  eipel  its  excess  of  the  starch,  and  throw  it  back 
into  the  cistern.    See  Stabchino  App.uiatus. 

The  goods  are  next  dried  in  an  apartment  heated  by  two,  three,  or  more  lines,  running 
along  the  floor,  and  covered  usually  with  lire-lUes.  At  first  the  heal  is  moderate,  bat  jt 
is  gradually  raised  to  upwards  of  110°  F, 

The  goods  must  now  he  passed  again  through  the  calender,  in  order  !o  receive  their 
final  smoothness  and  lustre.  They  are,  in  the  first  place,  damped  with  a  pecnliar  ma- 
chine, furnished  with  a  circular  brush,  whose  points  revolve  in  contact  wilh  waler  in  & 
trough  placed  beneath  them,  and  sprinkle  drops  of  water  upon  the  goods  as  they  are 
drawn  forward  by  a  pair  of  cylinders.  They  are  then  subjected  to  the  powerful  pressure 
of  the  calender  rollers. 

The  calendered  pieces  are  neatly  folded  into  compact  parcels,  and  stamped  with  the 
marks  of  each  particular  manufacturer,  or  various  devices  to  snit  the  markets  for  which 
they  are  designed.  They  ore  finally  piled  on  the  sole  of  an  hydraulic  press,  wilh  a  sheet 
of  pasteboard  between  each  piece;  but  wilh  occasional  plates  of  iron  to  secure  uniformily 
of  pressure  throughout.  When  sufficiently  condensed  by  the  press,  they  are  taken  out, 
and  despatched  to  their  respective  manufacturers  in  a  slate  ready  for  sale. 

There  are  no  less  than  2a  steps  in  the  bleaching  of  calicoes,  manv  of  them  efiecled 
with  expensive  machinery;  yet  the  whole  do  not  produce  to  the  bleacher  more  than  10 
pence  per  piece  of  24  yards. 

The  following  system  was  pursued,  a  few  years  batk,  by  a  skilful  bleacher  of  muslins 
near  Glasgow ; — 

"  In  fermenting  muslin  goods,  we  surround  them  with  our  spent  lejs,  from  the  tem- 
perature of  100°  to  150°  F.,  according  to  the  weather,  and  allow  them  to  ferment  for 
36  hours.  In  boiling  112  lbs.  =  112  pieces  of  yard-wide  moslin,  we  use  6  or  7  lbs.  of 
pearl-ashes,  and  2  lbs.  of  soft  soap,  witli  360  pilous  of  water,  and  allow  them  to  boil  for 
fi  hours ;  then  wash  them,  and  boil  them  again  with  5  lbs.  of  pearl-ashes  and  2  lbs.  oi 
soft  s:«p,  and  allow  them  to  boil  3  hours ;  then  wash  them  with  water,  and  immerse 
them  into  the  solution  of  oxymuriate  of  lime,  at  5  on  Ihe  test-lube,  and  allow  them  to 
remain  fiom  S  to  13  hours;  next  wash  them,  and  immerse  them  into  dilute  snlphoric  atid 
at  the  speciiie  gravity  of  3i  on  Tweedale's  hydrometer  =  1'0175,  and  allow  them  to 
remain  an  hour.  They  are  now  well  washed,  and  boiled  with  2|  Ite.  of  pearl-aehes,  and 
2  lbs.  of  soft  soap  for  half  an  hour ;  aftenvards  washed  and  immersed  into  the  oxymu- 
rinte  of  lime  as  before,  at  the  strength  of  3  on  the  test-tube,  wliich  is  stronger  than  the 
former,  and  allowed  to  remain  for  6  hours.  They  are  again  washed,  and  immersed  in 
diluted  sulphuric  acid  at  the  specific  gravity  of  3  on  Tweedale's  hydrometer  ^  1-015. 
!('  the  goods  be  strong,  ihey  will  require  another  boil,  sleep,  and  sour.  At  any  rale,  the 
sulphuric  acid  must  be  well  washed  out  before  they  receive  the  finishing  operation  with 

"Wilh  regard  to  the  lime,  wliich  soma  use  instead  of  alkali  immediately  after  ferment- 
ing, the  same  weight  of  it  is  employed  as  of  pearl-ashes.  The  goods  are  allowed  to  boil 
in  it  for  15  minutes,  but  no  longer,  otherwise  the  lime  will  injure  the  fabric." 

More  recently  the  plan  adopted  is  as  follows ;  by  which  the  purest  whites  are  pi-o- 
d  Lieed  for  the  London  market. 

"  Lime  is  seldom  used  for  our  finer  muslin  goods,  as  it  is  found  to  injure  their  fabric, 
and  Ihe  colors  do  not  keep  for  any  length  of  time. 

"  An  alkaline  ley  is  made  by  boiling  equal  we^hts  of  lime  and  soda  together  for  an 
hour :  this  alkali  is  used  for  bailing  goods  the  same  as  potash,  but  without  soap. 

"  In  finishing  jaconets  or  muslins,  afler  washing  them  from  the  sour,  they  are  run 
through  sprii^-water  containing  a  little  fine  smalts,  which  give  them  a  clear  ebade; 
if  of  a  coarse  fabric,  a  little  well-boiled  starch  is  added  to  the  water.  From  tlus  Ihey 
are  wrung  or  pressed,  and  taken  up  by  the  selvage  for  the  breodlhing  l^me,  and  are 
run  otr  it  upon  a  tin  cylinder  healed  by  steam,  by  which  the  piece  is  compHely  dried 
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in  15  minutes  i  it  is  then  Onp^  from  th< 
finishes  the  piece  foe  the  market.  Prom  6: 
the  blenching  and  finishing  of  those  ^oods. 

"Book  muslins,  after  being  washed  from  the  sour,  are  wrung  or  pressed  ;  then  they  are 
hung  up  la  diy  in  a  heated  slove,  previous  to  being  put  into  starch,  prepared  by  boiliia 
3  Its.  of  it  to  every  5  gallons  of  water,  with  20  ounces  of  smalts  :  they  are  wrui^  out  oi 
this  starch,  and  taken  to  a  room  heated  to  110°F.;  the  starch  is  wroi^ht  into  the  piece 
liil  clear,  then  taken  into  a  cold  room,  and  the  selvages  dressed  or  set,  before  being  put 
on  the  breadthing  frame  in  the  heated  stove,  where  the  piece  is  stretched  to  its  length, 
while  three  or  four  persons  at  each  selvage  keep  the  piece  to  its  breadth.  IT  a  stifl'  finish 
is  wanted,  they  keep  exactly  opposite  eai3i  other ;  but  in  breadtMi^  the  piece  of  elastic, 
they  cross  the  piece  in  breadthing,  which  gives  it  a  springy  elastic  finish.  Prom  9d.  to 
iad.  per  piece  of  12  yards  is  obtained  for  the  bleaching  and  finishing  of  these  goods. 

"  ^w^  trimmings,  flounces,  and  dresses  are  run  through  sprii^  water  conttunii^  fine 
snialta  with  a  little  well-boiled  starch.  They  are  then  teiea  to  the  drying-stove,  where 
they  are  stenled  liU  dry,  which  finishes  the  piece  for  the  market.  From  6d.  lo  8d.  per 
piece  is  obtained  for  trimmings  and  Jlonnces,  am]  from  9d.  to  li.  for  dresses,  bleaching 
and  finishing." 

In  the  bleaching  of  cotton  cloth,  where  fixed  colore  are  previously  dyed  in  the  yam 
before  it  is  woven  into  cloth,  such  as  the  Turkey  or  Adrianople  red,  and  its  compounds 
of  lilach  or  purple,  by  the  addition  of  iron  bases,  various  shades  of  blue  from  indigo,  together 
with  buff  and  gold  color,  tinged  with  the  oxydes  of  iron,  great  care  is  necessary. 

The  common  process  of  bleaching  puJicates,  into  which  permanent  colors  are  woven, 
is,  lo  wash  the  dressing  or  starch  well  out  in  cold  water ;  lo  boil  them  gently  in  soap, 
and,  after  again  vrashing,  to  immerse  theia  in  a  moderately  strong  solution  of  the  oxy- 
mnriate  of  potash  j  and  this  process  is  followed  until  the  white  is  good :  they  are  then 
soured  in  dilute  sulphuric  acid.  If  the  goods  are  attended  to  in  a  proper  manner,  the 
colors,  ia  place  of  being  impaired,  will  be  found  greatly  improved,  and  to  have  acquired 
a  delicacy  of  tint  which  no  other  process  can  imparl  to  them. 

Pulicales,  or  ginghams,  which  have  been  woven  along  with  yarn  which  has  been  pre- 
viously bleached,  are  first  freed  by  washing  from  the  starch  or  dressing ;  they  are  then 
washed,  or  sightly  boiled  with  soap.  Ailer  which,  they  are  completely  rinsed  in  pure 
spring  water,  and  then  soared. 

Besides  these  common  processes  for  bleaching,  another  was  some  time  ago  introduced, 
which  consisted  in  immersing  the  cotton  or  linen  goods  in  pretty  strong  solution  of  caus- 
tic alkali,  and  afterwards  exposing  them  to  the  action  of  steam  in  a  close  vessel.  It  is 
now  generally  abandoned. 

The  cotton  or  linen  goods,  having  been  previously  cleaned  by  sleeping  and  washing, 
were,  after  l>eing  well  drained,  steeped  in  a  solution  of  caustic  alkali  of  the  specific  gravity 
of  1020.  After  the  superfluous  alkaline  ley  had  been  drained  ftom  them,  they  were  ar. 
ranged  on  a  grating  in  a  receiver.  The  cover  was  then  placed  on  the  vessel,  and  firmJy 
screwed  down ;  and  the  steam  was  admitted  by  turning  the  stopcock  of  the  pipe  which 
communicated  with  a  steam  boiler  of  the  common  constmctiou. 

The  stains  which  come  out  upon  maddered  goods,  in  oonscquence  of  defective  bleach- 
ing, are  called  in  this  country  spangt.  Their  origin  is  such  as  I  have  described  above, 
as  the  following  statement  of  facts  will  show.  The  weaver  of  calicoes  receives  frequently 
a  fine  warp  so  lender  from  bad  spinnmg  or  bad  staple  in  the  cotton,  that  it  will  not  beai 
the  ordinary  strain  of  Ihe  heddles,  or  friction  of  Ihe  shuttle  and  reed,  and  he  is  obl^ed 
to  throw  in  as  much  weft  as  will  compensale  for  the  weakness  or  thinness  of  the  warp, 
and  make  a  good  marketable  cloth.  He  of  course  tries  to  gain  his  end  at  the  least 
expense  of  lime  and  labor.  Hence,  when  his  paste  dressing  beconies  diy  and  stiff,  he  has 
recourse  lo  such  greasy  lubricants  as  he  can  most  cheaply  procure ;  which  ace  commonly 
either  tallow  or  butter  in  a  rancid  state,  but  the  former,  beii^  the  lowest  priced,  is  pie- 
ferreJ.  Accordingly,  Oie  weaver,  having  heated  a  lump  of  iron,  applies  it  to  a  piece  of 
tallow  held  over  the  warp  in  the  loom,  and  causes  the  melted  fat  to  drop  in  patches  upon 
the  yarns,  which  he  afterwards  spreads  more  evenly  by  his  brush.  It  is  obvious,  however, 
that  the  grease  must  be  very  irregularly  applied  in  this  way,  and  bo  particularly  thiclt  on 
certain  spots.  This  irregularity  seldom  fails  to  appear  when  the  goods  are  bleached  or 
dyed  by  the  common  routine  of  work.  Printed  calicoes  examined  by  a  skifful  eye  will 
be  often  seen  to  be  stained  with  lai^  blotches  evidently  occasioned  by  this  vile  practice 
of  the  weaver.  The  ordinary  workmen  call  these  copper  stains,  believing  them  to  be 
communicated  in  the  dyeii^  copper.  Such  stains  on  the  cloth  are  extremely  injnrious  in 
dyeing  with  the  indigo  vat.  The  following  plan  is  adopted  by  some  Scotch  bleachers, 
with  the  effect,  it  is  said,  of  effectually  counteracting  spangs  iium  grease. 

Th^gooiis  having  been  singed  and  steeped  in  pure  water,  as  is  customary  in  common 
bleaching,  they  are  passed  through  a  pair  of  rollers  to  press  out  the  impurities  which 
have  been  loosened  by  the  steeping.    It  must  here,  however,  be  observed,  that  where  the 
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eipense  of  one  extrs  drying  can  be  afforded,  the  process  might  1)6  very  much  improved 
by  steeping  Uie  brown  calicoes  for  thirty  or  forty  honrs  before  singeing,  because  tiiis  would 
separate  much  of  that  impurity  which  usually  becomes  fixed  in  the  slair  on  its  bring  pass- 
ed over  the  hot  cylinders.  When  Ihe  pieces  have  been  thus  singed,  steeped,  and  presied, 
rhey  are  bailed  four  times,  ten  or  (welve  hours  at  each  time,  in  a  soluliou  of  caustic  pot- 
ash, of  the  specific  gravity  of  from  I'012T  to  I'0156,washing  them  carefully  and  thorough- 
ly in  pure  water  between  each  of  these  boilings.  They  are  then  immersed  in  a  solution 
of  the  chloride  of  potash,  or%inal!y  of  the  strei^lh  of  1-0825,  itnd  afterwards  reduced 
with  twenty-four  times  its  measure  with  water. 

When  the  preparation  is  good,  these  proportions  will  whiten  cotton  goods  completely  in 
eight  hours.  In  this  sleep  they  are,  however,  geaernlly  suffered  to  remain  twelve  hours. 
It  has  been  supposed  that  the  comraon  bleaching  liquor  (chloride  of  lime)  cannot,  wiUiout 
injury,  be  substituted  for  chloride  of  potash,  but  I  believe  this  to  be  a  mistake. 

Some  printers  take  the  pieces  £cam  this  solution,  and,  while  wet,  lay  them  npon  the 
grass,  and  there  eipose  them  to  the  sun  and  weather  for  two  or  three  days.  They  arc 
thence  removed  to  the  sours,  made  of  the  specific  gravity  of  abont  1'0254  at  the  temper- 
ature of  110°  of  Fahrenlieit.  In  bleaching  common  goods,  and  such  as  are  not  designed 
for  the  best  printing,  the  specific  gravity  of  the  sours  is  variet  from  that  of  I'0146totlmt 
of  1-0238,  if  weighed  when  they  become  of  the  temperature  of  the  atmosphere.  In  these 
they  are  suffered  to  lie  for  five  or  s'm  hours,  after  which  they  are  token  to  the  dash-wheel 
and  washed  thoroughly.  When  this  operation  is  finished,  they  are  submitted  to  four  more 
boilings  as  before,  with  a  solution  of  caustic  potash ;  takii^  cart  ■.?  wash  well  between 
each  of  these  boilings.  Sometimes  pearl-ash,  made  caustic,  is  used  for  the  last  of  these 
boilings,  lest  the  sulphur,  which  always  exists  in  the  potashes  of  commerce,  should  impair 
the  whites.  They  are  next  immersed  in  the  diluted  chloride  of  potash,  of  the  strength 
before  mentioned ;  after  which  they  are  well  washed  in  pure  water,  and  then  winched 
for  half  an  hour  in  common  sours.  The  last  process  is  that  of  careful  washing  in  plenty 
of  clean  water,  after  which  they  are  not  put  into  the  stove,  but  are  immediately  hung  up 
in  t|Le  ailing  sheds  to  dry  gradually.    The  water  must  be  good,  and  abundant. 

The  number  of  operations,  as  here  described,  is  great ;  but  I  know  of  no  other  mode 
of  procedure  by  which  perfect  bleaching  is  so  likely  to  be  effected  at  all  limes  and  in  all 
seasons,  without  disappointment.  It  must  here  be  remarked,  that,  for  the  best  purposes 
of  printing,  it  would  not  be  sufficient  to  take  goods  which  have  been  bleached  in  the 
common  way  and  finish  these  h^  the  better  process  ,■  because  the  sulphate  of  Jime  depo- 
sited in  the  cloth  by  that  operation  will  be  apt  to  spoil  them  for  madder  colors  ;  at  least, 
a  printer  who  is  curious  in  his  business  would  hesitate  to  work  up  snch  cloth. 

Bucking  or  Soipfeing'.— -This  is  one  of  the  most  important  operations  in  the  bleaching 
of  both  cotton  and  linen  goods.  There  are  several  methods  whereby  this  process  is  car- 
ried on ;  but  of  these  we  shall  select  only  two,  distinguishing  them  as  the  old  and  new 
method  of  bucking.  In  the  former  viay,  the  cloths  have  been  steeped  in  the  alkaline  ley, 
as  before  describe,  ami  afterwards  well  washed,  are  regularly  arranged  in  a  large  wooden 
vat,  or  kieve;  a  boiler  of  sufficient  capacity  is  then  filled  with  caustic  alkaline  ley, 
which  is  heated  to  the  temperature  of  blood.  The  boiler  is  then  emptied  by  a  slop-code 
upon  the  linens  in  the  kieve,  nntil  they  are  covered  with  the  liquor.  After  having 
remamed  On  the  doth  for  some  time,  it  is  run  off  by  a  stop-cock,  at  the  botlojn  of  the 
kieve,  into  auiron  boiler  sunk  in  the  ground,  from  whence  it  is  raised  into  the  boiler 
by  a  pump.  The  heat  is  now  elevated  to  a  higher  temperature,  and  the  ley  again  run 
upon  the  goods  in  the  kieve;  &om  whence  it  is  returned  into  the  boiler,  as  before 
described :  and  these  operations  are  continued,  always  increasing  the  heat,  until  the 
alkaline  ley  is  completely  saturated  with  the  coloring  matter  taken  from  the  cloth, 
which  is  known  by  its  tiavieE  acq.uired  a  completely  offensive  smell,  and  losing  its 
causticity. 

When  we  consider  the  effect  which  healed  liquids  have  upon  colored  vegetable 
matter,  we  shall  see  the  propriety  of  the  temperature  of  the  alkaline  ley  being  gradually 
increased.  Thus,  when  vegetable  substances  are  hastily  plunged  into  boilmg  liquids, 
the  coloring  matter,  in  place  of  being  extracted,  is,  by  this  higher  temperature,  feed 
into  them.  It  is  on  this  principle  that  a  cook  acts  in  the  culinary  art,  when  the  green 
color  of  vegetables  is  intoided  to  be  preserved:  in  place  of  putting  them  into  water  when 
cold,  they  are  kept  back  until  the  water  is  boiling ;  because  it  is  well  known  that,  in 
the  former  case,  the  green  color  would  be  entirely  extracted,  whereos,  when  the  vegeta- 
bles are  not  infused  until  the  water  is  boilii^,  the  color  is  completely  preserved  or  fixed 
On  the  same  principle,  when  the  tempetature  of  the  alkaline  ley  is  gradually  raised,  the 
extractive  and  coloring  matter  is  more  effectually  taken  from  the  cloth ;  and  the  case  is 
reversed  when  the  ley  is  applied  at  the  boiling  temperature ;  so  much  so,  that  linen 
which  has  been  so  unfortunate  as  to  meet  with  this  treatment,  can  never  be  brought  to  a 
^-ood  white. 
When  tht  alkaline  ley  is  saturated  with  coloring  matter,  it  is  run  off  as  unfit  for 
14 
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Rirther  nse  in  this  operalion;  but,  were  the  goods  to  be  instanlly  taken  oul  cf  the 
kieve,  and  carried  to  be  washed  in  Ihe  dash-wheel  while  hot,  a  certain  portion  of  tlie 
coloring  matter  would  be  again  fixed  into  them,  which  is  eitremely  difficult  U 
eradicate.  In  orciec  to  prevent  this,  the  most  approved  bJeachers  run  warm  water  upon 
(he  cloth  as  soon  as  the  impure  ley  is  run  olf :  this  combines  with  and  carries  ofT  part 
of  the  remainir^  impurities.  A  stream  of  water  is  then  allowed  to  run  upon  the  cloth 
in  Ihe  kieve,  until  it  coir.es  off  almost  transparent.  The  goods  are  now  to  be  taken 
io  the  wash  stocks,  or  to  the  dash-wheel,  to  be  further  cleaned,  with  the  ereatesl 
efficacy. 

The  improved  mode  of  bowking  was  the  invention  of  Mr.  John  Laurie,  a  native  of 
Glasgow.  It  is  now  practised  by  many  bleachers  iu  Lancashire,  some  on  more  perfect 
plans  than  others ;  bat  we  shall  give  the  description  of  the  kind  of  apparatus  approved 
of  by  those   whose  experience  and  skill  have  rendered  them  Ihe  most   competent 

is  the  wooden  kieve,  or  kier,  containing  the  cloth ;  c  e  f  e 
represents  the  cast-iron  boiler;  g  g,  the 
pump;  g  K,  the  pipe  of  commnnication 
between  the  kieve  and  the  boiler.  This 
pipe  has  a  valve  On  each  of  its  extremities ; 
that  on  the  upper  extremity,  when  shBt, 
prevents  the  ley  from  running  into  the 
boiler,  and  is  regulated  hy  the  attendant 
by  means  of  the  rod  and  handle  g  n. 
The  valve  at  k  iidmits  Ihe  ley ;  but,  open- 
ing inward',  it  prevents  the  steam  from 
escaping  through  the  pipe  g  x.     The 
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judges 


the  valves  of  the  pump,  in  which  < 
K  F  is  a  copper  spout,  which  u 

The  boilers  a,  fig-  136,  used 


is       b      d  pi  t 
1      pre  d  Ih     I  y 
h  rdlj         e«     j  t 
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the  pump  is  worked  by  the  mill  or  steam- 

itly  heated,  the  elasticity  of  the  steam  forces  it  up  through 


bleaching, 

Thes'  are  ci 
pable  ofcoi 
;cording  ' 


re  of  the  common  form,  having  a  stiip- 
t  bottom,  for  running  off  the  waste  ley. 

taining  from  300  to  600  gallons  of  water, 
!  of  the  business  done.    In 


order  that  the  capacity  of  the  boiler 
they  are  formed  so  as  to  admit  of  a  crio  oi  woou, 
strongly  hooped,  or,  what  is  preferable,  of  cast-iron, 
to  be  fixed  lo  the  upper  rim  or  edge  of  it.  To  keep 
the  goods  from  the  bottom,  where  the  heat  nets  most 
forcibly,  a  strong  iron  ring,  covered  with  netting 
made  of  slont  rope,  c,  is  allowed  to  rest  sis  or  eight 
inches  above  the  bottom  'of  the  boiler.  Four 
double  ropes  are  attached  to  the  ring  e,  for  with- 
drawing (he  goods  when  saflieienlly  boiled,  which 
have  each  an  eie  for  admitting  hooks  from  the 
running  tackle  of  a  crane  l\here  more  boilers 
than  one  are  emplojed,  (he  crane  is  so  placed, 
. ,  it  may  withdraw  the  goods  Irom  any  of  them.  For  this 
purpose,  me  crane  turns  on  pivots  at  top  and  bottom ,  and  the  goods  are  raised  or  low- 
ered  at  pleasure,  with  double  pulleys  and  sheaves,  bj  means  of  a  c]  linder  moved  by  cas^ 
iron  wheels.    The  lid  is  secured  by  the  screw  bolts  d  b,  and  rmgs  b  b.    f  is  a  safety 

The  efficacy  of  Laurie's  bowking  apparatus  is  remarkable.  While  the  heat  is 
gradually  rising,  a  current  of  fresh  ley  is  constantly  presented  to  Ihe  difi'erent  surfaces 
for  saturating  the  goods,  so  as  to  increase  its  detersive  powers.    Besides,  the  manner  in 
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■[  lo  speak  of  the  great 
omount  to  25  per  cent. 
A  simple  modilication  of  the  bowking  apparatus 


of  alkali,  which,  in  many  cases,  has  been  found  lo 


shown  in  figs.  137,  1S8,  139 ;  the 
Urst  being  A  vertical  section,  the 
eecond,  a  horizontal  section  in  the 
line  X  of  the  first.    It  consists  of 
two  parts !  (he  upper  wide  pari, 
a  o,  serves  for  the  reception  of  the 
goods,  and  the  lower  or  put,  6,  for 
holding  the  ley;    c  i:  is  an  iron 
grating,  shown  apart  in  fig.  139. 
The  grating  has  numerous  square 
apertures   in   the   middle  of  the 
disc,  lo  which  the  rising  pipe  d  is 
screwed  fast.    The  upper  cylinder 
is  formed  of  cast  iron,  or  of  sheet 
iron  well  riveted  at  the  edges ;  or 
sometimes   of  wood,   this   being 
secured  at  its  under  edge  into  a 
groove  in  the  top  edge  of  Uie  ley- 
pDl.    The  mouth  rf  the  cylinder 
is   constructed   usunSy   aC  sheet 
iron,    e  c  is  the  Gre-gratc,  whose 
upper  surface  is  shown  in;ig.  138 ; 
it  is  made  of  cast  iron,  in  thiec 
pieces.    The  flame  is  parted  at^  and  passes  through 
the  two  apertures  g  g,  into  the  flues  ft  ft,  so  as  to  play 
round  tlie  pot,  as  is  visible  in  Jig.  133  ;  and  escapes  by 
two  outlels  into  the  chimney.    The  apertures  i  i 
serve  for  occasionally  leaning  out  the  flues  ft  ft,  and 
are,  at  other  times,  shut  with  an  iron  plate.    In  the 
partition /,  which  separates  the  two  openings  gg, 
and  the  flues  ft  ft,  running  round  the  pot,  there  is  a 
circular  space  at  the  point  marked  with  k,fig.  138,  in 
which  the  large  pipe  for  discharging  the  waste  ley  is 
lodged.    The  upper  large  cylinder  should  be  incased 
wood,  with  an  intermediate  space  filled  with  saw- 
St,  to  confine  the  heat.    The  action  of  this  appa- 
tlylh       m         fll   t   h-eady     pi  '  ed 
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c.olh  is  laid  in  at  d,  and  by  th      It  m  t      t    k        f  th   feet      d  th        rved  f  n 
the  lurnhead  e,  the  cloth   is  w 
abundant  stream  of  water  rush 
the  turnhead.    Wash-stocks  a      i       .... 

country  they  are  often  made  with  d     bl   f   t       p    ded    b  dblwlw   t  mh    d 

and  wrought  with  cranks  inste  d    f  w  p  Wa.1    t    k     p    p    Ij         Iru  t  d       k 

from  24  to  30  strokes  per  minute. 

This  mode  of  washing  is  now  entirely  given  np  in  Lancashire,  where  a  preference  is 
given  to  what  are  called  dash-wheels  and  squeezers.  The  dash  are  small  water-wheels, 
Ihe  inside  of  which  is  divided  into  fonr  compartments,  and  closed  up,  leaving  cnly  a  halo 
in  each  compartment  for  piittli^  in  the  clot\ 
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the  revolution  of  the  wheel ;  while,  by  its  own  weilht,  it  falls  in  another.  This  kind  o." 
moljon  is  very  effeclual  in  washing  the  ilolh,  while,  at  the  same  time,  il  does  not  injure 
its  sliength.  The  plan,  however,  where  economy  of  water  is  of  any  important,  is  very 
objectionable  i  because  the  wheel  must  move  at  by  far  loo  great  a  velocity  to  act  to  ad- 
vantage as  a  water-wheel. 

The  wash  or  dash-wheel,  now  driven  by  power  in  all  good  bleach  and  print- 
works, is  represented  in 
fig.  142,  upon  the  lell  side 
in  a  back  view,  and  upon 
the  right  side  in  a  front 
view  (the  sketch  being 
halved).  Fig.  US  is  a 
ground  plan. 

a  a  is  the  washing- wheel ; 
i  6  its  shaft-ends ;  e  c  their 
brass  bearings  or  plummer- 
blocks,  supported  upon  the 
iron  pillars  d  d.  The  frame 
is  inade  of  strong  beams  of 
wood,  «  t,  bound  together 
by  cross  bars  with  mortises. 
//,  two  of  the  circular 
apertures,  each  leading  to 
a  quadrantal  compartment 
within  the  dash-wheeL   In 


tj  of  the  shaft  of  the  dssh-wheel,  which  works  i 


wheel;  h  h,  are  the  round 
orifices,  through  which  the 
foul  water  runs  off,  as  each 
quadrant  passes  the  lower 
pari  of  its  revolution ;  i,  a 
water-pipe,  with  a  slop-cock 
for  regukling  the  washtng- 
jels!  fcfe,  the  lever  for  throw- 
ing the  driving-crab  I,  or 
eoupling-bo^  into  or  out 
of  gear  witb  the  shaft  of  the 
wheel.  This  machine  is  so 
constructed,  that  the  water- 
cock  is  opened  or  shut  by 
the  same  leverage  which 
throws  the  wheel  into  or 
out  of  gear,  m,  a  wheel, 
fixed  upon  the  round  ex- 
0  the  iDolhed  pinion  conDecle<5 
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irilh  Ihe  prime  mover.  When,  the  end  of  the  lerer  k,  whose  fork  embraees  the  coupling- 
box  upon  the  square  pirt  of  the  shaft,  is  pushed  forwids  or  backwards,  it  shifts  the  clutch 
into  or  out  of  gedr  with  the  toothed  wheel  m.  In  the  latter  case,  this  wheel  turns  with 
its  pinion  without  affecting  the  d»sh- wheel,  n  ti,  holdfasts  fixed  upon  the  wooden  iVame, 
[o  which  the  boards  o  o  are  attached,  for  preventing  the  water  from  heing  thrown  abou. 
by  tiie  centrifugal  foice. 

The  dash-wheel  is  generally  from  6  to  7  feet  in  diameter,  about  30  inches  wide,  ajid  re- 
quires the  power  of  about  two  horses  to  drive  it. 

From  one  to  two  pieces  of  calico  may  be  done  at  once  in  each  quadranlal  compartment, 
in  the  course  of  8  or  10  minutes;  hence,  in  a  day  of  13  hours,  with  two  such  wheels 
1200  pieces  of  yard-wide  goods  may  be  washed. 

After  the  process  of  washing  hy  the  dash-wheel,  the  water  is  expressed  from  the  cloth 
by  means  of  the  sq^ueezers  already  described. 

Bleaching  of  Xtnen. — Linen  contains  much  more  coloring  matter  than  cotton.  The 
former  loses  nearly  a  ihird  of  iLi  weight,  while  the  fatter  loses  not  more  than  a  twentieth. 
The  fibres  of  flax  possess,  in  the  natural  condition,  a  ligW  gray,  yellow,  or  bbnd  color. 
By  the  operation  of  rottit^,  or,  as  it  is  commonly  called,  water-retting,  which  is  employed 
to  enable  the  textile  filaments  to  be  separated  from  the  boon,  or  w<»dy  matter,  the  color 
becomes  darker,  and,  in  consequence  probably  of  the  putrefaction  of  the  green  matter  of 
the  bark,  the  coloring  substance  appears.  Hence,  flax  prepared  without  rottil^  b  much 
paler,  and  its  coloring  matter  may  be  in  a  great  measure  removed  by  washing  with 
Eoap,  leaving  [he  Ulamenls  nearly  white.  Mr.  James  Lee  obtained  a  patent  in  1812,  as 
having  discovered  that  the  process  of  steeping  and  dew-retting  is  unnecessary,  and  that 
flax  and  hemp  will  itot  only  dress,  but  will  produce  an  equal  if  not  greater  quantity  of 
more  duraMe  fibre,  when  cleaned  in  the  dry  way.  Mr.  Lee  slated  that,  when  hemp  or 
flax  plants  are  ripe,  the  fanner  has  nothing  more  to  do  than  to  pull,  Bpiaad,  and  dry 
them  in  the  sun,  and  then  to  break  them  by  proper  machinery.  Tliis  promising  im- 
provement has  apparently  come  to  naught,  having  been  many  years  abandoned  by  the 
patentee  himself,  though  he  was  favored  with  a  spMial  act  of  parliament,  which  permit- 
ted the  specification  of  his  patent  to  remain  sealeJ  up  for  seven  years,  contrary  to  the 
general  practice  in  such  cases. 

The  substance  which  gives  steeped  flax  its  peculiar  tint  is  insoluble  in  boiling  water, 
in  acids,  and  in  alkalis ;  but  it  possesses  the  properly  of  dissulvinf  in  caustic  or  carbonated 
alkaline  leys,  when  it  has  possessed  the  means  of  dehydrogenation  by  previous  exposure 
to  oxygen.  Hemp  is,  in  this  respect,  analogous  to  flax.  The  bleaching  of  both  depends 
upon  (his  action  of  oxygen,  and  upon  the  removal  of  the  acidified  dye,  by  means  of  an 
alkali.  This  process  is  effected  generally  by  the  influence  of  air  in  combination  with 
l^ht  and  moisture  acting  on  the  Imen  cloth  laid  upon  the  grass  :  but  chlorine  will  effect 
the  same  object  more  expeditiously.  In  no  case,  however,  is  it  possible  to  acidify  the 
color  completely  at  once,  but  there  must  be  many  alternate  e;;posures  to  oxygen  or  chlo- 
rine, and  alkali,  before  the  flax  becomes  while.  It  is  this  circumctance  alone  which  ren- 
ders the  bleaching  of  linen  an  apparently  complicated  business. 

Having  made  these  preliininaiy  observations  with  regard  to  l.\o  method  of  applying  the 
alkaline  leys  used  in  bleaching  linen  cloth,  I  shall  now  bring  the  whole  into  one  point  of 
view,  by  detailing  the  connexion  of  these  processes,  as  carried  on  at  a  bleach-fleld,  which 
has  uniformly  been  successful  in  returning  the  cloth  of  a  good  white,  and  bos  otherwise 
given  satisfaction  to  its  employers ;  and  I  shall  only  remark,  that  I  by  no  means  hold  it 
up  as  the  best  process  which  may  be  employed,  as  every  experienced  bleacher  knows  that 
jffocesses  must  be  varied,  not  only  according  to  existing  circumstances,  but  also  acccrding 
to  the  nature  of  the  linens  operated  upon. 

In  order  to  avoid  repetition,  where  washii^  is  mentioned,  it  must  always  be  under- 
stood thai  the  linen  is  taken  to  the  wash-stoi^  or  da^-wheel,  and  washed  well  in  them 
tor  some  hours.  This  part  of  the  work  can  never  be  overdone;  and  on  its  being  properly 
executed  between  every  part  of  the  bucking,  boiling,  steeping  in  the  chlorkie  of  lime 
solution,  and  souring,  not  a  litUe  of  the  success  of  bleaching  depends.  By  exposure  '\% 
meant,  that  the  iinen  doth  is  taken  and  spread  upon  the  bleach-green  for  lour,  six,  or 
eight  days,  according  as  the  routine  of  business  calls  for  the  return  of  the  cloth,  in  order 
to  undergo  further  operations. 

A  parcel  of  goods  consists  of  360  pieces  of  those  linens  which  are  called  Britannias. 
Each  piece  is  35  yards  bng ;  and  they  weigh,  on  an  average,  10  lbs.  each  :  the  weight  of 
the  parcel  is,  in  consequence,  about  3600  Ite.  avoirdupois  weight.  The  linens  are  first 
washed,  and  then  steeped  m  waste  alkaline  ley,  as  formerly  described  under  these  pro- 
etsses;  Ihey  then  undergo  the  following  operations: — 

Isl,    Bucked  with  GO  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
2d,     Ditto  80  ditto  ditto      ditto  ditto. 

3d,     Ditto  90  potashes        ditto      ditto  ditto, 

dtbj    Ditto  80  ditto  ditto      ditto  ditto. 
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61h,  Buckeil  with  80  lbs.  pearl-aslies,  washed,  exposed  on  the  field. 
6th,  Ditto  50  ditto  ditto        ditto  ditto. 

7th,  Ditto  70  ditto  ditto        ditto  ditto. 

8th,  Ditto  70  ditto  ditto        ditto  ditto. 

9th,  Soared  one  night  in  lUlute  salphntic  acid,  washed. 

lOlh,  Backed  with  GO  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 

nth.  Immersed  in  the  chloride  of  potash  or  lime  12  hours. 

12th,  Boiled  with  30  Ihs.  pearl-ashes,  washed,  exposed  on  the  field. 

ISth,  Ditto  30  ditto  ditto        ditto  ditto. 

14lh,  Soured,  washed. 
The  linens  are  then  taken  to  the  rubbing-board,  and  well  rubbed  with  a  strong  ialhci 
ol'  black  soap,  after  which  they  are  well  washed  hi  pure  spring  water.  At  this  period 
they  are  carcfullr  examined,  and  those  which  are  fuDy  bleached  are  laid  aside  to  be 
blued,  and  made  up  for  the  market!  while  those  which  are  not  fully  wliite  are  returned 
to  be  bailed,  and  steeped  in  the  chloride  •(  lime  or  pulash ;  then  soured,  until  thry  aie 
fully  white. 

By  the  above  process,  690  lbs.  weight  of  alkali  is  taken  to  bleach  360  pieces  of  linen, 
each  piece  consisting  of  35  yards  in  length;  so  that  the  expenditure  of  cdkali  would  be 
somewhat  less  than  2  lbs.  for  each  piece,  were  it  not  that  some  parts  of  the  linens  are 
not  fully  whitened,  as  above  noted.  Two  pounds  of  alkali  may  therefore  be  stated  as  the 
average  quantity  employed  for  bleaching  each  jiece  of  goods. 

The  method  of  blMching  linens  in  Ireland  is  similar  to  the  foregoing ;  any  alteration  in 
the  process  depending  upon  the  judgment  of  the  bleacher  in  increasing  or  diminishing  the 
quantity  of  alkali  used.  But  it  is  common,  at  most  bleach-fiehls,  to  steep  the  linens  in  die 
chloride  ofiime  or  potash  at  an  earlj  stage  of  the  process,  or  after  the  goods  have  under- 
gone the  fil\h  or  sixth  operation  of  bucking.  By  this  means  those  parts  of  the  fiax  which 
are  most  difficnlt  lo  bleach  are  more  easily  acted  upon  by  the  alltaKi  and,  as  before  noticed, 
souring  early  in  very  dilute  sulphuric  acid,  assists  greatly  in  forwarding  the  whitening  of 
the  linens.  Mr.  Grimehaw,  coJico-printer,  near  Belfast,  was  the  first  who  recommended 
early  souring,  which  has  since  heen'vcry  generally  adopted. 

The  bleachiTig  of  Silk. — Silk  in  its  raw  state,  as  spun  by  the  worm,  is  either  while  or 
yellow  of  various  shades,  and  is  covered  with  a  varjiish,  which  gives  it  stiffness  and  a 
degree  of  elasticity.  For  the  greater  number  of  purposes  to  which  silk  is  applied,  it 
must  be  deprived  of  this  native  covering,  which  was  long  considered  to  be  a  sort  of  gMHi. 
The  operation  by  which  this  coloring  matter  is  removed  is  called  scouring,  eleansiog, 
or  boiling.  A  great  many  different  processes  have  been  proposed  for  freeing  the  silk 
fibres  from  all  foreign  imparities,  an4  lor  giving  it  the  utmost  whiteness,  lustre,  and 
pliancy ;  but  none  of  the  new  plans  has  superseded,  witli  any  advantage,  the  one  prac- 
tised of  old,  which  consists  essentially  in  steeping  the  silk  in  a  warm  Eolation  of  soap ;  a 
chcQmstance  placed  beyond  all  doubt  by  the  interesting  experiments  of  M.  Soard. 
The  alkalis,  or  alkaline  salts,  act  in  a  marked  manner  upon  the  varnish  of  silk,  and  effect 
its  complete  solution ;  the  prolonged  agency  of  boiling  water,  alone  answers  the  same 
purpose ;  but  nothing  agrees  so  well  with  the  nature  of  silk,  and  preserves  its  brilliancy 
and  suppleness  so  perfectly,  as  a  rapid  boil  with  soap-water.  It  wonid  appear,  however, 
that  the  Chinese  do  not  employ  this  method,  but  something  that  is  preferable.  Probably 
the  superior  beauty  of  their  white  silk  may  be  owing  to  the  superiority  of  the  raw  ma- 

The  most  ancient  method  of  seonrmg  silk  consists  of  three  operations.  For  the  finit, 
or  the  tttigitmmitig,  thirty  per  cent,  of  soap  is  first  of  all  dissolved  in  clean  river  water  by 
a  boiling  heat ;  then  the  temperature  is  lowered  by  the  addition  of  a  little  cold  water, 
by  withdrawing  the  fire,  or  at  least  by  damping  it.  The  hanks  of  silk,  suspended 
upon  horizontal  poles  over  the  boiler,  are  now  plunged  into  the  soapy  solution,  Icept  at 
a  heat  somewhat  under  etillition,  which  is  an  essential  point;  for  if  hotter,  the  soap 
would  attack  the  snbstance  t,'  the  silk,  and  not  only  dissolve  a  portion  of  it,  but  deprive 
the  whole  of  its  lustre.  The  portions  of  the  hanks  plunged  in  the  hath  get  scoured  by 
degrees ;  the  varnish  and  the  coloring  matter  come  away,  and  the  silk  assumes  its  proper 
whiteness  and  pliancy.  Whenever  this  point  is  attained,  the  hanks  are  turned  round  upon 
the  poles,  so  that  the  portion  fi>rmerly  in  the  air  may  be  also  subjected  to  the  bath.  As 
soon  as  the  whole  is  completely  ungummed,  they  are  taken  out,  wrung  by  the  peg,  and 
shaken  out;  after  which,  the  next  step,  called  the  ioi^  is  commenced.  Into  bags  of  coarse 
canvass,  called  podcelt,  about  25  lbs.  or  35  lbs.  of  ungummed  silk  are  enclosed,  and  put 
into  a  simitar  bath  with  the  preceding,  but  with  a  smaller  proportion  of  soap,  which  may 
therefore  be  raised  to  the  boiling  point  without  any  danger  of  destroying  the  sillt.  The 
ebnllition  is  to  be  kept  dp  for  an  hour  and  a  half,  during  which  time  the  bags  must  be 
frequently  stirred,  lest  those  near  the  bottom  should  sufTer  an  undue  degree  of  heat.  The 
silk  experiences  in  these  two  operations  a  loss  of  about  2S  per  cent,  of  its  weight. 

The  third  and  lest  scouring  operation  is  intended  (o  give  the  silk  a  slight  tinge,  whicli 
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tenders  Ihe  white  more  agreeable,  and  better  adapted  to  its  various  uses  in  Irade.  In 
this  way  we  distinguish  the  China  while,  which  has  a  faint  cast  of  red,  (he  silver  white, 
the  azure  white,  and  the  thread  white.  To  produce  these  different  shades,  we  begin  by 
preparing  a  soap-water  so  strong:  as  to  lather  hy  agitation  ;  we  then  add  to  it,  for  the 
China  white,  a  little  annotto,  mixing  it  carefully  in ;  and  then  passing  the  silk  properly 
through  it,  till  it  has  acquired  the  wished  for  lint.  As  to  the  other  shades,  we  need  only 
azure  them  more  or  less  with  a  fine  indigo,  which  has  been  previously  washed  several 
times  in  hot  water,  and  reduced  to  powder  in  a  mortar.  It  is  then  difi'used  through 
bailing  water,  allowed  to  settle  for  a  few  minutes,  and  the  supernatant  liquid,  which 
contains  only  the  Hner  particles,  is  added  to  the  soap  hath  in  snch  proportion  as  may  be 
requisite.  The  silk,  on  being  taken  out  of  this  Imth,  must  be  wrung  well,  and  stretched 
upon  perches  to  dry  j  after  which  it  is  introduced  into  the  sulphuring  chamlier,  if  it  is 
to  he  made  use  of  in  the  white  slate.  At  Lyons,  however,  no  soap  is  employed  at  the 
third  operation :  BJ\er  the  boil,  the  silk  is  washed,  sulphured,  and  azured,  by  passing 
through  veiy  clear  river  water  properly  Uued. 

The  silks  intended  for  the  manufacture  of  blonds  and  gauzes  are  not  subjected  to  the 
jrdinary  scouring  process,  because  it  is  essential,  in  these  cases,  for  (hem  to  preserve  their 
natural  stiffness.  We  musl  therefore  select  the  raw  silk  of  China,  or  th  wh't  t  w 
siiks  of  other  countries ;  steep  Ihem,  rinse  than  in  a  balh  of  pure  wate  ne  con 

taining  a  little  soap  ;  wring  them,  expose  them  to  the  vapor  of  sulphu  and  h  n  pa. 
them  through  the  BKure  water.    Sometimes  this  process  is  repeated. 

Before  the  memoir  of  M.  Koard  appeared,  extremely  vague   ideas  w  n     tamed 

about  the  composition  of  the  native  varnish  of  silk.  He  has  shown  Iha  h  ub  a 
«o  far  from  being  of  a  gummy  nature,  as  had  been  believed,  may  be  rath  compared  o 
bees'  wax,  with  a  species  of  oil,  and  a  coloring  matter,  which  exists  on  7  n  aw  ilL 
tt  is  contained  in  them  to  the  amount  of  from  23  to  24  per  cent.,  and  f  m  ho  p  n 
of  weight  which  is  lost  in  the  ungamming.  It  possesses,  however,  some  of  the  properties 
of  vegetable  gums,  (hough  it  differs  essentially  as  to  others.  In  a  dry  mass,  it  is  friable 
and  iws  a  vitreons  fracture ;  it  is  soluble  in  water,  and  affords  a  solution  which  lathers 
like  soap;  but  when  thrown  upon  burning  coals,  it  does  not  soften  like  gum,  but  burns 
with  the  exhalation  of  a  fetid  odor.  Its  solution,  when  left  exposed  to  (he  open  air,  at 
Urst  of  a  golden  yellow,  becomes  soon  greenish,  and  ere  long  putrefies,  as  a  solution  of 
animal  matter  would  do  in  similar  circumstances.  M.  Roard  assures  us  that  the  city  of 
Lyons  alone  could  furni&h  several  thousand  quintals  of  this  substance  per  dntiuin,  were  i( 
applicable  (0  any  vseful  purpose. 

The  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water,  very  soluble 
in  alcohol,  and  contains  a  little  volatile  oil,  which  gives  it  a  rank  smell.  The  coloc  of 
this  resio  is  easily  dissipated,  either  by  exposure  to  the  sun  or  by  the  action  of  chlorine  1 
it  forms  about  one  fif\r-fifth  of  its  weight. 

Sees'  wax  exists  also  in  all  the  sorts  of  silk,  even  in  that  of  China ;  hut  the  whiter  the 
Slaments,  the  less  wax  do  (hey  contain. 

M.  Roard  has  observed  that,  if  the  silk  be  exposed  to  (he  soap  baths  for  some  lime  after 
it  has  been  stripped  of  its  fore^  matters,  it  begins  to  lose  body,  and  has  its  valuable 
qualiiies  impaired.  It  becomes  dull,  stiff,  and  colored  in  consequence  of  the  solution 
more  or  less  considerable  of  its  substance ;  a  solulion  vhich  takes  place  in  all  liquids, 
and  even  in  boilii^  water.  It  is  for  this  reason  Ihat  silks  cannot  be  alumed  with  heat; 
and  that  they  lose  some  of  their  lustre  in  being  dyed  brown,  a  color  which  requires  a 
boilini;  hot  bath.  The  best  mode,  therefore,  of  avoiding  these  inconveniences,  is  to  boil 
the  silks  in  the  soap-bath  no  longer  than  is  absolutely  necessary  for  the  scouring  process, 
and  to  expose  them  in  the  various  dyeing  operations  to  as  moderate  temperature  as  may 
be  requisite  to  communicate  the  color.  When  sillts  are  to  be  dyed,  much  less  soap 
shouli^  be  used  in  the  cleansing,  and  very  little  for  the  dark  colors.  According  to  M. 
Koard,  raw  silks,  white  or  yellow,  may  be  completely  scoured  in  one  hour,  with  15  lbs. 
ofwater  for  one  of  silk,  and  a  suitable  proportion  of  soap.  The  soap  and  the  silk  ^ould 
be  put  into  the  tuith  half  an  hour  before  its  ehnUition,  and  the  latter  should  be  turned 
about  frequently.  The  dull  silks,  in  which  the  varnish  has  already  undergone  some  al- 
teration, never  acquire  a  fine  white  until  Ihey  are  exposed  to  sulphureous  acid  gas.  Fx- 
posure  to  light  has  also  a  very  good  effect  in  whitening  silks,  and  is  had  recourse  to,  it  is 
said,  with  advantage  by  the  Chinese. 

Carbonate  of  soda  has  been  proposed  to  be  used  instead  of  soap  in  scouring  silk, 
but  it  has  never  come  into  use.  The  Abbf  Collomh,  in  1785,  scoured  silk  by  eight 
hours'  boiling  in  simple  water,  and  he  found  the  silks  bleached  in  this  way  to  be 
stronger  than  by  soap,  but  they  are  not  nearly  so  white.  A  patent  has  been  taken  out 
in  England  lur  bleaching  them  by  steam,  of  which  an  account  will  he  found  under  the 
xrticle  Silk. 

It  appears  that  the  Chinese  do  not  use  soap  in  producing  those  fine  white  silks  which 
are  imported  into  Europe.     Michel  de  Grubbens,  who  resided  long  at  Canton,  saw  and 
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practised  liimself  the  operation  there,  which  he  puhlished  in  the  Memoirs  of  the 
Academy  of  Sloeldiolm  in  1803.  It  consists  in  preparing  the  silk  tvLth  a  species  of 
white  beans,  smaller  than  the  Tuikej  brans,  witli  some  wheat  flour,  common  salt,  and 
water.  The  proportions  are  5  parts  of  beans,  5  of  salt,  6  of  flour,  and  23  of  water,  to 
form  tliis  vegetable  bath.  The  beans  must  be  previonslj'  washed.  It  is  difiicull  to  dis- 
cover what  cheTnical  action  can  occur  between  that  decoction  and  the  Tarnish  of  raw 
silk;  possibly  some  acid  may  be  developed,  which  may  soften  the  gummy  matter,  and 
facililale  its  separation. 

Baume  contrived  a  process  whicli  does  not  appear  to  have  received  the  sanction  of 
experience,  but  which  may  put  us  in  the  right  way.  He  macerates  the  yellow  raw  sillt 
in  a  mixture  of  alcohol  at  36°  (sp.  gr.  0837)  and  one  thirty'Second  part  of  pure  muriatic 
acid.  At  Iha  end  of  forty-eight  hours,  il  is  as  white  as  possible,  and  the  more  so,  the 
better  the  quality  of  the  silk.  The  loss  which  it  snfiers  in  this  menstruum  is  only  one 
(brtieth;  showing  that  nothing  but  tlie  coloring  matter  is  abstracted.  The  expense  of 
this  menstruuni  is  the  great  obstacle  to  Baume's  process.  The  alcohol,  however,  might 
be  in  a  very  great  measnre  recovered,  by  saturating  the  acid  with  chalk,  and  re- 
distillation. 

Bleaching  of  Wool. — Wool,  lite  the  preceding  fibrous  matter,  ic  covered  with  a  pe- 
culiar varnish,  which  impairs  its  qualities,  and  prevents  it  from  being  employed  in  (he 
raw  slate  for  the  purposes  to  which  it  is  well  adapted  when  it  is  scoured.  The  English 
give  the  name  yoSi,  and  the  French  mini,  to  that  native  coat :  it  is  a  fatty  unctuous  mat- 
ter, of  astrong  smeU,  which  apparently  has  its  chief  or^in  in  the  cutaneous  perspiration 
of  the  sheep;  but  which,  by  the  agency  of  external  bodies,  may  have  undergone  some 
chains  whjch  modify  its  constitution.  It  results  from  the  experiments  of  M.  Vanque- 
lin,  that  the  y:ik  is  composed  of  several  substances ;  namely,  1,  a  soap  with  basis  of 
potash,  which  constitutes  the  greater  part  of  it;  3,  of  a  notable  quantity  of  acetate  of 
potash ;  3,  of  a  small  quantity  of  carbonate,  and  a  trace  of  muriate,  of  potash  ;  4,  of  a 
little  lime  in  an  unknown  stale  of  combination;  5,  of  a  species  of  sebaceous  matter, 
and  an  animal  substance  to  which  the  odor  is  due.  There  are  several  other  accidental 
matters  present  on  sheeps'  wool. 

The  proportion  of  yolk  is  variable  in  different  kinds  of  wool,  but  in  general  it  is  more 
abundant  the  finer  the  staple ;  the  loss  by  scouring  being  45  per  cent,  for  the  finest  wook, 
and  35  per  cent,  for  the  coarse. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  water,  with  the  ex- 
ception of  a,  little  &ce  fatty  matter,  which  easily  separates  from  the  filaments,  and  re- 
mains floating  in  the  liquor.  It  would  ihence  appear  suflicient  to  expose  the  wools  tc 
simple  washing  in  a  stream  of  water;  yet  experience  shows  that  this  method  never  an- 
swers so  well  as  that  usually  adopted,  whicli  consists  in  steeping  the  Wool  for  some  time 
in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine.  From  1£ 
to  30  minutes  of  contact  are  sufficient  in  this  case,  if  we  heat  the  bath  as  warm  as  the 
hand  can  bear  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time  the  wool  may  be 
taken  out,  set  to  drain,  then  plnced  in  large  baskets,  in  arder  to  be  ccanpletely  rinsed  in 

Il  is  generally  supposed  that  pntrid  urine  acts  on  the  wool  by  the  ammonia  which  il 
contains,  and  that  this  serves  to  saponify  the  remainder  of  the  fatty  matter  not  combined 
with  ihe  potash.  M.  Vanquolin  is  notof  this  opinion,  because  he  found  that  wool  steeped 
in  water,  with  sal  ammoniac  and  quick  lime,  is  not  better  sconred  than  an  equal  quantity 
of  wool  treated  with  mere  water.  He  was  Sence  led  to  conclude  that  the  good  effects  of 
putrefied  nrme  m^ht  be  ascribed  to  anything  else  besides  the  ammonia,  and  probably  to 
the  urea.  Fresh  urine  contains  a  free  acid,  which,  by  decomposing  the  potash  soap  of 
the  yolk,  counteracts  the  souring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  than  in  a  great  stream,  we 
can  conceive  that  this  circumstance  must  depend  upon  the  nature  of  the  yolk,  which,  in 
a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes  to  re- 
move Ihe  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be  observed 
that  too  long  a  conlinnance  of  the  wool  in  the  yolk  water,  hurls  its  quality  very  much, 
by  weakening  its  cohcion,  causing  the  filaments  to  swell,  and  even  to  split.  It  is  said 
then  to  have  lost  its  nerce.  Another  cu?cnmslance  in  the  scouring  of  wool,  that  should 
always  be  attended  to,  is  never  to  work  the  filaments  together  to  saeb  a  degree  as  to  oc- 
casion their  felting;  but  in  agitating  we  must  merely  push  them  slowly  round  in  the 
vessel,  or  press  them  gently  under  the  feet.  Were  it  at  all  felted,  it  would  neither  card 
nor  spin  well 

As  the  heat  of  boiling  water  is  apt  to  decompose  woollen  fibres,  we  should  be  cncefu! 
never  lo  raise  the  temperature  of  the  scouring  bath  lo  near  this  point,  nor,  in  fact,  to  ex- 
ceed 140°  F.  Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  for  scouring 
wool,  but  practical  people  do  not  deviate  from  the  method  above  described. 

When  the  washing  is  completed,  aU  the  wool  which  is  to  be  sent  white  into  the  mar 
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ket,  must  be  exposed  to  the  action  of  sulphurous  acid,  either  in  a  liquid  or  a  gaseoGj 
stale.  In  the  latter  case,  sulphur  is  burned  in  a  close  chiimber,  in  which  the  wools  ore 
buns  up  or  spread  out;  in  the  former,  the  wools  are  plunged  into  water,  moderately 
impresnaled  with  the  acid.  (See  Sulphuring.)  Exposure  on  the  grass  may  also  eon- 
tribule  to  tlie  bleaching  of  wool.  Some  ftaudnlenl  dealers  are  accused  ofdippii^  wools 
in  buttermilk,  or  chalk  and  water,  in  order  to  whiten  them  and  increase  their  weight. 

Wool  is  sometunes  whitened  in  the  fleece,  and  sometimes  in  the  state  of  jam ;  the 
latter  affording  the  best  means  of  operating.  It  has  been  observed  that  the  wool  cm 
fromoertainpartsofthesheep,  especially  from  the  groins,  never  bleaches  well. 

Afler  sulphming,  the  wool  has  a  harsh  crispy  feel,  which  may  be  removeii  by  a  weak 
Boap  bath.  To  this  also  the  wool  comber  has  recourse  when  he  wishes  to  cleanse  and 
whitca  his  wools  to  the  utmost.  He  generally  uses  a  soft  or  potash  soap,  and  after  the 
wool  is  well  soaked  in  the  warm  soap  batli,  with  gentle  pressnre  he  wrings  it  well  Willi 
the  help  of  a  hook,  fixed  at  the  end  of  his  washing  tub,  and  Wgsit  up  to  dry. 

Bleaching  of  rags,  and  paste  for  paper  making.  —■  After  the  rags  are  reduced  to  what  is 
called  half  stuff,  they  should  have  the  greater  part  of  the  Boating  water  mn  off.  leaving 
just  enough  to  form  a  stir-about  mass.  Into  this  a  clear  solution  of  chloride  of  lime 
should  be  poured,  of  such  a  strength  as  is  sailed  to  tlie  color  of  the  rags,  which  should 
have  been  previously  sorted;  and  the  engine  is  kept  going  so  as  to  chnrn  the  rags 
with  the  Heaching  agent.  After  an  hoar,  the  water  may  he  returned  upon  the  engine, 
and  the  washing  of  the  paper  resumed.  Prom  two  lo  four  pounds  of  good  chloride  of 
time  ore  reckoned  sufficient  to  bleach  one  hundred  weight  of  rags. 

When  the  rags  consist  of  dyed  or  printed  cottons,  aller  being  well  washed  and  re- 
duced to  hi^  stuff,  they  should  be  put  into  a  lai^e  cask  or  butt,  supported  horizontal^ 
by  iron  axles  upon  cradle  bearings,  so  that  it  may  be  made  to  revolve  like  a  barrel- 
chum.  For  each  hundred  weight  of  the  colored  rags,  late  a  solution  containing  from 
four  lo  eight  poHnfls  of  chloride  of  lime;  add  it  to  the  liquid  mixture  in  the  butt  along 
with  halfa  pound  of  sulphuric  acid  for  every  pound  of  the  chloride ;  and  nfter  ineertmg 
the  bung,  or  rather  the  square  valve,  set  the  vessel  in  slow  revelation  backwards  and  for- 
wards. In  a  short  tune  the  rags  will  be  cokirless.  The  rags  and  paper  paste  ought 
to  be  very  well  washed,  lo  expel  all  the  chlorine,  and  perhaps  a  little  muriatic  acid 
might  be  ased  with  advantage  to  dissolve  out  all  the  raileareous  matter,  a  portion  of 
which  is  apt  to  remain  in  the  paper,  and  to  operate  injuriously  upon  both  the  pens  and 
the  ink.  Some  of  the  French  paper  manufacturers  bleach  the  paste  with  chlorine  gas. 
Paper  prepared  from  such  paste,  well  washed,  is  not  apt  to  give  n  brown  tint  to  maps,  a» 
that  carelessly  bleached  with  chloride  of  lime  is  known  to  do, 

BLEACHING  OF  PAPEE.    The  following  arethe  proporHons  of  Lquid  chlor"de  of 
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Cotton. 
No.  I, 


Fine 


nrags 


-    10 


Clean  calicoes 

3. ■ 14 

4.  White  dirty  calico,  coarse  cotton       -            -           -            -  16 

5.  Coarse  cotton             -            -            -            -            -            -  18 

6.  Grey,  No.  1 20 

■ — -  No.  2 22 

Saxon  gray    -  -  -  -  -  -  -24 

No.  2 26 

Pale  while  and  half-white  shades      -           -            -            -  28 

Saxon  blues;  pale  pink,  dark  blue,  velvet    -            -            -  32 

It  IS  considered  to  be  much  better  t;  bleach  the  fine  rags  with  liquid  chloride  of  lime, 
and  not  with  chlorine  gas,  becanse  the/  are  less  injured  by  the  former,  and  afford  a 
paper  of  more  nerve,  less  apt  to  break,  and  more  easily  sized.  But  the  coarse  or  gray 
rags  are  much  more  eeonomieallj'  bleached  with  the  gaseous  chlorine,  wilhoat  any  risk 
of  weakening  the  fibre  too  much.  Bleaching  by  the  gas  is  performed  always  upon  the 
sorted  rags,  which  have  been  boiled  in  an  alkaline  ley,  and  torn  into  the  fibrous  state. 
They  are  subjected  to  the  press,  in  order  to  form  them  into  damp  cakes,  which  are  bro- 
ken in  pieces  and  placed  in  large  rectangular  wooden  cisterns.  The  chlorine  gas  is  in- 
troduced by  tjbes  In  tke  jd  of  the  cistern,  which  falls  down  by  its  superior  gravity, 
acting  always  more  strongly  upon  the  ra?3  at  the  bottom  than  those  above. 

When  the  chlorine,  disengaged  from  150  kilogrammes  (330  lbs.)  of  manganese  end 
500  kilos,  of  muriatic  acid,  is  made  loacc  upon  2,500  kilos,  of  the  stuff  (supposed  dry), 
it  will  have  completed  its  effect  in  the  course  of  a  few  hours.  The  quantity  of  gaseous 
chlorine  is  equal  to  what  is  contained  in  the  quantityof  chloride  of  lime  requisite  to  pro- 
luce  alike  blenching  result.    The  bleached  stuff  should  be  forthwith  carefully  washed. 
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to  remove  b,11  the  muriatic  acid  praduccd  from  the  chloriQe ;  for  if  any  ot  tbia  remalc 
in  the  paper,  it  destroya  lithographic  stones  and  weakens  eoramoo  ink. 

BLENBE.  (Fi',  and  Germ.)  Sulphuret  of  iino.  bo  nflm«d  from  the  German  ileiufcu, 
to  dazzle,  on  account  of  its  glistening  aspect.  It  is  called  black  jack  from  its  usual 
color.  Its  luEtre  is  pearlj  adamantine.  Spec,  grari^  from  3*7  to  4'2.  It  contains 
frequently  iron,  copper,  arsenic,  cadmium  and  silver,  allRaaocLated  with  sulphur.  Itia 
vented  up  partly  into  metallic  zinc,  and  parti;  into  the  sulphate  of  zinc,  or  white 
vitriol    It  consists  of  66^2  zinc,  and  38'28  sulphur  ;  being  nearly  by  weiglit  aa  two 

BLOCK  MAMUFACTITRE.  Though  the  making  of  ships'  blocks  belongs  rather 
to  a  dictionary  of  engineering  than  ofmanufactures,  it  may  be  expected  that  I  should 
give  some  account  oftha  automatic  machine^' for  making  blocks,  so  admirably  duyised 
and  mounted  by  M.  L  Brunei  Esq.,  for  the  British  navy,  in  the  dockyard  of  Portsmouth. 

The  series  ol  machines  and  operations  are  as  follows : — 

1.  The  ttraight  cross  cutlin^  sate — The  log  is  placed  horizontally  on  a  very  low 
bench,  which  is  continued  through  the  window  ot  the  mill  into  the  yard.  The  saw  is 
ciaotly  over  the  place  where  the  log  is  to  be  divided.  It  is  let  down,  and  suffered  to  rest 
with  its  teeth  upon  the  log,  the  back  still  being  in  the  deft  of  the  guide.  The  crack 
being  set  in  motion,  the  saw  reciprocates  backwards  and  forwards  wiUi  exactly  the  some 
motion  os  if  worked  by  a  carpenter,  and  quickly  cuts  through  the  tree.  When  it  first 
begins  to  cut,  its  back  is  in  the  cleft  in  the  guide,  and  this  causes  it  to  move  in  a  straight 
line;  but  before  it  gets  out  of  the  guide,  it  is  so  deep  in  the  wood  as  to  guide  itself ;  for 
in  cutting  across  the  grain  of  the  wood,  it  has  no  tendency  to  be  diverted  trom  its  true 
line  by  the  irregular  grain.  When  the  saw  has  descended  through  the  tree,  its  handle 
is  caught  in  a  &ed  stop,  to  prevent  its  cutting  the  bench.  The  machine  is  thrown 
out  of  gear,  the  attendant  lifts  up  the  saw  by  a  rope,  removes  the  block  cut  off,  and 
advances  the  tree  to  receive  a  fresh  cut. 

2.  The  ciTcuiar  cross  cutting  stcjv. — This  saw  possesses  universal  motion;  but  the  axis 
is  always  parallel  to  itselt  and  the  saw  in  the  same  plane.  It  can  ba  readily  raised  or 
lowered,  by  inclining  the  upper  frame  on  its  asis;  and  to  move  it  sidewise,  the  saw 
frame  muit  swing  sidewise  on  its  Joints,  which  connect  it  with  the  upper  frame.  These 
movements  are  effected  by  two  winches,  each  furnished  with  a  pair  of  equal  pinions, 
working  a  pair  of  racks  fixed  upon  two  long  poles.  The  spindles  of  these  winches  are 
fixed  in  two  vertical  posts,  which  support  the  axis  of  the  upper  fi'ame.  One  of  these  pairs 
of  poles  is  pointed  to  the  extreme  end  of  the  upper  frame;  therefore  hy  turning  thelian- 
dle  belonging  to  them,  the  frame  and  saw  is  derated  or  depressed;  in  like  manner,  the 
other  pair  isattaehedto  the  lower  part  of  the  saw  frame,  so  that  the  saw  can  be  moved 
side  wise  by  means  of  their  handles,  which  then  swing  the  saw  from  its  vertical  position. 

These  two  handles  pve  the  attendant  a  complete  command  of  the  saw,  wnich  we 
suppose  to  be  in  rapid  motion,  tie  tree  being  brought  forward  and  properly  fixed.  By 
one  handle,  he  draws  the  saw  against  one  aide  of  the  tree,  which  is  thus  cut  into  (per- 
haps half  through) ;  now,  by  the  other  handle,  ho  raises  the  saw  up,  and  by  the  firat- 
rneutioned  handle  he  draws  it  across  the  top  of  the  tree,  and  cuts  it  half  tlirough  from 
the  upper  side;  he  then  depresses  the  saw  and  cuts  half  through  trom  the  next  side  ; 
kud  lastly  a  trifling  cut  of  the  saw,  at  the  lower  side,  completely  divides  the  tree, 
which  is  then  advanced  to  take  another  out 

The  great  reciprocating  saw  is  on  the  same  principle  as  the  saw  mill  in  common  use 

3.  Th^  circular  ripping  mw  is  a  thin  circular  p!at«  of  steel,  with  teeth  similar  to  those 
of  a  pit  saw,  formed  m  its  periphery.  It  is  fixed  to  a  spindle  placed  horizontally,  at  a 
traali  stance  beneath  the  surface  of  a  bench  or  table,  so  that  the  saw  projects  through 
a  crevice  a  few  inches  above  the  bench.  The  spindle  being  supported  m  proper  collars, 
has  n  rapid  rotatory  motion  communicated  to  it  by  a  pulley  on  the  opposite  end,  round 
which  an  endless  strap  is  passed  from  a  drum  placed  overhead  in  the  mill  The  block 
cut  by  the  preceding  maohine  from  the  end  of  the  tree,  is  placed  with  one  of  the  sides 
flat  upon  the  bench,  and  thus  slides  forward  against  the  revolving  saw  which  cuts  the 
wood  with  a  rapidity  incredible  to  any  one  who  has  not  seen  these  or  similar  machines. 

i.  Boring  machine. — The  blocks,  prepared  by  fho  foregoing  saws,  ore  placed  in  the 
laoohine  represented  ia^g.  144.  This  machine  has  an  icon  frame,  a  s,  with  three  le^a, 
beneath  which  the  block  is  introduced,  and  the  screw  near  B  being  forced  down  upon  it, 
confines  it  precisely  in  the  proper  spot  to  receive  the  borers  D  and  e.  This  spot  is  de- 
termined by  apiece  of  metal  fixed  perpendicularly  just  beneath  the  point  of  the  borer  b; 
shown  separately  on  the  ground  at  x  ;  this  piece  ot  metol  adjusts  the  position  for  the 
borer  D,  and  its  height  is  regulated  by  resting  on  the  head  of  the  screw  x,  which  fastens 
the  piece  X  down  to  the  frame.  The  sides  of  the  block  are  kept  in  a  parallel  position,  by 
bebe  applied  against  the  heads  ;f  three  screws  tapped  into  the  double  leg  of  the  frame 
i.    The  borer  n  is  adapted  to  bore  the  hole  for  the  centre  pin  in  a  direction  exactly  per- 
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pendicuJar  to  tlie  surface  reslin?  against  the  three  screws;  llie other,  at  E,  perforates  the 
holes  for  the  commencement  of  (he  shenve  holes.  Bolli  borers  are  conslrncted  in  nearly 
the  same  manner ;  they  are  screwed  upon  the  ends  of  small  mandrels,  motmted  in  frames 
timilar  to  »  lathe.  These  frames,  g  and  h,  are  fitted  with  sliders  upon  tie  angular  edges 
of  the  flat  broad  bars,  i  and  i.  The  fonuer  of  these  is  screwed  fast  to  the  frame ;  the 
latter  is  fixed  upon  a  frame  of  its  own,  moving  on  the  centre  screws,  at  l  l,  beneath  the 
principal  frame  of  the  machine.  By  this  means  the  borer  e  can  be  moved  within  certain 
limilE,  so  as  to  bore  holes  in  different  positions.  These  limits  are  determined  by  two 
screws,  one  of  which  is  seen  at  a;  the  other,  being  on  the  opposite  side,  is  invisible.  They 
are  tapped  through  fixed  pieces  projecting  up  from  the  frame.  A  projecting  piece  of 
metal,  from  the  under  side  of  the  slider  k  of  the  borer  e,  stops  against  the  ends  at  these 
screws,  to  limit  the  escursion  of  the  borer.  The  frames  for  both  borers  are  brought  up 
towards  the  block  by  means  of  levers  m  and  n.  These  are  centred  on  a  pin,  at  Uie  op- 
posite  sides  of  the  frame  of  :he  machine,  ond  have  oblong  grooves  through  Ihem,  nhidi 
receive  screw  pins,  fixed  into  Ihe  frames  c  and  h,  beneath  the  pulleys  i  r,  which  give 
motion  to  the  spindlej. 

5.  The  morlhitig  machine  is  a  beantiful  piece  of  mechanism,  but  too  complicaled  lur 
description  within  the  limits  prescribed  to  this  article. 

6.  The  cwTier  saw.  Jig.  145,  consists  of  a  mandrel,  mounted  in  a  frame  a,  and  carry- 
ing a  circnlat  saw  x.  upon  the  estreme  end  of  it.  This  mandrel  and  its  frame  being 
exactly  similar  to  those  at  c  and  H,  fig,  144,  does  not  require  a  separate  view,  although 
it  is  hid  behind  the  saw,  ejcept  the  end  of  the  screw,  marked  a.  This  frame  is  screwed 
down  upon  the  frame  B  B  of  the  machine,  which  is  supported  upon  four  columns,  c  c, 
D  r>,  is  an  inclined  bench,  or  a  kind  of  trough,  in  which  a  block  is  laid,  as  at  e,  being 
supported  on  its  edge  by  the  plane  c  c  of  this  bench,  and  its  end  kept  up  to  its  position 
by  the  other  part  of  the  bench  n  d. 

By  sliding  the  block  along  this  bench,  it  is  applied  lo  the  saw,  which  cuts  off  its 
angles,  as  is  evident  from  ihe  figure,  and  prepares  it  for  the  shaping  engine.  All  the 
four  angles  are  cut  off  in  succession,  by  applying  its  different  sides  to  the  trough,  ot 
bench.  In  the  figure,  two  of  them  are  drawn  as  being  cat,  and  the  third  Is  just  marked 
by  the  saw.  This  machine  is  readily  adapted  to  diflerent  sizes  of  blocks,  by  the  simple 
expedient  of  laying  pieces  of  wood  of  different  thickness  against  the  plane  d  d,  so  as  lo 
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farther  from  the  saw,  for  all  ttie  Hocli!  an 

ingle,  though,  of  course,  a  Iara;er  piece  is  lo  be  cul 

from  large  than  from  small  bIo<Jis.    The 

block  reduced  lo  the  stale  of  i;  is  now 

taken  io 

7  rfie  shajiing  machim. — A  great 
deal  of  the  apparent  complication  of  this 
figure  B^^es  from  the  jron  cagej  which 
IS  provided  lo  defenil  the  workmen,  lesl 
the  block',  ■which  are  revolving  in  the 
circles,  or  chuck,  with  an  immense 
velocity,  should  he  loosened  by  the  ac- 
tion of  the  tool,  and  fly  out  by  their 
cenlrifugal  force  M  ilhont  Uiis  provi- 
sion the  consequences  of  sOch  an  acci- 
dent would  be  dreadful,  as  the  blocks 
would  he  projected  in  all  directions,  with 
an  inconceivable  force 

8.  The  scoring  engine  receives  two 
blocks,  as  Ihey  come  from  the  shaping 
engine,  and  forms  (he  groove  round 
their  longest  diameters  for  the  reception 
of  their  ropes  or  straps,  as  represented 
in  the  two  snatch  blocks  and  double 
block,  nnder_flgs.  144,  146. 
*,  B,  Jig.  MB,  represent  the  above 
A^d  two  blocks,  each  held  between  two  smal' 
'-^'  pillars  a  (the  other  pillar  is  hid  behinO 
the  block),  fixed  in  a  strong  plate  c,  and 
pressed  against  the  pillars  by  a  screw  b, 
which  acts  on  a  clamp  d.  Over  the 
blocks  a  pair  of  circnlar  planes  or  cut. 
icTE,  E  E,  are  sitaated,  both  being  lixed-on  the  same  spindle,  which  is  turned  by  a  polley 
in  the  middle  of  it.  The  spindle  is  fitted  in  a  frame  r  r,  moving  in  centres  at  £  f,  so 
as  to  rise  and  fall  when  moved  by  a  handle/.  This  brings  Ihe  cullers  down  upon  the 
blocks ;  and  the  depth  to  which  they  can  cut  is  regolaled  by  a  curved  shape  g,  filed  by 
screws  upon  the  plate  d,  between  the  blocks.  Upon  this  rests  a  curved  piece  of  melaj 
ft,  filed  to  the  frame  f,  and  enclosing,  but  not  touching,  the  pulley.  To  admit  the  cut 
ters  to  traverse  the  whole  length  of  the  blocks,  the  plate  d  (or  rather  a  frame  beneath 
it)  is  sustained  between  the  points  of  two  centres.  Screws  are  seen  at  I,  on  these  cen- 
tres. The  frame  inclines  when  the  handle  i.  is  depressed.  AIM  is  a  lever,  wilha  weight 
at  the  end  of  it,  counlerbalancing  the  we^ht  of  the  blocks,  and  plate  c,  all  which  are 
above  Ihc  centre  on  which  they  move.  The  frame  r  is  also  provided  with  a  counterpoise 
to  balance  the  cutlers,  &o.  The  cutlers  e  e  are  circular  wheels  of  brass,  with  round 
edges.  Each  hEis  two  notches  in  its  circumference,  at  opposite  sides;  and  in  these  notches 
chisels  are  fixed  by  screws,  to  project  beyond  the  rim  of  the  wheel,  in  the  manner  of  a 
plane  iron  before  its  face. 

This  machine  is  used  as  follows ; — In  order 
the  two  pins  (only  one  of  which  at  o,  can  be  see 
up  against  it,  so  as  just  to  hold 
as  is  seen  in  the  figure,  each  fur  wi 

made,  in   the   end  of  the   bloc         T 
such  a  segment  of  each  as  wiQ 
taken  out  to  admit  the  cutter  lo 
blocks  into  this  machine,  the  w 
claws  of  Ihe  clamps,  but  takes  car 
they  should  be :  he  then  takes  th         dl 
we  suppose  are  standing  still)  d  po     th 

pins  at  the  same  lime,  till  the  de 
on  the  shape  g.     He  now  turns 


g  put  in 


It  the  sc 


ment  just  described,  to  be  of  no 
so  as  to  incline  the  blocks,  and  k 
handle  /,  Ihey  will  cut  any  depi 
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ilseU^  bat  into  a  frame  se^n  at  r  beneath  the  phite,  which  is  conneeled  with  it  by  ■ 
centre  pin,  exactly  midway  between  the  two  blocks  A  b.  A  spring  calch,  the  end  of 
which  is  seen  at  r,  ccmfiaes  them  ti^elher ;  when  this  catch  is  pressed  bacl;,  the  plate  d 
can  be  turned  about  upon  its  centre  pin,  so  as  to  change  the  blocks,  end  lor  end,  and 
bring  the  unscored  riuarters  (i.  e.  over  the  clamps)  beneath  the  cutlers ;  the  workman 
taking  the  handles  /  and  i,  one  in  each  hand,  and  pressii^  them  down,  cuts  onl  the 
second  auarler.  This  aighl  have  been  effected  by  simply  liiling  up  the  handle  l;  but 
in  that  case  the  cutter  would  have  struck  against  the,  grain  of  the  wood,  so  as  to  cut 
rather  roughly ;  but  by  this  ingenious  device  of  leversii^  the  blocks,  it  always  cuts 
clean  and  smooth,  in  the  direction  of  the  grain.  The  third  end  fourth  quarters  of  the 
score  are  cut  by  turning  the  other  sides  of  the  blocks  upwards,  and  repealing  the  above 
operation.  The  shape  g  can  be  removed,  and  another  put  in  its  place,  for  different  sizes 
and  curves  of  block ;  but  the  sarae  pins  a,  and  holding  clamps  d,  will  suit  many  diflerent 

By  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  art  next 
polished  and  finished  by  hand  labor ;  but  as  this  is  performed  by  tools  and  methods  which 
are  well  inown.  it  is  needless  to  enter  into  any  explanation ;  the  finishing  refiuired  being 
oniy  a  smoolhii^  of  the  surfaces.  The  machines  cut  so  perfectly  true  as  to  require  no 
wood  to  be  removed  in  the  finishing ;  but  as  they  cut  without  r^ard  to  the  irregularity 
of  the  grain,  knots,  &c.,  it  happens  (hat  many  ports  are  hot  so  smooth  as  might  be  wish- 
ed, and  for  this  purpose  manual  labor  alone  can  be  employed. 

The  lignum  vitte  for  the  sheaves  of  the  blocks,  is  cut  across  the  grain  of  the  wool  l^ 
two  cross-cutting  saws,  a  circular  and  stra^ht  saw,  as  before  mentioned.  These  ma- 
chines do  not  essentially  differ  in  their  principle  from  the  great  cross-cutting  saws  we 
have  described,  except  that  the  wood  revolves  white  it  is  cutting,  so  that  asmallsaw  will 
reach  the  centre  of  a  large  tree,  and  at  the  some  time  eut  it  truly  flat.  The  limits  prt.. 
scribed  for  our  plates  will  not  aiimit  of  giving  drawings  of  these  machines,  and  the  idea 
wliich  could  be  derived  from  a  verbal  description  wonld  not  be  materially  different  from 
the  cross-cutting  saws  before  mentioned.  These  machines  cut  off  theu'  plates  for  the  end 
of  the  tree,  which  are  exactly  the  thickness  for  the  intended  sheave.  I'hese  pieces  art 
of  an  irregular  iigure,  and  must  be  rounded  and  centred  in  the  crown  saw. 

9,  The  crown  saw  is  represented  in  Jig.  147,  where  a  is  n  pulley  revolving  b) 
means  of  an  endless  strap.  It  has  the  crown  or  trepan  saw  a  fixed  to  it,  by  a  fcrew  cut 
within  the  piece,  upon  which  the  saw  is  fined,  and  which  gives  the  ring  or  hoop  <£  Ihe 

"'  ■  liability  to  perfonn  its  ofiice.  Both  the  pulleys  and  saw  revolve  tc^lher 
indrieal  tube  b,  which  is  stationary,  being  attached  by  a  flaunch  c  to  n 
iixed  puppet  n  and  on  this  tube  as  an  axis 
the  saw  and  pulley  turn  and  ma)  be  slid 
endwise  by  a  collar  fitted  round  the  centre- 
p  ece  of  Ihe  pulley  and  having  two  iron 
rols  (only  one  of  which  can  he  seen  at  d 
in  the  figure)  passmg  through  holes  mode 
through  the  flaunch  and  pnppet  s  When 
the  sa  V  15  drann  back  upon  its  central  tube, 
the  end  of  the  latter  projects  beyond  the 
teeth  of  the  saw.  It  is  by  means  of  this  fixed 
ring  or  tube  within  the  saw,  that  the  piece 
of  wood  e  is  supported  during  the  operation 
of  sawing,  being  pressed  forcibly  against  it 
by  a  screw  d,  acting  through  a  puppet  fixed 
to  the  frame  of  the  machine.  At  the  end  of 
this  screw  is  a  cup  or  basin  which  applies 
itself  to  the  piece  of  wood,  so  as  to  form  a 
kind  of  vice,  one  side  being  the  end  of  the 
fixed  lube,  the  other  the  cup  at  the  end  of 
the  screw  D.  Within  the  tube  i  is  a  collar 
for  supporting  a  central  axis,  which  is  perfectly  cylindrical.  The  other  end  of  this  axis, 
(seen  at  /,)  turns  in  a  collar  of  the  fixed  puppet  e.  The  central  axis  has  a  pulley  r, 
fixed  on  it,  and  giving  it  motion  by  a  strap  similar  to  the  other.  Close  to  the  latter 
pulley  a  collar  g  is  fitted  on  the  centre  piece  of  the  pulley,  so  as  to  slip  round  freely, 
but  Bl  the  same  time  confined  to  move  endways  with  the  pulley  and  its  collar.  This  col- 
lar receives  the  ends  of  the  two  iron  rods  d.  The  opposite  ends  of  these  rods  are,  as 
above  mentioned,  connected  by  a  similar  collar,  with  the  pulley  A  of  Ihe  saw  a.  Sy  this 
connexion,  both  the  centre  bit,  which  is  screwed  into  tiie  end  of  the  central  axis  /,  and 
the  saw  slidmg  upon  the  fixed  tube  b,  are  brought  forward  to  the  wood  at  Ihe  same  time, 
both  being  in  rapid  motion  by  their  respective  pulleys. 

10.  The  Cooking  Engim. — This  ingenious  piece  of  machinery  is  used  to  cut  the  tlliee 


upon  a  truly  i 
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semicircular  lioles  which  surround  the  hole  hored  by  the  crown  saw,  so  as  to  produce  ■ 
cavity  in  the  centre  of  the  disc. 

II.  Face-iumiag  Lathe. — The  sheave  is  fised  against  a  flat  chuck  at  the  end  of  a 


BLOOD.  (Sans;,  Ft.  ;  Slut,  Germ.)  The  liquid  which  circulates  in  (he  arteries  and 
veins  of  animals ;  bright  red  in  the  former  and  purple  in  the  latter,  among  all  the  tribes 
whose  temperature  is  considerablj'  higher  (ban  that  of  the  atmosphere.  It  consists,  1.  of 
s  colorless  transparent  solution  of  several  substances  in  water;  and,  2.  of  red,  undissolved 
particles  diffused  throi^h  that  solution.  Its  specific  gravity  vanes  with  the  nature  and 
health  ofthe  animal;  being  from  1-0527  to  1-0570  at  60°  F.  It  bas  a  saline  sub-nauseous 
taste,  and  a  smell  peculiar  to  each  animal.  When  fresh  drawn  from  Che  vessels,  it  rapidly 
coagulates  into  a  gelatinous  mass,  called  the  clot,  cruor,  or  crassamentum,  from  which, 
sSler  some  time,  a  pale  yellow  fluid,  passing  into  yellowish  green,  oozes  forth,  called  the 
terum.  If  the  warm  blood  be  stirred  with  a  bundle  of  twigs,  as  it  flows  from  the  veins, 
the  fihrine  concretes,  and  forms  long  Rbres  and  knots,  while  it  retains  ils  usual  appear- 
ance in  other  respects.  The  clot  contains  fibrine  and  coloring  matter  in  vaiioas  pro- 
portions. Berzelius  found  in  100  parts  of  the  dried  clot  of  blood,  35  ports  of  fibrine ; 
5S  of  coloring  uialter;  1-3  of  carbonateofsoda;  4  of  an  animal  matter  soluble  in  water, 
along  with  some  salts  and  fat.  The  specific  gravity  of  the  serum  varies  from  1-027  to 
1-029.  It  forms  about  three  fourths  of  the  weight  of  the  blood,  has  an  alkaline  reaction, 
coagulates  at  167°  F.  into  a  gelatinoas  mass,  and  has  for  its  leading  constituent  aflmmen 
to  (he  amount  of  8  per  cent.,  besides  fat,  potash,  soda,  and  salts  of  these  bases.  Blood 
does  not  seem  to  contain  any  gelatine. 

The  red  coloring  matter  called  kemaline,  may  he  obtained  from  the  cruor  by  washing 
with  cold  water  and  filtering. 

Biood  was  at  one  time  largely  employed  for  clarifying  sirup,  but  it  is  very  sparingly 
used  by  the  sugar  refiners  in  Great  Britain  of  the  present  day.  It  may  be  dried  by  evapo- 
ration at  a  heat  of  130°  or  140°,  and  in  this  slate  has  been  transported  to  the  colonies  for 
purifying  cane  juice.  It  is  an  ingredient  in  certain  adhesive  cements,  coarse  p^ments  for 
licotecting  walls  from  the  weather,  for  making  animal  charcoal  in  the  Prussian  blue  woriis, 
Hiid  by  an  after  process,  a  decolorii^  carbon.  It  is  used  in  some  Turkey  red  dye-wotks, 
DIood  is  Q  powerful  manare. 
BLOWING  MACHINE.  See  Ikon,  Metalldhgt,  VENTitArioK. 
BLOWPIPE.  (Chabtmean,  Ft. ;  Lothrohre,  Germ.)  Jewellers,  mineralogists,  chem- 
isis,  enamellers,  &c.,  make  frequent  use  of  a  lube,  nsuolly  bent  near  the  end,  terminated 
with  a  finely  pointed  nozzle,  for  blowing  through  the  flame  of  a  lamp,  candle,  or  gas-jet, 
and  producing  thereby  a  small  conical  flame  possessing  a  very  intense  heat.  Modifica- 
tions of  blow  pipes  are  made  with  jets  of  hydrogen,  oxygen,  or  the  two  gases  mried  in 
due  proportions. 

BLUE  DYES.  (Teint,  Germ.  See  Ehamel.)  The  materials  employed  for  this  jmr- 
pose  are  indigo,  Prussian  blue,  k^wood,  bilberry,  (nacctnium  myiiillua,)  eUer  berries, 
(sumtBCKs  nigra,)  mulben-ies,  privet  berries,  (liguslrttm  rulgare,}  and  some  other  berries 
whose  juice  tecomes  blue  by  the  addition  of  a  small  portion  of  alltnli,  or  of  the  salts  of 
copper.  For  dyeing  with  the  first  three  articles,  see  them  in  their  alphabetical  places.  I 
shall  here  describe  the  other  or  minor  blue  dyes. 

To  dye  blue  with  such  berries  as  the  above,  we  boil  one  pound  of  Ihem  in  water,  add- 
ing one  ounce  of  alum,  of  copperas,  and  of  blue  vitriol,  to  the  decoction,  or  in  their  sleai 
equal  parts  of  verdigris  an  :  tartar,  and  pass  the  stuffs  a. sufficient  time  through  the  liqnor. 
When  an  iron  mordant  alone  is  employed,  H  steel  bine  tint  is  obtained;  and  when  a  tin 
one,  a  blue  with  a  violet  cast.  The  privet  berries  which  have  been  employed  as  sap 
colors  by  the  card  painters,  may  be  extensively  used  in  the  dyeing  of  silk.  The  berrie* 
of  tie  African  night-shade  (solamim  gaiveenie)  have  been  of  late  years  considerably  ap- 
plied to  silk  on  the  continent  in  producing  various  shadesof  blue,  violet,  red,  brown,  &c., 
but  partkularly  violet.  With  aUnalis  and  a^ids  these  berries  have  the  same  habilttdes  as 
bilberries;  the  former  turning  them  green,  the  latter  red.  They  usually  come  from 
Italy  compressed  in  a  dry  cake,  and  are  infused  in  hot  water.  The  infusion  is  merely 
filtered,  and  then  employed  withont  any  mordant,  for  dyeing  silk,  being  kept  at  a  warm 
temperature  by  surrounding  the  bath  vessel  with  hot  water.  The  goods  must  be  winced 
for  six  hours  through  it  in  order  to  be  saturated  wilh  color ;  then  they  are  to  be  rinsed 
in  running  water  and  dried.  One  pound  of  silk  requires  a  pound  and  a  half  of  the  berry, 
cake.  In  the  residuary  bath,  other  tints  of  Wue  may  be  given.  Sometimes  the  dyed 
silk  is  finished  by  running  It  through  a  weak  alum  water.  A  color  approaching  to  in- 
digo in  pErmanence,  but  which  diflers  from  it  in  being  soluble  in  alkalis,  though  inca- 
pable of  similar  disoxydizement,  is  the  gardenia  gempn  and  acuJeata  of  South  America, 
whose  colorless  juici'  becomes  dark  bine  with  contact  of  air;  and  dyes  stufls,  the  skin. 
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,Q  unchangeable  deep  blue  color,  but  the  juice  must  be  applied  in  tile  color- 


and  nails  of  at 
letui  state, 

BLUE  PIGMENTS.  Several  metallic  compounds  poaseaj  a  blue  color;  especially 
those  of  iron,  cobalt,  and  moiybdenum.  The  metnllic  pigments, little  if  at  nil  employed, 
Liut  which  maj  be  foand  useful  id  particular  coses,  are  the  molybdate  <^mercui'v.  the 
liydro-sulphuret  of  tungsten,  the  prussiate  of  tungsten,  the  moljbdate  of  iJii,  the  oxide  of 
coppei'  darkened  with  ammonia,  the  silicate  of  copper,  and  a  fine  violet  color  formed 
from  manganese  and  molybdeouni.  The  blues  of  vegetable  oriain,  in  common  ua^  are  in- 
digo, litmus,  and  blue  e^es.  The  bine  pigments  of  a  metalHc  nature  found  in  com- 
merce are  the  following ;  Pmaian  Wwe  ;  mountain  blue,  a  carbonate  of  copper  mixed  with 
more  or  less  earthy  matter ;  Bremen  Um  op  verditer,  a  greenish  blue  color  obtained 
tram  copper  mixed  with  chalk  or  lime;  iron  blw,  phosphate  of  iron,  little  employed; 
cobalt  tfiie,  a  color  obtained  by  calcining  a  salt  of  cobalt  with  alumina  or  oxide  of  tin; 


crucible  till  the  naisture  ceases  to  swell,  th'in  pouring  it  upon  a  slab,  putting 
water,  and  saturating  the  alkali  with  sulphuric  acid.    The  liquor  becomes  mue,  and 
iets  fall  a  dark  blue  precipitate,  -which  becomes  of  a  brilliant  blue  color  when  heated. 

Molybdenum  blue  is  a  eombinalion  of  this  metal,  and  oside  of  tin,  or  phosphate  of 
iTn.n     Tt :.  ""tployad  both  as  a  paint,  and  an  enamel  color,    A  blue  may  also  be  ob- 


.ained  by_  putting  into  molybdic  acid  (made  by  digesting  snlphuret  of  molybt 
ivith  nitric  acid)  some  filings  of  tin  and  a  little  muriatic  acid.    'Hie  tin  dcoi 


lybdenum 
with  nitric  acid)  some  filings  of  tin  and  a  little  muriatic  acid.  'Hie  tin  dcoxidizeB 
the  molybdic  acid  to  a  certain  degree,  and  converts  it  into  the  molybdous,  which, 
when  evaporated  ond  heated  with  alumina  recently  precipitated,  forms  this  blue  pig- 
ment    Uttramarine  is  a  beautiful  blue  pigment,  which  see. 

BLTIEl.    Tumbull's  and  Chinese  are  both  doable  cyanides  of  iron. 

BLUE  VITRIOL;  sulphate  of  copper. 

BOILERS  {congtmction  of). — The  modifications  of  Uie  steam  engine  which  have 
been  adopted  since  its  introduction  by  Watt,  three  quarters  of  a  century  ago,  have  been 
very  numerous  and  varied ;  and  although  the  progression  in  its  applications  and  improve- 
ments hasbeenmostrapidand  wonderful,  we  are  HlJlI  undecided  as  to  the  beat  form  of 
its  constmotion.  Sound  principles  scientifically  applied,  and  the  gradually  increasing  es- 
celleneeof  oarmecbanical  workshops,  have  enabled  us  to  attain  the  great  perfection 
which  characterizes  the  working  parts  of  the  modem  steam  engine.  The  steam  engine 
itself  may  be  regarded  as  a  comparatively  perfect  machine,  and  therefore  we  shall  confine 
our  observations  almost  exclusively  to  that  very  important  and  necessary  adjunct — the 
Boiler — which  is  the  source  of  its  power.  Witt  this  limitation,  a  very  wide  field  of  in- 
quiry is  opened  out,  and  in  the  earliest  steps  of  the  iuvestigation  we  beoome  perplexed 
with  the  endless  variety  of  forms  and  constructions  which  at  different  periods  have  been 
adopted  by  engineers,  and  which  have  never,  unfortunately,  received  the  same  judicious 
attention  fiiat  was  paid,  as  I  have  already  remarked,  to  the  steam  enpne.  This  is  an  ano- 
malous and  much  to  be  regretted  &c^  for  the  boiler,  being  the  source  of  the  motive  pow- 
er, is  undoubtedly  one  of  the  most  important  parts  of  the  whole  machine.  Upon  ila 
proper  progortioas  and  arrangements  for  the  generation  of  steam,  depend  the  economv 
and  regularity  wi  .h  which  the  engine  can  be  worked,  and  upon  its  strength  and  excel- 
lence of  ■worfanansnip  depends  the  safety  of  the  lives  and  property  of  those  whoeomein 
contact  with  it.  Regarding  tba  steam  engine  as  one  of  the  most  active  agents  in  the 
extension  of  our  prosperity,  and  in  tba  civilization  of  the  world,  and  seeing  how  it  is 
mixed  up  with  the  daily  duties  and  working  of  society,  Ibe  safety  and  efficiency  of 
every  part^  and  more  especially  the  boiler,  are  subjects  of  national  importance ;  and 
it  is  of  great  consequence  to  introduce  here  such  knowledge  and  experience  on  this 
subject  of  deep  interest  as  has  been  offered  by  William  Fairbaim,  Esq. 

"The  boiler  may  be  considered  in  its  construction,  management,  security,  andeeo 
nomy,  1st.  As  to  the  construction.  Here  I  shall  have  to  go  a  little  into  detail,  in 
order  to  show,  in  construction,  the  absolute  necessity  there  exists  for  adhering  to  form 
and  other  considerations  essential  in  the  practice  of  mechanical  engineers,  so  as  to 
effect  the  maximum  of  strength,  with  the  minimum  of  material.  In  boilers  this  is  the 
more  important,  as  any  increase  in  the  thickness  otthe  plates  obstructs  the  transmis- 
lion  of  heat,  and  exposes  the  rivets  as  well  as  the  plates  to  injury  on  the  side  exposed 
to  the  action  of  the  furnace. 

"It  has  generally  been  supposed  that  the  rolling  of  boiler  plate  iron  gives  to  the 
sheets  greater  tenacity  in  the  direction  of  their  length  than  in  that  of  their  breadth  ; 
this  is,  nowever,  not  correct ;  as  a  series  of  experiments  which  Mr.  FMrbairn  made 
some  years  since  fully  proves  that  there  is  no  difference  in  tbe  tensile  strength  of 
boiler  plates  whether  torn  asunder  in  the  direction  of  the  fibre,  or  across  it  From 
6ve  different  sorts  of  iron  the  following  results  were  obtained :— 
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"  From  thifl  it  appears  that  we  may  safely  use  iron  plates  in  the  construction,  of 
hoiler^  in  whatever  direction  maT  beat  suit  the  eonTenienoe  of  the  mijcer.  Next  to 
the  tenacity  of  the  platoa  oomea  tho  question  of  riveting,  or  the  b^t  and  surest  raeima 
of  securing  them  together.  On  this  part  of  the  Bubject  we  have  been  widely  astray, 
and  it  requires  some  skill,  and  no  inooneiderahle  attention,  in  conducting  the  experi- 
ments, to  convince  the  unreflecting  portion  of  the  public,  and  even  some  of  our  boiler 
maters,  that  the  riveted  joints  were  not  stronger  than  the  plate  itself.  At  first  sight 
this  would  appear  the  case,  hut  a  moment's  reflectaoQ  will  soon  convince  as  to  the 
contrary,  as,  m  punching  holes  along  the  edge  of  a  plate,  it  is  obvious  that  the  plate 
must  be  weakened  to  the  extent  of  the  sectional  areas  punched  ouf^  and  that  it  is 
next  to  impossible,  under  the  drcumatances,  to  retain  the  same  strength  in  the  mate- 
rial after  such  diminution  haa  been  effected,  as  existed  in  the  pvevioualy  aolid  plate. 
This  was  clearly  demonstrated  by  a  series  of  espevimenta,  which  took  pkce  some 
years  since,  and  in  which  the  strength  of  almost  evei^  description  of  riveted  joints 
was  determined  by  tearing  them  directly  asunder.  The  resnlts  obtained  from  these 
eqieriments  were  conclusive,  as  regards  the  relative  strength  of  riveted  jointa  and  ^le 
solid  platea.  In  two  different  kinds  of  joints — double  and  single  riveted — the  strength 
was  found  to  be,  in  the  ratio  of  the  plate,  aa  the  numbci-s  IIW,  70  and  56. 

"Assuming  the  strength  of  the  plate  to  be         -        .        -        .        .        loO 
The  strength  of  a  double  riveted  joint  would  be,  after  allowing  for 

the  adhesion  of  the  surfaces  of  the  plpte 70 

And  the  strength  of  a  single  riveted  jomt  -        -        .        .        .  gg 

"These  proportions  of  the  relative  strengths  of  plates  and  joints  may,  therefore,  in 

pvactice  be  safely  taken  as  the  atandard  value,  in  the  construction  of  vessels  required 

to  be  steam  and  water  tight^  and  subjected  to  pressure  varying  from  10  lbs  to  100  lbs. 

on  the  square  inch. 

"In  the  construction  of  boilers,  exposed  to  severe  internal  pressure,  it  is  desirable  to 
establish  such  forms,  and  so  to  dispose  the  matei-ial  as  to  apply  the  greatest  strength  in 
the  direction  of  the  greatest  strain ;  and  in  order  to  accomplish  this,  it  will  he  neceasary 
to  consider  whether  the  same  arrangement  be  required  for  all  diameters,  or  whether  the 
form  as  well  as  the  disposition  of  Qie  platea  should  not  be  changed  To  determine 
theae  questions  in  cylindrical  boilers,  recourse  must  be  had  to  experiment,  or  sneh  de- 
duction as  may  apply  to  any  ^ven  caae,  and  such  as  is  founded  upon  unerring  data, 
derived  fi'om  experimental -research.  On  this  head  I  am  fortunate  in  having  before 
me  the  calculations  of  Professor  W.  K.  Johnson,  of  the  Franfelin  Institute  of  America, 
whose  inquiries  into  the  strength  of  cylindrical  boilers  are  of  great  value,  and  from 
which  the  following  short  abstract  may  be  useful. 

"  lat.  To  know  the  foi'oe  which  tenda  to  bnrst  a  cylindi'ical  vessel  in  the  lon^tudi- 
nal  direction,  or,  in  other  words,  to  separate  the  head  from  the  curved  sides,  we  have 
only  to  consider  the  actual  area  of  the  head,  and  to  multiply  the  units  of  surface  by 
the  number  of  units  of  force  applied  to  each  aupet6cial  unit  Tliia  will  give  the  total 
divellent  force  in  that  direction. 

"To  counteract  this,  we  have,  or  may  bo  conceived  to  have,  the  tenacity  of  aa 
many  longltndinal  bars  as  there  are  lineal  nnita  in  the  circumference  of  the  cylinder. 
The  anited  strength  of  these  bars  constitutes  the  total  retaining  or  qaUscent  force, 
and  at  the  moment  when  rupture  is  about  to  take  place  the  divellent  and  tlie  quies- 
cent forces  must  obviously  be  equaL 

"2d.  To  ascertain  the  amount  of  foroewhich  tends  to  rupture  the  cylinder  along  the 
curved  side,  or  rather  along  the  opposite  sides,  we  may  regard  the  pressure  aa  applied, 
through  the  whole  breadfli  of  the  cylinder,  upon  each  lineal  unit  of  the  diameter. 
Hence  the  total  amount  of  force  which  would  tend  to  divide  the  cylinder  in  halves,  by 
separating  it  along  two  linea,  on  opposite  aidea,  would  be  rcpri^ented  by  multiplying 
the  diameter  by  the  force  exerted  on  each  unit  of  aui-face,  and  this  product  by  the  length 
of  the  cylinder.  But  even  without  regarding  the  length,  we  may  consider  the  force 
requisite  to  rupture  a  ^ngle  band  in  the  direction  now  supposed,  and  of  one  lineal  ucit 


ill  breadtU ;  Mnce  it  obvinusly  makes  no  difference  whether  tbe  eylindeP  be  long  or 
sUiirt,  in  rospeet  tii  tliB  ease  or  diffii'ijlty  of  separating;  the  aides.  The  divellent  fopue  in 
thia  direction  ia,  thirefore,  truly  represented  bj  the  diameief  multiplied  by  the  pres- 
sure per  unit  of  siirfiiee.  The  retaining  o.'  quiescent  force,  in  tbe  same  direction  ia 
only  tbe  strength  or  tenacity  of  the  two  apposite  sides  of  the  supposed  bond.  Hei'e 
qIsii,  at  the  moment  when  a  rupture  is  about  to  o<«ur,  the  divelient  force  must  exactly 
ei{u!il  the  quiescent  force, 

"  Mr.  Johnson  then  goes  on  to  show  that  as  the  diameter  is  increased,  the  product 
oflhe  diameter  and  the  force  or  pressure  peranit  of  surface,  are  increased  in  the  samo 
ntio.  Thia  truth  I  shall  endeavor  to  prove  ;  ns,  also,  that,  as  tbe  diameter  of  any 
cyiindricaL  vessel  is  increased,  the  thickness  of  the  metal  must  also  be  increased  in  tlie 
exact  ratio  of  the  iocresse  of  the  diameter:  the  pressure,  or  as  Mr.  Johnson  calls  il,  the 
divelient  force,  being  the  same  when  the  diameter  of  a  boiler  is  increa-ed,  it  must  be 
borne  in  mind  that  iJie  area  of  the  ends  is  also  increased,  not  in  the  ratio  of  the  diameter 
hut  in  the  ratio  of  ilie  square  of  the  diameter :  and  it  will  be  eeec  thitt  instead  of  the 
force  being  doubled,  as  is  the  case  in  the  direction  of  the  diameter  and  circumference, 
it  is  quadrupled  upon  the  ends,  or.  what  is  the  same  thing,  a  cylinder  double  the  dia- 
meter of  another  cylinder  has  Ia  sustain  four  times  the  pressure  in  tbe  lon^tudinal 
direction.  The  retaining;  force  of  the  thickness  of  the  racial  of  a  cylindrical  boiler  does 
nul^  however,  tnci-ease  in  the  same  ratio  ns  the  area  of  the  (ircle,  but  simply  in  the 
ratio  of  the  diameter;  consequently,  the  thickness  of  the  metal  will  require  to  be  in- 
Gieased  in  the  enme  ratio  as  the  diameter  is  increased.  From  this  it  appears,  that  the 
tendency  to  i-upture  by  blowing  out  the  ends  of  a  cylindHcal  boiler  will  nut  be  )i;reater 
in  tills  direction  than  it  is  in  any  other  direction  ;  we  may  therefore  safely  oonclude, 
since  we  have  seen  Chat  the  tendency  t«  rupture  increases  in  both  directions  ia  the 
ratio  of  the  diameter,  that  any  deviation  from  that  law,  as  regards  the  thickness  of 
the  plates,  would  not  increnae  the  strength  of  He  boiler. 

"  1  have  been  led  to  these  inquiries  from  the  ciicumstauce  that  Mr.  Johnson  appears 
to  reason  on  the  supposition  that  there  are  no  joints  in  the  |Jal*B,  and  tliat  the  tena- 
city of  the  iron  is  equal  to  60,000 lbs. — rather  more  than  26  tons  lo  the  square  inch. 
Kow,  we  have  shown  by  the  results  of  the  experiments  already  adduced,  that  ordinary 
biiiler  pistes  will  not  bear  more  than  23  tons  to  tite  square  inch ;  and,  as  nearly  one 
third  of  the  material  is  punched  out  for  the  reception  of  the  rivets,  we  must  still 
further  reduce  the  strength,  and  take  15  tons  or  about  34,000  lbs.*  on  the  square  inch 
as  the  tenacity  of  the  material  or  the  pressure  at  which  a  boiler  would  bnrat. 

"  This  I  should  consider  in  practice  as  the  maximum  power  of  resistance  of  boiler 
nlates  in  their  riveted  state,  and  I  will  now  endeavor  to  show  yon  in  a  very  concise, 
and  I  trust  not  uninteresting  inveatigation,  the  bearing  power  of  boilers,  and  the 
pressure  at  which  they  can  be  worked  with  safety.  Ithaa  been  stated  that  the  streiigtli 
of  eylinilrieal  boilers,  when  taken  in  the  direction  of  their  circumference,  is  in  the  ratio 
of  their  diameters,  and  when  taken  in  llie  direction  of  the  ends,  as  tbe  s^nares  of  the 
diameters, — a  proposition  which  it  will  not  be  difficult  to  demonstrate,  as  applica- 
ble to  every  description  of  boiler  of  the  cylindrical  form.  It  will  be  seen,  however,  that 
the  Btr^n  is  not  exactly  the  aame  id  every  direction,  and  that  there  is  actually  less 
upon  the  material  in  the  longitudinal  direction  than  there  ia  upon  the  ciicumference. 
Fur  e.^ample,  let  us  take  two  boilers,  one  three  feet  diameter  and  the  other  six  fect^  and 
suppose  each  to  be  subject  to  a  pressure  of  40  lbs.  on  the  square  inch.  In  thia  condi- 
tion, it  ia  evident  that  the  area  or  number  of  square  inches  in  the  end  of  a  three-feet 
boiler  is,  to  that  of  the  area  of  the  six-feet  boiler,  as  1  to  4 ;  and,  by  a  common  process 
of  arithmetic,  it  wilt  be  found  that  the  edges  of  the  plates  forming  the  cylindrical  part 
of  the  three-feet  boiler  are  subject  (at  40  lbs,  on  the  square  inch)  to  a  pressure  ol 
40,71211)8.,  upwards  of  iS  tons:  whereas  the  plates  of  the  six-feet  boiler  have  to  sus- 
tain a  pressure  of  182,848  lbs.,  Or  72  tons,  which  ia  qnadruple  Ihe  force  to  which  the 
boiler  only  one  half  the  diameter  is  exposed ;  and  the  circumference  being  only  as  2 
to  1,  there  is  necessarily  double  the  Strain  upon  the  cylindrical  platesof  the  large  boiler. 
Kow  this  is  not  the  cnse  with  the  other  parts  of  the  boiler,  as  the  circumference  of  a 
cylinder  increases  only  in  the  ratio  of  tlie  diameter;  consequently,  the  presaure,  in. 
stead  of  beini;  increased  in  the  ratio  of  the  sijuare  of  the  diameter,  ns  shown  in  the 
ends,  is  only  iloubled,  the  circumference  of  the  sijt-feet  boiler  being  twice  that  of  the 
tliree-feet  boiler. 

"  Let  us  for  the  sake  of  illnstration,  suppose  the  two  cjlindiical  boilers,  such  as  we 
have  described,  t«  be  divided  into  a  series  of  hoops  of  one  inch  in  width  ;  and,  taking 
one  of  these  hoops  in  the  three-feet  bailer,  we  shall  Sod  itexposed,ata  pressure  of  40  lbs. 
on  the  square  inch,  to  a  force  of  1,44011m.,  acting  on  each  side  of  a  line  drawn  through 


*  Br  e  Jixsriment  B  Is  fiHind  tbnt  the  attonsth  of  the  rivetsd  lolnta  of  Mlers ! 
.rtnglhiifllie  [it»IeltBFir:bnttiikIng-n<toci'D3<<l{>tiitlon  tiienoseln^oftlicj'ifi 
Lily  be  Iskcn  asUic  WnaciLj  of  Ihs  rlvelsd  plates,  or  tho  bursting  prcssuri?  uf  ac 


7  about  one-hdf  the 


^.-^~~^  of  120  lbs.,  ar.d,  assult 

/'"'^      ^,  comes  equal  to  the  t 

/  \  is  evident^  in  this  ets 

H *;i» — 3)  least  preponilerKnne 
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the  nxis  of  a  evlinder  S6  inches  diaraetev  und  1  inch  in  aepth,  imd  whieh  line  forms  th« 
diameter  of  tfie  circle.  Mow,  tliis  force  causes  a  stiain  upon  the  points  a  n  in  tha 
directioa  of  the  bttows  in  lh«  annexed  diagram  of  the  three-feet  circle, 
of  120  lbs.,  ar.d,  assuining  the  presaure  tit  be  increased  till  the  force  b»- 

'  '0  the  tenacity  or  retaining  powers  of  the  iron  at  a  o,  it 

this  state  or  the  equilibiinm  of  the  two  forces,  that  the 

.  ..  t  preponileranne  on  the  side  of  the  internal  pressure  would  insure 

y  /  fi'ncture.     And  suppose  we  take  the  plates  of  which  the  boilci'  is 

\,_^        ji'     composed  at  one  quarter  of  an  inch  thick,  and  the  ultimate  strength  at 
a  .U,0001ba.on  the  sqvare  inch,  we  shall  have  ^^  — 412  per  square 

inch,  as  the  bursting  pressure  of  ihe  boiler.  Again,  as  the  forces  in  this  direction 
are  not  as  the  aquai-es,  bat  simply  m  the  diameters,  it  is  clear  that  at  40  lbs.  on  tha 
square  inch  we  have  in  a  hoop  an  inch  in  depth,  or  that  portion  of  a  cylinder  whose 
diameter  is  wx  feeti  exactly  double  Ihe  force  applied  to  the  points  b  b,  which  was  aelLng 
1  ia  on  thn  points  a  a,  w;  tha  diameter  of  three  feet.     Kow,  as- 

s  the  plat«s  to  be  a  quarter  of  an  inch  thicli,  as  in  the 
feet  boiler.it  follows,  if  the  forces  at  the  same  pressure 
\jc  doubled  in  ihe  large  cylinder,  that  the  thickness  of  the 
'  ites  ma-'t  also  be  doubled  in  order  to  sustain  the  same 
assure  with  equal  seeurity;  or  what  is  the  same  thing, 
!  sis-feet  boiler  must  be  worked  at  half  the  pressure, 
_..  order  to  insure  the  same  d^ree  of  safety  as  attained  in 
)   the  three-feat  boiler  at  double  the  pressure.     From  these 
facts  it  maybe  useful  to  know,  that  boilers  havingiocreased 
dimensions  sliould  also  have  increased  strength  in  the  ratio 
of  their  diameters;  or,  in  other  words,  the  plates  of  a  sis- 
feet  boiler  should  be  double  the  thiekiicss  of  the  plates  of 
a  three-feet  boiler,  and  so  on  ia  proportion  as  the  diameter 

"The  relative  power  of  force  applied  to  cylinders  of  different  diameters  beeomeamoro 
strikingly  apparent  when  we  reduce  them  to  their  equiralenta  of  strain  per  squareinoh, 
as  applied  to  the  ends  and  ciroumfercnoe  of  the  boiler  respectively.  In  the  three^faet 
boiler,  working  at  40  lbs.  pressure,  wa  have  a  force  equal  to  720  lbs.  upon  an  inch 
width  of  plate,  and  one  quarter  of  an  inch  thick,  or  720  by  4  —  H,880  lbs.,  the  foree 
per  square  inch  upon  every  point  of  the  oiroumfeience  of  the  boiler.  Let  us  now  com- 
pare tliis  with  the  oetnal  strength  of  the  riveted  plates  themselves,  which,  taken  as 
before,  at  34,000  lbs.  on  the  square  ioch,  we  arrive  at  the  ratio  of  pressure  as  ap- 
plied to  the  strength  of  the  cireumferanoe,  as  2,880  to  34,000,  nearly  as  1  to  12,  or  472  lbs. 
per  square  inch,  as  the  ultimate  strength  of  tlie  riveted  plates. 

"These  deductions  appear  to  be  true  in  every  case  as  regards  the  resisting  powers 
of  cylindrical  boilers  to  a  force  radiating  in  every  direction  from  the  axis  towards  the 
cireumferenoe ;  but  the  same  reasoning  is,  however,  not  maintained  when  applied  to 
the  ends,  or,  to  speak  technically,  to  Hie  angle  iron  and  riveting,  where  the  ends  are 
attached  to  the  eiroumference.  Now,  to  prove  this,  let  na  take  the  three-feet  boiler, 
where  we  have  118  inches  in  the  circumference;  and  pipon  thiscircularlme  of  connec- 
tion we  have,  at  401bs.  to  the  square  inch,  to  sustain  a  pressure  of  16  tone,  which  is 
equal  to  a  strain  of  360  lbs.,  acting  longitudinally  upon  every  inch  of  the  circumfer 
enco.  Apply  the  same  force  to  a  six-feet  boiler,  with  a  circumference  or  line  of  con- 
nection equal  to  226  inches,  and  we  shall  find  it  exposed  to  exactly  four  times  the 
foree,  or  12  tons;  but,  in  this  case,  it  must  be  borne  in  mind,  that  the  circumference 
is  doubled,  and  consequently  the  strain,  instead  of  beinij  in  the  quadruple  ratio,  is 
only  doubled,  or  a  force  equal  to  120  lbs.  acting  longitudinally,  as  before,  upon  every 
inch  of  the  circumference  of  the  boiler.  From  these  facta  we  come  to  the  conclusion, 
that  the  strength  of  cylindrical  boilers  is  in  the  ratio  of  their  diameters  if  taken  in  the 
line  of  curvature,  and  as  the  squares  of  the  diameters  as  applied  to  the  ends  or  their 
sectional  area;  and  that  all  descriptions  of  cylindrical  tubes,  to  bear  the  same  pres- 
suie,  must  be  increased  in  strength  in  the  direction  of  their  circumference  simply  as 
their  diameters,  and  in  the  direction  of  the  ends  aa  the  sqnares  of  the  diameters.     _ 

"  Again,  if  we  refer  to  the  eomparalave  merits  of  the  folates  composing  cylindrical 
vessels  aubjeoted  to  internal  pressure,  they  will  be  found  in  this  anomalous  condition, 
tliat  the  strength  in  their  longitudinal  direction  is  twice  that  of  the  plates  in  thecHrvi- 
linear  direction.  This  appears  by  a  comparison  of  the  two  forces,  wherein  we  have 
shown  that  the  ends  of  the  three-feet  builer.atiOlbs.  internal  pressure,  sustain  360  lbs. 
of  longitudinal  strain  npon  each  inch  of  a  pliite  a  qnarter  of  an  inch  thick ;  whereas  tha 
same  thietness  of  plates  has  to  bear  in  the  curvilinear  direction  a  strain  of  1 20  Iba 
!l"hi=Jifcrcnec  of  strain  is  a  difficulty  not  easily  overcome  ;  and  all  that  we  can  accom- 


plisli  ia  thia  case  will  be  to  exercise  a  sound  judgment  in  crossing  tlia  joints,  in  th» 
quality  of  the  workniaiiHliip,  and  tlie  distribution  of  the  material.  For  the  nttHin- 
mentoF  these  objects,  Ihv  following  table,  whith  eichi bits  the  pri'portionate  Stiength  gf 
cytindricol  boilers  from  three  to  ^ight  fei^t  in  diameter,  may  be  useful. 


FL     Inch. 

460  lbs. 

■350 

3         f. 

■291 

4         0 

■333 

4         6 

■376 

■416 

■458 

-mio 

■641 

7         0 

1          8 

■0-25 

8        0 

- 

■666 

"Boilera  of  the  simple  form,  and  withi-iit  internal  flues,  are  subjecleJ  only  to  one 
epeoiesof  3tr«n;  but  those  constructed  with  internal  flues  are  exposed  to  the  aiime  ten- 
sile force  which  pervades  the  simple  form;  and,  fui^ther,  to  the  force  of  eompressjon 
which  tends  to  collapse  or  crush  the  material  of  the  internal  flues.  In  the  cyfindrieal 
boiler  with  round  flues,  the  forces  are  divAging  from  the  central  axis  as  regards  the 
outer  shell,  and  converging  as  applied  to  every  separate  flue  which  the  boiler  contains. 

"These  two  forces  in  a  steam  biiiler  are  in  constant  operation  ;  the  tendency  of  the 
one  being  to  tear  up  tlii' external  plates  and  force  uuttheenda,andthe  other  to  deslroy 
the  form  and  t«  force  the  materiafiiit"  the  central  areaof  the  floes.  Theae  two  forces 
operate  widely  different  nponthereaiating  powers  of  the  boiler,  which,  taken  in  the  di- 
rection of  its  exterior  envelope,  has  tn  resist  a  tensilestrain  operating  in  every  direction 
from  within,  and  the  internal  flnes  acting  as  an  arch  oflrer  a  powerful  resistance  tocom- 
preeaion  from  without.  It  might  be  inatrnutive  as  weli  as  interesting  to  exhibit  the 
nature  of  theae  powers,  and  dctermii^  the  law  by  which  vessels  of  this  description  are 
retained  in  ahape,  but  this  can  only  be  done  by  experiment;  and  as  these  experiments 
would  have  to  be  oonducied  upon  a  lawe  scale,  and  with  great  accui-aoy,  in  order  to 
arrive  at  satiifnetory  reaulla,  we  must  abandon  the  idea  for  the  present,  and  content 
ourselves  with  such  infoi^raotlon  as  we  already  possess.  'At  somefutui-o  period  I  may 
possibly  devote  my  attention  to  tliis  subject.  It  ia  one  of  Kieat  importance  ;  and  a 
series  of  well-conducted  experimenta  would,  I  make  no  donbt,  supply  valuable  data 
in  the  varied  requii^ementa  of  boiler  oonatrnction,  and  their  comparalive  powera  of 
rcfiiatanee  to  the  united  foreeof  tension  and  compression.' — (Mr.  Fairbairn't  Ltcture.) 

"From  the  existing  state  of  our  knowledge,  we  must  rest  aatisfied  with  the  fact,  that 
the  reaialine  powers  of  cylindrical  flues  to  compression  will  be  directly  as  their  dia- 
meters; and  we  may  therefore  conclude  that  a  circular  flue  IS  inches  in  diameter  will 
reai*t  double  the  pi-essure  ot  one  3  feet  in  diametei^.  Hence  it  follows  that  the  resist- 
ance of  wrought  iron  plates  of  the  circular  form  i^  to  the  force  of  compression  as  theii 
diameters — ^e  sam^  but  with  greatly  diminished  powers,  as  compared  with  the  re- 
sistanoe  of  wi-onght  iron  cylindrical  plates  to  tension. 

"To  show  the  amount  of  strain  npon  a  high-pressure  boiler  30  feet  long,  B  feet  dia- 
meter, having  two  centre  fluea,  each  2  feet  3  inches  diametei^,  working  at  a  pressure  of 
50  lbs.  on  the  aquarc  ineb.  we  have  only  to  multiply  the  number  of  square  feet  of  sur 
face,  1,030,  exposed  to  pressure,  by  321.  and  we  have  the  force  of  8.319  tons,  which  a 
boiler  of  these  dimensions  has  to  sustain.  I  mention  this  to  show  that  the  atatistiesof 
pressure  when  worked  out  are  not  only  curious  in  themselves,  but  inatruetive  as  regards 
a  knowledge  of  the  retaining  powers  of  vessels  so  extensively  used,  and  on  which  the 
bread  of  thoaaands  depends.  To  pursue  the  subject  alittlo  further,  let  ub  anppoaethe 
pressure  to  be  at  450  lb*,  on  the  square  inch,  which  a  weil-construoted  boiler  of  thia 
description  will  bear  before  it  burets,  and  we  have  the  enormona  force  of  28,871,  or 
nearly  30,000  tona,  bottled  up  within  a  cylinder  SO  feet  long  and  6  feetdiamEter. 

"T'his  is.  however,  incousiderablc  when  compared  with  the  locomotive  and  some 
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marine  bailers,  which,  from  the  number  of  tubes,  present  a  much  larger  extent  of  Bor. 
faue  to  pressure.  Locomotive  engines  are  usually  worked  at  80  tfl  100  lbs.  on  the  inch, 
and,  taking  one  of  the  dsubI  construction,  we  sliall  find,  at  100  lbs.  on  the  Inch,  that  ii 
rushes  forward  on  the  rail  with  a  pent-up  force  witliin  its  interior  of  nearly  60,00(1 
tons,  which  is  ratlier  increased  than  diminished  at  an  accelerated  speed. 

"In  a.^tationaiy  boiler  charged  with  steam  at  a  given  preasnre,  it  is  evident  that  th* 
forces  are  in  perfect  equilibiium,  and,  the  strain  being  the  same  in  all  directions,  tiiere 
will  be  no  tendency  to  motion.  Supposing,  however,  this  equilibrium  to  be  destroyed 
by  accumulative  pressure  till  rupture  ensues,  it  tlien  fo.lowa  that,  the  forces  in  one  di- 
rection  having  ceased,  the  other  in  an  opposite  direction,  being  attive,  would  project 
the  boiler  fiiim  its  seat  with  a  force  equal  to  that  which  is  discharged  through  the  ori- 
fice of  rupture.  The  direction  of  motion  would  depend  upon  tlie  position  of  the  rup- 
tured pai-t.  If  in  the  line  of  the  centre  of  gravity,  motion  would  ensue  in  that  direo- 
tiou ;  if  out  of  that  line,  aa  oblique  or  rotatory  motion  round  the  centre  of  gravity 
would  be  the  result. 

"  The  velocity  or  quantity  of  motion  produced  in  one  direction  would  be  equal  to  the 
intensity  or  quantity  lost ;  and  the  velocity  with  which  the  body  would  move  would 
be  in  the  ratio  of  the  impulsive  force,  or  the  quantity  lost.  Therefore,  the  quantity 
of  motion  gained  by  au  exploded  boiler  in  one  direction  will  he  as  its  weight  and  the 
quantity  lost  iri  that  direction.  TUese  definitions  are,  however,  more  in  the  province 
of  Ihe  mathematician,  and  may  easily  be  computed  fiom  well-known  formulJe  on  the 
laws  of  motion, 

"We  now  come  to  the  rectangular  forms,  or  flat  surfaces,  which  are  not  so  well  cal- 
culated to  resist  pressure.  Of  these  we  may  instance  the  fire-bos  of  the  locomotive 
boiler,  the  sides  and  fines  of  maiine  boilers — the  latter  of  which,  by  the  by,  are  now 
superseded  by  those  of  the  tubular  form — and  the  flat  ends  of  the  oylindncal  boilers, 
and  others  of  weaker  construction. 

"The  locomotive  boiler  is  frequently  worked  up  to  a  pressure  of  120  lbs.  on  thesqnare 
inch,  and  at  times  when  rising  steep  gradients,  1  have  known  the  steam  nearly  as  high 
aa  200  lbs.  on  the  inch.     In  a  locomotive  boiler  subject  to  such  an  enormous  working 

tressure,  it  requires  the  utmost  care  and  attention  on  the  pai't  of  the  engineer  to  satisfy 
imsolf  that  the  flat  surfaces  of  the  fire-box  are  capable  of  resisting  thSt  pressure,  and 
that  every  part  of  the  boiler  is  so  nearly  balanced  in  its  powers  of  resistance,  as  that, 
when  oneimrtisattbepoint  of  rupture,  eveiy  other  part  is  on  the  point  of  yielding 
to  the  same  uniform  force.  This  appears  to  be  an  important  consideration  in  mecha- 
nical constructions  of  every  kind,  as  any  material  applied  for  the  secuiity  of  one  part 
of  a  vessel  subject  to  unifoim  pressure,  whilst  another  part  is  left  weak,  is  so  much 
material  thrown  away  ;  and  in  stationary  boilers,  or  in  moving  bodies,  such  as  loco- 
motive engines  and  steam  vessels,  it  is  absolutely  injurious,  at  least  so  far  as  the  parts 
are  disproportionate  to  each  olher,  and  the  extra  weight  when  maintained  in  motion 
becomes  an  expensive  and  unwieldy  encumbrane*  A  knowledge  of  the  strength  of 
materials  used,  judicious  care,  and  the  exercise  of  sound  judgment  in  its  distribution, 
are  therefore  some  of  the  moat  essential  qualifications  of  the  practical  engineer.  Our 
limited  knowledge  and  defective  principles  of  construction  are  manifest  from  the  nu- 
merous abortions  which  esiat,  ani  although  I  am  free  to  communicate  all  that  I  know 
on  the  subject,  I  nevertheless  find  myself  deficient  in  many  of  the  requirements  ne- 
cessary for  the  attainment  of  sound  principles  of  construction. 

"Reverting  to  the  question  more  immediately  under  consideration,  it  is,  however, 
essential  to  give  Uie  requisite  security  to  those  parts  which,  if  left  unsupported,  would 
involve  the  public  aa  well  as  ourselves  in  the  greatest  jeopardy. 

"  The  greater  portion  of  the  fire-boxes  of  locomotive  boilers,  as  before  noticed,  have 
the  rectangular  torm,  and,  in  order  to  economize  heat  and  g^ve  apace  for  the  furnace, 
it  becomes  necessary  to  have  an  interior  and  exterior  shell. 

"  That  which  contains  the  furnace  is  generally  made  of  copper,  firmly  united  Ijy  rivets, 
and  the  exterior  shell,  which  covers  l£e  fire-box,  is  made  of  iron  and  united  by  rivets 
in  the  swne  way  as  the  copper  fire-box  Now  these  plates  would  of  themselves  be  to- 
tally inadequate,  unless  supported  by  riveted  stays  to  sustain  the  pressure.  In  fact, 
with  one-tenth  the  strain,  theoopper  fire- box  would  be  forced  inwards  upon  the  furnace 
and  the  external  shell  bulged  outwards,  and  with  every  change  of  force  these  two  flat 
surfaces  would  mora  backwards  and  forwards,  like  the  sides  of  an  inflated  bladder, 
at  the  point  of  rupture.  To  prevent  this,  and  give  the  large  flat  surfacea  an  approxi 
mate  degree  of  strength  with  the  other  parta  of  the  boiler,  wrought  iron  or  eoppei 
stays,  one  inch  thick,  are  introduced;  they  are  first  screwed  into  tlie  iron  and  cop 
per  on  both  sides  to  prevent  leakage,  and  then  firmly  riveted  to  the  interior  and  ex- 
terior plaie9.  These  stays  are  about  six  inches  asunder,  forming  a  series  of  squares, 
and  each  of  tlicm  will  resist  a  strain  of  about  fifteen  tons  before  it  breaks. 

"  Let  us  now  suppose  the  greatest  pressure  contained  in  the  boiler  to  be  200  lbs.  on  the 
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iqaare  incl,  and  we  have  S  x  6  x  200  =  1,200  lbs,,  or  SJ  tons,  the  force  ap|)lied  to  R 
square  of  86  inches.  Sow  as  these  iquares  are  supported  by  four  ataya,  eaeli  capable 
of  Bustaiaing  fiftei'n  tons,  we  have  4  x  15  =  60  tons  as  the  resisting  powera  of  tlie 
etnye,  but  the  pressure  is  not  divided  amongst  all  the  four,  bnt  each  stay  has  to  sustain 
that  pressure ;  oonsequently  the  ratio  of  strength  to  the  pressure  will  ba  as  4i  to  1 
nearly,  which  is  a  very  fair  proportion  for  the  resisting  power  of  that  part. 

"  Vve  have  tieated  of  ihe  sides,  but  the  top  of  the  firebox  and  the  ends  have  also  to  b« 
protected,  find  there  being  no  plate  but  the  circular  top  of  the  boiler  from  which  to  at- 
tach etajB,  it  has  been  found  more  convenient  and  equaJly  advantageons  to  secure  thoso 
parts  by  a  series  of  strong  wroughtfiroo  bars,  fiom  which  the  roof  of  Ihe  fire-box  is  sus- 
pended, and  which  effectually  prevent  it  frnm  being  forced  down  upon  the  fire.  It  will 
not  be  necessary  to  go  into  the  calculations  of  those  parts;  tliej  are,  when  riveted  to  the 
domo  or  roof,  of  sotEcient  strength  to  resist  a  pressure  of  300  to  400  lbs.  on  the  square 
inch.  This  is,  however,  generally  spaakina,  the  weatest  part  of  the  boiler,  with  the 
exception,  probably,  of  the  fiut  end  above  me  tubes  in  the  smoke-box,  if  not  carefLilly 
atajed. 

"  In  the  flat  ends  of  cylindrical  boilers,  and  those  of  the  marine  principle,  the  same 
rule  applies  as  regards  conetruction,  and  a  due  proportion  of  the  paits,  as  in  those  of 
the  locomotive  boilers,  must  bo  closely  adhered  to.  Every  description  of  boiler  used 
in  manufactories,  or  on  board  of  steamers,  should  in  my  opinion  bo  constructed  to  a 
bursting  pressure  of  400  to  iMlO  Iba.  on  the  square  inch ;  and  locomotive  engine  boilers, 
which  are  subjected  to  a  much  severer  duty,  toabnrsting  pressure  of  600  t«  700  lbs. 

"It  now  only  remains  for  me  to  state  that  internal  £ues,  such  as  contain  the  furnace 
in  the  interior  of  the  boiler,  should  be  kept  as  near  as  possible  to  the  cvtindrical  form, 
an  d  as  wroughfriron  will  yield  to  a  force  lending  to  crush  it  about  one  half  of  what  would 
tear  it  asunder,  the  flues  should  in  no  case  exceed  one  half  the  diameter  of  the  boiler: 
and  with  the  same  thickness  of  plates  they  may  be  considered  equally  safe  with  tlie 
other  parts.  But  the  force  of  compression  is  so  different  from  that  oi  tension,  that  I 
ahoutd  advise  the  diameter  of  the  internal  flues  to  be  in  the  ratio  of  I  to  2)-  instead  of 
1  to  3  of  the  diameter  of  the  boiler. 

"I  will  not  trouble  you  with  a  description  of  the  haycoolt,  hemispherical,  and  wagon- 
shape  boilers ;  they  are  all  bad  aa  respects  their  powers  of  resistance,  and  ought  to  be 
entirely  disused;  I  shall  congratulate  the  public  when  they  disappear  from  the  list  of 
those  constructions  having  the  coufidence  of  the  public,  and  the  consideration  of  the 
man  of  science  or  the  practical  engineer. 

"  In  conclusion,  I  have  to  recommend  attention  to  a  few  simple  rules,  which,  if  care- 
fully observed,  will  lead  to  the  most  satisfactory  results.  To  construotboilers  as  nearly 
as  (jossible,  of  maximum  strength,  I  have  already  observed  they  should  be  of  the  cy- 
lindrical form  ;  and  where  flat  ends  are  used,  they  should  be  composed  of  plates  one 
half  thicker  than  those  which  form  the  circumference.  The  flues,  if  two  in  number, 
to  be  ottle  «araetl  kness  as  the  exterior  shell  and  the  flat  ends  to  be  carefully  stayed 
tr  angular  plates  and  angle  iron,  firmly  connecting  them  with  the  cir- 
er  aanexed  sketch 

as  being  infinitely  superior  to,  and 
ertain  in  their  action  and  retaining  pow 
iuslayrods.  Gussets,  whenused,  should 
sbe  pUced  in  lines  diverging  from  the  centre  ot 
gthe  bo  lers,  and  made  as  long  as  the  position 
M  of  the  fiuea  and  oth^r  circumstances  in  the 
"  notion  wil!  admit    They  are  of  great 

§  value  in  retaining  the  ends  in  snape,  andmay 
I  safely  be  relied  upon  as  imparting  ai 

P^  of  strength  to  every  part  of  the  st 
^_                  '11        — ^  '■■_  "^    With  these  observations,  I  would  direct  atten- 
—  —  — — ^^^^— -^   t  on  lo  the  facta  I  have  endeavored  to  incul- 
cate    Tou  will,  I  am  persutded,  find  them 

ff^^ ~        — " — —       seful    and  I  trust  the  object  contemplated 

fc= ~y      by  the  committee  of  your  valuable  Institution 

w  11  be   fully  attained,  in  the  acquisition  of 
g  «  ter  see  r  ty  and  a  more  perfect  pr  nciple  of  construction,"'" 

B<iu.Ess  {Er I  lono  i  of).—  In  a  former  lect  re  I  endetvored  to  explain  the  prin- 
erIesoQ  vhihb  Icrs  should  be  constru  ted,  and  the  laws  which  govern  the  strength 
and  other  properties  of  these  important  vessels.  The  subject  of  constinction  is  one  of 
vast  importance,  and  those  forms  which  give  the  greatest  security  with  the  leaat  quanti- 
ty of  material,  may  he  considered  as  the  swest  examples  for  jmitaticf  — the  true  elements 
*  Lfctorf  at  Leeds  MeehaniM'  InstitaHcn,  by  WilllBm  Faitbaim.  Esq.,  0.  a  F.  a  8.  gndOarrean 
Memlwr  of  IJi'Infilitnla  of  Fraooa. 
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of  conetrueiioii.  Boilers,  of  all  other  vesaela,  require,  in  the  variety  of  tlieir  conditions 
aliapes,  and  dimensions,  the  study  of  tlie  phMosiiplier  as  well  as  thu  hands  of  the  me 
chaiiiK.  They  contain,  within  comparatively  narrow  boonds,  a  force  wliieh,  if  pro- 
perly goT«rued,  wdl  prop«l  the  lai^est  and  most  etately  vessel  ajraioat  wind  and  tide  ; 
pertonn  the  work  of  a  llioiisand  hands,  and  drive  a  hundred  cai-s  loaded  with  hundreds 
of  tuns,  at  the  ejieed  of  Ihe  swiftest  race  horse,  (rom  ona  extremity  of  the  kingdom  to 
tlie  otiier.  They  do  all  this  and  more;  they  impart  heat  and  conifurtto  our  dwellings. 
— are  essential  for  the  requirements  of  our  domestic  arrangements, — and  under  the 
control  of  judicious  management,  will  advance  the  interests  of  commerce,  and  contri- 
hnte  to  the  eojoymetita  of  civilized  eiietence. 

"  Reverse  the  picture,  and  entrust  the  construction  and  mani^ement  to  the  liands  of 
incapacity  asd  ignorance,  or  the  reckless  follv  and  hardihood  of  funcitd  security,  and 
death  and  deslruetion  follow  as  a  result.  When  the  mischief  is  done,  we  then  begin 
to  guess  at  Ihe  causes,  and  to  lament  the  inconsiderate  confidence  which  led  to  the 
emplovment  of  incompetency,  and  all  those  errors  of  judgment  which  invariably  pre- 
sent Ihemselves.  not  uefi)re.  but  after  the  event.  How  often  do  we  hear  of  the  most 
lamentable  accidents  terminating  in  the  destruction  of  life  and  property,  and  how 
often  do  we  laivieut  {when  too  late)  the  causes  which  led  lo  those  frightful  catastro- 
phes I  All  these  ai^cidents  might  be  prevented,  and,  instead  of  using  steam,  which  we 
now  do  in  our  msnufEiclories,  at  a  pressure  of  6  to  30  lbs.  on  the  square  inch,  we  might 
with  equal  safely  use  it,  and  enjoy  theadvantnge  of  its  sujierior  econc-ny,  at  60  Ihe.  on 
the  io'M.  It  shall  be  inj  duty  to  point  out  how  this  may  be  accom^ dished,  and  I  hope 
in  tliese  endeavors  to  have  the  sapport  of  every  well  wisher  for  increased  security  to 
the  jiublic,  and  enlarged  economy  in  the  varied  requirements  of  the  use  of  steam. 

"  Before  I  attempt  a  solution  of  this  diffioolt  qnestion,  I  woald  first  direct  attention, 
to  a  few  facts  which  bear  more  direetly  upon  the  question  now  at  issue. 

''  Various  notions  are  entertained  as  to  tJie  causes  of  boiler  explosions,  and  scientifia 
men  arc  not  always  i^ieed  as  to  whether  they  arise  from  excessive  pressure  due  to  the 
accumulation  of  beat,  or  to  some  other  cause,  such  as  the  explosion  of  hydrogen  gas, 
generated  by  the  decomposition  of  water  suddenly  thrown  on  heated  plates,  of  which 
we  have  anexcee'Ungly  mdefintte  conception.  That  of  the  decompt^tion  of  water  is,  I 
believe,  a  somewhat  prevalent  opinion,  but  I  apprehend  it  cannot  be  the  invariable 
cause,  inasmuch  as  in  that  case  we  must  assume  the  boiler  to  be  nearly  empty  of  water^ 
and  the  plates  over  the  furnace  red  hot, 

"  It  is  not  unreasonable  to  suppose  that  a  force  of  such  sudden  origin,  and  so  imme- 
diate and. destructive  in  its  effects,  should  surest  the  presence  of  nn  explosive  mix- 
ture; but  I  think  it  will  be  diiEcult,  it  not  impossible,  to  aewunt  for  the  accumulation 
of  a  sufficient  quantity  of  hydrogen,  without  the  presence  of  oxygen  and  other  gases, 
in  their  due  proportions,  to  form  an  explosive  coinponnd.  Kow  as  these  equivalents 
cannot  be  generaled  all  at  once  by  the  simple  decomposition  of  water  (adnutting,  for 
the  moment,  that  the  water  is  decomposed  I,  we  must  look  for  some  other  cause  for  the 
fatal  and  destructive  accidents  which  <>f  late  years  have  become  so  prevalent. 

"In  treating  of  thissutiiei^t,!  hope  lo  show  not  only  what  are  the  probable  causes  of 
explosions,  but,  what  appears  equally  impoi-tant,  what  are  not  the  caoBcs.  So  many 
theories  (some  of  them  exceedingly  problematical)  have  been  brought  forward  on  the 
oeciision  of  disiistroos  explosions,  that  it  requires  the  utmost  care  and  attention  to  cir- 
cumstances before  they  are  generidly  admitted.  To  acquire  satisfactory  evidence  as 
to  tlie  precise  condition  of  the  boiler  and  furnace  before  an  explosion,  is  next  to  im- 
possible, as  moat  frequently  the  parties  in  charge,  and  from  whose  mismanagement  and 
neglect  we  may,  in  many  cases,  date  the  origin  of  Ihe  oeeurrenee,  are  the  first  to  be- 
come the  victims  of  their  own  indiscretiim,  and  we  can  only  judge  from  the  havoc  and 
devastation  that  ensues  as  to  the  immediate  cause  of  the  event. 

"From  this  it  follows  that,  in  many  of  the  e\'plosions  on  record,  few,  if  any,  of  the 

.1  .- ----;a  of  tlie  case  are  made  known,  and  we  are  left  to  draw  conclusions 

Ic  consequence  which  too 
■j>  the  precise  condition  of 
a  boiler,  with  all  iis  valves  and  mountings,  preceding  an  explosion,  is  much  to  be  re- 
gretted, as  it  causes  a  degree  of  mystery  to  surround  Ihe  whole  transaction  ;  and  the 
vi^ue  and  sometimes  inaociirnte  testimony  of  witnesses  but  too  oft^n  bafiles  all  attempts 
at  reaeai'ch,  and  creates  additional  cause  of  alarm  to  all  those  exposed  to  the  occur- 
rence of  sunilar  dangers. 

"In  the  discussion  of  this  subject  I  shall,  however,  endeavor  to  trace,  from  a  number 
of  esamples  in  which  I  have  been  personally  engaged,  and  from  others  which  have  come 
to  my  knowledge,  the  causes  which  hHve  led  to  those  disastrous  effects ;  and  pi'o 
I  am  auceessfuf  in  the  discovery  of  the  true  origin  of  the  majority  of  those  occv 
CCS,  we  shitll  have  leas  difBoultj  in  devising  and  applying  the  necessary  remedies  foi 
their  prevention. 
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■'la  my  attempts  to  aaoei-tjun  facte  by  a  course  of  reasoning  whiehl  ahallhave  to 
follow  ill  this  inveBtigaUon,  I  wisli  it  to  ba  nnderstoud  that  it  is  not  my  intention  to 
rai-jB  doubWaudfeaca,  in  the  public  mind,  calculated  to  arrest  the  progresa  of  oomtner- 
cial  euterpi'ise,  or  to  ciipple  ihe  energies  of  mechauieul  skill  On  the  contrary,  I  am 
moat  anxijiu  to  promote  the  advancement  of  the  useful  arts,  to  increase  our  confi- 
dence in  the  appCoatiOD  of  Increased  pressure,  and  to  secure  within  moderate  bounds 
the  economical  and  useful  employment  of  one  of  the  most  powerful  agents  ever  known 
in  the  history  of  practical  scienee.  My  object  in  this  ihijuiry  will,  therefore,  bo  to 
enlarge  our  sphere  of  action  by  a  more  compreheneive  knowledge  of  thp  subject  on 
which  it  treats;  to  induce  gi'catei-  oaution  along  wilh  improved  constructioa ;  and  to 
insure  confideBce  ia  all  those  requirements  essentia!  to  the  publio  security. 

"For  the  full  consiueration  of  thisaubjeol,  it  will  be  neeeBsarj  to  divide  it  into  the 
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"  3d.  Explodons  produced  from  oollapsa. 
"4th.  Explosions  from  defective  eonstru. 
"  B  Lh.  Explosions  arising  froui  mismanagement  or  ignorance ;  ^nd 
"(jth.  Tile  re  madias  applicable  fur  the  prevention  of  tbese  accidents. 
"Isl.  Boilsr  ezplimoaa  ariaing  from  accwrmlated intemtv  treseuTe. 
"In  niufl  cases  out  of  ten  a  contluuoua  increasing  preaaure  of  steam,  without  tlio 
means  of  wcape,  is  probably  the  immediate  cause  ot  esplosiou;  in  some  iustantes  it 
arises  from  deHoiency  of  water,  but  aocidenta  of  this  kind  ai'fl  comparativelj  few  in 
number,  oa  wa  often  flnJ,  in  tracing  the  causes,  that  they  have  their  ori^n  m  undue 
pressure,  emaniiting  from  progressive  accumulation  of  steam  of  great  foroe  and  density. 
Let  ua  take  an  example,  and  we  shiill  find  that  a,  boiler  under  the  iniluence  of  a  fur- 
nace in  active  combustion  will  generate  an  immense  quantity  of  steam ;  and  unless  this 
is  cariied  off  by  the  sa&ty-valve  or  the  usual  ciiannela  wiien  so  generated,  the  greatest 
dSiUger  may  be  apprehended  by  the  continuous  increase  of  pressure  that  is  taking  place 
witnin  the  bailer.  Suppose  teat,  from  some  cause,  the  steam  thus  accumulated  does 
not  escape  with  tia  same  rapidity  with  which  it  is  genernted, — that  the  safety-valves 
are  either  inadequate  to  the  full  diaehai^e  of  tlie  surplus  steani,  or  that  they  are  en- 
tirely inoperative,  whiohis  sometimes  tlie  ease. — and  we  have  at  once  the  clue  to  the 
iuJHi  ioua  oonsequenoea  which,  as  a  matter  of  fact,  are  sure  to  follow.  The  event  may 
be  pi-ocrastinateii,  and  repeated  trials  of  Lhe  ttntagonistie  forces  from  within,  and  there- 
eiatanoe  of  the  plates  from  without,  may  occur  with  on  t  any  apparent  danger,  but  these 
experiments  otteo  repeated  will  at  length  injure  the  resisting  powers  of  tlie  material, 
and  the  ultimatum  will  ba  ihe  arrival  of  the  fatal  moment  when  the  balance  of  the  two 
forces  is  destroyed,  aud  explosion  ensues.  How  very  often  do  wa  find  this  to  be  the 
ti'ue  cause  of  accidents  arising  from  extreme  internal  pressure,  and  liow  veiy  easily 
these  aooideuta  might  be  avoided  byUie  attachtilant  of  proper  safety-valves,  to  allow 
the  steam  Xio  escape  and  relieve  the  boiler  of  those  severe  trials  wliich  ultimately  lead 
to  destruction  I  If  a  boiler  whose  generative  power  ia  equal  to  100,  be  worked  at  a 
pressure  of  10  lbs.  on  the  square  inch,  the  area  of  the  safety-valves  should  also  be  equal 
to  100,  in  order  to  prevent  a  continuous  increase  of  presaura;  or,  incase  of  the  adhesion 
of  any  ot  the  valves,  it  is  desii'abla  that  their  areas  should,  ooUeotively,  be  equal  to  100. 
Iftwoor  more  valves  are  used,  100  or  laOwtMild  then  bathe  me;isure  of  outlet.*  Un- 
der these  precautions,  and  with  a  boiler  so  constructed,  the  risl:  of  accidcDt  is  greatly 
diiniiiishea;  and,  provided  one  of  the  valves  is  kept  in  working  order  beyond  the 
reach  of  interterauce  by  the  engineer,  or  anij  other  pereon,  we  may  venture  to  assume 
that  the  means  of  escape  are  at  hand,  irrespective  of  the  temporary  stoppage  of  the 
usual  channels  for  carrying  off  the  steam. 

"  So  many  aooidanta  liuve  occurred  from  this  cause — the  defective  state  of  the  safety- 
valves — tliut  I  must  request  atiention  wliiist  I  enumerate  a  few  of  themost  prominent 
saaes  that  have  ooma  befura  ma.  In  the  year  1846  a  tremendous  explosion  took  place  at 
ieottonraillin  Bolton.  TheboileiSjthreein  number,  weresituated  under  the  mill,  and, 
'I'jiii  the  unequal  capacity  and  imperfeetstateofthasafety-valvas  (as  they  were  proba- 
bly faali),  a  terrible  explosion  of  the  weakest  boiler  took  place,  which  tore  up  the  platea 
along  tlie  bottom,  and,  tiie  steam  having  no  outlet  at.  tlie  top,  not  only  burst  out  the  end 
na-vt  the  furnace,  demolishing  the  buildingin  that  direction,  but,  tearing  up  the  top  on 
the  oppoaile  aide,  the  boiler  was  projected  upwards  in  an  oblique  direction,  carrying 
the  flo;ii3,  walla,  and  every  other  ohatruetion  before  it ;  ultimately  it  lodged  itself  across 
tlic  railway  at  soraediataiicefromthe  building.  Looking  atthedisostrona  consequen- 
cea  of  this  accident,  and  the  number  of  person!  (from  IB  to  18)  who  lost  their  lives  on 
the  occasion,  it  became  a  subject  of  deep  interest  to  the  community  that  a  close  in 
vestigation^ouldimmeditttelybeinstituted,  and  a  recommendation  followed  that  every 
«Tlil9  may  bo  stated  la  other  worila.  viz.,  that  the  ganerattve  powers  or  a  boiler  being  eqnsl  to  a  giVM 
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precaution  should  be  ntied  in  the  oonstructian  as  well  as  the  mnnagement  uf  boil 

"  Tha  next  fatnl  ocoiLirence  on  reenrd  in  tliia  diatriet  was  a  btiiler  at  Ashton-undtr. 
Lyne,  whith  esjjludeil  under  similar  o  iron  met  aneea,  namely,  from  pnoessiTO  interior 
pressure,  when  lijur  or  fiw  hves  ware  lost;  and  again  at  Hyde,  where  n  similar  aiei- 
dent  oeeurred  from  the  same  eanae,  which  was  alterwarda  traced  to  the  insane  act  ol 
the  stoker  or  engiaeer,  who  prevented  all  means  fur  the  steam  to  eecape  by  tying  down 
the  safetj-valve. 

"There  waa  a  boiler  exploainn  at  Malaga,  in  Sjjaio,  some  years  since,  and  my  reason 
(or  noticing  it  in  this  [jlac«  is  to  show  Chat  exploaons  may  be  apprehended  from  other 
canses  than  thoao  enninai-ated  in  the  divisions  of  this  inqniry,  and  one  of  these  is  in- 
crustation. Dr.  Rittetbrandt  says,  in  a  paper  read  before  the  Institution  of  Ciril  Eq. 
gineere  by  an  eminent  chemist,  Mr.  West — '  That  a  sudden  evolution  of  steam  undei 
ciroumBtaneeB  oC incru6tation  jano  uncommon  oeourrenoe.'  In seveial  inetonees I  hava 
itnown  this  tu  be  the  oaae,  partieularly  in  murine  boilers,  where  the  incrustjition  from 
salt  water  becomes  a  serious  giievanca,  either  as  regards  the  duration  of  the  boiler, 
or  the  ceonomv  of  fuel. 

"  If  it  were  supposed,  as  Dr.  Kitterbrandt  observes,  that  the  boiler  was  incmated  to 
the  extant  of  half  an  inch,  it  would  nt  once  be  seen  thiit  nolhing  was  more  easy  than  lo 
hciit  the  boiler  atroiiglj,  even  to  a  red  lieat,  witliout  the  .mmediate  eontaot  of  water. 
Under  these  cironmslancea,  the  hai-dened  deposits,  being  Hrrolyatl ached  to  the  plates, 
andforniing  an  imperfect  conduolor  of  heat,  would  tendgreatly  to  increase  the  teni|ie- 
rature  of  the  iron ;  and  tlie  diffareLioe  of  (om|>erature,  tlius  induced  between  the  iron  and 
the  incrustation,  and  the  greater  expiinability  of  the  iron,  would  cause  the  incrustation 
to  separate  from  the  plates,  and  the  water  rushing  in  between  tJiem  would  generate  a 
cunswerable  cliai^e  o(  highly  elastic  steam,  and  thus  endanger  tlieseenrily  of  the  boilers. 

"Thesa  phenomena  were  singalai-iy  eseinplified  in  tlia  Malaga  explosion,  which  in 
thus  described  by  Mr.  Hick ;— '1  iiava  ascertained  tliat  a  very  thick  incrustation  of 
salt  was  formed  on  the  lower  pan  of  the  boiler,  immediately  over  the  fire,  and  bo  far  as 
it  extended  tlie  plftiea  appear  to  have  been  red  hot,  being  therebymudi  weakened, 
and  henoa  the  explosion.  The  ordinary  workii^  piessure  of  tiie  boiler  is  ISO  lbs.  per 
square  inch,  and  perhaps  at  the  time  of  the  explosion  vary  much  above  that  pveEsui'e, 
as  there  was  only  one  small  safety-valve  of  two  and  a-half"  inches  diameter.  Tiie 
boiler  was  only  two  feet  six  inches  diameter,  and  twenty  feet  long.' 

"Incrustation,  exclusive  of  being  dangerous,  is  attended  witli  great  expense  and 
bjury  to  the  boiler  by  its  removal.     In  the  case  of  the  transatlantic,  oriental,  or  other 


each  voyage  to  remove  it, 

"  Other  explosions  of  a  more  recent  date  are  those  which  occurred  at  Bradford  and 
Halifax.  They  aie  aliii  fresh  in  the  I'euulleetioB  of  the  public  mind,  and  are  so  well 
known  as  not  to  require  notice  in  tliia  place. 

"I  cannot,  however,  leave  this  part  of  the  subject  without  reverting  to  an  accident 
which  occari'cd  on  the  Lancashire  and  Yorkshire  Railway,  whichbad  its  origin  in  the 
same  causa — exi-easive  internal  pressure.  Tliis  accident  is  the  more  peculiar  as  it  led 
to  a  long  mallieraalicnl  disquisition  as  to  the  nature  of  the  forces  which  produced  reaulta 
at  once  curiousand  interesting.  The  conclusions  which  I  arrived  at,  although  praeti- 
tally  right,  mere,  hnmner,  cmsidered  ba  some  laalhematiealls  arima,  as  they  weie  firm- 
ly combated  by  several  eminent  mathematicians ;  but  notwithstanding  the  number  of 
algebraic foi-muhis  and  (he  harned  disoKssions  of  my  friends  on  that  occasion,  I  have 
been  unable  to  change  ihe  opinious  I  then  formed,  tor  others  more  conclusive.  ^ 

"The  accident  here  alluded  to  oeonrrad  to  the  'Irk'  locomoiive  engine  which,  in 
February,  1745,  blew  up  andkilled  the  driver,  the  stoker,  and  another  person  who  was 
stondingnearthespotatthetima.  Agreatditferenee  of  opinion  as  to  the  cause  of  this 
accident  was  prevalent  in  the  minds  of  those  who  witni'ssed  the  explosion,  some  attri- 
buting it  to  a  oiftck  in  the  copper  fire-box,  and  others  to  the  weakness  of  tlie  stays  over 
tlie  top.  Neitlier  of  these  opinions  was,  however,  correct,  aait  was  afterwards  demon- 
slmted  that  the  material  was  not  only  emirely  free  from oracts  and  flaws,  but  thestays 
were  ployed  sufficient  to  resist  a  pressure  of  150  to  200  lbs,  on  the  square  inch.  The  true 
muse  wasafterwards  ascei'taineci  to  arise  from  the  tastening  down  of  the  safety-valve  i,l 
the  engine  (an  active  fire  being  in  operation  under  the  boiler  at  the  lime),  which  was 
under  the  shad,  with  the  steam  up,  ready  to  start  with  the  earfy  morning  train.  The  ef- 
feototthiswastbeforcingdownoftha  tiipof  the  copper  fire-box  upon  the  blazing  em- 
bers of  tha  fiimace,  which,  acting  upon  tha  principle  of  Ihe  rocket,  elevated  the  boiler 
and  engine  of  20  tons  weight  to  a  height  of  SO  fact,  which,  in  its  ascent  made  asummerset 
in  theair,  passed  through  the  roof  of  the  shed,  and  ultimately  landed  at  a  distance  of  UC 
yards  from  its  original  position.  The  question  which  excited  most  interest,  was  tlie  ab- 
solute force  required  to  fracture  the  fire-bos,  its  peculiar  properties  whan  oum  liberate^ 
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elation  which  forced  the  engine  from  itf 
ion  in  whieh  it  atood.  An  elaborate  r 
!  nature  of  these  I'orees,  which  ended 
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»nd  the  elastioor  continuous  powers  i 
to  an  elevation  of  30  feet  from  llie  p 
mntioal  discussion  ensued  relative  io 
opinion  that  a  pressure suffiiient  ton  , 
sufficient  to  elevate  the  boiler  and  prodnee  the  results  which  ^llowr-d.  Anotherr^ 
son  was  assigned,  namely,  that  an  accumulated  force  of  elastic  vapor,  at  a  high  tem- 
perature, with  no  outlet  throngh  the  valves,  having sv^ddenly  burst  upon  the  glowing 
embers  of  tJie  furnace,  would  cnnivt'  the  products  of  combustion  with  dieir  equiynlcnta 
of  oxygen,  and  henoe  esplosion  foTloweit  Whether  one  or  both  of  these  two  causes 
were  in  operation  is  probably  difficult  to  determine ;  at  all  events,  we  have  in  many 
instances  precisely  the  same  resalte  produced  from  similar  caus«s,  and  unless  greater 
precaution  is  osed  in  the  prevention  of  excessive  pressure,  we  may  naturally  expect 
a  repetition  of  the  same  fatal  consequence'*. 

"The  preventives  J^ainst  aceideuta  of  this  kind  are,  well-aonstniote3  boilers  of  the 
strongest  form,  and  duly  proportioned  safety  valv^;  one  under  the  immediate  ci 
trol  of  the  engineer,  and  the  other,  as  a  reserve  uni 
authority. 

"  2(i  Ex^toiions  hfi  deficieriey  of  water. 

"This  division  of  the  subject  requires  th 
stance  of  boilers  being  short  of  water  is  no  unusual  occurrence.  Imminent  danj(cr 
frequently  arises  from  this  cause;  and  it  cannot  be  too  forcibly  impressed  upon  tlie 
minds  of  engineers,  that  there  'n  no  ])art  of  the  apparatv.B  constituting  the  mountings 
of  a  boiler  which  require  greater  attention — rrooably  the  safety-valves  not  eatepted 
— t  lan  that  which  supplies  it  with  water.  A  well-constructed  pump,  and  self-ai ting 
feeders,  when  boilers  are  woi'ked  at  a  tow  pressure,  ai-e  indispensable ;  and  where  the 
latter  cannot  be  applied,  the  glass  tubular  gauge,  steam,  and  water  cocks  must  have 
more  than  ordinary  attention. 

"  In  a  properly  constructed  boiler  every  pnrlof  the  metal  exposed  to  the  direct  action 
of  the  fire  should  be  in  immediate  eonfjict  with  the  water,  and,  when  proper  provision 
is  made  to  maintain  the  water  at  a  sufficient  height  above  the  part  of  the  plates  so 
exposed,  accidents  can  neveroccur  from  thiseause. 

"Should  the  water,  however,  get  low  from  defects  in  the  pump,  or  any  stoppage  of 
the  regulating  feed  valves,  and  the  plates  over  the  furnace  become  red  not,  we  then 
risk  the  bursting  of  the  boiler,  even  at  the  ordinary  working  pressure.  We  have  no 
occasion,  under  such  circumstances,  to  search  for  another  cause,  from  the  fact  that  the 
material  when  raised  to  a  red-heat  has  lost  about  five-sirths  of  its  strength,  and  a  force 
of  less  than  one-Eis:lh  will  be  found  amply  sufficient  to  bear  down  the  plates  direct  upon 
fJie  fire,  or  to  burst  the  boiler. 

"  W  hen  a  boiler  becomes  short  of  water,  the  first,  and  perhaps  the  most  natural, 
action  is  to  run  to  the  feed  valve,  and  pnll  it  wide  open.  This  certainly  remedies  the 
deficiency,  but  increases  the  danger,  by  suddenly  pouring  upon  the  incandescent  plates 
a  tai^e  body  of  water,  which,  eomiog  in  contact  with  a  reservoir  of  intense  heat,  is 
calculated  to  produce  highly  elastic  steam.  This  has  been  hitherto  controverted  by 
several  eminent  chemists  and  philosophers ;  but  I  make  no  doubt  such  is  the  case, 
unless  the  pressure  lias  forced  the  platesinto  a  concave  shape,  which  for  a  time  would 
retard  the  evajiorization  of  the  water  when  suddenly  thrown  upon  them.  Some 
curious  experimental  facts  have  been  elicited  on  this  subject^  and  those  of  M.  Boutigny, 
and  Professor  Bowman,  of  King's  College,  London,  show  that  asmall  quantity  of  water 
projected  upon  a  hot  plate  does  not  touch  it;  that  it  forms  itself  into  a  globule  sur- 
rounded with  a  thin  nim,  and  rolls  about  upon  the  platu  without  the  least  appearance 
of  evaporation,  A  repulsive  action  takes  place,  and  those  phenomena  are  explained 
upon  the  supposition  that  the  spheroid  has  a  pei'fectly  reflecting  surface,  and  conse- 
quently tlie  heat  of  the  incandescent  plate  is  reflected  back  upon  it  What  is,  how- 
ever, the  most  extraordinary  in  these  experiments,  is  the  fact  that  the  globule,  whilst 
rolling  upon  a  red  hot  plate,  never  exceeds  a  temperature  of  about  204*  of  Fahr. ;  and 
in  order  to  produce  ebullition,  it  is  necessary  to  cool  the  plate  until  the  water  b^iua 
to  boil,  when  it  is  rapidly  dissipated  in  steam. 

"  The  experiments  by  the  committee  of  the  Franklin  Institute  on  this  subject,  give 
■ome  interesting  and  useful  results.  That  committee  found  that  Uie  temperature  at 
which  clean  iron  vapoiiied  drops  of  water  was  33*°  ofFahr.  The  development  of  a 
repulsive  force  which  I  have  endeavored  to  describe  was,  hnwever,  so  rapid  above  that 
temperature,  that  drops  which  required  but  one  second  of  time  to  disappear  at  the 
temperature  of  masdmnm  evaporation,  required  li52  seconds  when  the  metal  was  heated 
to  S95°  ofFahr.  The  committee  go  on  to  state  that — 'One  ounce  of  water  introduced 
inio  an  iron  bowl  three-sixteenths  of  an  inch  thick,  and  supplied  with  heathy  an  oil- 
hath,  at  the  temperature  of  646',  was  vaporized  in  fifteen  seconds,  while,  at  the  initial 
teraperiiture  of  507°,  that  of  the  most  rapid  evaporizatiou  was  thirteen  seconds.' 
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"  The  cnoling  effect  of  the  metal  is  here  etriltinglj  exemplified  by  the  mcreassd 
rapidity  of  the  evftporization,  wbicti  at  a  reduced  temperature  of  SB"  is  eifected  k 
tliirteen  instead  of  filleea  setonils. 

"Tliia  does  nol,  however,  hold  good  in  every  caae,  as  an  increased  quantity  of  water, 
Bay  from  one-eighth  of  an  omiee  to  two  ounoee,  thrown  upon  heat«d  plates,  raised  the 
tempeialure  of  vaporization  from  480'  to  600"  Fahr. ;  tbus  clearly  showing  that  tlie 
time  required  for  the  generation  of  explosive  steam  under  these  oircnmstanees  is  at- 
tended with  danger ;  and  it  may  bo  doubted  whether  the  ordinary  eafety  valves  may 
not  be  wholly  inadequate  fur  its  escape. 

"Numerous  es^impleB  may  be  quoted  to  show  that  explosions  from  deficiency  oi 
water,  although  less  frequent  than  those  arising  from  undue  pressure,  are  by  no  means 
Uncommon,  fhey  are  nevertheless  eoinparatively  few  in  number,  nnd  the  preven- 
tives are  good  pumps,  self-acting  feeders  {when  tliey  can  be  a|.plied),  and  all  those 
cojiveniences,  such  ns  water-coeks,  water-gauges,  floats,  alarms,  and  otJier  indicators 
ot  the  liiss  and  redaction  of  wtiter  in  the  boiler. 

"  Sd.  Explosions  prndactd from  eollapee. 

"Accidents  from  this  cause  can  scarcely  be  called  explosions,  as  they  arise,  not  from 
internal  force  whith  bursts  the  boiler,  but  from  the  sudden  action  of  a  vacuum  within 
it.  In  high  ptesaura  boilers,  from  their  suberiop  strength  and  oiroular  form,  these 
accidents  seldom  ocenr,  nnd  the  low  pi-essure  boiler  is  effectanlly  guarded  against  it  by 
a  valve  which  opens  inwanis  by  the  pi'essura  of  the  atmnsphere  whenever  a  vacuum 
occurs.  In  some  ciiaas  a  coIUipse  of  the  internal  flues  of  boilers  has  been  known  to 
take  place,  from  a  partial  vacuum  within,  which,  united  \a  the  pressure  of  the  steam, 
bus  foro'd  down  the  top  and  sides  of  the  flue,  nnd  with  fatal  efleet  diechfti^ed  the  con- 
tents of  the  boilerinto  the  ash-pit,  and  destroyed  and  scalded  every  thing  before  it.  A 
oireunistance  of  this  kind  occurred  on  theTh^imes  on  board  the  sleamar  FicfoWa,  soma 
years  since,  when  a  number  of  persons  lost  their  lives,  and  serious  injury  was  sustained 
m  at!  parts  of  the  vessel  within  reneb  of  the  steam.  Thisaccident  could  not,  however, 
be  called  an  explosion,  but  acollapse  of  the  internal  flues,  which  weraoflai^e  dimen- 
Eions,  and  the  consequent  discharge  of  large  quantities  of  steam  and  water  into  tha 
space  occupied  by  the  engines. 

"One  or  two  eases  which  bear  more  directly  on  this  point,  are,  however,  on  record, 
and  one  of  them,  which  took  place  In  the  Mold minesin  Flintshire,  was  attended  with 
explosion.  The  particulars,  as  given  by  Mr.  John  Taylor,  will  be  found  oiroamstnn- 
tially  recorded  in  the  first  volume  of  the  Philosophical  Maigaaae.  This  oecurfenca 
seems  to  prove  that  rarefiiotion  produced  in  the  flues  of  nhigh  pressure  boiler  may  de- 
termine an  explosion.  The  boiler  which  exploded  belonged  to  a  set  of  three  feeding  the 
same  engitio;  the  fuel  used  was  bituminous  coal.  The  furnace  doors  of  all  three  of 
the  boilers  had  beau  opened,  nnd  the  dampers  of  two  h^id  been  closed,  when  a  gust 
of  flame  wasseen  to  issue  from  the  moulh  of  the  furnaeeof  these  latter,  and  was  imme- 
diately followed  by  an  expfosion.  Tlie  interior  flue  of  this  boiler  was  flattened  from 
the  sides,  the  flue  and  shell  of  the  boiler  remwntng  in  their  places,  and  the  safety-valve 
upcm  the  latter  not  being  injured. 

"Other  similar  caaesirfcoUai'so  might  be  stated,  but  aa  most  of  them  have  been  at 
tended  by  a  defective  supply  of  water  in  the  boiler,  the  plates  over  the  fire  having  be- 
come heated,  they  can  scarcely  be  included  in  the  category  of  this  cliiss  of  accidents, 
nnd  moie  properly  belong  to  those  of  which  we  have  just  treated, — esplosions  f.om  a 
deficiency  of  water  in  the  boiler. 

"  It  is,  nevertheless,  necessary  to  observe,  that  cases  of  collapse  should  be  carefully 
guarded  against,  aa  the  great  source  of  danger  ia  in  the  eaenpe  of  hot  water,  which, 
with  the  steam  generated  by  it  produces  death  in  one  of  ils  worst  and  most  painful 

"The  remedies  for  these  accidents  will  be  found  in  tlie  vacuum  valve,  and  careful 
construction  in  the  fiirm  and  strength  of  the  flne» 


.     _      _  .   . .._n  possibly  engage  our 

attention,  and  On  which  it  shall  be  my  duty  to  enlarge.  In  a  previous  inquiry  I  have 
already  shown  the  nature  of  ihe  ati'nin  and  the  ultimaf*  resistance  which  thematerial 
used  in  the  construction  of  boilers  is  able  to  bear.  We  have  not,  however,  in  all  casea 
shown  the  distribution  and  position  in  which  that  material  should  be  placed  in  order 
to  attain  the  maximum  of  strength,  and  afford  to  the  public  greater  seeuiity  in  there- 
HsWng  powersofvesselsHubjeot  to  severe  and  sometimes  ruinous  pressure.  This  is  a 
subject  of  such  importance  that  I  shall  beundar  tlie  necessity  of  trespasaingnponyout 
Umc.  in  endeavoring  (o  point  out  the  advantages  peculiar  to  form,  and  the  use  of  a 
sound  and  perfect  system  of  construction. 

"Fur  a  number  of  jears  the  haycock,  hemispherical,  and  wagon-shaped  boiJera 
were  those  generally  m  use ;  and  it  was  not  until  high  pressure  steam  wasfirstintro 
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duced  into  Cornwall,  that  thi>  tyliadncaL  farm  with  heraispherical  cnda,  and  tlie  farnHce 
under  the  boiler,  came  into  use.  Subsequently  uliis  gave  way  to  the  iiitvoduciJoQ  of  a 
Urge  internal  flue  exteadin^  tbe  whole  length  of  tbe  boiler,  and  la  this  the  furnace 
■  was  placed.  For  many  years  tbis  was  the  beat  and  moat  eeonomioal  boiler  in  C<  rn- 
wull,  and  ita  iatrodnution  into  this  eouuCry  has  etfauted  great  improvemants  in  the 
eeonnmy  of  fuel  as  well  aa  the  strength  ot  the  boiler.  Several  attempts  have  been 
made  to  improve  this  boiler  by  cutting  away  one  half  of  the  end,  in  order  tu  admit  a 
larger  fnrnace.  TLis  Wiis  first  done  by  the  Butterley  Company,  aad  it  since  has  gone 
by  the  name  of  the  Butterley  holler.  This  coustrm;tion  bus  the  same  delects  as  tlia 
haytoi;k  or  heinisphencal  ani  wagou-shaiied  boilers;  it  is  weak  over  the  fire-plaee.  nod 
caiiiiot  well  be  strengthened  without  iiijm-y  to  the  part  ,\,Jig.  131,  of  the  boiler,  froit 


'pend  the  .part  which  forms  the  canopy  of  thti 
prrivement  has,  however,  been  eifeoted  by  the 
"  boiler,  which  ia  now  in  general  nee,  and  has 
It  consists  of  the  eyhndrical  form,  vary- 
flnos  which  extend  the  whole  length  of 


the  vast  number  of  stays  necessary  to 
fnriiacH.     Of  late  years  a  much  greutat 

double  flue,  HB.jts.  !52,  and  double  fni    , 

nearly  suoeraedad  all  the  other  oonstruttious.    It' 

ingfiorafive  to  seven  feet  in  diameter,  with  two  fli .^„ 

the  boiler ;  they  aie  perfectly  cylindrical,  and  of  sufficient  masnrtiide  to  admit  a  furnac^ 
in  each.  This  boiler  ia  the  simplest,  and  probably  the  most  effective,  that  has  yet  been 
consti-ueted.  It  presents  a  large  flne  surface  as  the  recipient  of  heat,  and  the  douHe  flues, 
wlien  riveted  to  the  flat  ends,  add  greatlv  to  the  security  and  strength  of  those  parts. 
It,  moreover,  admits  of  the  new  process  of  alternate  firing,  bo  highly  condocive  to  per- 
fect combustion,  and  the  prevention  of  the  nuisance  of  smoke.— Jliirfair»  and  Hetker- 
tnglon  e  patent  of  Apnlm,  1844. 

"  Another  boiler,  into  which  a  number  of  smalt  tubes  are  introduced,  eriiibits  a  pow- 
erful generator  of  steam,  from  the  extent  of  its  flue  surface,  and  the  facility  with  which 
the  repairs  can  be  effected.  It  does  not  present  any  greater  security  against  explosic- 
ti.„„  ."h^  boiler  with  two  flues,  but  it-  "— — "-      J"*t    ,         i. 


.  —  —  -a  the  tubnlar  system  effects  a 

grciit  saving  in  space,  and  la  otherwise  productive  of  all  the  advantages  of  economy  in 
Uie  consumption  of  fuel  and  the  preveniion  of  smoke.  This  boiler  is  constructed  with 
a  large  internal  fine,  divided  in  the  middle,  which  admits  of  two  fire-places  and  alter- 
nate firing.  In  the  space  which  I  call  the  mixing  chamber,  the  products  of  combustion 
amalgamate,  and  are  thus  ignited  before  they  enter  the  tubes,  and  fi'om  which  they 
issue  into  the  end  flues,  and  from  thence  to  the  chimney  in  the  usual  way.  In  this 
latter  construction  it  will  be  observed  that  the  boiler  is  of  the  same  form  as  the  last, 
and  contains  the  sameelements  of  strength  as  the  doable-flue  boiler,  the  only  difference 
being  a  combination  of  the  locomotive  and  marine  tubular  system,  which  contains  a 
lai^e  absorbent  heating  surface  in  a  small  space. 

''It  will  not  be  necessary  to  multiply  examples  of  constmction,  as  I  have  already  de- 
scribed those  winch  I  consider  best  calcninted  to  sustain  severe  pressure.  At  the  same 
time,  when  the  parts  are  judiciously  and  skilfully  arranged,  with  a  grate-bar  surface 
well  priportioned  to  the  amount  of  flue-sucfisce  as  the  recipient,  we  may  reasonably 
conclude  that  we  are  not  far  from  the  masimnm  of  strength,  mcluding  other  important 
elements  in  the  material  and  the  consumption  of  fuel. 

"The  means  necessary  to  be  employed  foi'  the  prevention  of  accidents  in  this  depart 
ment  of  the  inciuiry,  are  a  knowledge  of  the  principles  of  construction,  and  an  acquaint 
anoe  with  the  strength  and  properties  of  the  materials  used  for  that  purpose. 

"  5(ft.  ExpUmoni  ariiing  from  mismanagfiaent  or  ignorance. 

"  To  mismanagement,  ignorance,  and  the  misapplication  of  a  few  leading  principles 
in  connection  with  the  use  and  application  of  steam,  mny  be  traced  the  great  majority 
of  accidenta  which  from  tune  to  time  occur.  Many  of  these  aocidente,  bo  fruitful  of  the 
destniotioii  of  property  and  human  life,  might  be  prevented  if  we  had  well  constructed 
vessels,  judiciously  united  to  skill  and  competency  in  the  management.  To  convey  a 
few  practical  instructions  to  engineers,  stokers,  and  engine-men,  would  be  an  nndertak 
ing  of  no  great  diffionlty.  A  young  man  of  ordinary  capacity  would  learn  all  that  is 
iiecessai'y  in  a  few  months ;  and  if  placed  under  competent  instructors,  he  might  be 
mode  aequamted  with  the  properties  of  steam— its  elastic  force  at  different  degrees  of 
ptBiaure— the  advantages  peculiar  to  seusitive  and  easy  working  eafety  valve?— the 
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neeeasity  of  dennliness  iin3  keeping  them  in  good  working  condition — the  use  ofwuter 
gauj^i-'B,  Insion  plugs,  indieatms,  eigtiuls,  &a.,  ibu., coaneetedwith  the  Boppiy  and  height 
Dl  wiitei'  in  the  boiler — th«  dangers  to  be  uppiehended  from  a  SEarcity  of  water— the 
iiugtir  of  explosion  when  Ihe  engine  is  ttanding,  or  when  the  asaal  channels  foi'  reliev- 
ing thii  boilei'  of  its  surplus  steam  are  stoppod.  All  these  are  parts  of  elemental^  in- 
iti'uution  which  the  stoker,  as  well  as  the  engineer,  should  be  acquainted  with ;  and  do 
piiipiiet«r  of  a  mill,  captain  of  a  steamship,  oi'  superintendent  ot  loeomotives  should 
giVe  employment  to  any  persons  unless  they  can  produce  eei'tificates  of  good  behavior, 
mid  a  knowledge  of  the  el^ruentnry  principles  of  their  profession. 

"If  these  precautions  were  adopted,  greuier  care  observed  in  the  selection  of  mec 
af  skill  and  I'esponsiliility  in  the  voustriiction  of  boilei's,  and  a  more  strict  and  rigid 
code  of  laws  in  the  management^  we  might  look  foiward  with  greater  certainty  to 
a  considerable  diminution,  if  not  a  |irevention,  of  those  caiHoiitous  events  whitt  so 
frequently  plunge  whole  families  into  mourning  by  unexpected  and  instantaneous 
death. 

"As  an  individual,  I  would  cheerfully  lend  my  best  assistance  to  the  development 
of  a.prineiple  of  instruction  calculnted  Ui  relieve  tlie  country  of  the  ignoi'ance  which 

Ecrvades  that  part  of  the  community  on  which  the  lives  of  so  many  depend.  A  reso- 
ilion  on  the  part  of  those  who  employ  pei>onsot this  description,  and  whose  interests 
are  so  much  at  strike,  Ut  take  only  those  whose  knowledge  and  character  come  up  to 
the  requisite  standiird,  caul  pay  fcr  it,  would  soon  can;e,  from  the  economy  of  the 
management,  and  the  increased  reeurity  of  their  jiroperty.  a  very  important  change  in 
all  the  requiremeuta  of  the  economy,  as  well  BM  the  application,  of  steam.  How  often 
do  we  find  implements  of  danger,  and  vessels  containing  the  elemanta  of  destruction, 
in  the  hands  of  ihe  moat  ignorant  and  reckless  practitioners,  whose  insenability  to  dan- 
ger, and  total  ineonipeteney  to  judge  of  its  presence,  render  them  above  all  others  the 
most  unfit  to  be  employed.  And  wliy  f  Because  they  are  the  very  persons,  from  their 
defective  knowledge,  to  iiiciease  the  danger  and  aggravate  the  evils  they  were  selected 
tfl  prevent-  It  is  not  the  first  time  that  engineens  tosecure(if  Imay  usethe  expression) 
an  insane  pressure,  have  fastened  the  safety  valves,  and  screwed  down  the  steam  valve, 
closing  e^ery  outlet,  without  ever  thinking  of  the  fire  that  was  blazing  under  the  boiler. 
Under  such  eircumstancea  what  could  be  expected  but  a  blow  up  i  A  madman  nish- 
ing  with  a  lighted  match  into  a  powder  magaane  could  not  act  with  greater  insanity. 
Such,  however,  has  been  the  case,  and  ail  arising  from  want  of  thought,  or,  what  is 
worse,  from  the  total  absence  of  knowledge,  whi5i  it  was  the  duty  of  his  employer  as 
welt  as  himself  to  have  piissesscd. 

"I  have  on  former  occasions  stated  thati  am  not  an  advocate  for  legislative  inter- 
ference either  in  the  oonatroction  or  management  ot  boilers;  but,  seeing  the  dangerous 
tendency  of  these  vessels  when  placed  under  the  control  of  ignorance  and  incapacity,  1 
would  ioiego  many  considerations  to  eticonrage  a  more  j'ldieioos  and  intelligent  class 
of  men  than  has  hitherto  been  employed  in  the  cure  and  management  of  steam  and  the 
steam  engine.  The  reforms  necessary  to  be  introduced  maybe  madeby  the  owners  of 
steam  engines,  steamboats,  railways,  and  others  eng^ed  in  the  use  and  application  of 
this  important  element.  A  desire  to  enforce  more  judicious  and  stringent  regulations,  to 
remunerate  t;ilent,  and  to  employ  only  those  whose  good  conduct  and  superior  know- 
ledge entitle  them  to  confidence,  is  the  only  sure  guarantee  of  public  safety  and  tile  pros 
perity  of  the  employer. 

"  Lastly,  The  remedita  applicaUe  for  llie  prevention  of  accidents  arising  from  explo- 

"  Havingnoticed  in  the  foregoing  remarks  most  of  the  causes  incident  to  boiler  eiplo.^ 
sions,  it  now  only  remains  to  draw  such  inferences  as  will  point  out  the  cironmstsncea 
which  it  is  desirable  to  cultivate,  and  others  which  it  is  desirable  to  avoid.  These 
circumstances  I  have  end&ivored  to  class  in  such  a  way  as  to  bring  the  subject  pro- 
minently forward,  and  to  point  out  under  each  head,  first,  the  causes  which  lead  to  acci- 
dent i  and.  secondly,  the  means  necessary  to  be  observed  in  avoiding  it.  In  a  general 
summary,  it  may  not  be  incjipedient  briefly  to  recapitulate  these  statements,  in  or- 
der to  impress  more  forcibly  upon  the  Bind  of  those  concerned  tie  neoeasity  tor 
care  and  consideration  in  the  use  of  one  of  the  most  power&t  agents  ever  placed 
at  our  disposal. 

"Une  of  the  most  scientific  nations  of  Europe  places  the  greatest  confidence,  as  a 
means  of  safety,  on  the  use  of  a  fusible  metal  plateover  the  furnace.  These  plates  are  al- 
loys ot  tin  and  lead,  with  a  small  portion  of  bismuth,  in  such  proportions  as  will  ensure 
fusion  at  a  tempemtiire  something  below  that  of  molten  lead.  In  Finance  the  greatest 
importanceisattiichod  to  these  alloys,  and,  in  order  to  ensure  cfrtainty  as  to  the  definite 

Sroportions,  the  plates  are  prepared  at  the  royal  mint,  where  they  may  he  purchased 
Illy  prepared  for  use  In  this  country  these  alloys  are  not  generally  in  use,  but  in 
this  respect  1  think  we  are  wrong,  as  boiler  explosions  are  not  so  frequent  in  France  aa 
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■e  extenairelj 
talead  riv^t, 

!  iniih  in  diameter,  immediately  over  tlie  lirei>lace,  oiidas  common  leaii  meltaatGSU°, 
I  liave  iiiyaiiabty  fouud  tliese  metallic  plugs  a  great  seouiity  in  tlie  event  of  a  scarcity  ol 
winter  in  tlia  boiler.  1  am  persuaded  many  dan^eraua  explosions  may  be  avoided  bvtbe 
use  of  bliia  simple  a,ad  effective  precantiuit ;  and  as  pure  lead  melts  at  610°,  we  may  infer 
from  Ibis  circumstance  tbat  notice  will  be  given  aa<l  relief  obtained  before  the  int«riiol 
lireseure  of  the  steam  exceeds  that  of  tlie  resisting]  >owers  of  the  heated  plates.  As  this 
simple  precaution  is  so  easily  accomplished,  1  would  advise  its  general  adoption.  It 
can  do  no  harm  to  the  bolter,  and  may  be  the  means  of  averting  explosions  and  the 
destruction  of  many  valuable  lives. 

"  llie  fasibie  metal  plates,  as  uead  in  France,  are  generally  covered  by  a  perforated 
metallic  disc,  whicli  protects  the  alloy  of  which  ihe  plate  is  composed,  and  allows  it  to 
ooze  tbroogh  as  soon  as  lbs  steam  has  attained  the  temperature  necessary  to  insure  the 
fneiou  of  the  plate.  The  nature  of  the  alloy  is,  however,  somewhat  curious,  as  the  dif- 
ferent equivalents  have  dilferent  decrees  of  fluidity,  and  the  portion  which  is  tbcliratto 
melt  is  found  out  by  the  pressure  ot  the  steam  causing  the  adhesion  of  the  less  fusible 
parts,  but  in  a  most  imperfect  state,  and  incajiable  of  resisting  the  iiiternal  force  of  the 
steam.  The  result  of  these  compounds  is  the  fusion  of  one  portion  of  the  alloy  and  the 
fracture  of  the  other,  which  is  generally  burst  by  pressure, 

"This  latter  description  of  fusible  plates  is  diftVrent  from  the  lead  plug  over  the  fire, 
which  is  fused  at  600*  by  the  heat  ol  the  furnace,  and  the  otber,  by  the  temperature 
of  the  steam,  when  rai^d  to  tlie  fusible  point  of  the  alloy,  which  varies  from  280°  to 
BoO". 

"  Another  method  is  the  bursting  plale,  fiiad  in  a  frame  and  attached  to  some  con- 
venient part  of  the  upper  side  of  the  Ixiiler;  this  plate  is  lobe  of  such  thickness  and  of 
such  ductility  as  to  cause  rupture  wtienever  the  pressure  exi:ee<l9  that  of  the  weight  on 
the  safety  valve.  ITiere  can  be  no  doubt  tbat  such  an  apparatus,  if  made  with  a  suffi 
ciently  large  opening,  would  relieve  the  boiler ;  but  the  oKections  to  this  and  several 
other  devices  are  the  frequent  bursting  of  those  plates,  and  the  elfect  every  change  of 
pressure  has  upon  the  nmterial  in  reducing  its  powers  of  resistance,  and  thus  increasing; 
uncertainty  as  to  the  amount  of  pressure  in  the  boiler,  as  well  as  tbe  constant  renewal 
of  the  plates. 

"  It  has  already  been  noticed  that  one  of  the  most  important  securities  against  ex- 
plosions is  a  duly  proportioned  boiler,  well  constructed ;  and  to  this  must  be  added 
ample  means  for  uie  escape  of  the  steam  on  every  occasion  when  the  usual  channels  have 
been  suddenly  stopped.  Tbe  only  legitimate  outlets  under  tlieae  circumstances  appear 
to  me  to  be  the  safety-valves,  which,  connected  with  this  inquiry,  are  indispensable  to 
security.  Every  boiler  should,  therefore,  have  two  safety-valves,  of  suffioient  capacity 
to  curry  off  the  quantity  of  steam  generaled  by  the  boiler.  One  of  these  valves  should 
be  of  the  common  constrnolioD,  and  tbe  other  beyond  the  reach  of  the  engineer  or  any 
other  person. 

"Ftg.  ISSisa  sketch  of  a  lock-up  safety-valve,  as  constructed  by  Mr.  Fairbaim.  a  is 
the  valve,  b  is  a  shell  of  thin  brass,  opening  on  an  hinge  and  secured  by  a  jiadlock  ;  it 
isofsucliadiameteras  to  allow  the  waste  steam  to  escape  in  tbe  direction  or  the  arrows. 
163  0  is  the  weight,  wtiich  may  be 

fixed  at  any  part  of  the  le?er 
to  gite  the  desired  amount  ot 
pressure,  but  which  cannot  be 
B:fed  or  altered  unless  tbe 
biiiier  ia  opened  to  ollow  a 
man  to  get  inside,  n  is  a 
handle,  having  a  long  slot,  by 
'  which  the  valve  may  be  re- 
lieved or  tried  at  any  time,  to 
obviate  the  liabOity  of  its  cor- 
roding or  being  jammed;  the 
engineer  cannot  however,  put 
any  additional  weight  upon 
tlie  valve  by  this  handle.' 

■'  Whilst  tracing  the  causes 
of  explosions  from  a  deficiency 
of  water  in  the  boiler,  I  have  recommended  a'l  the  usual  precautions,  good  pumps,  self- 
acting  feeders,  water  cooks,  glass  gauges,  floats,  alarms,  and  other  indicators  which 
mark  the  changes  and  variations  in  the  height  of  the  water.  To  these  may  be  added 
the  steam  whistle,  but  chiefly  the  constant  inspection  of  a  careful,  sober,  and  ju- 
dicious engineer.    Above  all  other  met  -  ^  - ■" ■--■- J----^  n.-  -  <■' 
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eescntial  to  security,  for  on  that  official  depends,  not  only  the  lecurity  of  the  propnrlj 
unaer  his  charge,  but  also  the  mt^raats  of  his  family,  and  the  lives  of  all  those  within 
the  immediate  iafluenee  of  his  opefationa.  Uue  of  the  most  important  eonsidet'ntiona 
in  this  and  every  other  depHrtmeut  of  man^cment  it  clenulinesa  and  the  caruful  atten- 
tion of  a  good  sober  enginrer. 

"  Explosions  jiroduoed  fi-oni  collapse  have  their  origin  in  different  causes  to  thnge 
arising  from  a  deficiency  of  water,  and  Ihe  only  lemedy  that  can  bo  applied  is  the 
vacuum  valve  and  the  cylindrical  or  spheroidal  form  of  boiler. 

"Defnctive  construction  is  unquestionably  one  of  Ihe  greatest  sourcesofthefriehtful 
aeeidenta  which  we  are  so  Irequeutiy  eaiied  upon  to  witness.  No  man  should  be  allowed 
unlipiilicd  exercise  of  judgment  on  a  question  of  such  vital  importance  as  the  const  mo- 
tion of  a  boiler,  uule^  duly  qualified  by  matured  e^cpenence  in  the  theoretical  and 
practical  knowledge  of  fbnii,  stiength  of  marerials,  and  otlicr  requirements  requisite 
to  insure  the  masimum  of  eound  construction.  It  appears  to  me  equally  important 
tiiat  we  should  have  the  same  proofs  and  acknowledged  system  of  operations  in  the 
constraction  of  boilers,  as  we  have  in  the  strength  and  |ii'oportioDS  of  ordnance.  In 
hoth  cases  we  have  lo  deal  with  a  powerful  and  dangerous  element ;  and  1  have  yet 
to  learn  why  the  same  security  should  not  be  given  to  the  genei-il  public  as  we  hnd 
so  liberally  extended  to  an  important  bninch  of  the  public  service.  In  the  ordnance 
depjtrtmeiit  at  Woolwich  (with  which  1  have  been  more  or  less  connected  for  some 
years)  the  utmost  oai'c  and  Drecision  is  observed  in  the  manufactui'e  of  guns ;  and  tiie 
proofe  are  so  carefully  made  under  the  superintendence  of  competent  officers,  as  to 
render  every  gun  |)eilectly  safe  to  the  extent  of  1000  to  1200  rounds  of  shot. 

"UoHera  and  artillery  are  equally  exposed  to  fracture,  and  it  appears  to  me  of  little 
moment  whether  the  one  is  buret  by  tlie  discharge  of  gunpowder,  or  the  other  by  the 
elastic  force  of  steam. 

"Tukmg  into  consideration  all  the  cireumstances  connected  with  the  bursting  of 
boilers  and  the  burating  of  guns,  and  looking  at  the  active  competition  which  exists, 
and  is  likely  to  be  extended,  in  manufactories,  railway  traffic,  and  steam  navigation, 
rendeiing  it  every  day  moi'e  desirable  (o  I'cduce  the  i:03t  bv  an  extended  use  of  steam 
at  a  much  hisher  pressure,  it  suiely  becomes  a  desideratum  to  secure  the  public  safety 
by  the  introduction  of  siime  generally  acknowledged  syslem  of  construction  that  wiU 
bear  the  test  of  experience,  and  involve  a  maximum  power  of  reaistanoe.  The  moat 
elaborate  disquisitions  have  taken  place,  bj  the  most  distiDguiahed  men  of  all  ages 
uiice  the  invention  of  gunpowdei',  to  discover  the  strength  and  form  of  guns  of  every 
description.  Korely  boilers  areequally  if  not  more  important,  as  the  sacrifice  of  human 
life  appears  to  me  much  greater  in  the  one  ease  than  the  other.  It  is  therefore  a  sub- 
ject of  paramount  impoi'tiuice  to  the  public  to  know  that  the  facts  of  Bcientitic  inquiry, 
and  the  knowledge  of  practical  skill,  have  combined  to  give  uruleniabls  aeBurita  as  wll 
as  eonfidencr;  that  boilers  are  properly  constiiicted,  and  ijapuble  of  bearing  nt  least  si» 
til/tea  their  working  pressure. 

"On  the  question  of  explosions  arising  from  mismanagement  and  ignorance,  we  have 
little  further  to  add ;  and  it  now  only  remains  to  state,  that  the  subject  of  security  from 
boiler  explosions  is  of  such  importance  as  to  call  for  more  able  exponents  tlian  myself. 
I  have  endeavored  to  trace  the  causes  of  these  lamentable  occurrences,  and  to  draw 
such  deductions  therefrom  as  I  trust  may  be  useful  in  at  least  mitigating  if  not  almost 
entirely  averting  the  danger. 

"  1  repeat  the  means  of  prevention  and  the  precautious  necessary  to  be  observed  in 
the  construction  and  manag<-meQt  of  boilers. 

"1st.  To  avoid'explosioiia  from  internal  pressure,  cylindrical  boilers  of  maxlmuia 
fiirmaandstrength  must  be  used,including  ail  ihe  necessary  appendages  of  safety-valves, 

"  Kd.  Explos'ons  arising  from^deficiency  of  water  may  be  prevented  by  tlie  fusible 
alloys,  bursting  plates,  good  feed  pumps,  water  gauges,  alarms  and  other  mnrka  of  in- 
diciition;  but  above  all,  the  expeiienoed  eyeand  careful  attention  of  the  engineer  is  tha 
greatest  seen  rity. 

"  3d,  Explosions  from  collapse  are  generally  produced  from  impcrfcot  conetruotioD, 
which  can  only  be  remedied  by  a'lopCing  the  cylindrical  form  of  boiler,  and  a  valve  to 
prev^t  tlie  formation  of  vneiiuni  in  the  boiler, 

'Mth,  Explosions  from  defective  construction  admit  of  only  one  simple  remedy,  and 
that  is,  the  adoption  of  those  forms  which  embody  the  maximum  powers  of  re-iistauee  to 
internal  pressure,  and  such  as  we  have  already  recommended  for  general  use. 

"Lastly.  Good  and  efficient  management,  a  respectable  and  considerate  enginee 

■'       introduC''  "         ■    -  .-...- .^ a-  :.■-  .-•  1-- 


nduction  of  such  improvemenls,  precautions,  and  sf 
ecommend,  will  not  only  ensure  confidence,  but  cieale  a  better  system  of  manage- 
ment in  nil  the  requirements  neeeaaary  to  be  obsei'ved  for  the  prevention  of  steam  boilei 
txplusions.     {Fairbairn,  in  Leclnre  at  Leeds.) 


BONES. 
BOMBAZINE.    A  worsted  slnfT,  sometimes  miied  with  silk. 
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The  osseons  earlilnge  is  obtained  by  suspending  bones  in  n  lanie  vessel  full  of  dilute 
murinlic  acid,  and  leaving  it  in  a  cool  place  at  about  5Ufi  Fahr.  fur  example.  The  acid 
dissolves  the  earthy  sails  of  the  bones  witlioat  perceptibly  attacking  the  cartilage,  which, 
at  (he  end  of  a  short  time,  becomes  soI\  and  translocid,  retamii^  (he  shape  of  ihe  hones ; 
whenever  the  acid  is  saluraled,  before  i(  has  dissolved  all  the  earthy  sails  it  should  be 
renewed.  The  cartilage  is  10  be  next  suspended  in  cold  water,  which  is  to  be  frequenlly 
i^hanged  till  it  has  removed  all  Ihe  acidity.  By  dryin°,  the  ca.rtiLage  shrinks  a  little, 
and  assumes  a  darker  hue,  but  wjthont  losin;  'ts  Iranslucency.  It  beccimes,  at  the 
same  time,  hard  and  susceptible  of  breaking  when  bent,  but  it  possesses  great 
strength. 

This  cartilage  is  composed  entirely  of  a  tissue  passing  into  gelatine.  By  boiling  with 
water,  it  is  very  readily  convertible  into  a  glue,  which  passes  clear  and  colorless  through 
the  Alter,  leaving  only  a  small  portion  of  Rbrous  matter  insoluble  by  farther  builing. 
This  mailer  is  produced  by  the  vessels  which  penetrate  the  cartilage,  and  carry  nourish- 
ment to  Ihe  bone.  We  may  observe  all  these  phenomena  in  a  very  instructive  manner, 
by  macerating  a  bone  in  dilute  muriatic  acid,  till  il  has  lost  about  the  half  of  its  sails; 
then  wnshina;  it  wiih  cold  (vater,  next  pouring  boiling  water  upon  it,  leaving  the 
whide  in  repose  for  24  hours,  at  a  temperature  a  few  degrees  below  212^  Fahr. 

The  cartilage,  which  has  been  stripped  of  its  earthy  salts,  dissolves,  but  the  small 
vessels  which  issue  from  the  undecoinposed  portion  of  the  bone  remain  under  the  fjrm 
of  while  plumes,  if  Ihe  water  has  received  no  movement  capable  of  crushing  or  breakinj 
them.  We  may  then  easily  recognise  them  with  a  lens,  but  the  slightest  touch  tears 
them,  and  makes  them  fall  10  the  bottom  of  the  vessel  in  the  form  of  a  precipiiHte ;  if 
we  diitesl  bones  with  strong  hot  muriatic  acid  so  as  to  accelerate  their  decomposition,  a 
poriion  of  the  cartilaje  dissolves  in  the  acid  with  a  manifest  disengagement  of  carbonic 
acid  i;as,  wiiich  breaks  the'  intennr  mass,  and  causes  Ihe  half-softened  bone  to  b^in  to 
split  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  lo  Man;, 
these  plates,  when  sulficieolly  thin,  possess,  like  scales  of  mica,  the  property  of  pular- 
izing  li^ht,  a  phenomenon  which  becomes  more  beautiful  still  when  we  soak  them  wilh 
Ihe  essential  oil  of  the  bark  of  the  Launis  Cassia.  The  osseous  cartilage  is  formed 
before  the  earthy  part.  The  long  hones  are  then  solid,  and  Ihey  become  hollow  only  in 
propoition  as  the  earthy  salts  appear.  In  the  new-born  infant,  a  large  poriion  of  the 
bones  is  but  partially  ^lled  with  these  snits,  their  deposition  in  cartUa^  lakes  place 
under  certain  invariable  ■poinh  of  ox^ification,  and  begins  at  a  certain  period  alter  cim- 
ceplion,  so  that  we  may  calculate  the  age  of  the  foslus  according  to  the  progress  whicti 
ossification  has  made. 

The  earthy  parts  of  bones  are  composed  principally  of  the  phosphate  and  carbonale 
of  lime  in  various  prapoitions,  variable  in  different  animals,  and  mixed  with  smnll 
qnantilies,  equally  variable,  of  phosphate  of  magnesia  and  fluate  of  lime.  The  easipsl 
means  of  procuring  the  eaiiby  salts  of  bones  consists  in  burning  them  lo  whiteness,  but 
the  earthy  residuum  procured  in  this  manner,  contains  substances  which  did  not  exist 
beforehand  in  the  bones,  and  which  did  not  form  a  part  of  their  earthy  sails;  as,  for 
eiample,  sulphate  of  soda,  produced  at  the  expense  of  the  sulphur  of  toe  bones  and  the 
alkaline  carbonate,  proceeding  from  the  cartilage  with  which  it  was  combined.  .On  ihe 
other  hand,  the  greater  part  of  the  lime  has  lost  its  carbonic  acid.  As  the  sn'iphuric 
acid  is  ihe  product  of  combustion,  il  is  obvious  ihat  an  acidulous  solution  of  a  fresh  bone 
can  atford  no  precipitate  with  mnriaie  of  baryies.  The  phosphate  of  lime  contained  in 
the  bine-salls  is  a  subphosphate,  consisting,  according  to  Beraelius,  of  three  prime 
eqnivnlents  of  the  acid,  and  eight  of  the  basej  or  of  2,677  parts  of  the  fonr.r',  and  2,818 
of  the  laiter.  It  is  always  oblained  when  wt  precipitate  the  phosphate  of  lime  by  an 
excess  o(  ammonia.  When  calcined  bones  are  distilled  in  a  retnrt  with  their  own  weight 
of  sid]ihuric  acid,  a  little  fluoric  acid  is  disenitalred,  and  it  acts  on  the  surface  of  the 
glass.  The  following  analyses  of  the  bones  of  men  and  horned  cattle,  are  given  by  Ber- 
lelins.  They  weve  dried  after  being  stripped  of  their  fat  and  periosteum  UU  they  lost 
no  more  weight. 
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In  the  arts,  the  bones  are  employed  by  turners,  eullers,  manufaclurers  of  animal  char- 
coal, anil,  when  calcined,  bj  assayera  for  maliina  cupels.  In  agricallure,  they  are 
employed  as  a  manure,  for  which  purpose  they  should  be  ground  in  a  mill,  and  the  pow- 
der sowed  along  with  the  seeds  in  a  drill.  It  Is  supposes),  in  many  cases,  to  increase  iha 
crop  in  weight  of  grain  and  straw  together,  by  from  40  to  50  per  cent.  In  France,  suup 
is  eslensivelj  made  by  dissolving  hones  in  a  steam-heat  of  two  or  three  days'  continu- 
ance. The  shavii^  of  haitshom,  which  is  a  species  of  bone,  afford  an  elegant  jelly : 
the  shavinii:s  of  calves'  bones  may  be  used  in  their  stead. 

Living  hones  acquire  a  red  linge  when  the  animals  receive  madder  with  their  food ; 
Init  thej  lose  it  when  the  madder  is  dieconlinned  for  some  lime. 

The  following  analysis  of  the  middle  part  of  the  tilgb-bone  of  a  man  of  80  yeara  oE 
aga  by  Uarcban^  merits  eonfldeace: — 

1.  Cartilttga  insoluble  in  raurifttio  acid  ....     2123 

2.  Do.        soluble  in  do 5-03 

5.  Blood-YesselB and  nerves I'Ol 

4.  Subphosphateof  lime S2'23 

6.  Fluoride  of  calcium IW 

6.  Carbonate  of  lime 10-21 

7.  Phosphate  of  magnesia I'OB 

8.  Soda 0-92 

8.  Chlorsodium      .  0.26 

10.  Oxides  of  iron  and  inanganese,  and  loss         .        .        .  1.05 

100-00 

The  human  bones  oontwn  maeh  more  carbonate  of  lime  than  those  of  oxen ;  wbtch 
are,  however,  richer  in  phosphate  of  lime  and  magnesia.  The  proportion  of  cartila- 
ginous matter  in  bones  is  not  unifoj-m.  but  varies  in  the  same  species  of  animal  with 
age,  sex.  and  pasture.  The  quatitity  of  bones  imported  in  1860  amounted  to  27,1B8 
tons,  and  in  IS51  to  S1.966  t^ma. 
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BONE  BLACK  {N^otr  rf'oj,  Fr.j  KiiocAm.tcS warts,  Germ.),  or  Jmm«l  diarcoal,M 
•t  is  \ess  correctly  cnlled,  is  Ihe  black  carbonaceous  substance  into  which  bones  nre 
converted  by  calcinalioii  in  close  vessels.  This  kind  of  cliarcaol  has  two  principal 
applicalions  1  to  deprive  various  solutions,  particularly  sirups,  of  their  coloring  mailers, 
and  to  furnish  a  black  pigment.    The  latter  subject  vitl  be  treated  of  nnder  Ivory 

The  discovery  of  the  antiputrescent  and  decoloring  properties  of  charcoal  in  ueneral, 
is  due  lo  Lowili,  of  Peteisbui^  j  but  their  modifications  have  occupied  the  attention  >if 
many  chemists  since  his  lime.  Kels  published,  in  1798,  some  essays  on  the  discolorina; 
of  indiso,  saffron,  madder,  sirup,  &c.  by  means  of  charcoal,  but  he  committed  u  mistake 
in  supposing  bone  black  lo  have  less  power  than  the  charcoal  of  wood.  The  first 
useful  application  of  charcoal  lo  the  purification  of  raw  colonial  sni^ar  was  made  hy 
M.  Cuillon,  who  brousht  into  the  French  markets  considerable  quantiiies  of  fine  sirups, 
wliich  Jie  discolored  by  ground  wood  charcoal,  and  sold  them  to  great  advantase,  as 
much  superior  to  the  cassonades  of  that  time.  In  181 1,  M.  Fi^uier,  an  apothecary  at 
Mcnipeliier,  published  a  note  about  animal  charcoal,  showin.  'hat  il  blanched  vinenars 
and  vines  with  mnch  loare  enei^  than  vegetaUe  charcoal  <  and,  lu^ily,  in  lSl2, 
M.  Derosnes  proposed  to  employ  animal  charcoal  in  the  parificatioc  -jf  sL'ups  and 
suKar  refining.  The  quanlilies  of  bone  black  left  in  the  retorts  emp^  yed  by  MM. 
Pajen,  for  producing  crude  carbouale  of  ammonia,  famished  abundanl  maleriah;  fir 
making  Ihe  most  satisfactory  experiments,  and  enabled  these  gentlemen  soon  to  ob- 
Uiin  ten  per  cent,  more  of  refined  sugar  from  the  raw  arlicle  Ihan  had  been  formerly 
ovtracted,  and  to  improve,  at  the  same  lime,  the  characters  of  tbe  lumps,  bastards. 
Ire  tele   St< 

The  calcination  of  bones  is  effccled  by  two  different  systems  of  apparatus ;  by  healing 
th^m  n  a  retort  similar  lo  Ihat  in  which  coal  is  decomposed  in  the  gns  works,  or  in 
small  pols  piled  up  m  a  kiln.  For  the  descripiion  of  tbe  foimer,  see  Gas-Lioht. 
On  the  secmd  plan  the  bones,  broken  into  pieces,  are  put  into  small  cast-iron  pola 
»  the  fonn  showi  in  fie  IM,  about  three  eighths  of  an  inch  thick,  two  of  which  are 
de  [erously  placed  with  their  months  in  contact,  and  then  luted  together  with  loam. 
The  1  p  of  Ihe  upper  pot  IS  made  to  slip  inside  of  ihe  under  one.  These  double  vessels, 
conlnining  togelber  about  fiRy  pounds  of  bones,  are  arranged  aloagsiJe,  and  over  each 
other,  in  an  oven,  like  a  poller's  kitn,  till  it  be  filled.  The  ovrn  or  kiln  nmy  be  elibei 
oblong  or  upright.  The  latter  is  represented  in  Jigs.  155,  156,  157.  a  is  the  fireplace 
or  grate  for  tbe  fuel ;  c  c  are  the  openings  in  the  dome  of  the  furnace  through  which 
the  dame  flows;  the  divisions  of  these  orifices  are  shown  in  J^g.  157.  B  is  the  wall  ol 
orick-work.  d  Ihe  space  in  which  the  puts  are  distributed,  e  is  the  door  by  which  tbe 
workman  carries  in  the  pols,  which  is  afterwards  built  up  with  fire-bricks,  and  pdastered 
over  with  loam.  This  door  is  seen  in  fig.  155,  e  f  are  the  literal  ilues  fur  convcin" 
Ihedi  ■  ■  ■    -       ■ 


Fig.  158  is  a  longitudinal  section,  and  fig  159,  a  ground  plan  ol  a  horizontal  kiln  Ici 
calcining  bones,  a  is  the  fire-chamber,  lyii^  upon  a  level  wilh  the  sole  of  the  kiln  ;  it 
is  separated  by  a  pillar  ft,  from  the  calcining  hearth  c.  In  the  pillar  or  wall,  several 
rows  of  holes  d,  are  left  al  different  lieighls;  e  is  the  entrance  door;/,  the  outlet  vents 
for  Ihe  gases,  vapors,  and  smoke,  into  tbe  chimney  g  (  A,  a  sliding  damper-plale  for  regu- 
lating the  admission  of  the  air  into  the  fire  in  the  space  a. 

By  this  arrangement  the  ofTensive  emanations  are  partly  consumed,  and  partly  carried 
off  wilh  the  smoke.  To  destroy  the  smell  completely,  the  Einoke  should  be  made  lo  pass 
through  a  second  small  furnace. 

The  number  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course,  upon 
Its  dimensions;  but,  in  general,  from  100  to  150  are  piled  up  over  each  other,  in  columns, 
16 
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ftt  once ;  the  greatest  heat  being  ni 
respects,  thai  iiseJ  for  baking  pottery  w 

In  both  liilns  the  interior  walls  are  built  of  fire-bricks.  In  the  oblon?  one,  the 
fiercest  heat  is  near  the  vaiilled  roof;  in  the  upright  one,  near  the  sole ;  and  the  pol-, 
containing  the  lai^er  lumps  of  bones,  should  be  placed  accordingly  near  the  top  of  the 
former,  and  the  bottom  of  the  laller.  Such  a  kiln  may  leceive  about  seventy  double 
pots,  coniaining  in  the  whole  thirty-five  cwt.  of  bones. 

After  the  earth  is  filled  with  the  pols,  and  the  entrance  door  is  shut,  the  fire  is 
api  lied  at  first  moderalely,  bat  aflerwards  il  must  be  raised  and  maintained,  at  a  brifdi 
heat,  for  eight  or  ten  hours.  The  door  of  the  a^h-pit  and  the  damper  may  now  be 
nearly  closed,  to  moderate  Ihe  draught,  and  to  keep  np  a  steady  ij^ition  for  six  or  eight 
hours  longer,  wilhuul  adiiilional  firing;  after  which  the  doors  must  be  all  opened  to 
cool  the  furnace.  When  this  is  done,  Ihe  briek-work  of  the  entrance  door  mosi  be 
taken  doirn,  the  kiln  must  be  emptied,  and  immediately  filled  again  with  a  set  of  pols 
previously  filled  ivilh  bones,  and  luted  toeether;  (he  pots  which  have  been  ignited  may, 
in  the  course  of  a  short  lime,  be  opened,  and  the  contents  put  inlo  the  magazme.  Bu( 
ia  operatii^  with  the  large  decomposing  cylinder  retort,  the  bones  being  raked  out  boi, 
roust  be  instantly  tossyl  into  a  receiver,  which  can  be  covered  in  air-tight  till  they  are  cool. 

The  bones  lose  npcn  Ihe  average  about  one  half  of  Iheir  weight  in  the  calcination. 
In  reference  to  the  qnality  of  Ihe  black,  eiperience  has  -V)wn  thai  it  is  so  much  more 
powerfiil  as  a  discoloring  agent,  as  the  bones  from  vihia.1  I  was  made  have  been  freer 
from  adhering  fallj,  fieshy,  and  tendinous  matters. 

The  charcoal  is  ground  in  a  mill,  either  to  a  fine  powder  and  sifted,  or  into  a  coarse 
granular  stale,  like  gunpowder,  for  Ihe  preparation  of  which  two  sieves  are  required,  one 
with  moderalfiy  fine  meshes,  to  allow  the  small  dust  lo  pass  through,  and  one  with  large 
meshes,  to  separate  the  proper-sized  grains  from  the  coarser  lumps.  Either  a  corn-mill, 
an  eiigeslone  mill,  or  a  sleel  cylinder  mill,  may  be  employed  for  grinding  bone-black,  and 
il  is  generally  damped  in  Ihe  operation  lo  keep  down  the  fine  dust. 

Bone-black,  as  found  in  commerce,  is  very  variable  in  its  discoloring  power,  which 
arises  from  ils  having  been  exposed  either  to  too  great  a  heat  which  has  glazed  its  car- 
bon, or  too  low  a  heat  which  has  left  ils  albumen  imperfectly  decomposed.  A  steady 
ujnition  of  due  cotitinuance  is  the  proper  decomposing  temperature.  Its  composilion  is 
generally  as  follows : — 

Phosphate  of  lime,  with  carbonate  of  lime,  and  a  little  sulphuret  of  iron,  or  o^yde  of 
iron,  88  parts;  iron  in  the  state  of  a  silicated  carburet,  2  parts;  charcoal  containing 
about  one  fifteenth  of  azote,  10  parls.  None  of  the  substances  presenl,  except  the  char- 
coal, possesses  separately  any  discoloring  power. 

The  quality  may  be  tested  by  a  solution  of  brown  sugar,  or.  molasses,  or  of  indigo  in 
sulphuric  acid.  The  last  is  generally  preferred  by  the  French  chemisls,  who  have  occu- 
pied Ihemseivcs  niosl  with  this  subject,  and  it  contains  usually  one  ibousandth  perl 
of  its  weight  of  this  dye-drug  of  the  besi  quality.  Other  animal  substances  yield  a 
charcoal,  possessed  of  very  considerable  discoloring  properties.  The  following  table  by 
M.  Bossy  exhibits  an  interesting  cumparison  of  almost  every  kind  of  charcoal  in  this 
point  of  view. 
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0-53 
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0-009 
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With  regard  to  llif  mode  of  operation  of  bone  Ijlack  on  colored  liquids,  M,  Payen 
showed  in  his  piize  essay,  I.  That  the  deculorin^  power  of  charcoal  (ippends  in 
general  upon  its  slate  of  division;  2.  That  in  the  "iariouB  charcoals,  the  CMbonnceous 
maltPr  acta  only  upon  the  coloring  mailers,  combining  with  and  precipitating 'liem  ;  3. 
That  in  the  nppllcalion  of  charcoal  to  the  refining  of  sngqr,  it  aels  alsj  upon  the  elulen, 
for  it  singularly  promotes  crj'stalliziition ;  4.  That  according  to  the  above  principles,  the 
deco^<ri^«  action  of  charcoals  may  be  so  modiAed,  as  to  make  Ihe  most  inert  become 
the  most  active;  5.  That  the  distinction  between  animal  and  veeetable  charcoals  is  im- 
proper, and  thai  we  may  subslilnle  for  it  that  of  dull  and  brilliant  charcoals ;  6.  Thnl 
of  Ihe  substances  present  in  charcoal  besides  carbon,  and  paniculaily  anlinnl  charcoal, 
those  which  favor  the  decoloring  action,  have  an  influence  relative  only  '.o  the  car'uon  ; 
they  serve  as  auiiliarips  lo  it,  by  insnialing  its  particles,  and  presentmg  them  more 
trecly  to  the  action  of  the  coloring  matLtT;  7.  That  animal  charcoal,  bcsHes  its  de- 
colorini!  power,  bas  the  valuable  properly  of  lakinjt  lime  in  solution  fi-om  water  and 
sirup;  S.  That  neithi'r  vegetable,  nor  other  charcoals,  besides  the  animal,  have  this 
power  of  abstractlne  lime;  9.  That  by  the  aid  of  the  deeolorimeter,  or  graduated  lube 
chaiged  with  test  solulion  of  lndu;o  or  molasses,  it  is  easy  lo  appieciate  exactly  th<  de 
coloring  properties  of  all  kinds  of  charcoal. 

Difterent  varieties  of  lignite  (fossiliied  wood)  or  even  pit  eonl,  when  well  cttrbonizec 
in  ch)se  vessels,  afford  a  decoloring  charcoal  of  considerable  value.  By  reducing  IU( 
part;  of  clay  into  a  thin  paste  with  water,  kneadin;  into  it  20  parts  of  tnr,  and  500  o( 
finely-ground  pit  coal,  drying  the  mixed  mass,  and  calcining  it  out  of  contact  of  air,  t 
charcoally  matter  may  be  obtained  not  much  inferior  to  bone-black  in  whitening  sirups. 

The  restoration  of  animal  charcoal  from  burnt  bones,  for  the  puipose  of  sugar  rc- 
Gnins,  has  been  long  piactised  in  Frnnce.  Mr.  W.  Parker  has  latel;{  made  the  folkiwing 
process  the  subject  of  a  patent.  The  charcoal,  when  taken  from  the  vessel  in  which  it 
has  been  employed  for  the  purposes  of  clarifying  Ihe  sugar,  is  lo  be  thorouchly  vraslied 
with  the  purest  water  that  can  be  obtained,  in  order  to  remove  all  the  saccharine  motler 
adhering  toil.  When  the  washing  .irocess  has  been  completed,  ihe  charcoal  is  laid  out 
lo  dry,  eilher  in  the  open  air  or  in  i  suitable  stove,  and  when  perfectly  fiee  from  moist- 
ure, it  is  to  be  separated  into  small  pieces  and  sifted  through  a  sieve,  the  wires  or  nieshei 
of  which  are  placed  si  distances  of  about  two  and  a  half  in  every  inch.  This  sifiing 
will  not  only  divide  the  charcoal  Into  small  pieces,  but  will  cause  any  bits  of  wood  or 
other  improper  matters  to  be  separaled  from  il. 

The  charcoal,  thus  prepared,  is  then  'to  be  packed  lightly  in  cylindrical  vessels  called 
crucibles,  with  some  small  quantity  of  bones,  oil,  or  other  animal  mailer  mixed  with  it. 
The?  ciocibles  are  then  lo  be  closed  by  covers,  and  luted  at  the  joinis,  leaving  no  ether 
opening  bul  one  small  hole  in  the  centre  of  the  cover,  thronsh  which  any  gas,  generated 
within  the  vessel  when  placed  in  Ihe  oven  or  fninace,  may  be  allowed  lo  escape. 

The  erncibles  are  now  lo  be  tanged  round  the  oven,  and  placed,  one  upon  another,  in 
M'rtLi.al  po^itioni  and  when  (he  oven  is  properlj  heated,  gas  will  be  generated  within 
eiih  crucible,  and  issue  out  Irom  Ihe  central  hole  The  gas  thus  emitted,  being  of  an 
mflammable  quality,  n  ill  take  hre,  and  assisl  in  heating  the  crucibles ;  and  the  operation 
bung;  carried  on  until  the  oruoi- 
of  a  red  heat,  the 
to  be  closed,  and  al- 
cool;  after  which  the 
nre  t«  be  removed, 
I  eliarcoal  will  be  found 
to  have  becoma  perfectly  reno- 
vafed,  and  fit  for  use  as  befora. 

BoN'B  Blade,  or  animal  charcoal 
realored.  A  process  for  this  pur- 
pose was  made  the  subject  of  a 
patent  by  Messrs.  Bancroft  and 
Maolnnes  of  Liverpool,  which 
oonsiBts  in  waabing  the  granular 
chiiritoa],  or  digesting  it  when 
finely  ground,  with  a  weak  soln- 
tun  of  potnah  or  soda,  of  specific 
gravity  1-OB.  The  bone  blatk 
which  baa  been  used  in  sngar  re- 
fining may  thus  be  restored,  but 
it  should  be  first  cleared  from  all 
the  soluble  filth  by  means  of  water 
Mr.  F.  Parker's  method,  patent- 
ed in  June,  1S39,  for  efieuting  a 
bke  purpose,  is  by  afresh  oaloina- 
tioa  as  follows; — 
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Fig.  180  represents  a  front  secfion  of  tha  fnriiftee  and  retort  ;  anifig.  161  is  a  trans- 
verse verliual  s«(.'tion  of  the  same,  a  19  a  retort,  surrounded  by  the  flues  of  the  hii'tuicg 
h  ;  cia  a  hopper  or  ehamljer,  to  which  a  constant  fresh  supply  of  the  black  is  fupnislied, 
as  the  preceding  portion  has  been  withdrawn,  fiom  tlie  lower  part  of  o.  ti  is  the  cool- 
log  vessel,  which  is  connei^ted  to  the  lower  purt  of  the  retort  a  by  a  sand  joint  e.  The 
cooler  da  made  of  thin  sheet  iron,  and  is  large;  its  bottom  is  closed  with  a  elide  plate 
f.  The  black  after  pnesing  slowly  through  the  retort  a  Into  the  ressel  d,  gets  so  mucL 
cooled  by  the  time  it  reaches/,  that  a  portion  of  it  may  be  safely  withdrawn,  so  cs  to 
allow  more  to  fall  progressively  down;  j'is  the  charcoal  meter,  with  n  slide  door. 

BOOKBINDING,  is  the  art  of  sewing  together  the  sheets  of  a  boot,  and  securing 
Uiem  with  a  back  and  side  boards. 

Soul^binding,  according  to  the  present  node,  is  performed  in  the  following  manner : 
— Ths  sheets  arc  Jlrsl  folded  into  a  certain  number  of  leaves,  according  to  Uie  form  in 
which  the  book  is  to  appear;  viz.,  two  leaves  for  folios,  four  for  quartos,  eis;ht  for 
octavos,  twrlve  for  duodecimos,  &.c.  This  is  done  wiih  a  slip  of  ivory  or  hoxwood, 
called  B  ftlding-stick;  and  in  the  arrangement  of  the  sheets  the  workmen  are  directed 
by  the  catch- words  and  signatures  at  the  bottom  of  the  pages.  AVhen  the  leaves  are  thu^ 
folded  and  arranged  in  proper  order,  they  ire  osDally  beaten  upon  a  stone  with  a  heavy 
hammer,  to  make  them  solid  and  smoolh,  nnd  are  then  condensed  in  a  press.  After 
this  preparation  they  arc  sewed  in  a  sewing  press,  upnn  cords  or  packthreads  called 
bands,  which  are  kept  at  a  proper  distance  from  each  other,  by  drawing  a  thread  through 
the  midille  of  each  sheet,  and  turning  it  round  each  band,  beginning  with  the  fir^t  and 
proceeding  to  the  last.  The  number  of  bands  is  generally  six  for  folios,  and  five  for 
quartos,  or  any  smaller  size.  The  backs  are  now  glued,  and  the  ends  of  the  bands  are 
opened,  and  scraped  with  a  knife,  thai  Ihey  may  he  more  conveniently  filled  to  the  paste- 
board sides;  after  which  the  back  is  turned  with  a  hammer,  the  book  being  fi.ted  in  a 
press  between  boards,  called  backing  boards,  in  order  to  make  a  groove  for  admitting  the 
pasleboaid  sides.  When  these  sides  are  applied,  holes  are  made  in  them  for  drawing 
the  bands  through,  the  BUperflnons  ends  are  cut  off,  and  the  parts  are  hammered 
smoolh.  The  hook  is  next  pressed  for  cutting;  which  is  done  hy  a  perticulnr  machine 
called  ihe  plough,  to  wliich  is  attached  a  knife.  See  the  tigurcs  and  descriptions  infra. 
It  is  then  put  into  a  press  called  the  cutting  press,  betwixt  two  boards,  one  of  which 
lies  even  with  the  press,  for  the  knife  to  run  upon  ;  and  Ihe  other  above  for  the  knife 
to  cut  against.  After  this  the  pasteboards  are  cut  square  with  s  pair  of  iron  shear? ; 
and  lat't  of  all,  Ihe  colors  are  sprinkled  on  the  edges  of  the  leaves,  with  a  brush  made 
of  hog's  brislles;  Ihe  brush  being  held  in  the  one  hand,  and  the  hair  moved  with  the 
other, 

A  patent  was  obtained  in  il^9  hy  Messrs.  John  and  Joseph  Williams,  stationers  in 
London,  fur  an  improved  method  of  binding  books  of  every  description.  The  improve- 
ment consists  of  a  back,  in  any  curved  form,  turned  a  little  at  ihe  edges,  and  made  of 
iron,  steel,  copper,  brass,  tin,  or  of  ivory,  bone,  wood,  vellum,  or,  in  short,  any  material 
of  sufficient  firmness.  This  back  is  put  on  Ihe  book  before  it  is  hound,  so  as  just  to 
cover  without  pressing  the  edges;  and  the  advantage  of  it  is  that  it  prevents  the  booli, 
when  opened,  from  spreading  on  cither  side,  and  causes  it  to  rise  in  any  part  to  nearly  a 
level  surface.  In  this  melhod  of  binding  the  sheets  are  prepared  in  the  usual  manner, 
then  sewed  on  vellnm  slips,  glued,  cut,  clothed,  and  boarded,  or  half  boarded;  the  firm 
back  is  tlien  faslened  to  the  sides  by  velium  drawn  through  holes,  or  secured  by  enclosing 
il  in  vellum  or  ferret  wrappers,  or  other  materials  pasted  down  upon  the  boards,  or  drawn 
throi^h  them. 

A  patent  was  likewise  obtained  in  1800  by  Mr.  Elienezer  Palmer,  a  London  slafioner, 
for  an  improvcti  way  of  binding  books,  particularly  merchants'  account- hooks.  This  im- 
f«ivement  has  been  described  as  follows : — let  several  small  bars  of  metal  be  provided, 
about  the  thickness  of  a  shilling  or  more,  according  to  the  size  and  thickness  of  Ihe 
book;  the  length  of  each  bar  being  from  half  an  inch  to  several  inches,  in  proportion  to 
tlic  ptrenglh  required  in  the  back  of  the  book.  At  each  end  of  every  bar  let  a  pivot  be 
niai?e  ofdillerenl  lengths,  to  correspond  to  the  thickness  of  two  links  which  they  are  lo 
receive.  Each  link  musi  be  made  in  an  oval  foim,  and  contain  two  holes  proportioned 
lo  the  size  of  Ihe  pivots,  these  links  to  be  the  same  metal  as  the  hinge,  and  each  of 
them  nearly  equal  in  length  lo  Ihe  widlh  of  two  bars.  The  links  are  then  to  be  riveted 
on  the  pivots,  each  pivot  receiving  two  of  them,  and  thus  holding  the  hinge  together, 
on  the  principle  of  a  link-diain  or  hinge.  There  must  be  two  holes  or  more  of  different 
■i^es,  as  may  be  required,  on  each  bar  of  the  hinge  or  chain  ;  hy  means  of  these  holes 
en  h  book  gly  fastened  to  the  hinge  which  operates  with  the  back 

0  w        bo  uch  a  manner  as  lo  make  the  diffeient  sections  parallc' 

w  mit  writing  without  inconvenience  on  the  ruled  line;,  close 

J  k 

T  g  books  is  prepared'and  applied  as  follows  i  being  first 
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Is  cut  to  the  si 


e  of  the  hook,  and  the  thickness  of  llig  edge  is 
iraue;!  oil  on  a  maioie  sione.  It  is  nest  smeared  over  with  paste  made  of  wheat  flour, 
stielched  over  the  pasleboard  on  the  culside,  and  douhled  over  the  edges  within.  The 
h™k  is  then  corded,  that  is,  bound  firmly  belwi.tt  iwo  boards,  to  make  the  cover  stick 
strongly  to  the  pasteboard  and  the  back;  on  the  eiact  performance  of  which  Ihe  neat- 
ness of  the  book  in  a  great  measure  depends.  The  back  is  then  warmed  at  the  lire  to 
aoilen  the  glue,  and  the  leather  is  rubbed  down  with  a  bodkin  or  foldins  slick,  lo  set  and 
Sx  it  close  to  the  back  of  the  book.  It  is  now  set  to  dry,  and  when  drf,  the  boards  are 
removed ;  the  book  Ls  then  washed  or  sprinkled  over  wilh  a  little  paste  and  wafer,  the 
edges  and  squares  blacked  with  ink,  and  then  sprinkled  fine  wilh  a  brash,  by  striking  it 
against  the  hand  or  a  stick ;  or  with  kr^e  spots,  by  being  mixed  with  solution  of  green 
Tilriol,  which  is  called  marbling.  Two  blank  leaves  are  then  pasted  down  to  the  cover, 
and  the  leaves,  when  dry,  are  burnished  in  the  press,  and  the  cover  rolled  ou  the  edges. 
The  cover  is  now  glazed  twice  wilh  the  white  of  an  egg,  filleted,  and,  lastof  all,  polished, 
by  passing  a  hot  iron  over  the  glazed  color. 

The  employment  in  bookbinding  of  a  rolling  press  for  smoothing  and  condensing  the 
leaves,  instead  of  the  hammering  which  books  have  asuaily  received,  is  an  improvement 
introduced  several  year?  ago  into  the  trade  by  Mr.  W.  Bum.  His  press  consists  of  two 
iron  cylinders  about  afoot  in  diameter,  adjustable  in  the  usual  way,  by  means  of  a  screw, 
and  put  in  motion  by  the  power  of  one  man  or  of  two,  if  need  be,  applied  to  one  or  two 
winch-handles.  In  front  of  the  press  sits  a  boy  who  gathers  the  sheets  into  packets,  by 
placing  two,  three,  or  four,  upon  a  piece  of  (in  plaleof  the  same  size,  and  covering  them 
wilh  another  piece  of  tin  plate,  and  thus  proceeding  by  alternating  tin  plates  and  bundles 
of  sheets  till  a  sufficient  qnaniity  have  been  put  together,  which  will  depend  on  the  stiff- 
ness and  thickness  of  the  paper.  The  packet  is  then  passed  between  the  rollers  and  re- 
ceived by  the  man  who  turns  the  winch,  and  who  has  time  to  lay  the  sheets  on  one  side, 
and  to  hand  over  the  tin  plates  by  the  time  that  the  hoy  has  prepared  a  second  packet. 
A  minion  Bible  may  be  passed  through  the  press  in  one  minute,  whereas  the  time 
necessary  to  heat  it  would  be  twenty  minutes.  It  is  not,  however,  merely  a  saving  of 
time  that  is  gained  by  the  use  of  tlie  rolling-press ;  the  paper  is  made  smoother  than  it 
would  have  been  by  beating,  and  the  compression  is 
'  ""  so  much  greater,  thst  a  rcied  book  will  be  reduced 

lo  nbout  five  sixths  of  the  thickness  of  the  same  hook 
if  beaten.  A  shelf,  therefore,  that  will  hold  iifty 
hnoks  bound  in  the  usual  way  would  hold  iiearly 
sixty  of  those  bound  in  this  manner,  a  eircnmslance 
of  no  small  importance,  when  it  is  considered  how 
liirge  a  space  even  a  moderate  library  occupie^  and 
that  book  cases  are  an  expensive  article  of  furniture. 
The  rolling-press  is  now  substilnled  for  the  hammer 
by  several  considerable  bookbinders. 

J"tg,  162  represents  the  sewing-press,  te  it  stands 
upon  the  table,  before  which  the  bookbinder  sits. 
Fig.  Wi  is  a  ground  plan,  without  the  parts  a  and 
n  in   the  former  figure.    A  is  the  hase-boatd,  snp- 
_  ported  upon  the  cross  trars  m  n,  marked  with  dotted 

in_^g.  163,  Upon  the  screw  rods  r  r,^^.  162,  the  nuts  (d  serve  lo  fix  the  flat  upper 
bar  II,  at  any  desired  distance  frotn  the  base.  That  bar  has  a  slit  along  ils  middle,  through 
which  the  hooks  below  s  s  pass  down  for  receiving  the  ends  of  the  sewing  cords  p  p, 
fixed  at  y  y,  and  stretched  by  the  Ihomb-serrws  ;  x. 
The  bar  y  y  islet  into  an  oblong  space  cutout  of  the 
front  edge  of  the  hase-hoai-d,  and  fixed  there  by  a 
moveable  pin  a,  and  a  fixed  pin  at  ils  other  end,  round 

Fig.  164  is  the  bookbinder's  cutting-press,  which  i; 

set  iipright  upon  a  sort  of  chest  for  the  reception  of 

the  paper  parings  ;  and  consists  of  three  sides,  being 

open  above  and  to  the  left  hand  of  the  workman. 

The  pressbar,  or  beam  a,  has  two  holes  n  n  upon  ils 

under  surface,  for  securing  it  10  two  pegs  standing  on 

the  top  of  the  chest.  The  screw  rods  I  I  pass  through 

two  tapped  holes  in  the  bar,  marked  with  i  c  at  its 

s  held  by  the  shoulders  o  o.    The  heads  are  pierced  with 

ilirust  for  screwing  the  rods  hard  up.    The  heavy  beam 

■cable,  while  the  pitrallel  bar  with  tliL-  book  is  brought  hrme  towards  it 

ivs.    The  ;-.vo  rulers  s  s  serve  as  snides  to  preserve  the  motions  iriilj 
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parallel;  and  the  two  parallel  lath  bars  b  c  guide  Ijetwt 
plough,  whose  knife  is  shown  at  i,  with  its  clamping  strew  z. 

Mr.  Oliiham,  prinlin?  eiiuincer  of  the  Bank  of  England,  distinguished  f      m    h        a 
iiigenuily,  has  contrived  a  convenient  machine  for  calling  the  edges  of  book      a 
&.C.,  either  truly  square  or  polygunal,  with  mathematical  precision.    Fig.    66      p    senla 
an  end  elevation  of  the  machine.    Fig.  166,  a  side  view  of  the  same,  Ih  uf 

reference  indicaiing  the  same  parts  of  the  machine  in  each  of  the  figilres. 

a,  is  the  lop  cross  bar  with  rectangular  grooves  6  6;  c  c,  are  side  posts;  d  d 
to  Ihe  same,  with  slrenzthenin^  bmckels ;  e  «,  a  square  box,  in  which  ibe  p  ess  nds 
for  hokling  waste  catlings.  Fig.  167,  is  a  cross  section  of  the  upright  posts,  c  c,  laken 
jotally.  There  are  rectangular  grooves  in  the  upright  posts,  for  the  projeclin?  endl 
OSS  bracket/,  lo  slide  up  and  down  in.  In  the  middle  of  the  onder-sids 
ere  is  a  boss,  within  which  is  a  round  recess,  lo  receive  the  top  of  th« 
orks  in  ihe  cast  iron  cross  piece  k,  similarly  made  with  the  former,  bul 
e  posts  c  c.    Upon  the  screw  g ■      .   - 


of  the 
of  this  piece  /, 
screw  g,  which 
boiled  firmly  to 


partially  tnrning  the  screw,  and  immediately  over  it  cross  holes  fur  li;htenini  the  presj 
by  means  ol  a  lever  bar.  Upon  the  cross  piece  /,  is  bolted  the  b'^ard  j,  and  upon  each 
cud  ol  this  board  is  made  fast  the  rabbeted  pieces  k  k,  for  aaolher  board  I,  lo  slide  in. 


,n  a 

c 

" 

®        ® 

" 

i 

-^ 

middle  of  Ibis  board,  and  parallel  lo  the  pieces  A:  k,  the  tongue  piece  m  is 
e  fast,  which  fits  into  a  groove  in  ihe  bottom  of  board  l.  A  horizontal  representatioo 
of  this  is  seen  at  fig.  188,  and  immediately  under  this  view  is  also  seen  an  end  view  of  I 
atid  /,  connected  tiigelher,  and  a  side  view  of/-  by  itself.  In  the  middle  of  the  board  I, 
is  a  pin  for  a  jiroular  board  t.,  to  turn  upon,  and  upon  this  letter  board  is  placed  the 
"  material  to  be  cul,"  with  a  saving  piece  between  it,  and  the  circular  piece  which  is  to 
be  divided  upon  its  edge  into  any  number  of  parts  required,  with  a  stationary  index  on 
the  board  I,  to  point  to  each. 

It  will  now  be  understood  that  the  "  material  to  be  cul,"  may  be  turned  round  upon 
Che  centre  pin  of  the  board  «,  and  also  that  both  it  and  the  board  can  he  shifled  back- 
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ward  and  forward  under  the  top  cross  piece  a,  and  between  the  side  slide  slipsfcfe,  lh« 
Eurfaces  of  whicli  should  also  be  divided  into  inches  and  tenths. 

The  plough,  fig.  169,  shown  in  several  positions,  is  made  to  receive  two  knives  oi 
cutters  as  the  "material  lo  be  cut"  may  require,  and  which  are  situated  in  the  plough 
as  I  now  describe.  The  plough  is  composed  of  three  principal  parts,  namely,  the  top, 
anil  Its  two  sides.  The  top  o,  is  made  the  breadth  of  the  cross  piece  a,  and  with  n 
handle  made  fast  thereon.  The  sides  p  p,  are  bolted  thereto,  with  bolts  and  nats  througti 
corresponding  holes  in  the  top  and  sides.  The  Gs-urcs  below  §ive  inside  views,  and 
cross  Eoclinns  of  the  details  of  (he  manner  in  whicli  the  cutters  aiul  adjustments  are 
mounted.  A  groove  is  cut  down  each  cheek  or  side,  in  which  are  pLaced  screws  that 
are  held  at  top  and  bottom  from  moving  up  and  down,  bnt  by  turnini;  they  cause  the 
nuls  upon  them  to  do  so ;  they  are  shown  at  q  q.  These  nuts  have  eaclia  pin  projecting 
inwards,  that  go  into  plain  holes  made  In  the  top  ends  of  cutters  r  r.  The  169th  and 
following  figs,  are  J  in  scale. 

The  cutters,  and  the  work  for  eausin;  them  to  go  up  and  down,  are  sunk  into  the 
cheeks,  so  as  to  be  quite  level  with  their  inner  surfaces.  Fig.  170  shows  one  of  those 
screws  apart,  how  filed,  and  with  moveable  nut  and  projecting  pin.  The  lop  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion  wheel  and  boss  thereon, 
also  similarly  split.  This  pinion  Hts  upon  Ihe  split  pin.  Above,  there  is  &  cross  section 
of  a  hollow  coupling  cap  with  steel  toi^ue  across,  that  fits  into  boih  Ihe  cuts  of  the  screw 
pin  and  pinion  boss,  so  that  when  lowered  upon  each  other,  they  must  all.  turn  tosether. 
In  the  middle  and  on  Ihe  top  of  the  upper  piece  o,  the  Iwger  wheel  j,  runs  loose  upon  its 
centre,  and  worla  into  the  two  pinion-wheels  1 1.  The  wheel  s  hns  a  fly-nut  with  wings 
mounted  upon  it. 

It  will  now  be  seen,  when  the  plough  is  in  its  place  as  at^g'.  171,  thai  if  it  be  pushed 
to  and  fro  by  the  right  hand,  and  the  nut  occasionally  turned  by  the  left,  the  knives  or 
cutters  will  be  protruded  downwards  at  the  same  time,  and  these  either  will  or  will  not 
advance  as  the  coupling  capsuu  are  on  or  off  The  ribsim,  ma  in  the  grooves  6  i, 
fig.  165,  and  keep  the  cutters  lo  their  duty,  working  steadily.  The  top  cross  bar  a,  is  the 
esact  breadth  of  a  bank-note,  by  which  means  both  knives  ore  made  to  cut  nl  the  same 
time.    The  paper  is  cut  uniformly  to  one  length,  and  accurately  square. 

By  the  nse  of  this  machine,  the  air-pump  paper-wetting  apparatus,  and  appendant 
press,  the  paper  of  45,000  notes  is  fully  prepared  in  one  hour  and  a  half  by  one  person, 
and  may  then  be  printed.  It  is  not  so  much  injured  by  this  process  as  by  the  ordinary 
method  of  clipping  by  hand,  soaking  it,  &c.,  which  more  or  less  opens  and  weakens  the 
fabite,  especially  of  bank-note  paper. 

One  of  the  greatest  improvements  ever  made  in  the  art  of  bookbinding  is,  apparently, 
that  for  which  Mr.  William  Hancock  has  very  recently  obtained  a  patent.  After 
folding  the  sheets  in  double  leaves,  he  places  them  vertically,  with  the  edges  forming  the 
back  of  the  book  downwards  in  a  concave  mould,  of  such  rounded  or  semi- cylindrical 
shape  as  the  back  of  the  book  is  intended  to  have.  The  moald  for  this  purpose  consists 
of  two  parallel  upright  boards,  set  apart  upon  a  cradle  frame,  each  having  a  portion  or 
portionscutoutvertically,  somewhat  deeper  than  Ihe  breadth  of  the  bool^  but  of  a  width 
nearly  equal  to  its  thickness  before  it  is  pressed.  One  of  these  npr^ht  boards  may  be 
slidden  nearer  lo  or  farther  from  its  fellow,  bj  means  of  a  guide  bar,  attached  lo  the  sole 
of  Ihe  cradle.  Thus  the  distance  between  the  concave  bed  of  the  two  vertical  slots  in 
which  Ihe  book  rests,  may  be  varied  according  to  the  length  of  the  leaves.  In  all  cases 
atwut  one  fourth  of  the  length  of  the  book  at  each  end  projects  beyond  Ihe  board,  so 
that  one  half  rests  between  the  two  boards.  Two  or  three  packthreads  are  now  bomd 
round  the  leaves  thus  arranged,  from  top  to  bottom  of  the  page  in  different  lines,  in 
order  to  preserve  the  form  given  to  the  back  of  the  mould  in  which  it  lay.  The  book  is 
next  subjected  to  the  action  of  the  press.  The  back,  which  is  Irft  projecting  very  sHgktty 
in  front,  is  then  smeared  carefully  by  the  fingers  with  a  solution  of  caoutchouc,  whereby 
each  paper-edge  receives  a  small  portion  of  the  cement.  In  a  few  hours  it  is  sufficiently 
dry  lo  take  another  coat  of  a  somewhat  stronger  caoutchouc  solution.  In  48  hoars,  4  ap- 
plications of  the  caootchouc  may  be  made  and  dried.  The  back  and  the  adjoining  part 
of  the  sides  are  nest  covered  with  the  usual  band  or  fillet  of  cloth,  glued  on  with  caout- 
chouc i  after  which  the  book  is  ready  to  have  the  boards  attached,  and  to  be  covered  with 
leather  it  parchment  as  may  be  desired. 

We  thus  see  that  Mr.  Hancock  dispenses  entirely  with  the  operations  of  stitchmg, 
sewing,  sawlng-in,  hammering  the  back,  or  the  use  of  paste  and  glue.  Inslead  of  leaves 
attached  by  thread  slilclies  at  2  or  3  points,  we  have  them  aaglulineted  securely  along 
Ihrir  whole  length.  Books  bound  in  this  way  open  so  perfectly  flat  tiiion  a  table 
without  strain  or  resilience,  that  they  are  equally  comfortahle  to  the  student,  the  musician, 
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!ind  the  merchant.  The  caoitchoue  oemant  moreover  being  repnlsivo  to  insect?,  nuil 
nut  slfBcted  by  humidity,  gives  this  mode  of  binding  a  gr«at  aupttio city  over  the  old 
nieCliod  with  paste  orglu^,  which  nttmcted  the  ravngea  of  the  moth,  and  indanipsitua 
tions  allowed  the  book  to  fall  to  pieces.  For  engravings,  allaefleB,andledger9,  this  bitid 
iiigisadmirRblyudapted,  beuaose  it  allows tlie  pages  to  be  displayed  most  freely  with 
out  tlie  risk  of  dislocating  the  Tolnme;  bat  forseuurity,  8  or  4  stitches  should  be  nmde. 
The  leaves  of  music  books  bound  witli  caoutchouc,  when  turned  over  lie  flat  at  their 
whole  extent,  as  if  in  loose  sheets,  and  do  not  torment  the  musician  like  the  leaves  ot 
the  ordinary  buola,  whiehnresoreadytospriiig  back  again.  Mannseriptsandobllee' 
tions  of  iettei-s  whiL'h  happen  to  have  little  or  no  marijin  left  at  the  back  foretitcliin^; 
them  by,  may  be  bouml  by  Mr.  Hancock's  plan  without  the  least  encroachment  upon  the 
writing.  The  thickest  ledgers  thus  bound,  openas  easily  as  paper  in  quire,  and  may  be 
-..;»» „»„.!.,  ; nust  margin  of  the  book  without  tlielcastin ■"-"" 


BooiiBiNLii:fG,  JIfiKhanical. — An  ingenious  invention,  for  which  Mr.  Thomas  Richards 
of  Liverpool,  bookbinder,  obtained  a  patent  in  April  1842,  He  employs,  iiret  a 
mechanism  to  sew,  weave,  or  bind  a  number  of  sheets  together  to  form  a  book,  in- 
stead of  stitching  them  by  hand;  2dly,  a  table  wliich  slides  to  and  fro  to  feed  or  supply 
each  sheet  of  paper  separately  into  his  maohiue;  also  needle  bars,  or  holders,  to  present 
needles  with  the  reijiiisite  threads,  for  stithing  such  sheets  as  they  are  supplied  with 
in  Bueccasion.  He  has,  moreover,  a  series  of  holding  fingers,  or  pmcers,  amtably  pro- 
vided with  motions,  tfl  enable  them  to  advance  and  clasp  the  needlet,  draw  tliom 
through  the  sheets  of  paper,  and  return  them  into  their  respective  holders,  after  thread- 
'--  ->r  stitching  the  sheet;  lastly,  there  are  arms  or  levers  for  delivering  each  sheet 

larly  upun  the  top  of  t'" ''"-"  -■---.- j--  ■--  ' -.n.  ..■ i_.._ 

eh  sheets,  ready  for  bt 

npparatus.  with  plntei,  is  gi 
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Qosntitlea  Imixirfed  ....       cwti      —  7,8SS       11,686       l»,0fiO 

Quanxllias  esinrtMl       ....    cwls.      —  1  82  «a) 

l!auinHtfi,r™iiauinptlon         .       .       owls.     —  7,St5       ]B,nT       15,968 

Nettreveniia £.     3,1^3         193  Set  ii'i 

The  duty  was  repealed  in  1845. 

BORACIC  ACID  LAGOONS.  Before  the  discovery  of  this  aoid  in  the  time  of  the 
Grand  Duke  Leopold  I.,  bj  the  chemist  Hiefi;r,  the  fetid  odor  developed  by  the  buI- 
plmretted  hydrogen  gas,  and  the  disruptionsof  the  ground  occasioned  by  the  appear* 
nnce  of  new  Sii^oni  or  vents  of  vapor,  had  made  the  natives  regard  fhera  as  a  din- 


liolieal  scourge,  which  they  sought  tfl  remove  by  priestly 
lias  explained  the  phenomena,  the  fmnachi  hnv^  become  a 


lias  explained  the  phenomena,  utefuinachi  hnv^  become  a  source  of  pulilio  prosperity, 
and,  were  they  to  cease  would  be  prayed  to  return.  The  vapors  which  issue  from 
these  lakes  keep  the  waters  always  at  a  boiling  temperature ;  hence,  after  impregnation 
for  '20  or  30  hours  by  the  steams  of  the  highest  lake,  they  draw  off  the  waters  into  n 
second  lake  to  suffer  a  fresh  impregnation.  Thence  they  are  drawn  into  a  third,  and 
so  on  till,  they  reach  the  lowest  racpptaele.  In  this  passage,  they  get  chained  with 
one-half  per  cent,  of  bomcio  acid.  They  are  then  concentrated  in  leaden  reservoirs, 
by  the  heat  of  the  vapors  themselves. 

The  liquid,  after  having  tilled  the  first  compartment,  is  diffused  very  gradually  into 
the  second,  then  into  the  third,  and  successively  to  the  last,  where  it  reaches  such  ai'^  '" 


eiitraljonthatit  deposits  the  erystallized  acid ;  the  workmen  remove  it  immedi- 
ately by  means  of  wooden  scrapers.  This  mode  of  gradual  concentration  Is  very  inge- 
nious and  requires  so  few  hands  that  it  may  almost  be  said  tliatthe  acid  is  obtaiiR'd 
without  expense.  Froml818to  lS45thaquantityofaGidmanitfaoturedwas33,349,096 
Tuscan  pounds.    From  1888  to  1845  the  mean  quantity  has  been  2,600,000  pounds. 

Thus  in  estimating  the  product  at  1,600  pounds  per  day,  the  quantity  of  satnmted 
water  upon  which  they  operate  is  1,500,000  lbs.  daily,  and  annually  547,600,000  lbs. 

This  lubor  brings  to  Tuscany  ten  millions  of  francs  :  it  is  surprising  that  it  should 
have  remained  unproductive  for  so  many  ages,  and  that  it  should  have  been  reserved 
for  the  skill  of  M.  Dardnrel,  now  Count  of  Mote  Corboli, — before  1818  a  simple 
wandering  merchant,  entirely  unacquainted  with  scientific  researches,  to  discover  tl . ) 
nature  of  the  fugitive  vapors,  and  renderthemasoureeof  incxhausfiblewtalth. 

The  violence  with  which  tlie  scalding  vapnrs  eseape  gives  rise  to  mnddyexplosion.M 
when  a  lake  has  been  drained  by  turning  its  waters  into  another  lake.  The  mud  it, 
then  thrown  out,  as  solid  matters  are  yecl«dfrom  volcanoes,  and  thereisformedin  the 
bottom  ot  the  lake  a  crowd  of  those  little  cones  of  eruption,  whose  activity  and  play 
are  generally  from  120°  to  145°  Centigrade,  and  the  clouds  which  tiiey  form  in  tli^ 
lagoons  constitute  true  natural  barometers,  whose  greater  or  less  density  rarely  disap 
points  the  predictions  that  they  ai 
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BORAX.  A  native  saline  compound  of  boracic  acid  and  soda,  found  alundanlly  in 
Thibpt  and  in  South  America.  Theciudc  prottucl  Tiom  the  foimer  locality  was  imcoiicd 
into  Kuriipe  under  the  name  of  liiieol,  and  was  pnrilieil  from  some  adhering  fatly  mallet 
hy  a  process  kept  a  Ions  lime  secret  by  the  Venetians  and  ihe  Dutch,  and  which  consisted 
cliiefiy  ill  boiling  the  substance  in  crater  with  a  litile  quicklime. 

Gmelin  found  borax,  in  prismatic  crystal,  lo  contain  46-6  per  cent,  of  water!  an'' 
AriTedson,  in  the  calcined  stale,  to  consist  ^f  68-9  of  acid  and  3l-l  soda,  in  100  parts 
M.  Payen  describes  an  octahedral  borai,  which  cunlains  only  30-64  percent,  of  water, 
and  is  therefore  preferred  hy  the  hrasiers  in  their  soldering  processes. 

Sorai  has  a  sweetish,  somewhat  IJxIvial  ts^le,  and  affects  vegetable  colors  liVe  an  al' 
kali;  it  is  soluble  in  12  parts  o(  cold  and  2  of  bi^iiin^  water.  It  efRoresces  and  becomes 
opaque  in  a  dry  atmosphere,  and  appears  luminous,  by  friction,  in  Ihe  dark.  l!  melts  at 
ti  heat  a  little  ahoyetbal  of  boUlns  water,  and  gives  out  its  water  of  crystallization,  after 
which  it  forms  a.  spongy  mass,  called  calcined  borai;.  The  octahedral  borax,  which  is 
prepared  by  crystallization,  in  a  solution  of  1-25B  sp,  gr.,  kept  up  at  145"  F.,  is  not 
efflorescent.    When  borax  is  isnited,  it  fuses  into  a  glassy-looking  substance. 

The  following  is  the  improved  mode  of  purifying  borax.  The  crude  crystals  are  to 
be,  broken  into  small  himps,  and  spread  upon  a  hlier  lined  with  a  lead  g:rating,  under 
which  a  piece  of  cloth  is  stretched  upon  a  wooden  frame.  The  lumps  are  piled'up  lo 
Ihc  height  of  12  inches,  and  washed  with  small  quantities  of  a  caustic  soda  ley  uf  5°  B. 
(sp.  gr.  1-033)  until  the  liquor  conies  olF  neaity  colorless;  tlieyare  Ihen  drained,  and  put 
into  a  la^e  copper  of  boiling  waier,  in  such  quantities  that  the  resulting  s^jluiion  stands 
2<f  B.  {sp.  gr.  M60.)  Carbonate  of  soda,  equivalent  lo  12  per  cent,  of  the  borai, 
must  uo-.i'  be  added ;  Ihe  mixed  solution  is  allowed  to  settle,  and  Ihe  clear  liquid  syphoned 
olT  into  crystallizing  vessels.  Whenever  the  mother  waters  get  foul,  they  must  be 
evaporated  lo  dryness  in  casl-iron  pots,  and  roasted,  lo  burn  away  the  viscid  eolo-ing 

Borax  is  sometimes  adulterated  wilh  alum  and  common  salt;  the  former  addition  may 
be  readily  detected  by  n  fi-w  drops  of  water  of  ammonia,  which  will  throw  down  its  alu- 
mina ;  and  the  latter  by  nitrate  of  silver,  which  will  give  with  it  a  precipitate  insoluble 

The  native  horacie  acid  obtained  from  the  lakes  of  Tuscany,  which  has  been  mano- 
factured  In  France  into  biirax,  has  greatly  lowered  the  price  of  this  article  of  commerce. 
When  MM.  Payeo  and  Cartier  first  began  the  business,  (hey  sold  the  crystals  al  Ihe 
same  price  as  Ihe  Dutch,  viz.,  7  francs  the  kilogi'amme  (2i.  lbs.  avoird.) ;  but,  in  a  few 
years,  Ihey  could  obtain  only  2  francs  and  GO  centimes,  in  consequence  of  the  market 
^tcing  overstocked.  The  annual  consumption  of  France  in  1823  was  25,000  kilos.,  and 
the  quantity  produced  in  M.  Payen's  works  was  60,000.  The  mode  of  making  borax 
from  the  acid  is  as  follows : — The  lake  water  is  evaporated  in  graduation  houses,  and 
then  concentrated  in  boilers  till  it  crystallizes.  In  that  state  it  is  carried  to  Mar- 
seilles, About  500  kilogrammes  of  water  are  mai?e  to  hoil  m  a  copper,  and  COO  kilo, 
grammes  of  crystallized  carbonate  of  soda  are  di'sdved  in  it  by  successive  tddilmns 
of  20  kilogrammes.  The  solution  being  maintained  al  nearlj  the  boiling  poiat,  500 
kilogrammes  of  the  crs'f'allizcd  boracic  acid  of  Tuscany  are  introduced,  in  succe'-ive 
portions.  At  each  addition  of  about  10  kilogrammes,  a  lively  effervescence  ensues 
on  which  account  the  copper  should  be  of  much  greater  capacity  than  is  sufficient  to 
contain  the  liquors.  When  the  whole  acid  has  been  added,  the  fire  must  be  damped 
by  being  covered  up  with  moist  ashes,  and  the  copper  must  be  covered  with  a  tight  lid 
and  blankets,  to  preserve  the  temperature  uniform.  The  whole  is  left  in  this  slate 
during  30  hours ;  the  clear  liquor  is  then  drawn  off  into  shallow  crystallizing  vessels  of 
lead,  in  which  it  should  stand  no  higher  than  10  or  12  inches,  to  favor  its  rapid  cooling. 
At  Ihe  end  of  three  days  in  winter,  and  four  in  summer,  the  crystallization  is  usually 
finishf'd.  The  mother'  water  is  drawn  off,  and  employed,  Instead  of  simple  water, 
for  the  purpose  of  dissolving  fresh  crj'slals  of  soda.  The  above  crystals  are  carefully 
deiached  with  chisels,  redissolved  in  boiling  water,  adding  for  each  IDO  kilos.,  10  kilos, 
of  carbonate  of  soda.  This  solution  marks  20°  B,  (sp.  gr.  1'160)  ;  and,  at  least,  one  ton 
(1000  kilos.)  of  borax  should  be  dissolved  al  once,  in  order  to  obtain  crystals  of  a 
marketable  size.  Whenever  this  solution  has  become  boiling  hot,  it  must  be  run  off  into 
targe  crystallizing  lead  chests  of  the  form  of  inverted  truncated  pyrainids,  furniithed  with 
iids,  enclosed  in  wooden  frames,  and  suriounded  with  mals  to  confine  the  heat.  For  a 
continuous  business,  there  should  he  at  least  18  vessels  of  this  kind ;  as  thu  solution 
lakes  a  long  time  to  complete  jls  cri'SIallizalion,  by  cooling  to  30°  C.  <86°  P.)  The  bo- 
rax crystals  are  taken  out  with  chisels,  after  the  liquor  has  been  drawn  off,  and  llTe  whole 
has  become  cold. 

One  hundred  parts  of  the  purest  acid,  usually  estracted  from  the  lakes  of  Tuscany,  con- 
tain only  fitly  parts  of  the  real  boracic  acid,  and  yield  no  more,  at  the  utmost,  than  140 
or  150  of  good  borax. 
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2M  BORAX. 

According  to  Wittsteln   tlie  ooinmercial  Loraoio  acid  ia  composed  as  Wlows; — 

Sulphate  o  n  anc-ane  e                  ......  j^^  Iraee 

iroa  ..,.,.  0-385 

alum  na  ......  o-SiiO 

Ine  ......  11)18 

niign  a-632 

BOda                             ......  {).0i7 

potash                         ,....,  o-3(i& 

sftlammon  a                 ......  0-298 

s!  ea(nBol  t  on)       -             -             -             .             -             -  1200 

8  1)  h     ca   (1  (combined  wiili  the  lioradc)  -            -            -  1-322 

c  jat  llizable  loracie  acid 16-494 

"Water B'SST 

100-000 

Dry  borax  acta  on  the  metalliG  oxides  at  a  high  temperatai-e,  in  a  very  remarknbU 
mannei',  melting  and  vitrifying  theni  into  beautiful  eolored  glasses.  On  this  account 
it  is  a  most  useful  reagent  foi-  tlie  btonrpipe. .  Oxide  of  clironie  tingea  it  of  an  emerald 
green;  oxide  of  cobalt,  an  intense  blue;  oxide  of  copper,  a  pale  gJeen ;  oitideof  tin, 
opal;  .oside  of  iron,  bottle  green  and  yellow;  oride  of  motiganeae,  violet;  oxide  ui 
nri.-tel,  pale  emerald  green.  The  vhite  oxides  impart  no  color  to  it  by  themselves. 
In  the  fuaioD  of  metals  borax  protects  their  sui-face  from  oxidizement,  and  even  dis- 

the  brazier  in  soldering  copper  ai 

Borax  absorbs  mnriatio  and  sulpliureoua  acid  gasea,  but  no  others,  whereby  it  be 
comas,  in  this  respect,  a  useful  means  of  analysis 

The  ati-ength  or  purity  of  boi-ax  may  be  tested  by  the  quantity  of  salphario  acid 
requisite  to  neutralize  a  given  weight  of  it,  as  indicated  by  tincture  of  litmus. 

When  mixed  with  shellac  in  tbe  proportion  of  one  part  tfl  five,  borax  renders  that 
resinoos  body  soluble  in  water,  and  forma  with  it  a  sjieeiea  of  varDish. 

Boracie  iieid  la  a  compound  of  SI '18  of  boron  and  68'81  oxygen,  in  100  parts.  Its 
prime  eqiiivaleot  referred  to  oxygen  100,  is  871-98. 

The  following  proeess  for  refilling  the  native  Indian  borax,  or  tincal,  has  been  pub- 
lished by  MM.  Kobiquet  and  Marchand; — 

It  is  put  into  lat^  tubs,  covered  with  water  for  8  or  4  inches  above  its  eurfaee,  and 
stirred  through  it  several  times  during  six  horn's.  For  400  lbs.  of  the  tincal  there 
must  now  be  added  1  lb.  of  quicklime  diffufed  through  two  quarts  of  water.  Next 
day  the  whole  is  tJirown  upon  a  sieve,  to  drain  off  Uie  water  with  the  impni-ities, 
consisting,  ia  some  measure,  of  tbe  fatty  matter  combined  with  the  lime,  as  an  inso- 
luble soap.  The  borax,  so  far  purified,  ia  to  be  dissolved  in  2J  times  its  weight  of 
boiling  water,  and  8  lbs.  of  muriate  of  lime  are  to  be  added  for  the  above  quantity  of 
biirax.  The  liquor  ia  now  filtered,  evaporated  to  the  dei|sityof  18"  or20°  B.  (ri4  to 
1'16  Ep,  grav.),  and  set  to  crystallize  in  vesaels  shaped  like  inverted  pyramids,  and 
lined  with  lead.  At  the  end  of  a  few  days,  the  crystallization  being  completed,  the 
mother  watei-a  are  drawn  off,  and  the  crystals  are  detached  and  dried.  The  lossof 
weight  in  this  operation  is  about  !iO  per  cent. 


Quantities  imported    ....     cwtg. 
Quantities  exported    ....    cwta. 

Nett  revenue £ 

mi. 

ma. 

JS48. 

1844 

866 

3581 

7798 
161 

847 
2940 

5 

1427 
8637 
349 

Tlia  duty  on  borax  has  been  repealed. 

BoBJX,  Dry.  Aconsideralile  saving  of  expense  in  manufacturing  borax,  and  a  more 
ready  application  of  the  borax  to  use,  are  proposed  by  Saulter,  as  follows; — Take 
about  38  parts  of  pure  crystallized  boracic  acid,  pounded  and  sifted;  mix  them  well 
with  45  parts  of  crystals  of  carbonate  of  soda  in  powder;  expose  the  mixture  upon 
wooden  shelves  to  heat  in  a  stove  room;  and  rake  it  up  from  time  to  time.  The  bo- 
racic acid  and  llie  alkali  tlius  get  combined,  while  the  carbonic  acid  and  wat^r  are  ex 
pelled;  and  a  perfect  diy  borax  is  obtained. 


BOTTLE  MANUFACTTRE.    Thefol. 

lowing    medianism   for    moulding   boillei 

forms  the  sulijpct  of  a  palent  obliiined  by 

MenryRickels  of  Bristol,  in  1822.    Fig.  176 

stclion  of  the  apparatus,  consisting  of 


fjied  : 


1,  of  ir 


i  this 


1  a  pit  formed  i 
se  of  the  frame,  witn  an  aper- 
for  knocking  up  the  bottom  of  the 
-' !  c  c  are  fonr  legs  secured  to  the 
floor  b,  Hpon  which  [he  mould  is 
'^  orW.  The  platform  or  stand  of  the 
n  onlil  d  d  has  an  opening  in  its  centre  for 
ihe  iniroduction  of  the  boltom  of  the 
mould,  which  is  raised  against  (he  bottom 
of  the  bottle  by  the  knocker-up;  e  e  ore 
the  licfes  of  the  mould;  and//  is  the  top 
of  the  mould  in  two  pieces,  turning  over 
npon  the  joinis  at  g  g,  so  as  to  fonn  the 
neck  of  the  bottle ;  A  A  are  levers  or  arms 
for  raising  and  depressing  the  top  pieces; 
1  I  IS  a  horizonlat  shall  or  axle,  turning  in 
bearings  at  eacli  end,  from  which  shait  two 
leveiB,  k  k,  extend;  these  levers  are  con- 
nected by  uprisht  rods,  1 1,  to  the  levers  or 
aims,  ft  ft,  of  Ihe  top  pieces//. 
The  tt  nl  1  ol  the  nmis  ft  h,  and  rods  1 1,  will,  by  their  gravity,  cause  the  lop  pieces 
lo  open  ns  shown  b>  the  dolte<l  lines ;  in  this  situation  of  the  mould,  Ihe  melted  glass 
IS  tobe  introdiietd  by  a  lu he  as  usual.  The  workman  then  steps  with  one  foot  upon 
(he  knob  m  nhicli  forces  donn  (hp  rod  n,Bnd  by  means  of  a  slioft  lever  o,  extending  from 
the  shaft  1,  forces  down  llie  top  pieces  /,  and  closes  the  mould, as  seen  in  the  figure;  Ihe 
glass  is  (lien  made  to  extend  ilself  to  Ihe  shape  of  the  mould,  by  blowing  as  usual,  so  as 
0  form  the  bottle,  and  the  workman  at  this  time  pulling  his  oiher  fool  upon  the  knob  p, 

if  the  knocker- 


's Ihe  rod  q,  and  hence 
lip,  r,  so  as  to  form  tlie  bodom  of 
At  lb    bottom    1  th    m    Id 
f   eg  1  I 


1  tl 
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ly    1  Ih 
lit     mi 


po 
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!1  wh  lb  odedfjqedhk  t        kUI 

k      k  pfllbtmb       hh       prft  syrom  In     f  f  nn       p         led      I 

dtmkbtll       fdll        t  frmhmki  dedtbm       1 

(1        pi  pph  d  by  i  lid   f  d  if       t  d  m  d  figi        th    I  w 

p  I  f  11  Ih  m  Id  b  g  m  d  I  fit  th  m  fmm  S  h  m  Id  ght  t  bo 
prescribed  by  legislative  enactment,  with  an  ejcise  slamp  lo  define  Ihe  capacity  of  every 
boltle,  and  thereby  put  an  end  to  the  interminable  frauds  committed  in  the  measure  oif 
wine  and  all  other  liquors  sold  by  the  boltle. 

BOUGIE.  A  BiEooth,  flcjible,  elaslic,  slender  cylinder,  introduced  into  Ihe  urelLra, 
rectum,  or  cesophagits,  for  openiiifi  or  dilating  it,  in  cases  of  slrictare  and  other  diseases. 
The  invention  of  Uiis  insBument  is  claiioed  by  Aldereio.  a  Portuguese  pliysician,  but  iia 
form  and  uses  were  first  described  by  his  pupil  Amaius,  in  Ihe  year  1551.  Some  are 
solid,  and  some  hollow ;  some  corrosive,  and  some  mollifying.  They  generally  owe  their 
elaslicily  to  linseed  oil,  inspissoted  by  long  boiling,  and  rendered  drying  by  litharge. 
This  viseid  matter  is  spread  upon  a  very  fi  d  b  n  11  k 

which  is  rolled  upon  a  slab  when  it  becora     n         if  hd  bd  adisfiallpoishd 

in  the  same  way, 

Pickel,  a  French  professor  of  medicin     pbhdhLw  p  m 

position  of  boueies.    Take  3  parts  of  b    ed  d  p  amb      a  d 

of  oil  of  turpenlraei   melt  and  mix  th    e      gredi  nlsw  eradpadh 

compound  at   three   successive   inlerva     upon  ailkcd  bPa       hp 

Eo  culled   in  a  stove   heated  to  150°  F  e    h  m  2   hours,  ad      g    5 

or   l(j  fresh  lavers  in  succession,  till  ih  mm  nheaqedh         p  e 

Polish  them  first  wilh  pumice-stone,  and  flallmhwh       pond  Thpo- 

cess  IS  the  one  still  employed  in  Paris    w  th      m  h    mod  h  h      h 

which  1=  dissolving  in  the  oil  one  Iwen      h  w?  ahtodo 

substance  more   solid.     For   this  purpose     h     ca       h         mu     b  lo      n 

shreds,  and  added  gradually  to  the  hot  od.    The  silk  tissue  must  be  line  and  open,  to 
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admil  of  ihe  composition  entering  freely  among  its  filainent!.  Each  successive  layei 
imslil  to  be  dried  iirsl  in  a  stove,  anil  then  in  the  open  air,  before  another  is  nppiied. 
This  proeess  takes  two  months  for  its  completion,  in  forming  the  best  bougies  called 
etatHc ;  which  onsht  to  hear  twistina  round  the  finder  without  cracking  or  scalinR,  and 
estension  without  givin*  way,  hut  relracliitf  when  let  go.  When  Ihe  bougies  are  lo  be 
hollow,  a  nian.dril  of  iron  wire,  propeily  bent  wilh  a  ring  at  one  end,  is  inlroduced  into 
the  axis  of  the  silk  tissue.  Some  bougies  are  made  wiih  a  hollow  axis  of  tin  foil  rolled 
into  a  slender  tube.  Bougies  are  also  made  entirely  of  taouicbonc,  by  the  intervention 
of  a  solution  of  this  substance  in  sulphiiric  ether,  a  menstruum  sufficiently  cheap  in 
France,  on  nccoant  of  the  low  duty  upon  alcohol.  There  are  medicated  bougies,  the 
composition  of  which  belongs  lo  sumical  pharmacy.  The  maniilhcture  of  Ihejc  instru- 
ments of  various  kinds  forms  a  separate  and  no  inconsiderable  bianch  of  industry  at 
Paris.     MM.  Feburger  and  Lamotle  are  eminent  in  Ibis  line. 

BRACE'*.  (Breldles,  7r. ;  Hosealriiger,  Geim.)  Narrow  fillets  or  bands  of  leather 
or  textile  fabric,  which  pass  over  :he  shoulders,  and  are  attached  behind  and  before  to 
(he  waistbands  of  pantaloons  and  Iroosers,  in  the  act  of  wearing  them,  foe  supporting 
their  weight,  and  bradng  them  up  lo  the  boily.  It  is  a  useful  modern  invention,  snper- 
sedin2  the  necessity  of  girding  ihe  belly  with  a  liaht  girdle,  as  in  former  times. 

BRAIDING  MACHINE.  iMnchi^e  a  luceti,  Fr, ;  BorlenwerkersltAl,  Germ.)  This 
beinc  employed  not  only  lo  mannfactnre  slay-laces,  braid,  and  npholslerers'  cord,  but 
(0  cov^r  the  threaiis  o(  caontchouc  for  weaving  brace-bands,  deserves  a  description  in. 
this  work.  Three  threaJa  at  least  are  required  to  make  such  a  knitted  lace,  but  11, 13, 
or  17,  and  even  29  threads  are  often  employed,  Ihe  first  Ibiee  numbers  being  preferred. 
Thev  are  made  by  meone  of  a  frame  of  a  very  ingenious  constrnction,  which  moves  by 


four  siions  wooden  oprigbts,  A,  Jjgt  111,  iTS.  179,  occupying  the  four  angles  of  a 
rectangle,  ol  which  one  'ide  is  14  mclies  long,  the  other  IS  inches,  and  Ihe  height  of  the 
rerlangte  about  40  inches  liig  17T  i«  a  section  in  a- horizontal  plane,  passing  through 
the  I  ne  o  i  of  jig-  118,  which  is  a  i  crtical  spction  in  a  plane  passing  Ihroueh  the  centre  ol 
the  machme  c,  accordms  lo  the  line  c  d,flg.  ITT.  The  side  x  is  suppoecJ  lo  be  the  front 
of  the  frame ,  and  the  opposite  side,  i,  the  back,  b,  six  spindles  or  skewers,  numbered, 
fiom  1  to  (),  placed  m  a  v  rtical  position  upon  Ihe  cireumfereree  of  a  circle,  whose  centre 
coincides  with  that  of  the  machine  at  the  point  c  These  sii  spindles  are  composed, 
1.  Of  so  many  iron  shafts  or  aies  d,  supported  in  brass  collets  s  (fig.  VJS),  and  ex- 
tended downwards  within  siir  inches  of  the  ground,  where  tliey  rest  in  brass  steps  fiwd 
upon  a  horizontal  beam.  3.  Wooden  heads,  made  of  horn-beam  or  nut-tree,  placed,  the 
first  upon  the  upper  end  of  each  spindle,  opposite  the  cul-out  beam  r,  and  the  second 
op|iosite  the  second  beam  g.  3.  Wooden-toothed  wheels,  h,  reciprocally  working 
together,  placed  between  the  beam  G  and  the  collet-beam  E.  The  toothed  wheels  and 
the  lower  heads  for  each  spindle  are  in  one  piece. 

The  heads  and  shafts  of  the  spindles  No.  1  and  S,  are  one  fifth  stronger  than  those  of 
Ihe  other  spindles ;  their  heads  have  Eve  semicirculat  grooves,  and  wheels  of  60  teeth, 
wliile  the  heads  of  the  oihcrs  have  only  four  grooves,  and  wheels  of  48  teeilii  so  that 
the  nnml>er  of  ihc  grooves  in  the  six  spindles  ir  26,  one  half  of  which  "s  occupied  with 
the  stems  of  the  puppets  i,  which  carry  the  |3  tureads  from  No.  1  to  13.  The  toothed 
wheels,  which  give  all  Ihe  spindles  a  simultaneous  movement,  but  in  different  directions 


('.(MtoK' 


3  disiiosed  as   to  biing   their   grooves  opposile   lo   each  other  in  the  a 


e  of 


n  and  quintuple  at  lop,  which  serves  to  guide  the 
I  bottom,  placed  exteriorly,  which  Serve  a  lite 
id  single  at  top,  placed  likewise  exteriorly,  and 


K,  the  middle  winalel,  triple 
puppets  in  the  direction  ihey  o 

L,  Ihree  winglets,   b'     ' 
purpose. 

M,  iwo  winglets,  triple  at  bollom  a 
which  serve  the  same  purposes  as  the  preceuing;  m  are  iron  pins  insertea  in  ine  cui-oui 
beam  c,  which  sene  as  Slops  or  liiiiils  to  ihe  oscillations  of  the  exieiior  winglets. 

Now,  ir  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be  impressed  upon 
the  larse  spindle  No.  1,  in  the  direction  of  the  arrow,  all  the  oilier  spindles  will  neces- 
sarily pursue  the  rotatory  movemenl  indicated  by  the  respective  arrows.  la  this  case, 
the  13  puppets  working  in  the  grooves  of  the  heads  of  Ihe  fcpindles  will  be  carried  round 
Bimultaneonsly,  and  will  proceed  each  in  its  turn,  from  one  extremily  of  the  machine  lo 
the  opposite  poini,  crossing  those  which  liave  a  retrograde  movement.  The  13  threads 
united  at  the  point  »,  situated  above  Ihe  centre  of  the  machine,  will  form  at  that  point 
the  braid,  which,  after  having  passed  over  the  pulley  o,  comes  between  the 
two  rollers  p  q,  and  is  squeezed  toeether,  as  in  a  flatting-mill,  where  the 
braid  is  calendered  at  the  some  lime  that  it  is  delivered.  It  is  obvious 
that  the  roller  p  receives  its  motion  from  the  toothed  wheel  of  the  spindle 
No.  3,and  from  Ihe  intermediate  wheels  n,  s,T,as  well  as  from  the  endless 
screw  s,  which  drives  at  proper  speed  the  wheel  w,  fixed  upon  the  shaft 
of  the  roller  P. 

The  braid  is  denser  in  proporlion  as  the  point  N  is  less  elevated  above 
the  tops  of  the  puppeisi  hut  in  this  case,  the  eccentric  motion  of  these 
puppets  is  much  more  sensible  in  reference  to  thai  point  towards  which 
.  ^11  the  threads  converge  than  when  it  is  elevated.  The  threads,  which 
must  be  always  kept  equally  stretched  by  means  of  a  weight,  as  we  shall 
presently  see,  are  considerably  stiained  by  the  (raclion,  occasioned  by  the 
conslnnlly  eccentric  movement  of  the  poppets.  From  this  cause,  braid- 
ing machines  must  he  woriied  at  a  moderaie  velocity.  In  general,  for 
fine  work,  30  turns  of  the  large  spindle  per  minute  are  the  utmost  that  can 
^Eifely  be  made. 

The  pappet  or  spindle  of  this  machine,  being  the  most  imporlan 
piece,  1  have  represented  it  in  section,  upon  a  scale  one  fourtli  of  its  ac- 
tual size,  Jig.  lis.  It  is  formed  of  a  tube,  a,  of  strong  sheet  iron  well 
linzed !  ft  is  a  disc,  likewise  of  sheet  iron,  from  which  a  rairow  fillet,  c, 
riaee  verlirally  as  high  as  the  lube,  where  both  are  pierced  with  holes, 
d  t  through  which  the  thread  /  is  passed,  ns  it  comes  from  the  bobbin, 
g,  w  hich  turns  freely  upon  the  tube  a.  The  lop  of  this  bobbin  is  conical 
and  toothed.  A  small  colcb  or  detent,  h,  moveable  in  a  vertical  di- 
reclion  round  i,  falls  by  ils  own  weight  into  Ihe  teeth  of  the  crown  of 
tho  bobbin,  in  which  case  this  cannot  revolve:  but  when  the  detent  is 
riised  so  far  as  to  disengage  the  teeth,  and  at  ihe  same  lime  to  pull  Ihe 
thi  rati,  the  bobbin  turns,  and  lets  out  thread  till  Ihe  detent  falls  back  into 
thpse  same  leeth. 
A  skewer  of  iron  wire,  Ic,  is  loaded  with  a  small  weight, ;,  melted  upon 
il  1  he  lop  of  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recurved  as  is  shown  in 
fig.  119,  SO  that  supposing  the  thread  comes  to  break,  this  skewer  falls  inlo  Ibe  actual 
position  in  the  figure,  where  we  see  its  lower  end  extending  beyond  the  lube  a,  by 
about  i  of  an  inch;  hut  as  long  as  the  thread  is  unbroken,  the  skewer fe,  which  serres 
to  keep  it  always  tense,  during  the  eccentric  movemenl  of  the  puppet,  does  nol  pass  out 
below  Ihe  lube. 

This  disposition  has  naturally  furnished  the  means  of  causing  the  machine  lo  stop, 
whenever  one  of  Ihe  ihreads  breaks.  This  inferior  protrusion  of  the  skewer  pushes  in 
iL«  progress  a  delent,  which  instantly  causes  the  band  to  slide  from  Ihe  driving  puLey  lu 
the  loose  pulley.  Thus  the  machine  cannot  operate  unless  all  the  Ihreods  be  entire.  It 
is  the  business  of  Ihe  operative,  who  has  3  or  4  under  her  charge,  to  mend  the  threads 
■s  Ihey  break,  and  to  substitute  full  bobbins  for  empty  ones,  whenever  the  machine  is 
stopped. 

The  braiding  frame,  though  it  does  not  move  quickly,  makes  a  great  deal  of  noise,  and 
would  make  still  more,  were  Ihe  toothed  wheels  made  of  metal  instead  of  wood.  Fi)r 
Ihem  to  act  well,  they  should  be  made  with  the  greatest  precision,  by  means  of  appropri. 
ale  tools  for  forming  the  leeth  of  the  wheeli,  and  the  olher  peculiar  parts. 

BRAN.  (Son,  Fr. ;  Kkie,  Germ.)  The  husky  portion  of  ground  wheal,  separaied  by 
Ihe  bolter  from  the  flour.  It  is  advantageously  employed  by  the  calico  printers,  in  Ihe 
clearing  process,  in  which,  by  boiling  in  bran-water,  Ihe  coloring  matters  adhering  to  the 


non-mordanted  parts  of  maddered  goods,  as  well  as  the  dHn  matters  which  cloud  the  mor 
danlcd  portions,  are  rentoved.  A  valuable  series  of  researclies  concerning  the  operation 
of  l>rBn  in  such  Cases  was  made  a  few  years  ago  by  that  disiinguished  chemist  and  calieu 
printer,  01.  Daniel  Kcechlin  Schouch,  and  published  in  the  ninth  number  of  the  Bulletin 
de  la  Soeii:te  IndiistiJelle  de  Mnlliausen.  Nine  sets  of  experiments  are  recorded,  wbtch 
jasiified  the  followinn  conclusions. 

1.  The  dose  of  two  bushels  ofbran  for  10  piec 
beias  kept  op  for  an  hour.  A  boil  for  the  same  1i 
ing  either  ibe  grounds  or  the  figures. 

2.  Fifteen  minutes  boiling  are  sufficient  when  the  principal  object  is  to  dear  white 
[grounds,  but  in  certain  cases  Ihtrt;  minutes  are  requisite  to  brighten  the  dyed  pnrts.  If, 
by  increasing  the  chaige  of  bran,  the  lime  of  the  ebullition  could  be  shortened,  it  would 
be  in  some  places,  as  Alsace,  an  econom;  ;  because  for  the  passage  often  piece^stliiough 
a  copper  or  vai  heated  with  sieam,  1  cwl.  of  coal  is  consumed  in  fuel  which  costs  frnm 
2^  to  3  francs,  while  two  bushels  of  bran  are  to  be  bought  fuf  one  franc. 

3.  By  increasing  the  quantity  of  water  from  12  lo  24  heclulitres  with  two  bushels  of 
bran,  the  clearing  effect  upon  the  ten  pieces  was  impaired.     It  is  therefore  ad vanlageoua 

4.  Many  experiments  concur  to  prove  that  flour  is  altogether  useless  fur  the  clearinj 
boil,  and  that  Hiier  bran  is  inferior  for  this  purpose  to  the  cuarser. 

5.  The  white  gronnd  of  the  calicoes  boiled  with  wheat  hran,  are  distinguishable  by 
their  superior  brightness  from  that  of  those  boiled  with  rye  bran,  and  especially  with 
barley  bran;  the  latter  having  hardly  any  eflect. 

G.  Therb  is  no  advantage  in  adding  soap  to  the  bran  bail ;  though  a  little  potash  or  soda 
may  be  properly  inli'oduced  when  the  water  is  calcareous. 

7.  The  pellicle  of  the  bran  is  the  most  powerful  part,  the  flour  and  the  starch  are  of 
no  use  in  clearing  goods,  but  the  mucilage  which  furms  one  third  of  the  weight  of  the 
bran  has  considerable  efficacy,  and  seems  to  act  in  the  fidlowing  way.  In  proportion  as 
Ibe  mucilaginous  subjtance  dissolves  the  coloring  and  tawny  matters  upon  the  cloth,  the 
husky  surface  attracts  and  fixes  upon  itself  the  greater  part  of  them.  Accordingly,  when 
used  bran  is  digested  in  a  weak  alkaline  bath,  it  gives  up  the  color  which  it  had  absorbed 
from  the  cloth. 

The  following  chemical  examination  of  bran  is  interesting.  A  pound  of  it  was  bulled 
at  successive  times  with  water ;  the  decoctions,  being  filtered,  let  fall  in  cooling  a  grayish 
deposits,  which  was 'separated  by  decantalion.  The  clear  liquor  ati'orded  by  evaporation 
to  dryness  four  ounces  of  a  brownish,  brittle  matter,  composed  chiefly  of  mucilage,  a 
little  gluten,  and  starch.  The  gray  deposile  of  the  above  filtered  liquor  amounted  lo  holf 
an  ounce.  Nine  ounces  of  the  cortical  portion  of  ihe  bran  were  obtained.  The  Ioe: 
amounted  lo  2^  ounces,  beii^  in  some  measure  the  hygromeiric  water  of  the  bran 
itself. 

When  boiled  with  distilled  water,  goods  are  cleared  pretty  well  without  bran.  Cer. 
tain  delicate  dyes  must  be  boiled  only  a  few  minutes  in  a  strong  decoction  of  bran  previ- 
ously made, 

BRANDS.  The  name  given  in  this  country  to  ardent  spirits  distilled  from  wine, 
■and  possessed  of  a  peculiar  taste  and  flavor,  due  lo  a  minute  portion  of  a  peculiai 
volatile  oU.  Each  variety  of  alcihol  has  an  aroma  characteristic  of  the  fermented  sub- 
stance from  which  it  is  procurej;  whether  it  be  the  grape,  cherries,  sugar.cane,  rice, 
corn,  or  potatoes ;  and  it  may  be  distinguished  even  as  procured  from  difierent  growths 
'■f  the  vine.  The  brandies  of  Laaguedoc,  Bordeaux,  Armagnac,  Cognac,  Aunis, 
S'ainionge,  Roehelle,  Orleans,  Barcelona,  Naples,  &<.  being  each  readily  recognisable  by 
an  eiperionced  dealer. 

Aubeigier  showed,  by  experiments,  that  the  disigreeible  taste  of  the  Spirits  distilled 
from  the  more  of  the  grape  is  owing  to  an  essential  oil,  contained  m  the  skin  of  Ihe 
grape ;  and  found  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drops  ace  suffi- 
cient to  taint  i  pipe  of  600  litres  of  fine  flavored  spirit. 

The  most  celebrated  of  the  French  brandies,  those  of  Cognac  and  Armaznac,  are  slight- 
ly rectified  to  only  from  0-935  to  0-922;  they  contain  more  than  half  their  weight  of  wa- 
ter, and  come  over  therefore  highly  charged  witii  the  fragrant  essential  oil  of  the  husk  of 
the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectified  to  a  much  bighei 
degree,  the  dealer,  on  receiving  it  at  Paris,  rednces  it  lo  the  market  proof  by  the  addition 
of  a  little  highly-flavored  weak  brandy  and  water ;  but  he  cannot  in  this  way  produce  so 
finely-flavored  a  spirit,  as  the  weaker  product  of  distillation  of  the  Cognac  wine.  If  the 
best  Ci^nae  brandy  be  carefully  distilled  at  a  low  heat,  and  the  stroi^  spirit  be  diluted 
with  water,  it  will  be  found  to  have  suffered  much  in  its  flavor. 

Genuine  French  brandy  evinces  an  acid  reaction  with  litmus  paper,  owing  to  a  minute 
portion  of  vinegar ;  it  contains,  besides,  some  acetic  ether,  and,  when  long  kept  in  oali 
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rasks,  a  liltle  astringent  matter.  The  following  formula  msy  be  proposed  for  converting 
a  silent  or  tiavorless  corn  spirit,  into  a  faclilious  brandy.  Dilute  the  pure  alculiol  to  llie 
prouf  pitch,  add  lo  every  hundred  pounds  weight  of  it  from  half  a  pound  to  a  povnd  of 
argol  (crude  winoslone)  dissolved  in  water,  a  little  acetic  ether,  and  French  wine-vinegar, 
some  bruised  French  plums,  and  flanjr-stuff  from  Cognac;  Ihen  distil  the  mixture  with  a 
gentle  fire,  in  an  alembic  furnished  with  an  agitator. 

The  spirit  which  comes  over  may  be  colored  with  nicely  burned  sugar  (caramel)  to 
the  desired  tint,  and  roughened  in  taste  with  a  few  drops  of  tincture  of  catechu  or  oak- 

The  above  recipe  will  afford  a  spirit  free  from  the  deleterious  drugs  too  often  used  to 
disguise  and  increase  the  intoxicating  power  of  British  brandiesj  one  which  may  be  reck- 
oned as  wholesome  as  alcohol,  in  any  shape,  can  ever  be. 

BKASS.  (Laiton,  atiare  Jaunt,  Fr. ;  Messing,  Germ.)  An  alloy  o."  copper  and 
zinc.  It  was  formerly  manulacturej  by  cementing  granulate'!  copper,  called  oean-shoi,  or 
copper  clippinifSi  with  calcined  calamine  (native  carbonate  of  zinc)  and  charcoal,  in  a 
crucible,  and  exposing:  them  to  bright  ignition.  Three  parts  of  copper  were  us^  for 
three  of  calamine  and  two  of  charcoal.  The  zinc  reduced  to  (he  metallic  state  by  the 
agency  of  the  charco?!,  combioed  with  the  copper,  into  an  alloy  which  formed,  on  cool- 
ing, a  lump  at  the  bottom  of  the  crucible.  Several  of  these,  being  remelied  and  cast 
into  moulds,  constituted  ingots  of  brass  for  the  market.  James  Emerson  obtained  a  pa- 
tent, in  1781,  for  making  brass  by  the  direct  fusion  of  its  two  metallic  elements,  and  it 
is  now  usually  manufactured  in  this  way. 

It  appears  that  the  best  proportion  of  the  constilnenls  lo  form  fine  brass  is  one  prime 
equivalent  of  copper  ^153  J -[-one  of  iinc=32-3  ;  or  very  nearly  2  parts  of  copper  to  1  of 
zinc.  The  bright  gold  cobreil  alloy,  called  Prince's,  or  Prince  Rupert's  melRl,  in  this 
country,  consists  apparently  of  two  primes  of  zinc  to  one  of  copper,  or  of  nearly  equal 
parts  of  each.  Brass,  or  hard  solder,  consists  of  tvra  parts  rf  brass  and  one  of  zine 
melted  together,  to  which  a  iittle  Im  is  occasionally  added  ;  but  when  the  solder  must 
be  very  strong,  as  for  brass  tabes  that  are  to  underi;n  drawing,  two  thirds  of  a  part  of 
zinc  are  used  for  two  parts  of  brass.  Mosaic  gold,  according  to  the  speciScalion  of 
Parker  and  Hamilton's  patent,  consists  of  100  parts  of  copper,  and  from  52  to  65  of  zinc  ; 
which  is  no  atomic  proportion.    Bath  metal  is  said  to  consist  of  32  parts  of  brass  and  9 

The  button  mannfacturers  of  Birmingham  make  their  plalin  with  8  parts  nt  brass  and 
Ej  of  line;  but  their  cheap  buttons  with  an  alloy  of  copper,  tin,  zinc,  and  lead. 

Red  brass,  the  Tombak  of  some,  (not  of  the  Chinese,  fur  this  is  white  copper,) 
consists  of  more  copper  and  less  jiinc  than  go  to  the  composition  of  brass ;  beins  from 
2|  to  8  or  10  of  the  former  lo  1  of  the  latter.  At  the  famous  brass  works  of  Heger- 
miihl,  to  he  presenllv  described,  1 1  parts  of  copper  are  alloyed  with  2  of  zinc  into  a  red 
biass,  from  which  plates  are  made  that  are  afterwards  rolled  into  sheets.  From  such 
analloy  the  Dutch  foQ,  as  il  is  called,  ism  f  t  d  t  Nflrnberg;  Pinchbeck,  .Similor, 
MHimheim  gold,  are  merely  different  nam  f  11  j  m  lar  to  Prince's  metal.  The  last 
consists  of  3  af  copper  and  i  of  zinc,  s  par  t  ly  m  I  d  nd  suddenly  incorporated  by 
stirrin  g. —  Wiegteb, 

In  the  process  of  alloying  two  metals  f  h  d  ff  j:e  t  f  ibilities  as  copper  and  zinc, 
a  considerable  waste  of  the  latter  metat  by  th  comb  tt  n,  to  which  it  is  so  prone, 
mishl  be  expected;  but,  in  reality,  their  m  t  1  ffi  t  >eem  to  prevent  the  loss,  in 
a  great  measure,  by  the  speedy  absorptio      f  th  t    the  substance  of  the  copper. 

Indeed,  copper  plates  and  rods  are  often  braiseil  externally  by  exposure,  at  a  high 
temperature,  to  the  fumes  of  zinc,  and  ailewards  laminated  or  drawn.  The  spnrious 
gold  wire  of  Lyons  is  made  from  such  rods.  Copper  vessels  maybe  superficially  convert- 
ed into  brass  by  boiling  ihem  in  dilute  muriatic  acid  containing  some  wine-stone  and  zinc 
an  aigum, 

Tlie  first  step  in  making  brass  is  lo  plunge  slips  of  copper  into  melted  zinc  till  an  alloy 
of  somewhat  diffit'.llt  fusion  be  formed,  to  raise  the  heat,  and  add  the  remaining  propor- 
tion of  the  copper. 

The  brass  of  the  first  fusion  isbroken  to  pieces,  and  melted  with  a  fresh  (juantily  of 
zinc,  to  obtain  the  finished  brass.  Each  melting  takes  about  8  or  9  hours.  The  metal 
is  now  cast  into  plates,  about  40  inches  long  by  26  inches  broad,  and  from  one  third  to 
one  hall' inch  thick.  The  moulds  are,  in  this  case  also,  slabs  of  granite  mounted  in  an  iron 
Irame.  Granite  appears  to  be  preferred  to  every  thing  else  as  a  mould,  because  it  pre- 
serves the  heM  long,  and  by  the  asperities  of  its  surface,  it  keeps  hold  of  the  day  lute 
applied  to  secure  the  joinings. 

The  cast  plates  are  most  usually  rolled  into  sheets.  For  this  purpose  they  arc  cut 
jito  ribands  of  various  breadths,  commonly  about  6|  inches.  The  cylinders  jif  the 
IiiBss  rolling-press  are  generally  46  inches  long,   and   18   inches  in  diameter.    The 
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J3  inches  wide.  The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is 
parallel  to  Its  small  side.  The  hearth  is  horizontal,  end  is  made  of  bricks  set  on  ed^e. 
In  the  front  of  the  furnace  there  is  a  large  door,  which  is  raised  by  a  lever,  or  chain, 
and  coniiterweight,  and  slides  in  a  frame  between  two  cheeks  of  cast  iron.  This  furnace 
hfis,  in  ceneral,  no  chimney,  except  a  vent  slightly  raised  above  the  door,  to  prevent  the 
worhmen  being  incommoded  by  the  smoke.  Sumetimes  the  arch  is  perforated  witli  a  num- 
ber of  holes.  The  sheets  of  brass  are  placed  above  each  olher,  but  separated  by  parinj^s, 
to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upon  two  bars  of 
cast  iron  placed  lengthwise. 

The  large  furnaces  are  usually  32  feet  lone,  by  6i  feet  wide,  in  the  body,  and  3  feel 
at  ihe  hearth,  A  grate,  13  inches  bioad,  extends  along  each  side  of  the  hearth, 
through  iis  whole  length,  and  is  divided  from  it  by  a  small  wall,  2  or  3  inches  high. 
The  vault  of  the  furnace  has  a  small  curvature,  and  is  pierced  with  6  or  8  openings, 
which  alliiw  the  smoke  to  pass  off  into  a  low  bell-chimney  above.  At  each  end  of  the 
furnace  the  e  s  a  cast  iron  d  ■or  w  ch  slides  up  and  down  iu  an  iron  frame,  and 
is  poised  by  a  conn  erwe  i?ht  On  e  hearth  there  is  a  kind  of  railway,  composed  of 
two  iron  bars    on  the  grooves  of  wh  ch  the  carriage  moves  with  its  loads  of  sheets  of 

These  shee      be  ng  often  24  feel  long,  could  not  be  easily  moved  in  and  out  of  the 
;  but  as  bra  s  lam  na  es  w  U    n  Ihe  cold  stale,  they  are  all  introduced  and 
'   an  iron  carriage  is  framed  with  four  bars,  which 
e,  of  a  length  nearly  equal  to  that  of  the  furnace, 
between  them.    The  carriage  is  then  raised  by  a 
entered  upon  the  grooved  bars  which  lie  upon  the 
two  carriages  are  provided,  the  one  being  ready  to 
meanwhile  unijbrmly  kept  hot.    This 
the  sheets  in  and  out,  wastes  a  good  deal  cffuel 


rest  on  fou    wheels      Upon  Ih  s  Ca 
the  sheets  are  laid,  with  brass  pann^!' 
crane  to  a  level  with  the  fnmace,  and 
hearib.    That  no  heal  may  be  Iof 
put  in  as  the  other  is  taken 
meihod,  however  convenient  for  movir 
in  heating  the  iron  carriage. 

The  principal  places  in  which  brass 
Bri'lol,  Birmingham,  and  Holywell,  in 

The  French  writers  affirm,  that  a 
freely  in  the  turning  lathe,  bi.t  does  i 


;  the! 


is  manufaclored  on  the  great  scale  in  England,  are 

North  Wales, 

brass,  containing  2  per  ce«l.  of  lead,  works  more 
LOl  hammer  so  well  as  a  mere  alloy  of  copper  and 


At  the  brass  manufactory  of  Heeermuhl,  upon  the  Finon  canal  near  Potsdam,  the  fol- 
lowing are  the  materials  of  one  charse;  41  pounds  of  old  brass,  55  pounds  refined  cop- 
■r  (gabrkupfer)  granulated  ;  and  24  pounds  of  zinc.  This  mixture,  weighing  120  pounds, 


fi  distributed  into  four  crucibles,  a 


id  fused  in  a  wind  furnace  with  pilcoal  fuel, 
the  whole. 

xaa  formerly  worked  there  with  charcoal;  a,  the 
laboratory  in  which  the  crucibles  were 

f  laced.  It  was  walled  with  fire-hiicks. 
ha  foandations,  and  the  filling-in  walls 
were  formed  of  stone  mbbish,  as  being  bad 
eondiiiiiors  of  heat ;  sand  and  ashes  may  be 
also  used;  6,  east  iron  circular  grating 
plates  pierced  with  12  holes  (aeejfjf.  ISij 
over  tliem  a  sole  of  loam,  a,  is  beat  dawn, 
and  perforated  with  hole^  eon-eepondiug 
to  those  in  the  iron  discs ;  d,  the  ash  pit ; 
e,  the  bock,  a  draught  &ae  which  con- 
ducts the  air  requisite  to  Ihe  combus- 
tion, from  a  sunk  tunnel,  in  communlco- 
tioTi  with  several  melting  ^atnaces.  The 
ten'Boe  or  crown  of  the  furnace, /,  lies  on 
a  level  with  the  foundery  floor,  k  h,  and  is 
eliut  with  a  tile  of  fire-clay,  g,  which  may 
be  moved  in  any  direction  by  means  rf 
hooks  and  eyes  in  its  binding  iron  ring 
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Fl^.  132,  the  tongB  fof  putting  in  and  taking  out  the  chai'ges,  as  viewed  from  aboye 
Rnd  from  the  side 

i-iiji.  18S  134  wpresent  the  foinaoea  constructed  more  recently  for  the  use  of 
piU.oal  fuel ,  Jiif  IBS  being  an  upright  section  and  Jig  184,  the  ground  plan.  la 
tins  furnace  the  oruoibka  are  not  surrounded  » ith  the  fuel,  but  they  receive  tlia 
rejuioite  melting  hi-at  from  the  iiame  proceeding  fiom  the  grate  upon  which  it  is 
luinei  The  crucibles  stand  upon  seven  binding anhes,o,whiofiunitainthemiddle  at 
"  '  '  ^A  ^''  ^^*'  ^^'''^''  "  *'"'  ^'^'-^  ^  "■8  Bj-iices  thiough  wiiich  the  flame  liees 
n  the  giate  c;  rfis  the  fire  door  ; 
1  silling  tile  or  damper  forregulat- 

I  b,  or  sliutting  off  the  air-dmught; 
'  an  lULlined  ^ane,  for  carrying  oft' 
til-  cinders  that  fall  through  the 
_rate  along  the  draught  tunnel  17,  so 

II  at  the  air  in  entering  below  may 
N  t  ht,  tieated  bj  them 

The  orueiblea  are  16  -nches  deep, 
)  1}   wide  al  the  mouth,   SJ   at  tlie 

4  bottom ,  with  a  thioknew  in  the  sides 

of  1  inch  and  1}  below,  they  stand  from  40  to  50  meltings.  The  old  brass,  which 
hlla  (help  whole  capaejty,  jb  first  put  in  and  melted  down ;  the  crucibles  are  now 
f aken  out  and  are  charged  with  the  half  of  the  zinc  in  pieces  of  from  1  '0  3  cnliio 
inches  m  size,  covered  over  with  coal  ashes,  then  one  haii  of  the  copper  eh.  rge  is  in- 
troduced, ^ain  coal-dust;  and  thns  the  layers  of  zinc  and  copper  are  distributed  al- 
ternately' with  eoal-ashea  betwixt  them,  till  the  whole  charge  gets  finallyfused.  Over 
all.  a  thtcber  layer  of  carbonaceous  matter  is  laid,  to  prevent  oxidizeiiient  of  the  brass. 
Eight  craeibles  til!ed  in  this  way  are  put  into  the  fumtice  between  the  11  holes  of  ihe 
grate  shelf;  and  over  them  two  empty  crucibles  are  laid  to  be  heated  for  the  casting 
operation.  In  from  3^  to  4  hours  the  brass  is  ready  to  be  poured  out.  Fifteen  Eng- 
lish bushels  of  coals  are  ooasumed  in  one  operation;  of  which  six  are  used  at  the 
introduction  of  the  crucibles,  and  four  gradually  afterwards. 
When  sheet  brass  is  to  be  made  the  following  process  is  pursned: — 
An  empty  crucible,  called  a  ciaier  IffUteer),  la  lakcn  out  of  the  furnace  through  the 
crown  with  a  pair  of  tongs,  and  is  kept  red  hot  by  placing  it  in  a  hollow  hearth  {mandaP, 
surrounded  with  burning  coals ;  into  this  crucible  tlie  contents  of  four  of  the  melting 
pot^tare  poured;  the  dross  being  rabed  out  with  an  iron  scraper.  As  soon  oe  the  melt- 
ing pot  is  emptied,  it  is  immediately  re-chai^ed  in  the  manner  above  described,  and  re- 
placed in  the  fumaee.  The  surface  of  the  melted  brass  in  Ihe  eailer  is  ewe^it  with  the 
stump  of  a  broom,  then  stirred  about  with  the  iron  rake,  to  bringnp  any  light  foreign 
matter  to  the  surface,  which  is  then  skimmed  with  a  little  scraper;  the  crucible  is  now 
seized  with  the  casting  tongs,  and  emptied  in  the  Mlowing  way : — 

The  mould  or  form  (or  casting  sheet  brass  consista  of  two  slabs  of  granite,  a  a.  Jigs 
IBS,  186.  They  are  51  feet  long ;  S  feet  broad,  I  foot  thick,  and  for  greater  security, 
girt  with  iron  bands,  &  b,  2  inches  broad,  1)  thick,  and  joined  at  the  four  corners  with 
bolts  and  nuts.  The  mould  rests  upon  an  oaken  block,  c,3ifeet1ong,2|  broad,  and  l\ 
thick,  which  is  suspended  at  each  end  upon  gudgeons,  in  baring  blocks,  placed  under  the 
foundryfloor.di^in  theoastingpit,  ee,  Thisis lined  with  bricks;  and  is  6|  feet  long, 
5\  broad, and  2  deep;  upon  the  two  long  side  walls  of  the  pit^  the  bearing  blncks  are 
laid  which  support  the  gudgeons.  The  swing-blocks  are  10  inches  long,  !8  incliea 
broad,  15  inches  thick,  and  are  somewhat  rounded  upon  their  back  edge,  so  that  tha 
costing  frame  may  slope  a  little  to  the  horizon.    To  these  blocks  two  cross  wooden  arms. 
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//  nre  mortised,  upon  which  the  underslab  reals  freely,  but  so  as  to  project  about  5  inch- 
ex  backwards  over  tho  block,  to  secure  an  equipoiae  in  the  act  of  casting,  g  a  are  tmrs, 
placed  at  botli  of  the  loug  sidee,  and  one  of  tTie  eniis,  between  the  slabs,  to  determine  the 
lliicttneas  of  tJie  brass-plate.  Upon  the  other  slab  the  gate  h  is  festencd,  a  pheet  of 
iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel  trapeziam  (loienge),  and 
slopes  a  little  lowards  the  horizon.  It  servea  for  setting  the  casting  pot  upon  in  the  aet 
of  pouting  out,  and  renders  its  emptying  more  convenient.  That  gate  (tleinmata) 
lacoated  with  a  mixture  of  loam  and  hair.  The  upper  flab  issaeured  to  Ibe  under  one 
in  its  slanting  position  by  an  armor  or  binding.  This  Ov  nsista  of  the  tension  bars  of 
wood,ifc;m,ottheironbarBn,{3to3i  inches  broad,  IJ  inch  thicb, see  the  top  view, 

6  186,)  of  arod  with  holes  and  pins  at  its  upper  end,  and  of  th'e  iron  screw  spindle  o, 
e  mode  in  which  these  parts  act  may  be  understood  frow,  inspection  ot  the  figure.  In 
order  to  lift  the  upper  slab  from  the  under  one,  which  is  effected  by  luming  it  round  its 
edge,  a  chain  is  employed,  saspending  two  others,  CK.neoted  with  the  slab.  The  former 
passesoverapully,  and  maybe  pulled  op  and  down  by  means  of  a  wheel  and  axle,  or 
with  the  aid  of  a  connterweight.  Upon  each  of  the  two  long  sides  Of  the  slab  there 
are  two  iron  rings,  to  which  the  ends  of  the  chains  may  be  hooted.  The  casting  fates 
of  the  slab  must  be  coated  with  a  layerof  finely  ground  loam;  the  thinner  the  better. 

When  calamine  ia  employed,  i  cwt  of  copper,  |  cwt.  of  calamine,  and  J  (he  volume 
of  both  of  charcoal  mixed,  are  put  into  seven  eraeibles,  and  exposed  to  heat  during 
11  or  12  hours;  the  product  bemg  from  70  to  72  Ihs.  of  brass. 

Brats-Flate  Rolling. — At  Hegeraiiihl  there  are  two  re*lreating  or  annealmg  fur- 
naces, one  lai^er,  18  feet  long,  and  another  smaller.  8i ;  the  hot  chamber  is  separated 
from  the  fire  place  by  iron  beams,  in  such  a  way  that  the  brass  oa'tings  are  played 
upon  by  the  flames  on  both  their  sides.  After  each  passage  throngh  the  laounaling 
press  (rolls)  they  are  heated  anew,  then  cooled  and  laminated  afresh,  till  they  liave 
reached  the  proper  leiiiilli,     Tlie  plntfs  sre  besmeared  with  grease  before  rolling. 
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Fig.  1S7  shows  the  ground  plan  of  the  furnace  audits  railway;/?.  IBSthecro^  see- 
lion;  and/j.  188  Ihe  setlion  lengthwise ;  a  a,  the  iron  way  bars  or  raila  upon  the  floor 
of  the  Giundry.  for  enabling  the  wheels  of  the  wagon*frame  to  move  readily  back- 
wards and  forwards;  h  b,  the  two  grates;  c  c,  (he  ashpits;  dd,  the  fire  beams;  e  e  e; 
TSiils  in  the  roof  of  the  hot  chamber /,-  g  g,  two  plates  for  shutting  the  hot  chamber; 
7i.  ihe  Que ;  t,  the  chimney.  After  the  rolling,  the  sheets  covered  with  a  black  oxide 
of  copper,  are  plunged  intoamother  water  of  the  alum  works  for  a  few  minutes,  then 
washed  in  clean  water,  and  lasl'ty,  smeaied  with  oil,  and  scraped  with  a  blunt  Vnife. 

In  rou^h  brass  and  brass  wares,  no  less  than  16,240  cwts.  wore  manufactured  in 
Lhe  Priisaiflu  States  in  the  year  1832. 

For  musical  purposes,  tlie  brass  wire  made  in  Berlin,  has  acquired  great  and  mcnt- 
■d  celebrity ,  but  that  of  Birmingham  is  now  preferred  even  by  foreigners. 
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into  a,  blnelc  powder,  o^regated  in  lumps.  This  being  palrerized  aad  sifted,  b  to  be 
asnin  well  ealcined  for  several  daya  more,  till  no  prtrticles  remain  in  tlia  metallic  Biata 
when  it  will  farm  a  fine  puwdor  ofaniaaet  brown  colour.  A  third  calcination  must  now 
bfl^von,  witb  a  carefully  regulated  heat;  its  quality  being  tested  fram  time  to  time  by 
fusion  with  some  glass.  If  it  makes  the  glass  swell,  and  intntneace,  it  is  »ra|)erly  pre- 
pared; if  not,  it  must  be  still  farther  calcined.  Such  a  powder  comtDunicates  to  glass 
greens  of  various  tints,  passing  into  turquoise. 

When  thin  narrow  strijisof  brass  are  stratified  with  sulphur  in  a  crucible,  and  calcined 
at.  a  red  heat,  they  become  friable,  and  may  be  reduced  to  powder.  This  being  sifted 
and  exposed  upon  tiles  in  a  reverberatorj  t'uniace  for  ten  or  twelve  days  beeomes  fit  for 
use,  and  is  capable  of  imiiarting  a,  chalcedony,  red  or  yellow  tinge  to  glass  by  fusion, 
according  to  the  mode  and  pro[)ortioa  of  u^ng  it. 

The  glasa-malier's  red  colour  may  be  prepai-ed  by  exposing  small  plates  of  brass  t< 
moderate  heat  in  a  reverberatory  furnace,  till  they  a:      ' 
substance  becomes  pulverulent^   and  assumes  a  re 

Brass  Colodb,  as  employed  by  the  colourmen  to  imitate  brass,  is  of  two  tjots.  the 
red  or  bronze,  and  the  yellow  hte  ^It  brass.  Copper  filings  mixed  ^f'h  red  ochio 
or  bole,  tiOnstitute  the  former ;  a  powdered  brass  imported  fiDra  Germany  is  used  for 
tlie  latter.  Both  must  be  worked  up  with  varnish  nfter  being  dried  with  heat,  and  then 
spread  with  a  flat  camel-hair  brush  evenly  upon  the  surface  of  the  object.  The  best 
varnish  is  composed  of  *2ii  ounces  of  spirits  of  wine,  i  ounces  of  shellac,  and  2  ounces  of 
sandarach,  properly  dissolved.  (See  Vaknbil)  Only  so  mueh  of  the  bras 
'  \  should  be  m'     ■    '       '  '  .    .  -     - 
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BoAsa  Foil.  Dutch  leaf,  called  Kniller  or  Jiaiux/igold  in  Germany,  is  made  from 
a  very  thin  sheet  brass,  bent  out  under  a  hammer  worked  by  water  power,  which  gives 
800  or  400  strokes  per  minnte;  from  40  to  80  leaves  being  laid  over  each  other.  By 
this  treatment  it  acquire6  its  eharaoteristio  solidity  and  lustre.  See  above,  the  process 
for  converting  the  copper  superficially  into  brass  by  the  fumes  of  zinc. 

Brass,  Yellow.  The  following  table  eiihihita  the  composition  of  several  vai'ieties 
of  this  species  of  brass.  Ko.  1.  is  a  cast  brasa  of  uncertain  origin;  i.  the  brass 
of  Jcmappes;  3.  the  slieet  brass  of  Stolberg,  near  Aix-la-Chapelle;  4.  and  5.  the 
brass  for  Riding,  according  to  lyAreet;  6.  the  s!ieet  brass  of  Romilly ;  7.  English 
brass  wire;  8.  Avigsbui^  brass  wire;  9.  brass  wire  of  Neustadt-Eberswald.  in  the 
neighbourhood  of  Berlin. 
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The  moan  proportion  of  the  metals  in  yellow  brass  is  80  zinc  to  70  copper. 

7ombak,  or  Bed  Brass,  in  the  cost  state,  is  an  alloy  of  copper  and  zinc,  containing 
rot  more  than  20  per  cent  of  the  latter  constituent  The  following  varieties  are 
distinguished: — 1,  2,  3.  tombak  for  making  gilt  articles;  4.  French  tombak  for  swoi'd- 
handles,  itc. ;  4.  tombak  of  tlie  Okar,  near  Goslar,  in  the  Hartz;  6.  yellow  tombak  of 
Paris  for  gilt  ornaments ;  fl.  tombak  for  the  same  purpose  fram  a  factory  in  Hanover ; 
8.  chrysochaik;  9.  red  tombak  from  Paris;  10.  red  tombak  of  Vienna. 


Copper 
Lead  - 

1. 

a. 

3. 

4. 

5. 

6. 

7. 

8. 

0. 

10. 

an 

1 

«E? 

17 

^ 

14-7 

w 

900 

7-9 

*8 

^a'l 

1(14-5 

104       1    lOll-O 

100 

lOG 

luon 

100 

00-5 

100 

moo 

e  made  of  an  alloy  of  33  parts  brass  (yellow),  i  parla 


greater  than  the  n 


a  density  of  ifa  consfituent^ 


d^le 


244  BRAZIL-"W0OD. 

varying  from  1 '82  to  S'^S,  according  to  the  pToportion  of  zIdo  to  copper.  Sieet  brasi 
Tanea  from  S'Sa  to  8-62 ;  brass  wire  from  8'49  to  S'TS.  Brass  heated  and  (iiiicblj 
cooled  becomes  somewhat  losa  dense.  Tlie  apsclfic  gravity  of  sheet  tonibak"  {81-28 
copper  +  18'75  zinc)  is  S*t88;  of  tombak  wire  (SJ-5  copper  +  la-6  zinc)  has  been 
found  80  great  as  9'00. 

Brass,  Malleabie.  It  is  known  that  common  brass  containing  from  214  (o  Sr8  per 
cent,  of  zinc,  and  from  Il'9  to  fi5'8  per  cent  of  copper,  is  not  malleabla  wliile  hol^ 
but  that  articlea  of  it  must  be  made  bj  casting.  As  it  would  be  of  great  advantage  in 
many  branches  of  industry  to  have  aa  alloy  of  this  kind  tbat  could  be  worked  while 
hot,  like  malleable  iron,  the  information  that  sach  an  alloy  exists  must  be  welcome  to 
artists. 

By  melting  together  33  parts  of  copper,  and  25  parts  of  zinc^  there  was  a  loss  of  three 
parts;  thus  makina;  GO  per  cent,  copper,  and  40  per  cenL  zinc.  It  differs  fivm  tiie 
English  specimens  by  containing  a  lai^er  proportion  of  zine,  ar  '  "  -   '' 

It  Maohta,  the  precious  property  of  malleability  in  a  higher 
specimens. 

A  piece  of  "yellow  metal,"  similar  in  colour  to  this  alloy,  w 
contain  60*16  Copper,  and  S9'71  zinc,  which  is  the  compositioi 
also  showed  great  density  or  solidity. 

An  alloy  was  prepared  by  melting  together  60  parts  copper  and  40  parts  zinc,  which 
had  the  following  properties: — The  colour  was  between  that  of  brass  and  tombak,  it 
had  a.strong  metallic  lastre,  a  fine,  close  grained  fracture,  and  great  solidity  (density). 
Its  specific  gravity  at  the  temperature  of  10"  Cent,  was  8-44 ;  by  calculation  it  ought 
only  to  have  been  8-08 ;  thus  aUowiug  that  in  the  formation  of  the  alloy  a  condensation 
must  have  taken  place.  Ca'.culauon  shows  that  the  alloy  may  be  considered  aa  a  de- 
terminate chemical  combination,  for  the  results  of  the  analysis  very  nearly  accord  with 
the  assumption  that  it  maybe  considered  as  composed  of  8  alflms  by  weight  of  copper, 
and  2  atoms  by  weight  of  2dno  (8  Cu  +  2  Zn).  The  hardness  of  the  alloy  is  the  same 
as  that  of  fluor  spar;  it  can  be  soratehed  by  apatite  (glass),  oonse([uently  its  hardness 
is  =4.  The  alloy  is  harder  than  copper,  very  tough,  and  is,  in  a  properly  managed  fire, 
malleable ;  so  much  bo  that  a  key  was  forged  out  of  a  oast  rod. 

These  important  properties  of  this  alloy  warrant  an  expectation  of  its  application  to 
many  purposes  in  the  arts,  and  it  would  appear  that  they  depend  on  its  definite  chemica. 
proportions.  Agreeably  to  the  direcUons  of  M.  Feyerabind,  care  must  be  taken  in 
melting  together  the  metals,  not  to  permit  too  great  a  losa  of  aan  to  tabe  place,  lest  the 
proportions  between  the  metals  should  be  altered,  whiohmight  not  be  without  effect  ou 
the  important  properties  of  the  alloy.  With  this  view,  it  might  be  advantageous  in 
practice,  in  place  of  zinc,  to  add,  in  melting,  a  proportionate  mixture  of  brass  to  the 
proper  proportions  of  copper.  An  alloy  prepared  in  this  way  gave,  on  analysis,  61-44 
copper,  andS8'15  zinc.  It  is  very  probable  that  malleable  brass  will  hereafter,  in  many 
oases,  be  made  use  of  instead  of  the  higher  priced  copper. 

EEAZISG.  (Brater,  Fr.;  Messing-lotlimu;,  Germ.)  The  soldering  together  of 
edges  of  iron,  copper,  braea,  &c.,  with  an  alloy  consisting  of  braaa  and  zine,  aoraetimea 
with  a  little  tin  or  silver.  The  surfaces  to  bethua  united  must  be  filed  perfectly 
bright,  and  not  be  soiled  with  the  fingers  or  in  any  other  way.  The  granular  Or  nearly 
pulverulent  alloy  is  usually  wetted  wili  a  paste  of  ground  borax  and  water,  applied  in 
this  state,  dried,  and  then  CJiposed  oarefiUly  to  bright  ignition  at  a  clear  foi^e  fire. 
Some  workmen  enclose  the  part  to  be  soldered  in  a  clay  lute,  but  others  prefer  leaving 
it  uncovered,  that  they  may  see  ■when  tlie  solder  has  flowed  freely,  and  entered  info  all 

BRAZIL-WOOD.  (Boia  de  Femambouc,  Fr. ;  BrasiHaiholz,  Germ,)  This  dye-wood 
derives  its  name  from  the  part  of  America  whence  il  was  first  imporled.  Il  has  also 
the  names  Pernambaca,  wood  of  Saint  Martha,  and  of  Sapan,  according  to  the  places 
which  produce  il.  Linnceus  distinguishes  the  tref  which  furnishes  the  Brazil-wood 
by  the  name  of  Casnlpmia  crista.  Il  commonly  grows  in  dry  places  among  rocks.  Its 
trunk  is  very  large,  crooked,  and  full  of  knots.  It  is  very  hard,  susceptible  of  a  fine 
polisli,  and  sinks  in  water.  It  is  pale  when  newly  cleft,  but  becomes  red  on  exposure  10 
the  air. 

It  has  different  shades  of  red  and  orange.  Its  goodness  is  determined  particularly  by 
its  density.  When  chewed,  a  saccharine  taste  is  perceived.  It  may  be  distinguished 
from  red  saunders  wood,  as  the  latter  does  not  yield  its  color  to  water. 

Boiling  water  extracts  the  whole  coloring  matter  of  Brazil-wood.  If 'the  ebullllion  be 
Ions  enough  continued,  it  assumes  a  fine  red  color.  The  residuum  appears  black.  In 
this  ca?e,  an  alkali  may  Still  estracl  much  coloring  matter.  The  solution  in  alcohol  or 
ammonia  is  still  deeper  than  the  preceding. 

The  decoction  of  Brazil-wond,  called  juice  of  Brazil,  is  observed  to  be  less  fit  for 
hieing  when  recent,  than  when  obi  or  even  fermented.    By  age,  it  takes  a  yellowish- 
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t,  which  i3  speedily  de- 


red  color.  For  malting  Ihis  aecoclinn,  Hellot  recoinijiends  to  nse  t!ie  hardest  waler;  but 
it  sliould  be  remarket!,  thai  this  water  deepens  the  color  in  proportion  lo  the  earthy  sa!W 
which  it  contains.  After  boiling  this  wood  reduced  to  chips,  or,  what  is  pteferabie,  to 
powder,  for  three  hours,  this  first  decoction  is  poured  into  a  cask.  Fresh  water  is  poured 
on  the  wood,  which  is  Ihen  made  to  boil  for  three  hours,  and  mixed  with  the  former. 
When  Brazil-wood  is  employed  in  a  dyeing  bath,  it  is  proper  to  enclose  it  in  a  thin  linen 
bap,  as  well  as  all  the  dye-woods  in  general. 

Wool  immersed  in  the  juice  of  Brazil  lakes  but  a  feeble  ti 
slroyed.    It  must  receive  some  preparations. 

The  Vfool  is  to  be  boiled  in  a  solution  of  alum,  lo  which  a  fourth  or  even  less  of  tartar 
is  added,  for  a  larger  proportion  of  lartar  would  make  the  color  yellowish.  The  wool  is 
kept  impregnated  with  it  for  at  least  eight  days,  in  a  cool  place.  After  this,  it  is  dyod  in 
the  Brazil  juice  with  a  slight  boiling.  But  the  first  coloring  particles  that  are  deposited, 
afford  a  less  beautiful  Color ;  hence  it  is  proper  to  pass  a  coarser  stuff  previously  through 
the  bath.    In  this  manner  a  lively  red  is  procured,  which  resists  pretty  well  the  action 

Brazil-wood  is  made  use  of  for  dyeing  silk  what  is  called  false  crimson,  to  distinguish 
it  from  the  crimson  made  by  means  of  cochineal,  which  is  much  more  permanent. 

The  silk  should  be  boiled  at  the  rate  of  20  parts  of  soap  per  ceni,,  and  then  alumed. 
The  alaming  need  not  be  so  strong  as  for  the  fine  crimson.  The  silk  is  refreshed  at  the 
river,  and  passed  through  a  b»lh  more  or  less  chained  with  Brazil  juice,  according  to  the 
shade  lo  be  given.  When  \taler  free  from  earthy  salts  is  employed,  the  color  istoo  red 
lo  imitale  ciimson ;  this  quality  is  E'ven  it  by  passing  the  silk  through  a  slight  alkaline 
solution,  or  by  adding  a  little  alkali  lo  the  bath.  It  might,  indeed,  be  washed  in  a  hard 
waler  lill  it  had  taken  the  desired  shade. 

To  make  deeper  false  crimsons  of  a  dark  red,  juice  of  logwood  is  put  into  the  Brazil 
bath  after  the  silk  has  been  impregnated  with  it,  A  little  alkali  may  be  added,  according 
to  the  shade  that  is  wanted. 

To  imitate  poppy  or  flame  color,  an  annotto  ground  is  given  to  the  sill:,  deeper  even 
than  when  it  is  dyed  with  carthamns.  !t  is  washed,  alumed,  and  dyed  with  juice  of  Bra- 
sil,  to  which  a  little  soap  water  is  usually  added. 

The  coloring  particles  of  Brazil-wood  are  easily  affected,  and  made  yellow  by  the  action 
af  acids. 

Tbey  thus  become  permanent  colors.  But  what  distinguishes  them  from  madder  and 
dermes,  and  approximates  them  to  cochineal,  is  their  reappearing  in  their  aatural  color, 
when  they  are  thrown  down  in  a  state  of  combination  with  ahunina,  or  wilh  oiyde  of  tin. 
These  two  combinations  seem  Ic  be  the  fittest  for  rendering  Item  dnrable.  It  is  requisite, 
therefore,  lo  inquire  what  circumstances  are  best  calculated  lo  promote  Ihe  foimatlon  of 
Jiese  combinations,  according  to  the  nature  of  l!.e  stuff. 
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The  cotton  being  scoured  and'bleached,  is  boiled  with  sumach.  It  is  tlien  impregna- 
ted wilh  a  solution  of  tin  (at  5"  Banme,  according  lo  Vitalis).  It  should  now  be  washed 
slightly  in  a  weak  bath  of  the  dyeing  wood,  and,  UsUy,  worked  in  a  somewhat  stale  infu- 
sion of  the  peach  or  Brazil  wood.  When  the  temperatare  of  ihls  is  lukewarm,  the  dye  is 
■aid  to  take  belter.  Sometimes  Iwo  successive  immersions  in  the  bath  are  given,  it  is 
now  wrung  out,  aired,  washe3  in  waler,  and  dried, 

M.  Vilalis  says,  thai  his  solution  of  lin  is  prepared  wilh  two  ounces  of  tin  and  a  pound 
pf  aqua  regia  made  with  two  parts  of  nitric  acid  at  24"  Baume,  and  three  parts  of  muri- 
Ktic  acid  at  22°. 

For  a  rose  color,  the  coHoB.is  alumed  as  usual,  and  washed  from  the  alum.  It  then 
gels  Ihe  lin  mordant,  and  is  aijain  washed.  It  is  now  turned  through  the  dye-bath,  an 
ope'alion  which  is  repeated  if  necessary. 

For  purple,  a  lilllc  alum  is  added  lo  the  Brazil  bath. 

1.  For  accaranth,  Ihe  cotton  is  strongly  galled,  dried,  and  waidied. 
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2.  It  is  passed  through  the  black  cask  (tonne  au  noir,)  see  Black  DvEjiaiithastake* 

3.  It^receives  a  bath  of  ]iine-'^'.sr. 

4.  Mordant  of  tin. 

5.  Dyeina  in  the  Brazil-wood  llKth. 

6.  The  two  last  cpetatioi-a  are  repeateJ. 

Dingier  has  endeavored  lo  separate  the  colsfing  matter  of  the  different  sorts  oCBist.H, 
wood,  so  ns  lo  obtain  ths  same  tini  from  thi>  coarser  as  fiom  the  best  Pemajnbuco.  His 
process  consists  in  treating  llie  woiid  with  hot  water  or  steam,  in  concentrating  the  de- 
toelion  so  as  to  obtain  14  or  15  poinds  of  it  from  4  pounds  of  wood,  allowing  it  lo  cool, 
and  pouring  into  it  two  pounds  of  skim  milk ;  agitaling,  then  bailing  for  a  few  minutes, 
and  tillering.  The  dun  coloring  matters  are  precipitated  by  ihe  coagulation  of  the 
caseous  substance.  For  dyeing,  the  decoctions  must  be  diluted  with  water  ;  for  printing 
they  must  be  conctnlrated,  so  that  4  pounds  of  wood  shall  furnish  only  5  or  6  pounds  of 
decoction,  and  the  liquor  may  be  thickened  in  the  ordinary  way.  These  decoLlions  may 
be  employed  immediately,  a-n  by  this  treatment  they  have  acquired  the  same  property  aa 
they  otherwise  could  get  only  by  being  long  kept.  A  slight  fermentation  is  said  to  im- 
prove the  ci.lor  of  these  deeoetionsi  some  ground  wool  's  put  into  the  decoction  to  favor 
ihis  process. 

As  gelatine  produces  no  precipitate  with  these  decoctions,  they  consequently  contrjn 
no  lannin.  Gall-nnls,  however,  sumach,  the  bark  of  bij  ch  or  aldei,  render  the  color  af 
Braiil-wood  more  durable,  upon  alumed  linen  and  cotton  goods,  but  the  shade  is  a  litie 

In  dyeing  wool  with  Pernambuco,  the  lemperalvire  of  the  bath  should  never  be  above 
150°  Fahr,,  since  higher  heals  impair  the  color. 

According  to  Dingier  and  Kurrer,  bright  and  fast  scarlet  reds  may  be  obtained  upon 
wool,  by  preparing  a  decoction  of  50  pounds  of  Brazil-wood  in  thiee  successive  boils, 
and  setting  the  decoction  aside  for  3  or  4  weeks  in  a  cool  place  j  100  pounds  of  the  wi«)l 
are  then  alumed  in  a  bath  of  S3  pounds  of  alum  and  11  pounds  of  tartar,  and  eflerwords 
rinsed  in  cold  water.  Meanwhile  we  fill  two  thirds  with  water,  a  copper  containing  30 
pails,  and  heated  to  the  temperature  of  150°  or  ie<f  F,  We  pour  in  3  pailfuls  of  the  de- 
coction, heat  lo  the  same  point  again,  and  introduce  30  pounds  of  wool,  which  does  not 
take  a  scarlet,  but  rather  a  crimson  tint.  This  being  removed,  2  pails  of  decoction  are 
put  in,  and  30  pounds  of  wool,  which  becomes  scarlet,  but  not  so  fine  as  at  the  third  dip. 
If  the  dyer  slrenelhens  the  color  a  little  at  the  first  dip,  a  Utile  more  at  the  second,  and 
adds  at  the  third  and  fourth  the  quantily  of  decoction  merely  necessary,  he  will  obtain  a 
uniform  scarlet  tint.  With  50  pounds  of  Pernambuco  1000  pounds  of  wool  may  be  dyed 
scarlet  in  this  way,  and  with  the  deposites  another  100  may  be  dyed  of  a  tile  color.  An 
addition  of  weld  renders  the  color  faster  but  less  brilliant. 

Karkutsch  says  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

In  dyeing  cotton  the  tannin  and  gallic  acid  are  two  necessary  mordants,  and  the  color 
IS  particularly  bright  and  durable,  when  the  cloth  has  been  prepared  with  the  oily  process 
of  Tu  I  key  red. 

It  is  said  that  stale  urine  heightens  the  color  of  the  Brazil  dye  when  the  ground  wood 
is  moistened  wilh  it. 

The  quantity  of  Brazil  or  Nicaragua  wood  imported  into  the  United  Kingdom  in  1835, 
was  fi,242  Ions,  whereof  1,811  were  exported;  of  Brazilietlo  230  tons,  The  duly  upon 
the  first  art'  ^le  is  5).  per  ton. 

BREAD  (Fiiin,  Fr. ;  Brad,  Germ.)  is  the  spongy  mass  produced  by  baking  the 
leavened  or  fermented  dough  of  wheal  or  rye  flour,  at  a  proper  heat.  It  is  the  principal 
food  of  highly  civilized  nations.  The  skilful  preparation  of  this  indispensable  article  con- 
stitutes the  art  of  the  Baker.  Dough  baked  without  being  ferinented  constitutes  cakes 
or  biscuits ;  but  not  bread  strictly  speaking. 

Pliny  informs  us,  that  barley  was  the  only  species  of  corn  at  iirst  used  for  food ;  and 
even  after  the  method  of  reducing  it  to  fiour  had.  been  discovered,  it  was  long  before 
mankind  learned  (he  art  of  converting  it  into  cakes. 

Ovens  were  first  invented  in  the  East.  Their  construction  was  understood  by  ths 
Jews,  the  Greeks,  and  the  Asiatics,  among  whom  baking  was  practised  as  a  dislinct  pro- 
fession. In  this  art,  the  Cappad»;ians,  Lydians,  and  Phcenicians,  are  said  to  have  par. 
tienlarly  excelled.  It  was  not  till  about  580  years  after  the  foundation  of  Rome,  that 
these  artisans  passed  into  Europe.  The  Koman  armies,  on  their  return  from  Macedonia, 
brought  Grecian  bakers  wilh  them  into  Italy.  As  these  bakers  had  bandmills  beside 
their  ovens,  they  still  conlinned  to  be  called  pistorea,  from  Ihe  ancient  practice  of  bruis- 
ing the  com  in  a  morlarj  and  their  bakehouses  were  denominated  pisloria.  In  the  lime 
oI'AugusMs  there  were  no  fewer  than  329  public  ball  ehonscs  in  Rome;  almost  Ihe  whole 
of  which  were  in  the  hands  of  Greeks,  who  long  conlinned  the  only  persons  in  that  city 
auquninted  with  the  art  of  baking  good  bread. 
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In  nothing,  perhaps,  is  the  wise  nrd  cautious  policy  of  the  Eoman  !^v<;rninen\  more 
reraarkubly  difplajed,  than  in  the  refrulntions  which  it  imposed  on  the-balters  wilhin 
(he  city.  To  Ihe  foreign  baliers  who  came  to  Eome  wilh  ihe  army  from  Macedonia,  a 
number  of  frcedmen  were  associated,  forming  together  an  incorporation  from  which 
neither  they  nor  Iheir  children  could  separate,  and  of  which  eTcn  those  who  married  the 
dajv'hters  of  bakers  were  obliged  to  become  members.  To  this  incorporation  were  in- 
trusted all  the  mills,  utensils,  slttves,  animals,  every  thing,  in  short,  which  belonged  tfl 
Ihe  Ibruier  balcehouses.  In  addition  to  these,  they  receiTcd  considerable  portions  of  land; 
wid  nothing  was  withheld,  which  could  assist  them  in  pursuing,  to  the  best  adyanlage, 
Iheir  highly  prized  labors  and  trade.  The  practice  of  condemning  criminals  and  slaves, 
for  petty  offences,  to  work  in  the  baliehonse,  was  still  continued;  and  eren  the  judges  of 
Africa  were  bound  to  send  thither,  eviry  iive  years,  such  persons  as  had  incurred  that 
kind  of  chostisemenl.  The  batehonses  were  distributed  throughout  the  fourteen  divisions 
of  the  dty,  end  no  baker  could  pa^s  from  one  into  another  without  special  permission. 
The  public  granaries  were  committed  to  their  care;  they  paid  nothing  for  the  corn  em- 
ployed in  baking  bread  that  was  to  be  given  in  largess  to  Ihe  citizens;  and  the  price  of 
the  rest  was  re}[ulaled  by  the  magiBtrales.  No  corn  was  given  out  of  these  granaries  ex- 
cept for  the  bakehouses,  and  for  the  privnie  use  of  the  prince.  Thfi  takers  had  besides 
private  grunariFS,  in  which  they  deposited  the  erain,  which  they  had  taken  iVom  the  pub 
lie  Rranaries  for  immediate  use  ;  and  if  any  of  them  happened  to  be  convicted  of  having 
diverted  any  portion  of  Ihe  grain  to  another  purpose,  be  was  condemned  to  a  ruinous  line 
of  five  hundred  pounds  weight  of  gold. 

Most  ofthese  regulatiaps  were  soon  introduced  among  the  Gauls;  but  it  Was  long  be- 
fore they  found  their  way  into  the  more  northern  countries  of  Eiu-ope.  Borricbius  informs 
us  that  in  Sweden  and  Norway,  the  only  bread  known,' so  late  i^s  the  middle  of  the  16th 
century,  was  unleavened  cakes  kneaded  by  the  women.  At  what  petiodin  our  own  his- 
tory the  art  of  baking  became  a  separate  profession,  we  have  not  been  able  to  ascertain; 
but  Ibis  profession  is  now  common  to  ali  Ihe  countries  in  Surope,  and  the  process  of 
baking  is  also  nearly  the  same. 

The  French,  who  particularly  excel  in  the  art  of  bakinp,  have  a  great  many  different 
kinds  of  bread.  Their  pain  bis,  or  brown  bread.  Is  the  coarsest  kind  of  all,  and  is  made 
of  coarse  groats  mixed  wilh  a  portion  of  while  flour.  The  pain  bis  blanc,  is  a  kind  of 
bread  between  white  and  brown,  made  of  white  door  and  fine  groats.  The  pain  blaiic, 
or  whhe  bread,  is  made  of  white  iiour,  shaken  through  a  sieve  alter  the  finest  Honr  has 
been  separaled.  The  pain  mullet,  or  soft  bread,  is  made  of  the  purest  flonr  without  any 
admiiture.  Thepoin  chalatid,  or  customers'  bread,  is  a  very  white  kind  of  bread,  made 
of  pounded  paste.  Pai'ti  chapele,  h  a  small  hind  of  bread,  wilh  a  weil-beaten  and  very 
light  paste,  seasoned  with  butter  or  milk.  This  name  is  also  given  to  a  small  bread,  from 
which  the  thickest  crost  has  been  removed  by  ft  knife.  Pain  conrn,  is  a  name  given  by 
the  French  bakers  to  a  kind  of  bread  made  with  four  corneis,  and  sometimes  more.  Of 
all  Ihe  kinds  of  small  bread.  Ibis  has  the  strongest  and  firmest  paste.  Pain  a  la  reine, 
ilneen's  bread,  pain  d  la  Sigoiiie,painchaj)tU.  and  pain  cnmu,  are  all  small  kinds  of  bread, 
differing  only  in  the  lightness  or  Ihiekness  of  the  paste.  Pain  pmaw  is  a  small  very 
white  bread  made  now  in  Paris,  from  the  flour  separated  nfier  a  dighl  grinding  from  the 
best  wheal.    Such  flour  is  in  hard  granolar  particles. 

In  this  country  we  have  fewer  varieties  of  bread,  and  these  differ  chiefly  in  Iheir  de- 
grees of  purity.  Our  while  or  fine  bread  is  made  of  the  purest  flour ;  our  whealea 
bread,  of  flour  with  a  misture  of  the  finest  bran ;  and  our  household  bread,  of  the  whole 
snbslance  of  the  grain  without  the  separation  either  of  the  fine  flour  or  coarse  bran.  Wo 
have  also  sj'mnel  bread,  manehel  or  roll  bread,  and  French  bread,  which  are  all  made  of 
the  purest  flour  from  the  finest  wheat;  Ihe  roll  bread  being  improved  by  the  addition  of 
milk,  and  the  French  bread  by  Ihe  addition  of  eggs  and  butter.  To  these  may  be  added 
gingerbread,  a  cake  made  of  flour,  with  almonds,  liqaorice,  aniseed,  rose-water,  and  sugar 
or  treacle;  and  mastlin  bread,  made  o."  wheat  and  rye,  or  sometimes  of  wheal  and  barley. 
We  have  various  kinds  of  small  bread,  having  various  names,  according  to  their  varioui 
forms.  They  are,  in  general,  extremely  light,  and  are  sweetened  with  sugar,  currants, 
and  olher  palatable  ingredients.  In  Scotland  there  is  n  cake  caDed  short  bread,  made 
from  a  pretty  thick  douiih,  enriched  with  batter,  sweetened  wilh  sugar,  and  seasoned  with 
orange  peel,  or  olher  kinds  of  spices. 

The  process  of  making  bread  is  nearlythe  same  in  all  the  connlriea  of  modern  Europe; 
though  the  materials  of  which  it  is  gomposed  vary  with  the  farinaceous  productions  of 
different  climates  and  soils.  The  flour  of  wheal  is  most  generally  employed  for  this  pur- 
pose,  wherever  that  vegelftble  can  be  reared.  This  flour  is  composed  of  a  small  portion 
of  mucilaginous  saccharine  matter,  soluble  in  cold  water,  from  which  it  may  be  separated 
ny  evaporation ;  of  a  great  quantity  of  starch,  which  is  scarcely  soluble  in  cold  water,  but 
capable  ofcombining  with  that  fluid  by  means  of  heal;  and  an  adhesive  gray  substance 
tailed  gluten,  'nsolnble  in  water,  ardent  spirit,  oil,  or  ether,  ana  resembling  an  animaJ 
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aubslance  in  many  oT  its  properties.  Floor  kneaded  with  waler,rorins  a  lough  and  mtliei 
indigestible  paste  containing  all  the  cnnslituent  parts  which  we  have  enumerated.  Heat 
produces  a  considerable  change  on  the  glutinous  part  of  this  compound,  and  renders  it 
more  easy  of  mastication  and  d^eslion.  Still,  however,  it  continues  heavy  and  lonsh, 
compared  with  bread  which  is  ruined  hy  leaven  or  yeast.  Leaven  is  nothing  more  than  a 
piece  of  dough,  kept  in  a  warm  place  tiU  it  undergoes  a  process  of  fermentation;  swelling, 
becoming  spongy,  or  full  of  air  bubbles,  at  length  disengaging  an  acidulo-spirituous  va- 
por, and  contracting  a  sonr  tasle.  When  this  leaven  is  mingled  in  proper  proponions 
with  fresh-made  dongh,  it  makes  it  rise  more  readily  and  eft'ectually  than  it  would  do 
alone,  and  gives  it  at  the  same  time  a  greater  dearee  of  firmness.  l7pon  the  quality  0/ 
the  leaven  employed,  the  quality  of  the  bread  mateiially  depends. 

The  principal  improvement  which  has  been  made  on  bread  in  mj..ern  !imes,  is  the 
substitution  of  yeast  or  barm  in  place  of  common  leaven.  This  yeast  is  the  viscid  fruth 
Ibat  rises  to  the  surface  of  beer,  in  the  first  staee  of  its  fermentation.  When  mixed  with 
ihe  dough,  it  makes  it  rise  much  more  speedily  and  effeclually  than  ordinary  leaven, 
and  the  bread  is  of  course  much  lighter,  and  freer  from  that  soar  and  disagreeable  taste 
which  may  often  be  perceived  in  bread  raised  with  leaven,  either  because  too  much  is 
Inini'led  with  the  paste,  or  because  il  has  been  allowed  to  advance  too  far  in  he  proces" 
of  fermentation. 

Bread  properly  raised  and  baked  differs  materially  from  unleavened  Cakes,  cot  only  in 
being  less  compact  and  heavy,  and  more  ai^enble  to  the  laste,  but  in  losing  its  tcna- 
cions  and  glutinoas  qualities,  and  thus  becoming  more  salutary  and  digestible. 

We  possess  several  analyse?  of  wheat  flour.  Ordinary  wheal  (irHicum  hybemnm 
mixed  with  ir%licv,m  lurgidum)  contains,  according  to  the  analyses  made  by  Vanqnelin 
of  several  species  of  wheat  flour,  the  following  substances  ; — 


Spe^ofWh.,., 

vv„..,. 

Gl.,e„ 

S,.,.h. 

SuB". 

G... 

Brau 

T.,a,. 

Crfj"ugh 

10-0 

10-96 

71-49 

4-72 

3-33 

100-49 

50-3 

Hard  wheal  of  Odessa 

flour 

12-0 

14-55 

56-50 

V.-3 

51-3 

Soft  wheat   of   Odessa 

flour 

lO'O 

12'00 

62-00 

7-56 

1-'^ 

98'42 

12-10 

70-84 

4-90 

4-eo 

100>41 

12-0 

7-30 

72-00 

5-42 

3-30 

100-02 

37-2 

Wheat   of  the  French 

bakers 

10-0 

10-aO 

72-Kn 

4-20 

2-KO 

100-00 

40-e 

Flour  of  the  Paris  hos- 

pitals (2d  quality)    - 

8'0 

10-30 

71 '20 

4-80 

3-60 

97-00 

37-8 

Ditto  (3d  quality)    -    - 

12-0 

ft'Oa 

67-78 

4-80 

4-60 

2-0 

100-21 

37-8 

The  foilowmg  table  of  analyses 

aerits  also  a  pi 

ce  here 

j            Si.eei.s<.fFl™r.               WaHr. 

Gl-te^, 

su... 

SUB". 

Alb„™.. 

B„„. 

Flour  ofthetrillcumspelfa       1 
Ditto  triiicum  hyhcrnun          1 
Ditto  common  wheat  - 
Ditto    wheat     and    rye   1 
)     mixed  (mastlin)      .    .  |     b 

22- 
2t- 
12-5 

9-80 

74-   ■ 
74-5 
75-50 

5-50 
5-0 
12- 

4-22 

1- 
2- 
3-2S 

1-50 
1-50 

1-2 

Tlie  first  two  of  the  above  analyses  w 
fourth  by  Vouquelin. 
Analyses  of  the  flour  of  some  other  co 


e  by  Vogel,  the  third  by  Proust,  and  the 


Species  of  Flnur. 

Sla^h, 

Mo.;,liiB'. 

<=!„,.„.    Alb.„,.„. 

Sugar. 

ttu...      „o,d.i. 

WhUe  oatmeal    -    -    - 
Barley  meal    .     -     -     - 

53-00 
32-00 

2-5 
9- 

4-30 
3- 

8-25 
2 

or...., 

The  first  analysis  is  by  Vogel,  the  second  by  Proust. 

Tt  deserves  to  be  remarked,  thai  the  flour  of  Odessa  contains  a  much  greater  quantitj 
sf  sugar  than  the  French  flour.  The  substance  indicated  in  the  preceding  table  by  ths 
name  of  gluten,  is  the  gluten  of  Beccaria ;  that  is  to  say,  a  mixture  of  gluten  and  vegcinble 
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ilbumen.  The  gnm  of  wheat  is  nol  qaile  identical  willi  ordinary  |™ni-  It  is  a  browr 
arolizert  substanoe,  ^  hich,  whpn  treated  bj  nitric  acid,  aflorda  no  mucie  aoid,  but  oialie 
acid  and  the  bitter  piinciple  of  Welter.    It  contains  brides  superphosphate  nf  lime. 

The  last  column  of  Ihe  first  tnblc  exhibits  the  qnanlity  of  water  necessary  to  conrerl 
ihe  floar  into  dough  of  the  ordinary  consistence,  and  it  is  usually  proportional  to  the 
quantity  of  gluten.  The  hard  wheat  of  Odessa  forms  an  exeeplion  in  this  respect ;  the 
reason  of  Ihe  difference  being  that  the  siarch  contained  in  this  ADar  is  not  as  in  or- 
dinary flour  in  a  line  powder,  but  in  small  transparent  grains,  which  resemble  poundcj 
gum,  and  absorb  less  water  than  palverulent  starch. 

The  irilicam  monoeoccon,  accoidini;  to  Zenneck,  contains  in  its  unsitled  flour,  16'334 
cfgluten  and  Tegetahle  albumen;  64-838  of  starch  i  ll-347of  gum,  sugar,  and  eslractivej 
"'■481  of  busts.  The  Eifled  flour  affords  J6-536  of  Rlulen  and  vegetable  albumen; 
7fi-439  of  starch;  7-198  of  suptr,  gnm,  and  extractive;  0-S07  of  busby  matter.  It  is 
dilficult  to  concfive  how  such  greal  quantities  of  jilnlen,  albuEien,  and  eilractive  mailer 
could  disappear  in  the  silling.  The  Iriticum  speha  contains  in  100  parts  of  the  flnest 
flour,  22-5  of  a  soft  and  humid  gluten,  mixed  with  vegetable  albu  men ;  74  of  starch,  and 
5-5  of  sugar.    Here  we  have  an  excess  of  2  parts  in  the  100. 

Wheat  furnishes  very  liltle  ashes  by  incineration,  not  more  than  0-15  per  cent,  of  th< 
weif  ht ;  containini;  snperphosp hates  of  soda,  lime,  and  magnesia. 

The  object  of  baking  is  to  combine  the  glnten  and  starch  of  (be  flonr  into  a  homo- 
geneous substance,  and  to  excite  such  a  vinous  fermentative  action,  ty  means  of  its 
saccharine  matter,  as  shall  disengage  abundance  of  carbonic  acid  gas  in  it  for  making 
an  aB:reeable,  soil,  sncculent,  spongy,  and  easily  digestible  bread.  The  two  evils  lo  be 
avoided  in  baking  are  hardness  on  the  one  hand,  and  pastiness  on  the  other.  Well-made 
bread  is  a  chemical  compound,  in  which  the  gluten  and  starch  cannot  be  TecogniRed 
or  separated,  as  before,  by  a  stream  of  water.  When  llonr  is  kneaded  into  a  dongh, 
and  spread  into  a  cake,  this  cake,  xrhen  baked,  wtl!  be  homy  if  it  be  thin,  or  if  thick, 
will  he  tough  and  clammy ;  whence  we  see  the  value  of  that  fermentative  process,  which 
generates  thousands  of  little  cells  in  the  mass  or  cromb,  each  of  Ihem  dry,  yet  tender 
and  sncculent,  through  the  intimate  combination  of  the  moisture.  By  this  constitution 
it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  in  other  woris,  light  of  diges- 
tion. It  is  moreover  much  less  liable  lo  inm  sour  than  cakes  made  from  unfermented 
doogb. 

Rye,  which  also  forms  a  Ime  spongy  bread,  though  inferior  to  that  of  wheal,  consists 
of  similar  ingredients ;  namely,  61-07  of  starch;  B-^IS  of  gluten;  3-28  of  vegetable 
albnmen;  3  28  of  nncry stall izable  sugar;  11-09  of  gum;  6-38  of  vegetable  fibre;  the 
loss  upon  the  100  parts  amonnled  to  6-62,  incladina  an  acid  whose  nature  the  analyst, 
M.  Einbof,  did  not  determine.  Rye  flour  contains  also  several  sails,  principally  the 
phosphates  of  lime  and  magnesia.  This  kind  of  grain  foime  a  darb-colored  bread 
reckoned  very  wholesome ;  comparatively  little  used  in  Ibis  connlry,  but  very  much  in 
France,  Germany,  and  BelEium. 

Dough  fermented  vrith  the  aid  either  of  leaven  or  yeasl,  contains  little  or  none  of  Uie 
saccharine  matter  of  the  flonr,  but  in  its  slead  a  certain  portion,  nearly  half  its  weight, 
of  spirit,  which  imparls  to  it  a  vinous  smell,  and  is  volatilised  in  Ihe  oven;  whence  it 
miHhl  be  condensed  into  a  crude  weak  alcohol,  on  the  plan  of  Mr.  Hick's  patent,  were  it 
worth  while.  But  the  incicased  complexity  of  ihe  baking  apparatus  will  probably  prove 
an  effectual  obstacle  to  the  commercial  success  of  this  project,  upon  which  already  up- 
wards of  £20,000  sterling  have  been  squandered. 

That  the  sugar  of  the  flonr  is  the  true  etemen'  of  the  fermentation  preposterously 
called  panary,  which  dough  nndergoes,  and  that  the  starch  and  gluten  have  nothing  to 
do  with  it,  may  be  proved  by  decisive  experiments.  The  vinous  fennenlation  continues 
li!l  the  whole  sugar  is  decomposed,  and  no  longer ;  when,  if  the  process  be  nut  checked 
by  the  heal  of  baking,  the  acetous  fermenlation  will  supervene.  Therefore,  if  a  little 
sugar  be  added  to  a  Honr  which  contains  little  or  none,  its  doi^h  will  become  susceptible 
of  fennenling,  with  exirication  of  gas,  so  as  to  make  spongy  succulent  bread,  Bui  since 
this  sponginess  is  produced  solely  by  the  extrication  of  gas,  and  its  expansion  in  the  heat 
of  the  oven,  any  substance  capable  of  emitting  gas,  or  of  being  converted  mio  it  under 
these  circumstances,  will  answer  the  same  purpose.  Were  a  solution  of  bicarbonate  o( 
ammonia  obtained  by  exposing  the  common  sesqui-earbonate  in  powder  for  a  day  to  the 
air,  incorporated  with  the  dough,  in  the  subsequent  firing  it  will  be  converted  into 
vapor,  and  in  its  extrication  render  the  bread  very  porous.  Nay,  if  water  highly 
impregnated  with  carbonic  acid  eas  be  used  for  kneading  the  dough,  the  resulting  bread 
will  he  somewhat  spongy.  Could  n  light  article  of  food  be  prepared  in  this  way,  then 
as  liii-.  sugar  would  remain  nndecomposed.  the  bread  wotild  be  so  much  the  sweeter,  and 
the  more  nourishing.  How  far  a  change  propitions  to  digestion  takes  place  in  the 
constitution  of  Ihe  starch  and  gluten,  during  the  fermenlative  action  of  tlie  dough,  hal 
aot   bcea    hilJierto   ascertained   by   precise   experiments.    Medical  practitioners,  who 
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denve  an  enormous  revenue  from  dyspepsia,  shouli!  take  some  pains  to  ii 
sniijeet. 

Dr.  Colqnhoun,  iahia  able  essay  upon  the  art  of  making  bread,  has  shown  that  its  text  are, 
when  prepared  by  a  sadden  fiirmalion  and  disengagement  of  elastic  ilaid  generated  within 
the  oven,  differs  remarkably  from  thai  of  n  loaf  which  has  been  made  after  the  prppara^ 
tory  ferraenlation  with  yeast.  Ereail  which  has  been  raised  with  the  common  caibonate 
of  ammonia,  as  used  by  the  pastry-cooks,  is  porous  no  doubt,  hut  not  spongy  with  vesicu- 
lar spaces,  like  that  made  in  the  ordinary  way.  The  formerkindof  bread  never  prescnra 
that  air-cell  stralifteation  which  is  the  boast  of  the  Parisian  baker,  but  which  is  almost  un- 
kTiown  in  London.  I  have  found  it,  moreover,  very  difficult  lo  expel  bythe  oven  tlie  last 
portion  of  the  ammonia,  which  gives  both  a  imse  and  a  taste  to  the  bread.  I  believe, 
however,  that  the  bicarbonate  woulJ  he  nearly  free  from  this  objection,  which  operaleB 
so  much  against  the  sesqui-carhonate  of  the  shops. 

In  opposition  to  Mr.  Edim's  account  of  the  excellent  quality  of  bread  made  by  im 
pre^natin?  douah  with  carbonic  acid  gaa,*  Dr.  Colqiihoun  adduces  Vogel's  eiperimenls, 
which  show  that  such  dough,  when  Iraked,  after  bavitg  been  kept  in  a  warm  situation 
during  the  usual  time,  afforded  nothing  belter  than  a  .lard  cake,  which  had  no  resem- 
blance to  common  bread.  Vogel  further  stales,  as  illustrative  of  the  general  necessity 
of  providing  a  sufficient  supply  of  disengaged  elastic  fluid  within  Ibe  dough,  before 
baking  it  at  all,  that  when  he  made  various  aitempls  to  form  a  well-raised  vesicular  loal 
within  the  oven,  by  mixing' flour  with  carbonate  of  magnesia,  or  with  zinc  tilings,  ana 
then  kneading  it  into  a  paste  by  means  of  waier,  acidukted  with  sulphuric  acid,  he  al- 
ways met  with  complete  failure  and  di -appointment.  Dr.  Colqnhoun  performed  a  series 
of  well-Jevi^d  experiments  on  this  subject,  which  fully  confirmed  Vogel's  results,  and 
prove  that  a  proper  spongy  bread  cannot  he  made  by  the  agency  of  either  carbonic  acid 
water,  or  of  mixtures  of  sesiiui-carhonale  of  soda,  and  tartaric  acid.  The  bread  proved 
doughy  and  dense  in  every  case,  though  less  so  with  the  latter  mixture  than  the  furmer. 
No  loaf  bread  can,  indeed,  be  well  made  by  any  of  these  two  extemporaneons  systems, 
because  they  are  inconsistent  with  the  thorough  kneading  of  (ho  dough.  It  is  this  pro- 
cess which  renders  dough  at  once  elastic  enouah  lo  expand  when  carbonic  acid  gas  is 
generated  within  it,  and  cohesive  enough  to  confine  the  gas  when  it  is  generated.  The 
whole  lias  of  the  loaf  is  disengaged  in  its  interior  by  a  continuous  fermentation,  after  all 
the  processes  of  kneading  have  been  finished ;  for  the  loaf,  after  being  kneaded,  weighed 
out,  and  shaped,  is  set  aside  till  it  expands  gradually  to  double  its  bulk,  before  it  is  put 
into  the  oven.  Bat  when  a  dough  eomaining  sesqui-carbonate  of  soda  is  mixixl  with  one 
containing  muriatic  acid,  in  due  proportions  to  form  the  just  dose  of  culinary  salt,  the  gas 
escapes  durine  the  necessary  incorporation  of  the  two,  and  the  bread  formed  from  it  is 
dense  and  hard.  Dr.  Whiting  has,  however,  made  this  old  chemical  process  the  subjecl 
of  a  new  patent  for  baking  bread. 

When  IJie  baker  prepares  his  dough,  he  takes  a  portion  of  the  water  needed  for 
the  batch,  having  raised  its  temperature  to  from  70^  to  100°  F.,  dissolves  a  certain 
proporLion  of  his  salt  in  it,  then  adds  the  yeast,  and  a  certain  quantity  of  his  flour. 
This  mixture,  called  the  sponge,  is  next  covered  up  in  the  small  kneading-trough, 
ah'ugside  ufthe  large  one,  and  let  a'one  for  lelring  in  a  warm  situation.  In  about  an 
hour,  signs  of  vinous  fermentation  appear,  bythe  swelling  and  heaving  up  of  the  sponge, 
in  conseqnence  oflhc  generation  of  carbonic  acid;  and  if  it  be  of  a  semi-liquid  con- 
sistence, lar;e  air  bubbles  will  force  their  way  to  the  surface,  break,  and  disappear  in 
lapid  succession,  Bal  when  the  sponge  has  the  consistence  of  thin  doagh,  it  conlines  the 
gas,  becomes  thereby  equably  and  progressively  inflated  to  double  its  original  volume; 
when  no  longer  capable  of  containins  the  pent-up  air,  it  burst!:  and  subsides.  This 
process  of  rising  and  falling  alternately  might  be  carried  on  during  twenly-fonr  hours, 
but  the  baker  has  learned  by  experience  to  guard  against  allowing  full  scope  to  the  fer- 
mentative principle.  He  generally  interferes  after  the  first,  or  at  furthest  after  the 
second  or  third  dropping  of  the  sponge ;  for  were  he  not  to  do  so,  the  bread  formed  with 
such  dough  would  be  invariably  found  sonr  to  the  taste  and  Uie  smell.  Therefore  he 
adds  nl  this  stage  to  the  sponge  the  reserved  proportions  of  flour,  salt,  and  water,  which 
aro  requisite  to  make  the  dough  of  the  desired  consistence  and  size;  and  next  incor- 
porates the  whole  together  by  a  long  and  laborious  coarse  of  kneading.  When  this 
operation  has  been  continued  till  the  fermenting  and  the  fresh  dough  have  been  intimately 
blended,  and  till  the  glutinous  matter  of  both  is  worked  into  such  union  and  consistence 
that  the  mass  becomes  so  tough  arul  elastic  as  to  receive  the  smart  pressure  of  the 
hand  without  adhering  to  it,  the  kneading  is  suspended  for  some  time.  The  dough  is 
now  abandoned  to  itself  for  a  few  hours,  during  which  it  continues  in  a  stale  of  active 
fermenlaiion  throughout  its  entire  mass.  Then  it  is  subjected  to  a  second  but  ciuch 
leas  labcrious  kneading,  in  order  to  distribute  the  generated  gas  as  evenly  as  pnssibli 


.  Cuo'jie 


BREAD. 


251 


IS  of  dough,  and  the 
in  of  neilher  yesst,  nor  slareh,  nor 
4  per  cent,  of  saccha- 
ition  will  ioimeiliatsly 
IS  at  first,  and  cease  about 


an.ong  its  parts,  so  that  they  may  all  partake  equally  of  the  vesicular  structure.  Aflei 
tins  second  kneading,  the  dou^h  is  weighed  out  into  the  portions  suitable  lo  the  size  of 
bread  desired;  which  are  of  course  shaped  into  the  proper  forms,  BJid  once  more  set 
asiile  in  a  warm  situation.  The  continuance  ol'  the  fermentation  soon  disengages  a  fresh 
quantiiy  of  carbonic  acid  pas,  and  eniiandsthelumps  lo  about  diiuWe  their  pristine  voJume. 
Thei^e  are  now  ready  for  the  oven,  and  when  they  Jinally  quit  it  in  the  baked  stale,  are 
about  twice  ihe  size  they  were  when  ihey  went  in.  The  generation  of  the  due  quanlity 
of  gas  should  be  complete  before  the  lumps  are  transferred  to  the  oven ;  because  whenever 
lliey  encounter  it*  heat,  (he  process  of  fennenlatiDn  is  arrested  j  for  it  is  only  [he  previ- 
ously exisling  air  which  gets  expanded  throughout  every  purl  of  the  loaf,  swells  out  iti 
volume,  and  givra  it  IhepiW  and  vesicular  teiLlure.  Thus  Ihe  well-bakal  loaf  is  com- 
posed of  an  inQniie  nihnber  of  cellules  filled  with  carbonic  acid  gas,  and  apparently  hned 
with  a  glutinous  membrane  of  a  silky  soilness.  It  is  this  which  gives  the  light,  elastic, 
porous  constitution  to  bread. 

After  suH'ering  (be  fermentative  process  to  exhaust  itself  in 
dough  to  be  brought  into  that  slate  in  which  the  ai' '  ' 
gluten  will  produce  any  effect  in  resiorina;  thai  acli 
rilie  matter,  of  any  kind,  willi  a  Utile  yeast,  liie  process  of  fern 
re-commence,  and  pursue  a,  course  as  active  and  lengthened  at 
the  same  period.' 

This  espeiiment,  taken  in  connexion  with  the  lacta  formerly  staled,  proves  that  what 
was  called  panaryfermenlaliun,  is  nnlhing  but  lite  ancient  and  well-known  process  of  ihe 
vinous  fermentation  of  sugar,  which  generates  alcohol.  There  seems  lo  be  but  one  ob- 
jection Lo  the  adoption  of  ihis  theory.  After  the  loaf  is  baked,  there  is  found  in  its  com- 
pusilion  nearly  as  much  saccharine  matter  as  existed  in  the  Hour  before  fermentation. 
M.  Vogel  states  Ihal  in  the  btiked  bjead  there  remains  3-6  parts  of  iugar,  out  of  the 
5  parts  which  it  oricinally  coniained.  Thus,  in  !00  parts  of  loaf  bread  prepared  with 
wheaten  flour,  dislilled  Water,  and  yeast  without  the  admixture  of  any  common  salt,  he 
fgund  the  following  ingredienls  ; — 

Sugar  -  .  .  3.6 

Torrefied  or  gummy  Starch  -        IS'O 

Starch  -  -  -  53'5 

Gluten,  combined  with  a  litde  starch,  20-75 
Exciusive  of  carbonic  acid,  mariale  of  lime,  phosphate  of  lime,  &c. 

It  must  be  borne  in  mind  tliat  in  every  loaf  the  process  of  fermenlalion  has  been  pre- 
maturely checked  by  the  baker's  oven,  and  iherefore  the  saccharine  constituent  can  never 
be  wholly  decomposed.  It  seems  certain,  also,  that  by  the  action  of  gluten  upon  the 
starch  in  the  early  stage  of  the  firing,  a  quantity  of  sugar  will  be  formed  by  the  saccha- 
rine fermentation  j  which  we  have  explained  in  treating  of  Be(ji. 

Several  masses  of  dough  were  prepared  by  Dr.  Colquhoun  in  which  pure  wheat  starch 
was  mijeii  with  common  fiour,  in  various  proportions.  In  some  of  the  lumps  this  starch 
had  been  gelatinized,  with  [he  tiiinJinum  of  hot  water,  before  it  was  added  to  the  fiour. 
After  introducing  the  usual  dose  of  sail,  (he  dough  was  tharou£:hly  kneaded,  set  apart  for 
the  proper  period,  allowed  to  ferment  in  the  accustomed  way,  and  then  baked  in  Ihe  oven. 
In  outward  appearance,  increase  of  bulk,  and  vesicular  texture,  none  of  (hem  differed 
materially  from  a  common  loaf,  baked  along  with  Ihem  for  the  sake  of  comparison ; 
except  Ihnt  when  the  starch  considerably  exceeded  the  ;roportion  of  flour  in  the  lump, 
the  loaQ  though  whiter,  had  not  risen  so  well,  being  somewhat  less  vesicular.  But,  on 
tasting  the  bread  of  each  loaf,  lliose  which  contained  most  gelatinized  starch  were  unex- 
pectedly found  10  be  the  sweetest.  The  other  loaves,  into  which  smalls  quantities  of 
the  gelalinized  starch  had  been  introduced,  or  only  some  dry  starch,  had  no  sweetish 
taste  whatever  lo  distinguish  them  from  ordinary  bread.  These  facts  seem  (0  establish 
the  conclusion,  that  the  presence  of  gelalinous  starch  in  bread  put  into  the  oven,  is  a 
means  of  tbruiing  a  certain  portion  of  saccharine  mailer  within  the  loaf,  during  the  bak- 
in<r  nrocess.  Now  it  is  more  than  probable  that  gelatinized  starch  does  exist,  more  or 
less,  in  all  loaves  which  have  been  fermented  by  our  usual  methods,  and  hence  a  certain 
quantity  of  sugar  will  necessarily  be  generated  a(  its  expense,  by  the  action  of  heal. 
Thaa  the  difficulty  started  by  M.  Vogel  is  sufficiently  solved;  and  there  remains  no  doubt 
Ihal,  in  the  saccharine  principle  of  flour,  the  fermentation  has  its  origin  and  end,  while  dough 
is  under  fermentation. 

The  source  of  the  sourness  which  supervenes  in  bread,  under  careless  or  unskilful 
hands,  had  been  formerly  ascribed  to  each  of  all  the  constituents  of  fiour;  to  its  glulen, 
its  starch,  and  its  sugar;  but  erroneously,  as  we  now  see  :  for  it  is  merely  the  result  of 
the  second  fermentation  which  always  sticceeds  the  vinous,  when  pushed  improperly  100 
far.    It  has  been  universally  taken  for  granted  by  authors,  that  the  acid  thus  generated 
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in  dough  s  the  acelic.  But  there  appear  good  sroHtids  to  believe  that  it  is  IVequenllj 
a  less  volatile  aciJ,  prohably  the  laclic,  parliciilarly  when  the  process  has  been  tardy, 
f(om  (he  imperfection  of  the  yeast  or  the  bad  quality  uf  the  flour.  The  eiperiments  of 
Vogel,  Braconnot,  and  others,  prove  that  \he  latter  acid  is  i^enerated  very  readily,  and  in 
considerable  qoantlty  during  (he  spontaneous  decompusilion  of  a  great  many  vegetable 
sub.<tances,  when  in  a  state  of  hamidity.  The  presence  of  lactic  acid  would  acconnl 
for  ihe  curioos  fact,  that  the  acidity  of  unbaked  dough  is  touch  more  perceptible  lo  the 
tasle  ihan  to  the  smellj  while  Ihe  sourness  of  the  same  piece  of  bread,  after  cuming  out 
of  ihe  oven,  is,  on  the  contrary,  mucti  more  obvions  lo  the  olfactory  organs  ihan  to  the 
palate.  But  this  is  exactly  what  ousht  to  happen,  if  Ihe  laclic  acid  contributes,  m  con- 
iunction  with  the  acetic,  to  produce  the  aceseencc  of  the  dough.  At  Ihe  ordinary  lem- 
perature  of  a  balcehousc,  the  former  acid,  though  very  perceptible  in  Ihe  mouth,  is  not 
disUngaishable  by  the  nostrils;  hulas  it  is  easily  decomposed  by  heat,  no  sooner  is  it  ei 
posed  lo  the  hi:;h  temperatnre  of  the  oven,  than  it  is  resolved,  in  a  great  measure,  int<: 
acetic  acid,*  and  thus  becomes  more  manifest  to  the  sense  of  smell,  and  less  to  that  of 
tasle.  This  theory  seems  Co  explain  satisfactorily  all  the  phenomena  accompanying  the 
pri^ess  of  fermentation  in  baker's  dough,  and  Aso  f^ome  of  its  re&nlls  in  the  process  of 
baking  which  do  not  easily  admit  of  any  oiher  solution. 

There  are  extremely  simple  and  effectual  methods  for  enabling  the  baker  to  adopt 
measures  either  to  prevent  or  correct  the  evil  of  acescence,  and  these  are  to  neutralize 
Ihe  aCid  by  the  due  exhibilion  of  an  alkali,  sneh  as  soda ;  or  an  alkaline  earth,  sucn  as 
inagnesia  or  chatk.  And  it  affords  a  strihii^  proof  of  how  much  the  artisan  has  been 
accustomed  lo  plod,  nninqoiring  and  uninformed,  over  the  same  ground,  that  a  remedy 
so  safe  and  so  economical,  should  renuiin  al  this  day  untbought  of  and  unemployed  by 
most  of  the  manufacturers  of  bread  in  Ihe  Uniled  Kingdom.  The  introduction  of  a 
small  portion  of  carbonate  of  soda  will  rectify  any  occasional  error  in  ihe  result  of  the 
BO  called  panary  fermentation,  and  will,  in  fact,  reslore  Ihe  dough  to  its  pristine  sweet- 
ness. The  quantity  of  acetale  of  soda,  which  will  be  thus  present  in  the  bread,  will  be 
altogether  inconsiderable  ;  and  as  it  has  no  disagreeable  tasle,  and  is  merely  aperient  to 
the  bowels  in  a  very  mild  degree,  it  can  form  no  objection  in  the  eye  of  the  public 
police.  The  restoration  of  dough  thus  tiunted  *i1h  acid,  and  its  conversion  into 
pleasant  and  wholesome  bread,  has  been  sufficiently  verJIied  by  experiment.  Sut, 
according  lo  Mr.  Edmnnd  Davy,  carbonale  of  magnesia  may  be  used  with  still  greater 
advantage,  as  during  the  slow  action  of  the  aciil  upon  il,  the  carbonic  acid  evolved 
serves  lo  open  np  and  lU;hlen  bread  which  would  olherwise  he  dense  and  doughy  liom 
the  indifferent  quality  of  the  flour.  Here,  however,  Ihe  dangerous  temptation  lies  with 
a  sordiU  baker  to  use  clieao  or  damaged  llonr,  and  lo  rectify  Ihe  bread  made  of  il  by 
chemical  agenls,  innocent  in  themselves,  but  Injurious  as  masks  of  a  bad  raw  material. 
When  sonr  yeast  must  be  used,  as  sometimes  happens  with  the  country  bakers,  or  in 
privaie  houses  at  a  distance  from  beer  breweries,  Ihtre  can  be  no  harm,  but,  on  Iho 
contrary,  much  propriety,  in  correcting  ils  acidity,  by  the  addition  of  as  much  carbonate 
of  soda  to  it  as  will  efiect  ils  neiilraljzation,  but  nothing  more.  When  sour  yeast  has 
.been  thus  corrected,  it  has  been  found,  in  practice,  lo  possess  its  fermentative  power  un- 
impaired, and  to  be  equally  etflcacious  with  fresh  formed  yeast,  in  making  good  palata- 

We  have  seen  that,  in  bakint,  about  one  fourth  of  the  starch  is  converted  into  a 
malter  possessing  the  properties  of  BritUK  gum  {see  SrAacu),  and  also  that  the  gluten, 
though  not  decomposed,  has  its  particles  disunited,  and  is  not  so  tough  and  adhesive  aa 
it  is  in  the  flour.  This  principle  is  also,  as  we  have  said,  useful  in  cementing  all  the 
panicles  of  the  dough  into  a  tenacious  mass,  capable  of  confining  the  elastic  fluid  gene- 
rated by  the  vinous  fermenlalion  of  the  sugar.  Starch  is  Ihe  main  conslituent,  the  basil 
of  nourishment  in  bread,  as  well  as  in  all  farinaceous  articles  of  food.  The  albumen  al- 
so of  the  wheal,  being  coagulated  by  the  heat  of  the  oven,  contributes  to  Ihe  setting  of 
the  bread  into  a  consistent  elastic  body. 

In  the  mills  in  the  neighborhood  of  London,  no  less  than  seven  distinct  sorts  cf  floui 
ftie  ground  oat  of  one  quantity  of  whenl.    These  are  for  one  quarter — 

Fine  flour     -        -        -  ,        -    5  bushels  3  pecks. 

Seconds    --..-.0  2 

Fine  middlings      .....    0  1 

Coarse  middlings       -        -  -         0  0-5 

Bran 3  0 

Twenty-penny 3  0 

PoUard -    2 

11  2-5 


C  .(^oolr 


BREAD.  253 

Solhatme  have  nearly  a  doable  bulk  of  Hour,  or  14  bushels  and  2i  pecks  from  8  bushi;l« 
or  wheal.  In  Ihesiftiii?  of  [he  flonr  lhmiit;h  the  boiler,  Ihere  is  a  fine  while  angular  meal 
obt;iined  railed  sharps,  which  forms  the  central  pari  of  Ihe  erain,  it  is  consumed  partlv 
bjthe  fine  hisC'iit  bakers.  The  bakers  of  this  coantry  were  formerly  bound  by  law  lo  bake 
three  kinds  of  bread,  Ihe  tchfalen,  staiuiaTd  vJtealea,  and  the  household  i  marked  respec- 
tively with  a  W,  S  W,  and  H,  and  if  Ihey  omitted  to  make  these  marks  on  their  bread 
they  were  liable  to  a  penally.  The  size  of  the  loates  were  usually  peck,  half-peek, 
quartern,  and  hnlf-quarlern  ;  Ihe  wei^hls  of  which,  within  48  honra  of  their  being  baked, 
should  have  been  respectively  17  lbs.  6  oz.;  8  lbs.  11  oz.  j  4  lbs.  6o2.  8  dr.;  and  4  lbs. 
a  oz.  14  dr.  In  general  they  weigh  about  one  seventh  more  before  they  enter  the  oven, 
or  they  lose  one  seventh  of  Ihtir  weight  in  baking.  The  Trench  bread  loses  fully  one 
sixth  in  tlie  oven,  owing  chi<fly  lo  its  more  oblong:  thin  shape,  as  compared  to  the 
cubical  shape  of  Ihe  English  bread.  But  this  lass  of  weight  is  very  variable,  being  de- 
penclaul  upon  the  quality  of  the  whealen  flour,  and  the  circumstances  of  kiking.  The 
present  law  in  England  defines  the  quartern'  loaf  at  4  lbs.,  and  subjects  tbe  baker  to  a 
penally  if  the  bread  be  one  ounce  lighter  than  Ihe  standard.  Hence  it  leaves  the  baker, 
L"!  self-defence,  lo  leave  it  in  rather  a  damp  and  doughy  stftle.  But  there  is  much  light 
Sread  sold  in  London.  I  have  met  with  quartern  loaves  of  3  lbs.  10  oz.  A  sack  of  flour 
weighing  280  lbs.  was  presumed  by  the  franicrs  ofour  former  parliamentary  acts,  for  the 
assize  of  bread,  to  be  capable  of  being  baked  into  80  loaves.  If  this  proportion  had  been 
correct,  one  fifth  part  ofour  quartern  loaf  must  consist  of  water  and  salt,  uid  four  fifths 
of  fiour.  But  in  general,  of  good  whealen  flour,  three  parts  will  take  up  one  part  of 
water ;  so  that  the  sack  of  flour  should  have  turned  out,  and  actually  did  turn  out,  more 
than  SO  loaves.    At  present  with  4  lb.  bread  it  may  well  yield  93  loaves. 

The  following  statement  of  the  sjslera  of  bakij:^  at  Paris,  I  received  in  1835  from  a 
very  compelent  judge  of  the  business. 

1,000  kil(«;ranimes  of  wheBt=5  quarters  English,  cost  200  fr.,  and  yield  SCiO  kilos. 
of  floar  of  the  best  white  qaallly,  equivalent  to  6-|l,  sacks  Freoch.  Hence  the  sack  of 
flonr  costs  40  francs  at  the  mill,  and  including  the  carriage  to  Paris,  it  costs  45  or  46 
francs. 

The  profit  of  the  flour  dealer  is  about  Sh  francs,  and  the  sale  price  becomes  from  43  to 
50  fiancs. 

Bread  manvfacluredfrom  ihe  above. 

£    s.    d.         £    s.    d. 
One  day's  work  of  an  ordinarv  baker,  who  malies  four  batches 

in  a  day,  consists  of  3  sacks  at  50  francs,  or  2L  sterliog  each  6     0     0 

Salt  2»  lbs.  at  ai.  per  lb, 0    0    5| 

Yeast  or  leaven  3  lbs.  at  5d. 0     13 

Total  cost  of  materials 0     1     8J 

Expenses  of  BaMng. 
Three  workmen  at  different  rales  of  wages,  15  francs      -        -    0    12    0 
Fire-wood  0,  as  the  charcoal  produced  pays  for  it    - 
General  eipenses,  such  as  rent,  taxes,  interest  of  capital,  &c.      0    12    U 

I     4    0   =    140 

T  6  8i 
^0  th  u  31  loaves  are  made,  being  105  for  every  sack 
i  fl  u  w  h  ng  156-66  kilos,  or  3445  lbs.  avoiid.  One 
1  af  n  a  as  herefore  344|6  =  3-K2  lbs.,  and  as  100  lbs. 
f  fl  u  n  Parisian  baking  are  reckoned  lo  produce 
1  lb  of  bread,  each  loaf  will  weigh  4'I68  lbs.,  avoird., 
and  111  t  ~l.  5s.  Sid.  divided  by  315  =  SJd.  very 
n  Ij  The  alue  of  315  loaves  at  the  sale  price  of  6d. 
illb  7    17    5 

Dpon  this  day's  work  the  clear  profit  is  therefore        -  -  0   11   fii 

A  new  baking  establishment  has  been  recently  formed  at  the  Royal  Clarence 
Vielualling  Eslablishment  at  WeevD,  near  Porlsmoiilh,  upon  a  scale  of  magnitude  near- 
ly sufficient  to  supply  the  whole  royal  navy  wilh  biscuits,  and  that  of  a  very  superior 
description.  The  following  account  of  it  is  taken  from  the  United  Service  Journal. 
"  It  having  been  discovered  that  Ihe  flour  supplied  lo  government  hy  contract,  had  in 
many  instances  been  most  shamefully  adulterated,  the  corn  is  ground  at  mills  comprised 
within  the  establishment,  by  which  means  the  introduction  of  improper  ingredients  is 
prevented,  and  precisely  the  proportion  of  bran  which  is  requisite  in  the  composition  of 
jood  sea-biscuit  is  retained,  and  no  more.    The  flour-mill  is  furnished  with  ten  pairs  cj 
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gWnes,  by  wliirt  40  bushels  o)  flour  may  6e  ground  and  dressed  ready  for  baliint;,  in  an 
hour.  The  baking  eslablishmenl  consists  of  9  ovens,  each  13  feet  long  by  11  feel  wide, 
and  17|  inches  in  height.  These  are  each  healed  by  separale  furnaces,  so  constructed 
.hat  B  blast  flf  hot  air  and  fiie  sweeps  through  them,  and  gives  to  the  interior  the 
reqnisite  dose  of  heat  in  an  incredible  short  space  of  lime.  The  first  operation  in 
making  the  biscuits  consists  in  mixing  the  flour,  or  ralher  meal  and  water ;  13  gallons  ol 
water  are  first  introduced  into  a  trough,  and  then  a  sack  of  the  meal,  wcighin:!  280  lbs. 
When  Ihe  whole  has  been  poured  in  by  a  channel  commnnicitting  with  an  opper  room, 
a  bell  rii^s,  and  th«  trough  is  closed.  An  apparatus  consisting  of  two  sets  of  what  are 
called  knires,  each  set  ten  in  number,  are  then  made  lo  reTOlve  amongst  the  flonr  and 
water  by  means  of  machinery.  This  niixins  operation  lasts  one  minute  and  a  half, 
durin$  which  time  the  double  set  of  knives  or  stirrers  makes  twenty-six  revolutions.  The 
next  process  is  to  cast  the  lamps  of  dough  nnder  what  are  called  the  bre^iT^-rollers,— 
huge  cylinders  of  iron,  weiehing  14  cwt.  each,  and  moved  horizontally  by  the  machinery 
along  stout  tables.  The  dfiush  is  thus  formed  into  la'-^e  rude  masses  6  feet  long  by  3 
feet  broad,  and  several  inches  thick.  At  this  stage  of  li.e  business,  the  kneading  ia  still 
very  imperfect,  and  traces  of  dry  flour  may  slill  be  detected.  These  great  masses  of 
douGh  are  now  drawn  ovl,  and  cut  into  a  number  of  smaller  masses  about  a  fi>.  t  and  a 
half  long  by  a  foot  wide,  and  ngain  thrust  under  the  rollers,  which  is  repealed  until  the 
mixture  is  so  complete  that  nol  the  sl%hlest  trace  of  any  inequai.ly  is  discoverable  in  any 
part  of  the  mass.  It  should  have  been  stated  that  two  workmen  stand  one  at  each  side 
of  the  rollers,  and  as  the  dough  is  flattened  out  they  fold  it  up,  or  double  one  pari  upon 
another,  so  that  the  roller  at  its  next  passage  squeezes  these  parts  together,  and  forces 
Ihem  to  mix.  Tlie  dough  is  next  cut  into  small  portions,  and  being  placed  upon  large 
flat  hoards,  is,  by  the  aiency  of  machinery,  conveyed  from  the  centre  to  the  extremity  of 
the  bsking-room.  Here  it  is  received  by  a  workman,  who  places  it  under  what  is 
called  the  sheet  roller,  but  which,  for  size,  color,  and  thickness,  more  nearly  resembles 
a  blanket.  The  kneiidiag  is  thus  complete,  and  the  dough  only  requires  to  be  cut  into 
biscuits  before  it  is  committed  to  the  oven.  The  cutting  is  eflecied  by  what  is  caUed 
the  cutting-plate,  consisting  of  a  nel-work  of  52  sharp-edjed  hexagonal  frames,  each  as 
large  as  a  biscuit.  This  frame  is  moved  slowly  up  and  down  by  machinery,  and  the 
workman,  watching  his  opportunity,  slides  under  it  the  above-described  blanket  of 
dough,  whfcb  is  about  the  size  of  a  leaf  of  a  dining-tablei  and  the  cutting-frame  in  its 
det^cent  indents  the  sheet,  hut  does  nol  actually  cut  it  through,  btit  leaves  sufficient 
substance  lo  enable  the  workman  at  the  mouth  of  the  oven  to  jerk  the  whole  mass  of 
biscuits  unbroken  into  it.  The  dough  is  prevented  slicking  to  tlie  catting-frame  by 
the  (bllowing  ingenious  device  ;  between  each  of  the  cutler-frames  is  a  small  flat  open 
frame,  moveable  up  and  down,  and  loaded  with  an  iron  ball,  weighing  several  ounces. 
When  the  great  frame  comes  down  upon  the  dough,  and  cuts  out  52  biscuits,  each  oj 
these  minor  frames  yields  (o  the  pressure,  and  is  raiseil  up;  but  as  soon  as  the  great 
frame  rises,  the  weiihl  of  the  balls,  acting  upon  the  little  frames,  Ihrosts  the  whole 
blanket  off,  and  allows  the  workmen  to  pull  it  out.  One  quarter  of  an  hotir  is  sufficient 
■0  bake  the  biscoit,  which  is  afterwards  placed  for  three  days  in  a  drying  room,  healed 
;o  85°  or  90°,  which  completes  the  process."  The  followii^  statement  of  Uie  per- 
formance of  the  machinery  is  taken  from  actual  experiment ;  in  1 16  days,  during  68  of 
wliich  the  work  was  continued  for  only  7|  hours ;  and  during  48,  for  only  5J  hours 
each  day,  in  all  769  working  hours,  equal  to  77  days  of  10  hours  each ;  the  following 
quantity  of  biscuit  was  baked  in  the  9  ovens,  viz. ;  12^307  cwt.  =  1,378,400  lbs.  The 
wages  of  Ihe  men  employed  in  bakii^  this  quantity  amounted  to  2732.  lOi.  9^.;  if  it 
had  been  made  by  hand,  the  wages  would  have  been  9331.  99.  IO^t  saving  in  the  wages 
if  labor,  659/.  la.  Oid.  In  this,  Is  not  included  any  part  of  the  interest  of  the  sum  laid 
out  upon  the  machine,  or  expended  in  keeping  it  in  order.  But  in  a  very  few  years,  at 
sach  an  immense  rale  of  savmg,  the  cost  of  the  engine  and  other  mai^inery  will  be 
repaid.  This  admirable  apparatus  is  the  invention  of  T.  T.  (Jrant,  Esq.,  storekeeper  ot 
the  Royal  Clarence  Vitiualling  EstaWishment,  who,  we  believe,  has  been  properly 
rewarded,  by  a  grant  of  2,(100/.  from  government. 

The  labor  of  incorporating  the  ingredients  of  bread,  viz.,  flour,  water,  and  salt,  of 
kneading  dough,  is  so  great  as  to  have  led  to  the  contrivance  of  various  mechanical  modes 
of  producing  the  Same  eflect.  Ore  of  the  most  ingenious  is  that  for  which  a  patent  was 
obtained  ia  Angust,  1830,  by  Mr.  Edwin  Clayton.  It  consists  of  a  rotatory  kneading 
trough,  or  rather  barrel,  mounted  in  bearings  with  a  hollow  asle,  and  of  an  interior 
frame  of  cast  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow  onej 
in  the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.  The  revolving 
frame  and  its  barrel  are  made  to  turn  in  contrary  directions,  so  as  greatlv  10  save  time 
anil  equalise  the  operation.  This  doable  action  represents  kneading  by  the  two  hands, 
in  which  the  dough  is  inverted  from  time  lo  lime,  torn  asunder,  and  reunited  in  every 
lilferent  form.    The  mechanism  will  be  readily  understood  from  the  following  description 


barrel,  in'o  which  the  several  ingredients,  consislin^  of  flour,  waler,  and  jeafl,  are  put, 
which  bsrrel  is  mounted  in  Itie  fianie-woik  b,  with  hollow  ailes  c  and  d,  which  hollow 
axles  turn  in  suitable  bearinas  at  f ;  /  is  the  revolving  frsme  which  L»  mounted  in  Ihs 
interior  of  the  barrel  a,  by  axles  g  and  ft.  The  ends  of  this  revolving  fiame  are  fast- 
ened, or  braced  together  by  means  of  the  oblique  cullers  or  braces  i,  which  act  upon  the 
doush  when  the  machine  is  put  in  tnolion,  and  thus  cause  the  operation  of  kneUino. 

Either  Ihe  barrel  moy  be  niade  to  revolve  without  the  rotatoj/  frame,  or  the  rotatory 
frame  without  the  barrel,  or  both  may  be  made  to  revolve  together,  bnt  in  opposite  ways. 
These  several  molions  may  be  obtained  by  means  of  the  gear-work,  shown  al  k,  I,  and 
m,  as  will  be  presently  described. 

If  it  be  desired  to  have  the  revolving  motion  of  the  barrel  and  rotatory  frame  together, 
but  in  contrary  directions,  that  motion  may  be  obtained  by  fastening  the  hollow  axle  of 
the  wheel  m,  by  means  of  a  screw  n,  lo  the  axle  ft,  of  the  rolatory  frame  /,  tight,  so  as 
they  will  revolve  togelber,  Ihe  olher  wheels  k  and  i  being  used  for  the  purpose  of  re- 
versing the  motion  of  the  barrel.  It  will  then  be  found  that  by  turning  the  handle  o, 
Ihe  iwo  motions  will  be  obtained. 

If  il  be  desired  to  put  the  rolalory  frame  /,  only,  into  motion,  that  action  will  be  ob- 
tained by  loosening  Ihe  screw  u,  apon  the  axle  of  ihe  wheel  m,  when  it  will  be  found  that 
the  axle  ft  will  be  made  to  revolve  freely  by  means  of  the  winch  a,  wilhoul  giving  motion 
lo  Ihe  wheels  k,  I,  and  m,  and  thus  the  barrel  will  remain  stationary.  If  Ihe  rolalory 
action  of  the  barrel  be  wanted,  it  will  be  obtained  by  turnii^  the  handle  p,  at  the  reverse 
end  of  nie  machine,  which,  aUhough  it  puis  Ihe  gear  al  ihe  opposite  end  of 'ihe  barrel 
inio  Diolicn,  yet  as  the  hollow  sile  of  the  wheel  m  is  not  fastened  lo  the  axle  ft,  by  the 
screw  11,  these  wheels  will  revolve  wilhoul  carrying  round  Uie  frame  /. 

M.  Kuhlmann,  Professor  of  Chemistry  at  LDle,  having  been  called  upon  several  limes 
by  the  courts  of  justice  lo  examine  by  chemica]  processes  bread  suspected  of  containing 
suhslances  injurious  lo  iieailh,  collected  some  intereM  ng  facts  upon  Ihe  snbjecl  which 
were  published  under  Ihe  direction  of  the  central  eouncil  of  salubrity  of  Ihe  department 
da  A'ord. 

For  some  lime  public  atlention  had  been  drawn  to  an  odious  fraud  eomm  tied  by  a 
grcil  many  bakers  in  the  north  of  France  and  in  Beloinm — the  introduclion  f  a  certain 
(juantiiy  of  sulphate  of  coppei'  inio  their  breed.  Wl  en  Ihe  flour  was  mide  from  had 
groiii  tliis  BdolletBtion  was  very  Beneraliy  piactised  as  was  proved  by  many  conv  ctions 
and  confessions  of  the  guilty  persons.  When  the  dongh  does  not  rise  well  in  the  fer- 
m-'nlBlion  {le  pain  pousK  plat),  this  ineonvenience  was  found  to  be  obviated  by  the  ad- 
dition of  blue  vilriol,  which  was  supposed  also  to  cause  the  flour  to  retain  m'ire  waler. 
The  quantity  of  blue  water  added  is  extremely  small,  and  it  is  never  done  in  presence  of 
strangers,  because  it  js  reckoned  a  valuable  secret.  It  occasions  no  economy  of  yeast, 
but  laiher  ihe  reverse.  In  a  litre  (about  a  quart)  of  water,  an  ounce  of  sulphate  of 
copper  is  dissolved  ;  and  of  Ibis  solution  a  wine-glass  full  is  mixed  with  the  water  neces- 
SBiy  for  50  qHarlem  or  4  ponnd  loaves. 

M.  Kuhlmann  juslly  observes,  that  Ihere  can  be  no  safely  whatever  lo  Ihe  public  when 
such  a  practice  is  permitled,  because  ignorance  and  avRiice  are  always  apl  to  increase  the 
quHutiiy  of  the  poisonons  water.  In  analyses  made  hy  him  and  bis  coIleaEiies,  portions 
of  bread  were  several  times  found  so  impregnaied  willi  the  above  sail  thai  they  had  ac- 
quired a  blue  color,  and  presenied  occasionally  even  small  crj-slala  of  the  sulphate.  By 
acting  on  the  poisoned  bread  with  distilled  water,  and  (esliug  the  waler  with  fcrro-cya- 
nale  (pnissiate)  of  potash,  (he  reddish  brown  prccipilale  or  lint  characlerislic  of  copper 
will  appear  even  with  email  quanlities.  Should  the  noxious  impregnation  be  still  more 
minile,  the  bread  should  be  Ireated  wilh  a  very  dilute  nitric  acid,  either  directly  or  after 
incineration  in  a  phitinum  eapsule,  and  the  solalion,  when  concentrated  by  evaporation, 
Bhniitd  be  lesled  by  the  (erro-cyanale  of  potash.  In  this  way,  a  one  seventy  Ihousandit 
par'  of  sulphate  of  copper  may  be  delected. 
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MKhm  add  ,  ma  series  of  eiperunenls  on  baking  nilh  various  smai. 
q  a  ph         r     pper,  thai  this  salt  eiercisei  an  eilremel^  energetic  action 

p       li        ID  ing  of  the  dou^li,  even  wlien  not  above  one  seventy  thou- 

Efi  w     h        he  bread  is  employed,  oronefrain  of  sulphate  for  ten  ponnds 

of  bread.  The  proportion  of  the  salt  which  makes  the  bread  rise  best  is  one  Ivrenly  thou, 
sandth,  or  one  grain  in  three  pounds  of  bread.  If  much  more  of  the  sulphate  be  added, 
the  bread  becomes  moisl,  less  white,  and  acquires  a  peculiar  disagreeable  smell  like  thai 
of  leaven.  The  increase  of  weight  by  increased  moisture  may  amount  to  ooe  sisteenth 
without  (be  bread  appearing  softer,  in  consequence  of  the  solidifying  quality  of  the  cop- 
per; fur  the  acid  does  not  seem  to  have  any  influence;  as  neither  sulphate  of  soda,  sul- 
phate of  iron,  nor  sulphuric  acid  have  any  analogous  power.  Alum  operates  like  blue 
vitriol  on  bread,  but  larger  quantities  of  it  are  required.  It  keepa  water,  and  raisea  weH, 
to  use  Ihelrakers'  terms. 

When  alum  is  present  in  bread  it  may  be  delected  by  treating  the  bread  with  Jisliiled 
water,  Altering  the  water  lirst  through  calico,  and  next  through  filtering  pa.per,tdl  it  be- 
comes clear;  then  dividing  it  iulo  two  portions,  and  into  Ihe  one  pouring  a  few  drops 
of  nitrate  or  muriate  of  barytes,  and  into  the  other  a  few  drops  of  water  of  ammonia.  In 
the  former  a  heavy  white  precipitate  indicating  sulphuric  acid  will  appear,  and  in  the 
latter  a  light  precipitate  of  alumina,  redissolubtc  by  a  few  drops  of  solution  of  caustle 
potash. 

When  chalk  or  Paris  plaster  is  used  to  sophisticate  flour,  Ibey  may  be  best  detected  by 
incinerating  the  bread  made  of  it,  and  examining  the  ashes  with  nitric  acid,  which  wiU 
dissolve  the  chalk  with  effervescence,  and  the  Paris  plaster  without.  In  both  cases  the 
calcareons  matter  may  be  demonstrated  in  the  solution,  by  oiatic  acid,  or  belter  by  osa- 

In  baking  pufi'-paste  the  dough  Is  tirsl  kneaded  aJong  with  a  certain  quantity  of  butler, 
then  rolled  out  into  a  thin  layer,  which  is  coated  over  with  butter,  and  folded  face-wisa 
many  limes  together,  the  upper  and  under  surfaces  being  made  to  correspond.  This 
stratiSed  mass  is  again  rolled  out  into  a  thin  layer,  Its  surface  is  besmeared  with  butter, 
and  then  it  is  folded  face-wise  as  before.  When  this  process  is  repeated  ten  or  a  dozen 
limes,  the  dough  will  consist  of  many  hundred  parallel  laminje,  wilh  butter  interposed 
between  each  pair  of  plates.  When  a  moderately  thick  mass  of  this  is  put  into  the  oven, 
the  elastic  vapor  disengaged  from  the  water  and  the  butter,  diffuses  itself  between  each 
of  Lbe  thin  lamiiise,  and  causes  Ibem  to  swell  into  what  is  properly  called  puff-pasle,  be- 
ing an  assemblage  of  thin  membranes,  each  dense  in  itself,  but  moie  or  less  distinct  from 
the  other,  and  therefore  forming  apparently,  but  not  really,  lii;bt  bread. 

One  of  the  most  curions  branches  of  the  baker's  craft  is  the  manufacture  of  ginger- 
bread, which  contains  snch  a  proportion  of  molasses,  that  it  cannot  be  fermented  bj 
means  of  yeast.  Its  ingredients  are  flour,  molasses  or  treacle,  butter,  common  potashes, 
and  atom.  After  the  butler  is  melted,  and  the  potashes  and  alum  are  dissolved  in  a 
little  hot  water,  these  three  ingredients,  along  wilh  the  treacle,  are  poured  among  the 
flour,  which  is  to  form  the  body  of  ihe  bread.  The  whole  is  then  incorpoxaled  by 
mixture  and  kneading  into  a  stiff  dough.  Of  these  flve  conslituents  the  alum  is 
thought  to  be  the  least  essential,  although  It  makes  the  bread  l^bter  and  crisper,  and 
renders  the  process  more  rapid)  for  gingerbread  dough  requires  to  stand  over  several 
davs.  sometimes  8  or  10,  before  it  acquires  that  state  of  porosity  which  qualifies  it  for 
the  oven.  The  action  iff  Ihe  treacle  and  alum  on  the  potashes  in  evolving  carbonic  acid, 
seems  lo  be  the  gasefying  principle  of  gingerbread ;  for  if  ihe  oubonate  of  potash  is 
withheld  from  the  mixture,  the  bread,  when  baked,  rssembles  in  hardness  a  piece  of 

Treacle  is  always  acidulous.    Carbonale  of  magn  d   od    m  y  b  1  b- 

stitules  for  the  potashes.    Dr.  Colquhoun  has  fou  d  tl  bo    t      1  m  en  d 

tartaric  acid  may  replace  Ihe  potashes  and  the  alum  w  h  g      t    d      I  ff   d    g 

gingerbread  fully  more  agreeable  to  the  taste,  a  1  m    1    m        wh  1      m    th       tb 
common  kind,  which  contains  a  notable  quantily  of  p  t    h         H     p    p    t 
pound  of  flour,  a  quarter  of  an  ounce  of  carbonale    fm  d  ghUi    f 

ounce  of  tartaric  acid;  in  addition  lo  the  treacle  bt  dm  aslp         t 

used.  The  acid  and  alkaline  earth  must  be  well  d  fl"  ed  thro  h  th  wh  1  d  h 
The  m^nesia  should,  in  fact,  be  first  of  all  mixed      th  th    fl  P        th    m  lied 

butler,  the  treacle,  and  the  acid  dissolved  in  a  Ultl    w  t        U     I  am       lb    fl 

and  knead  into  a  consistent  dough,  which  being  set      d    f    hall      h   ir  1   ur  wil 

be  ready  for  the  oven,  and  should  never  be  kept  ablidm  th  2  3hnrs  Th 
following  more  complete  recipe  is  given  by  Dr.  Coiquhoun,  for  making  thin  gii^l- 
bread  cakes : — 

Flour  I  !b. 


und  has  ralher  more  butler  than  common  thin  ginsterhread. 

a  passage  from  my  Dictionary  of  Chemisliy,  as  published  in  iVii  ] 

■estiiiE  lo  many  ofmy  prpseni  readers. 
"  Under  Procea  of  Baking,  in  the  Supplement  to  the  Encyclopedia  ^ritannira,  wb 
have  the  following  slaleinenl : — 'An  ounce  of  alum  is  ihen  di^olvrd  over  the  lire  in  s 
tin  pot,  and  the  solution  poured  into  a  lar^e  luh,  called  by  the  babers  tlie  seasoning. 
tub.  Four  pounds  and  a  half  of  sail  are  likewise  pul  into  ihe  tub,  and  a  pailful  of  hot 
water.' — Fod(  »!o/e  on  IhU  passage. — '  In  London,  where  the  goodness  of  bread  is  esti-. 
maled  ennrely  by  its  whiteness,  it  is  usaal  with  those  bakers  who  employ  Hour  of  an  in- 
ferior quality,  to  add  as  much  alum  as  common  salt  lo  the  dough  i  or,  in  other  words, 
the  quantity  of  salt  added  is  dim. niched  one  half,  and  Ihe  deficiency  supplied  by  an  equal 
wciaht  of  alum.  This  improves  the  look  of  the  bread  Tery  much,  rendering  it  much 
whiler  and  firmer.' " 

In  a  passage  which  we  Fhall  presently  quote,  our  author  represents  the  halters  of 
{.ondon  in  a  conspiracy  to  supply  the  ciiizens  with  bad  bread.  We  may  hence  infer 
that  Ihe  fall  allowance  he  assigns  of  2J  pounds  of  alum  for  eyery  2J  pounds  of  salt,  will 
be  adopted  in  converlinK  Ihe  sack  of  flour  into  loaves.  But  as  aeack  of  flour  we^hs2S0 
piiunds,  and  furnishes  on  an  average  80  quartern  loaves,  we  have  2^  pounds  divided  by 
80,  or  l"'*'"""^  =  197  grains,  for  the  quantity  present,  by  this  wiiltr  in  a  London 
quartern  loaf.  Yet  in  the  very  same  pace  (SHth  of  vol.  ii.)  we  have  the  following 
pBS,'»ge;  "Alum  is  not  added  by  all  bakers.  The  wriler  of  this  article  has  been  assured 
by  several  bakers  of  respectability,  both  in  Edinburgh  and  Glasgow,  on  whose  testimony 
he  rplies,  and  who  made  eicellent  bread,  that  ihey  never  employed  any  alum.  ITie  rea- 
son for  adding  it  given  by  the  London  baiters  is,  Ihat  it  renders  the  brf  ad  whiter,  and  en- 
ables  them  to  separate  readily  Ihe  loaves  from  each  other.  This  addition  baa  been  alleged 
by  medical  men,  and  is  considered  by  Ihe  community  at  large,  as  injurious  lo  the  health, 
by  occasioning  constipation.  But  if  we  consider  Ihe  small  quantity  ol^  this  sail  added  by 
the  baker,  nol  quite  5;^  grains  Co  a  quartern  loaf,  we  will  not  readily  admit  these«]lega- 
tions.  Suppose  an  individual  to  eat  Che  sevenlh  pari  of  a  quartern  loaf  a  day,  he  wonld 
only  swallow  eight  tenths  of  a  grain  of  alum,  or,  in  reality,  nut  quite  so  much  as  half  a 
gritn;  for  one  half  of  this  salt  consists  of  wnler.  It  seems  absurd  to  suppose  Ihal  half  a 
grain  of  alum,  swallowed  at  diflerenl  times  during  the  course  of  a  day,  should  occasion 
eonelipalion."'  Is  il  nol  more  absurd  to  state  2J  pounds  or  36  onnces,  as  the  alum  adul- 
teration of  a  sack  of  flour  by  Ihe  London  bakers,  and  within  a  few  periods  to  reduce  ihe 
adulteration  to  one  ounce! 

That  Uiis  voluntary  abstraction  of  f^-  of  the  alum,  and  snbstilution  of  superior  and 
more  expensive  flour,  is  not  expected  by  him  from  Ihe  London  bakers,  is  sufliciently  evi- 
dent from  the  following  slor}'.  It  would  appear  that  one  of  hb  friends  had  invented  a 
new  yeast  for  fermenting  dough,  by  mixing  a  quart  of  beer  harm  with  a  paste  made  of 
tfn  pounds  of  flour  and  two  gallons  of  boiling  water,  and  keeping  this  mixture  warm  for 
III  or  eight  hours. 

"  VesEt  made  in  this  way,"  says  he,  "  answers  the  purposes  of  (he  baker  much  be Itei 
tiiaa  biewers'  yeast,  because  it  is  clearer,  and  free  fiom  Ihe  hop  mixture  which  sometimes 
injures  the  yeast  of  Ihe  brewer.  Some  years  aao  the  bakers  of  London,  sensible  of  the 
siiperionly  of  this  artificial  yeast,  invited  a  company  of  manufacturers  from  Glasgow 
lo  establish  a  manufactory  of  il  in  London,  and  promised  lo  use  no  other.  About 
5,n00(.  accordingly. was  laid  oul  on  buildings  and  materials,  and  the  manufactory  wai 
beg'in  on  a  considerable  scale.  The  ale-brewers,  findinf!  Iheir  yeasl,  for  which  Ihey  had 
diawn  a  good  price,  lie  heavy  on  their  hands,  invited  alt  the  journeymen  bakers  to  their 
cellars,  gave  them  their  full  of  ale,  and  promised  to  regale  Ihem  in  that  manner  every 
day,  provided  ihey  would  f  >rce  their  masters  to  take  all  their  yeasl  from  the  ale-brewers. 
The  journeymen  accordingly  declared,  in  a  body,  thai  Ihey  would  work  no  more  for  Iheir 
masters  unless  Ihey  gave  up  taking  any  more  yeast  from  Ihe  manufactory.  The  masters 
were  obliged  to  comply;  Ihe  new  manufactory  was  stopped,  and  the  inhabitants  of  Lon- 
don were  obliged  to  continue  lo  eat  worse  bread,  because  it  was  Ihe  interest  of  the  ale- 
brewers  to  sell  the  yeast.  Such  is  the  influence  of  journeymen  bakers  in  the  metropolis 
of  England  !' 

This  doleful  diatribe   seems  rather  ejilravagant ;   for  surely  beer  jessl  can  derivo 

nothing  noxious  lo  a  porter  drinking  people,  from  a  slight  impregnation  of  hops;  while 

il  must  form  probably  a  more  cnefEttlc  ferment  than   Ihe  fermented  paste   of  the  new 

company,  which  at  any  rate  could  be  prepared  in  six  or  eigiit  hours  by  any  baker  who 
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BREAD. 


fownd  il  to  answer  his  purpose  of  making  a  pleasant  ealing  bread.  Bui  it  is  a  very  seriout 
thin-!  for  a  lady  or  genllemati  of  sedentary  hahils,  or  infirm  conplitulion,  to  have  llieir  di- 
gestive process  daljy  vitiated  by  damaged  flour,  whitened  with  197  grains  of  alum  pel 
quartern  loaf.  Acidity  of  stomach,  indigestion,  flatulence,  headaches,  palpitation,  costive, 
ness,  and  urinary  calculi  may  be  the  probable  consequences  of  the  habitual  inlroduclion 
of  so  much  acidulous  and  acescent  mailer. 

I  have  made  many  experiments  upon  bread,  and  have  found  the  proporlion  of  alum  very 
rariable.  Jts  quantity  seems  to  be  proportional  to  the  badness  of  the  flonri  and  hence 
when  the  hesl  flour  is  used  no  alum  need  be  inlroduced.  That  alum  is  not  necessary  fo[ 
giving  bread  its  utmost  beauty,  spouginess,  and  agreeableness  of  laste,  is  undoubted  ;  since 
the  bread  baked  at  a  very  eilensive  establishment  in  Glasgow,  in  which  about  20  tons  of 
ilour  were  regularly  converted  into  loaves  in  the  course  of  a  week,  united  every  quality 
of  appearance  with  an  absolute  freedom  fmm  that  acido-astringent  drug.  Six  pounds  of 
salt  mere  used  for  every  sack  of  flouri  which,  from  its  gooil  quality,  generally  afforded 
"=  ir  Hi  quartern  loaves  of  the  legal  weight  of  four  pounds  five  ounces  and  a  half  each. 
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Every  baker  ought  to  he  able  to  analyze  his  floor.  He  may  proceed  as  follows :— A  duc- 
tile paste  is  lo  be  made  with  a  pound  of  tlie  flour  and  a  sulficient  quantity  of  wnler,  and 
left  at  rest  for  an  hour ;  then  having  liel  across  a  bowl  a  piece  of  sillicn  sieve-stuff,  a 
Utile  below  the  surface  of  the  walcr  in  the  bowl,  the  paste  is  to  be  laid  upon  the  sieve  on 
a  level  wilh  the  water,  and  kneaded  tenderly  with  the  hand,  so  as  merely  to  wash  the 
starchy  particles  out  of  it.  This  portion  of  the  flour  gels  immediately  difl'used  through 
the  water,  some  of  tiie  other  constituents  diss,  jre,  and  ihe  gluten  alone  remains  upon  the 
filter.  The  water  must  be  several  times  renewed  till  it  ceases  lo  become  milky.  TIlc* 
last  washings  of  the  gluten  are  made  out  of  the  sieve, 

I'he  whole  of  the  l-irbid  washings  are  lo  be  put  into  a  tall  conical  glass  or  stoneware 
vessel,  and  allowed  lo  remain  at  rest,  in  a  cool  place,  till  they  deposite  the  starch.  The 
clear  supernatant  liquor  is  then  decanted  off.  The  deposite  consists  of  staj-ch,  wilh  a 
little  gluten.    It  must  be  washed  till  the  water  settles  over  it  qaite  clear,  iind  then  it  is 

The  filtered  waters  being  evaporated  at  a  holline  heat,  discover  flocks  floating  through 
them,  which  have  been  supposed  by  some  to  be  albumen,  and  by  others  gluten.  At  last, 
phosphate  of  lime  precipitates.  When  the  residuum  has  assumed  a  sirupy  consistence  in 
the,  cold,  it  is  to  be  mixed  with  alcohol,  in  order  to  dissolve  out  its  sngar.  Cold  water 
being  added  to  what  remains,  effects  a  solution  of  the  mndlage,  and  leaves  the  insoluble 
azolized  matter  with  the  pLuspnate  of  lime. 

By  this  mode  of  analysis  a  minute  portion  of  resin  may  remain  in  the  gluten  and  in  the 
washing  water;  the  gluten  retams  also  a  small  proportion  of  a  fixed  oil,  and  a  volatile 
•viiiciple,  which  may  he  removed  by  alcohol.  If  we  wish  to  procure  the  resin  alone,  wc 
must  first  of  all  treat  the  flour,  well  dried,  whh  alcohol. 

When  corn  flour,  poor  in  gluten,  is  to  be  analyzed,  the  dough  must  be  enclosed  in  a 
linen  bag,  kneaded  with  water,  and  washed  in  that  slate. 

In  analyzing;  barley-meal  by  the  above  process,  hoi-ileive,  mixed  wilh  common  slnrcb,  is 
obtained :  they  may  be  separated  by  boiling  water,  which  dissolves  ihe  starch,  and  leaves 
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Fis.  193  is  the  front  view ,  the  SFsme  ktters  re- 
fer  to  [lie  same  cbjects  in  all  the  fieiires. 

The  flame  and  Laml  air  of  the  iire  al  c,  sweep 
ilonir  iliF  boLlom  of  tlie  oven  by  the  riaht  hand 
=  Je.are  rellecled  from  the  bacli  to  Ihe  left  hand 
°  lie,  and  thence  escape  by  ihe  flue  d ;  (see  plan 
fig.  193.)  Whenerer  the  oven  has  acriiiired  the 
proper  desree  of  heat,  the  fire  is  withdrawn,  ihe 
dues  are  closed  by  the  damper  plates,  and  the  lumps 
of  feriDented  doiieh  are  inlroduced. 


I  belisve  it  may  be  aafelf  asserted  that  the  art  of  balding  bread,  pastry,  and  ci 
tannery,  is  earned  in  Paris  to  a  pitoi  of  refinenient  which  it  has  never  reached 
London,     I  haTe  '  .         .      .  ■ 


'  in 
here  any  bread  whicl),  in  flavour,  colour  and  testure, 
rivalled  the  French  pain  de  graaa.  In  fact,  our  corn  monopoly  lawB,  till  tliey  were 
of  late  happily  repealed,  prevented  us  from  gettinfr  the  proper  wlieat  for  praparing,  at 
a  moderate  price,  the  genuine  lemouie  out  of  wliicti  that  bi'ead  is  baked.  Hence,  the 
plebeian  bonrgeoU  can  daily  grace  bis  table  witli  a  more  beautiful  piece  of  bread  than 
the  most  affluent  English  nohleman.  The  Fi'ench  process  of  baking  has  been  recently 
described,  with  some  minuteness,  by  their  distiuguished  i^iemist,  M.  Dumas*,  and  it 
merits  to  be  known  in  this  country. 

At  each  operation,  the  workman  (pitritseur)  pours  into  the  kneading  trough  the 
residuary  leaven  of  a  former  kneading,  adding  the  proportion  of  water  which  practice 
enjoins,  and  diflilses  the  leaven  thi-ougb  it  witli  his  hands.  He  then  introduces  iuto 
tbe  liquid  mass  the  quantity  of  flour  destined  to  form  the  sponge  (pdte).  This  flour 
is  let  down  from  a  chamber  above,  througb  a  linen  hose  {maiuJie),  which  may  be  shut 
by  folding  it  np  at  the  end. 

The  workman  now  introduces  the  rest  of  the  flour  by  degrees,  difFusino;  and 
mingling  it,  in  a  direction  from  tbe  right  to  the  left  end  of  the  trough.  When  he  has 
thus  treated  the  whole  mass  aucceasively,  be  repeats  the  same  raauipalation  from  left 
to  rig;ht.  Tliese  operations  require  no  little  art  for  their  dextrous  pei'formance;  hence 
they  Lave  the  proper  name  asaigned  respectively  to  each,  of  frasai/e  and  contrs- 
yroKiige.  Tbe  workman  next  eubjecte  the  dough  to  three  different  kiiitb  of  movement, 
in  the  kneading  process.  He  malasates  it;  that  is,  works  it  with  tiis  hands  and 
fingers,  in  order  to  mix  very  exactly  its  eomponenl  pails,  while  be  adds  the  recjuisite 
quantity  of  flour.  He  divides  it  into  six  or  seven  Inmps  (pditws),  eaoli  of  which  he 
works  eucces^vely  in  the  same  manner.  Tlien  he  seizes  pui'tions  of  each,  to  draw 
tbeni  out,  taking  only  as  much  as  he  can  readily  grasp  in  his  hands.  When  he  iias 
thus  kneaded  the  different  lumps,  he  unites  them  into  one  mass,  wliiuh  he  extends  and 
folds  repeatedly  back  upon  itselE  He  IJien  litta  up  the  whole  at  several  times,  and 
daslies  it  forcibly  gainst  the  kneading  trotigii,  collecting  it  Anally  at  its  left  end. 
Tlie  abject  of  these  operations  h  to  effect  an  intimate  mixture  of  the  flour,  the  water, 
and  the  leaven.  Ho  .'  :y  powdery  epota  called  marrons,  should  be  left  in  any  part  of 
tlie  dough. 

The  kneader  has  now  completed  his  work ;  and  after  leaving  the  dough  for  eome 
time  at  rest,  he  turns  it  upside  down.  He  lays  the  lumps,  of  a  proper  weight,  upon  a 
table,  rolls  tliem  out,  and  dusts  tliem  with  a  little  flour.  He  next  turns  over  each 
lump,  and  puts  it  in  its  pannelon,  where  he  leaves  it  to  swell.  If  the  flour  be  of  good 
quality,  the  dough  be  well  made,  and  the  temperature  be  suitable,  the  lump  will 
swell  much  and  uniformly.  It  after  the  surface  has  risen,  it  falls  to  a  considerable 
extent,  tlie  flour  must  be  bad,  or  it  must  contain  other  substances,  as  potato  starch, 
bean  meal,  &e. 

Whenever  the  oven  is  hot  enough,  and  the  dough  aufflciently  fermented,  it  is  sub- 

i'ected  to  the  baking  process.  Ovens,  as  at  present  constructed,  are  not  equally 
eated  throughout,  and  are  particularly  liable  to  be  chilled  near  the  door,  in  conse- 
qn^i.ce  of  its  being  occasionally  opened  and  shut.  To  this  cause  M.  Dumas  ascribes 
icany  of  the  defects  of  ordinary  bread;  but  he  adds,  that  by  adopting  the  patent 
invention  of  M.  Mouchot  these  may  be  obviated.  This  b  called  the  impromd  bakery, 
hauUfagerie  perfeeii'mnke. 

Fiff.  I9i,  is  a  ground  plan  of  the  aerotherraal  bake-honse,  the  granariea  being  in  the 
upper  stories,  and  not  shown  hei'e.  b  b  are  the  ovens ;  e,  the  kneading  macliine  ;  d, 
the  place  where  the  machinery  is  mounted  for  hoisting  up  the  bvead  into  the  store 

■  TraJL^  da  Chimie  oppliqn^  am  AtIh,  tI.  p.  400. 


tig.  185.  IS  alongitudinal  aaction  of  the  oven;  A,  the  grate  where  coke  or  evan  Jjifc 
foals  may  be  burned;  B,  B,  Toid  apaeea  which,  becoming  hanted,  Becve  for  wanning 
email  pie'es  of  doitgli  in,  c,  e  are  flues  for  conducting  the  gmuke,  im.,  fi'om  the  fli'e- 

Slaee  ;  D,  seen  in  Jig.  196.,  ia  the  chimney  for  carrying  off  the  smoka  transmitted  by  the 
ues;  E,  'E,  void  epaoes  immediately  over  the  lines,  and  beneath  the  sola,  F,  P,  of  tlie 
oven.  By  this  arrangemant  the  air,  previously  heated,  wliioh  arrives  fKira  the  void 
epacea  B  through  the  flues,  c,  c,  gets  the  benefit  of  the  heat  of  tlie  flame  which  circu- 
lates in  these  flues,  and,  after  getting  more  heated  in  the  epaces  IS,  "E,  ascends  through 
channels  Into  the  oven  F,  F,  upon  the  sotB  of  whieh  the  loaves  to  be  baked  are  laid.. 


The  hot  air  is  admitted  into  it  through  the  paBst^es  o,  o,  being  drawn  from  the  reser- 
voirs B,  B,  B,  and  also  by  the  passage  d,  d,  drawn  tiom  the  reservoirs  RE.  The 
sole  is  likewise  heated  by  contact  with  the  hot  air  cootained  in  the  space  E,  £,  placed 
immediately  below  it  The  hot  air,  loaded  with  moisture,  issues  by  the  passage  b,  h, 
md  returns  directly  into  the  reservoir  B,  B.    G,  G,  an  enclosed  space  directly  ovei 


C  .iv)<;lr 


veo,  to  obstniet  the  dissipiition  of  its  heat;  g,  vault  of  the  fire-place.  Mg.  199.,  a 
verse  Beolion  through  the  middle  of  tlie  oven.  Fig.  107.,  the  kneading  machine,  a 
tudinal  eeftion  passing  through  ite  axis ;  P,  P,  the  oontouv  of  tlie  maehlne,  made 


dough  whenever  the  cylinder  is  made  to  revolve.  One  portion,  D,  of  the  cylinder  may 
be  opened  and  laid  over  upon  the  other  by  means  of  a  hinge  joint,  when  the  dough  and 
flour  are  introduced.  A,  S,  C,  the  three  compartments  of  the  machine,  two  for  making 
the  dough,  and  one  for  preparing  the  sponge,  called  levain,  or  leaven,  by  the  French,  a,  a, 
ia  the  pulley  wliich  receives  its  motion  from  the  engine,  and  transmits  it  t»  the  cylinder 
through  the  pinion  6,  and  the  spur-wheel  e;  d  d,  the  fly-wheel  to  regulate  the  motion ; 
ff,  a  brake  to  act  upon  the  fly  d,  by  means  of  a  lever  A  ;  J,  the  pillar  of  tlie  fly-wheel. 
There  is  a  ratchet  wheel  counter  for  numbering  the  turns  of  the  kneading  machine, 
but  it  cannot  be  shown  in  this  view ;  n,  oroea  bars  of  wood,  which  arc  easily  removed 
when  the  cylinder  is  opened ;  they  divide  the  dough. 

Each  of  iho  throe  compartments  of  the  kneader  (Jig.  197.)  is  ftirnished  at  pleasure 
Wilh  t'lo  Cars  fixed  crosswise,  but  which  may  be  easily  removed,  wl>enever  the 
crlrader  is  opened.    These  bars  c,  nstilule  the  sole  agents  for  drawing  0!\t  the  dough. 
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19  operation,  the  leaven  is  constanlly  prepared  in  the  compartment  A| 
With  which  view  Ditre  is  put  into  it — 

1S5  kUogrammea  of  ordinary  leaven  or  yeast. 
67 flour. 

In  all        2S5  kilogrammes. 
The  person  in  chaige  of  the  mechanical   kneader  ehuls  down  its  lid,  and  self  it 
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d  of  aboul  seven  minutes  he  bears  tit  bell  of  the  conntei  souod, 

number  oF  revolutions  has  been  suflieient  to  call  ibr  an  ins]ieclion 

ganl  lo  its  eoasislence.     The  cylinder  is  therefore  opened,  ant 

li      ight  slate  of  the  leaven,  and  adding  water  lo  soften,  or  flour  to 

he  lid,  and  sets  the  machine  once  more  in  motion.    In  ten  minutes 

oun[Is   again,  and   the   kneading   is   completed.    The  450  kilCK 

n   obtained   from   the   two  compartmentg  are  adequate  to  prepare 

upply  alternately  each  of  the  tvfo  ovens.    For  this  purpose   75 

en  are  taken  from  each  of  the  two  compartments  A  and  A',  and 

rmediate  compartment  B,    The  whole  leaven  is  then  75+T5  =  i50 

w  ich  are  added  100  kilogs.  of  flour  and  511  of  water=150,  so  that 

300  kilogrammes.     There  is  now  replaced  in  each  of  the  cavities  A 

n    ve    quuntilj,  by   adding    50   kilogrammes   of   floor  and   25  of 


mined  after  7  minutes,  and  completed  ii   10  more=17,  at 
h  d         d       the  counter-bell. 

The  kneader  is  opened,  (he  paste  on  the  side  and  on  the  bars  is  jrathered  to  the 
bottom  by  means  of  a  scraper.  The  whole  paste  of  the  chest  B  being  removed,  150 
tilogs.  of  the  leaven  are  taken,  to  which  150  kiiogs.  of  flour  and  water  are  added  to 
prepare  the  300  kiloga.  of  paste  destined  for  the  supply  of  the  oven  No.  2.  These 
75  kilogB.  of  leaven  from  each  compartment  ace  replaced  as  before,  and  so  on  in  suc- 

The  water  nsed  in  this  operation  Is  raised  to  the  proper  temperature,  viz.  25°  or 
30"  C.  (77°  or  86°  F.)  in  cold  weather,  and  to  about  68°  F.  in  the  hot  season,  by 
mixiag  common  cold  water  with  the  due  proportion  of  water  maintained  at  the  tem- 
perature of  about  160°  F.,  in  the  basin  F  placed  above  the  ovens. 

Through  the  water  poured  at  each  operation  upon  the  flour  in  the  compartment  B, 
there  is  previously  difl^used  from  200  to  2aO  grammes  of  fresh  leaven,  as  obtained  from 
the  brewery,  after  being  drained  aad  pressed  (German  yeaul).  This  quantity  is 
auflicient  lo  raise  properly  300  kilogs.  of  dough.  As  soon  as  this  dough  is  token  out 
of  the  kneader,  as  staled  above,  and  while  the  machine  goes  on  lo  work,  the  quantity 
reiuieite  for  each  loaf  is  weighed,  turned  about  on  the  table  D,  to  give  it  its  round  cc 
oblong  form,  and  there  is  impressed  upon  it  with  the  fore-arm  or  roller,  the  cavity 
which  characterizes  cleft  loaves.  All  the  lots  of  dough  of  the  size  of  one  kilog., 
called  cleft  loaves  (pains  feiidus)  are  placed  apon  a  cloth  a  fold  of  which  is  raised 
hetween  two  loaves,  the  cloth  being  first  spread  upon  a  board;  which  thus  charged 
wilh  10  or  15  loaves  is  transferred  to  Ihe  wooden  shelves  G  G  in  front  of  the  oven. 
Thewholeof  them  rise  easily  under  the  influence  of  the  gentle  temperature  of  this  ante- 
chamber or  fournii.  Whenever  the  dough  loaves  are  sufficiently  raised  here,  they  are 
pnt  into  Che  oven,  a  process  called  en/i>umefrun^  in  France;  which  consists  in  setting 
each  loaf  on  a  wooden  shovel  dusted  with  coarse  flnur,  and  placing  it  thereby  on  the 
toleof  the  oven,  close  to  ilsfeUow,  wilhoat  touching  it.  This  operation  is  made  easy,  in 
cense- :ence  of  the  introduction  of  a  long  jotnled  gas-pipe  and  burner  intftthe  interiol 
of  the  oven,  by  the  lijthl  of  which  all  parts  of  it  maybe  minutely  examiueiG  The  OTen 
is  first  kept  moderately  hol^  by  shutting  the  dampers;  but  wheu«ver  the  thermometer 
attached  to  it  indieatea  a  temperature  of  from  300°  to  290°  C.  {672°  t«  554°  F.), 
the  dampers  or  registers,  are  opened,  to  restore  the  heat  to  its  original  degree,  by 
oflowing  of  the  cireulation  of  the  hot  air,  which  rises  from  the  lower  cavities  around 
the  fire-place  into  the  interior  of  the  oven.  When  the  baking  is  completed,  tJis  gas- 
light, which  hod  been  withdrawn,  is  again  introduced  int«  the  oven,  and  the  bread  is 
t^en  out;  called  the  pro  'esa  of  difaurnement.  It  the  temperature  have  been  main- 
tained at  about  300°  C,  ihe  300  lulogs.  of  dough  divided  into  loaves  of  one  kilog, 
(2^  Iba.  avoirdupois)  will  be  baked  in  27  mtontes.  The  cJiarging  having  lasted  10 
minutes,  and  the  diaeliarging  as  long,  the  bakine  of  eaeli  batch  will  take  up  47  miautea. 
But  on  account  of  accidental  interruption^  an  hour  may  be  aesigned  for  each  chaise 
of  260  loaves  of  1  kilog.  each ;  being  at  Uie  rate  of  6240  kilogs.  (or  6-75  tons)  of  bread 
in  24  hours. 

Although  the  outer  parts  of  the  loaves  be  esjHjsed  to  the  radiation  of  the  wall^ 
heated  to  280°  or  300°  C,  and  undei^  therefore  that  kind  of  carameliiation  {charring) 
which  produces  the  colour,  the  taste,  and  Uie  other  special  cliaraetars  of  the  crust,  yet 
tlie  inner  subitanee  of  the  loaves,  or  the  cniml^  never  attains  to  nearly  so  high  a  tem- 
|)crature ;  for  a  thermometer,  whose  bulb  is  inserted  into  the  heart  of  a  loa^  does  not 
indioafe  more  than  100°  0.  (212°  F.l 
"•'     ■•  -         ■- '  '   ■■----      The  flour 
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nny  of  the  olhet  cerealta  (kinds  of  corn).  This  substance  does  nol  conslilute,  as  liad 
been  heretofore  imagined,  the  membranes  of  the  tissue  of  the  perispenn  of  the  wheat; 
bill  is  enclosed  in  cells  of  that  tissue  under  the  epidermic  conts,  even  to  the  centre  of 
the  grain.  In  this  respect  the  gluten  lies  in  a  sitnation  analogous  to  that  of  the  starc^i, 
and  of  most  of  the  immediale  principlea  of  vegetables.  The  other  immediate  principles 
which  play  a  part  in  patdjicalioa  axe  parlicularly  the  Starch  and  the  sugar  ;  and  they 
all  operate  as  follows: — 

The  diffusion  of  Ihe  flour  through  the  wat^r,  hydratei  the  starch  and  dissolves  the 
Eusar,  the  albumen,  and  some  other  soluble  matters.  The  kneading  of  the  dough,  by 
completing  these  reactions  Ihrongh  a  more  intimate  union,  favors  also  the  fermen- 
tation of  the  sugar,  by  bringing  i(s  particles  into  close  contact  with  those  of  the 
leaven  or  yeast;  and  the  drawing  out  and  malaxating  the  dough  softens  and  stratifies  il, 
introducing  at  the  same  time  oxygen  to  aid  the  fermentation.  The  dongh,  when 
distiibuled  and  formed  into  loaves,  is  kept  some  time  in  a  gentle  warmth,  in  the  folds 
of  the  cloth,  pans,  &c.,  a  circumstance  propitioua  to  the  development  of  their  volume 
by  fermentation.  The  dimensions  of  all  the  lumps  of  dough  now  gradually  enlarge, 
from  the  disengagement  of  carbonic  acid  in  the  decomposition  of  the  sugar;  which  gas 
is  imprisoned  by  the  glutinous  paste.  Were  these  phenomena  to  continue  too  long, 
the  dough  would  become  too  vesicnlar;  they  must,  Iherefon  be  stopped  at  the  propei 
point  of  sponginess,  by  placing  the  loaf  lumps  in  the  oven.  Though  this  causes  a 
sudden  expansion  of  the  enclosed  gaseous  globules,  it  puts  an  end  to  the  fermentation, 
and  to  theit  growth  ;  as  also  evaporates  a  portion  of  the  water. 

The  fermentation  of  a  small  dose  of  sugar  is,  therefore,  essential  to  true  bread- 
baking  ;  but  the  quantity  actually  fermented  is  so  small  as  to  be  almost  inappreciable. 
It  seems  probable  that  in  weli'made  dough  the  whole  carbonic  acid  that  is  generated 
remains  in  it;  amounting  to  one  half  the  volume  of  the  loaf  itself  at  its  baking  tempera- 
fure,  or  212°.  It  thence  results  thai  less  than  one  hundredth  part  of  the  weight  of  the 
flour  is  all  the  sugar  requisite  to  produce  well-raised  bread.  What  egregious  folly  was 
it,  therefore,  to  mount  the  bakery  in  Chelsea,  twelve  years  ago,  at  an  eipense  of  20,000;., 
for  the  purpose  of  catching  the  volalUe  ajtiriU  in  their  escape  from  the  loaves  in  the 
oven^or,  as  it  was  vulgarly  temled,  "  taking  the  gin  oat  ol'the  bread!"  whereas  it  was 
nothing  but  taking  the  cash  onl  of  the  pockets  of  the  pseudo-chemical  visionaries  who 
swarm  in  this  metropolis. 

The  richness  or  nutritive  powers  of  sound  flour  and  also  of  bread  are  proportional  to 
the  quantity  of  gloten  they  contain.  It  is  of  greet  importance  to  determine  this  point, 
for  fwth  of  these  objects  are  of  enormous  value  and  consumption ;  and  it  may  be  accom- 
plished most  easily  and  exactly  by  digesting  in  a  water-bath,  at  the  temperature  of  16T 
F.,  1,000  grains  of  bread  (or  floor)  with  1,000  grains  of  bruised  barley-malt,  in  5,000 
grains,  or  in  a  little  more  than  half  a  pint,  of  water.  When  this  mixture  ceases  to  lake 
■  bine  color  from  iodine  (that  is,  when  all  the  starch  is  converted  into  soluble  deitrinel 
the  gluten  Ii.'H  nncbansed  may  be  collected  on  a  filter  cloth,  washed,  dried  at  a  heat  of 
3i2^,  and  weighed.  The  color,  texture,  and  laste  of  the  gluten,  ought  also  to  be  ex- 
amined, in  forming  o  judgment  of  good  flour,  or  bread. 

Independently  of  the  skill  of  the  baker,  bread  varies  in  quality  according  to  the 
quantity  of  water  and  gluten  it  contains.  A  patent  of  German  or  French  origin  wu 
obtained  hr^e  a  few  years  ago,  for  manufacturing  loaf-bread  by  nsing  thin  boiled  flour. 
paste  instead  of  water  for  settmgthe  sponge,  that  is,  for  the  preliminary  dough  fermen- 
tation. By  this  artifice.  104  loaves  of  4  Iba.  each  could  be  tnade  out  of  a  sack  of  flour, 
instead  of  94,  as  in  ordinary  bating;  because  the  boiled  paste  gave  a  water-keeping 
faculty  to  ttie  bread  in  that  proportion.  But  tliis  hydrated  bread  was  apt  to  spoil  in 
warm  weather,  and  became  an  unproiitable  speculation  to  all  concerned. 

Pread  and  flour  are  ofl^n  adulterated  in  France  witJi  potato  startih,  Iflit  almost  never, 
I  believe,  in  this  country.  Tlie  sophistication  is  easily  detected  by  the  microscope,  on 
account  of  the  peculiar  ovoid  shape  and  Uie  large  size  of  tlie  particles  of  the  potato 
fecula.  Horse-bean  flour  gives  to  wheaten  bread  a  pinkish  tint.  In  spoiled  flom- 
(suth  as  is  too  often  used,  partially  at  least,  by  our  inferior  batere)  the  gluten  somo- 
times  disappears  oltogethei',  and  is  replaced  by  ammoniacal  salts.*  In  this  case  quick- 
lime separates  ammonia  from  the  flour  without  tnat;  in  Hour  slightly  dlaniaged,  or 
ground  from  damaged  wheat,  the  gluten  present  is  deprived  of  its  elasticity,  and  is 
softer  than  in  the  natural  state.  On  this  account  the  gluten  test  of  M.  Boland  is 
valuable.  It  consists  in  putting  some  glutei,  into  the  bottom  of  a  copper  tube,  and 
heating  that  tube  in  an  oven,  or  in  oil  at  a  iemperature  of  ■234°  F.  .The  length  to 
vliicli  the  cylinder  of  gluten  expands  is  proportional  to  and  indicates  its  quality. 

It  appears  that  a  French  sack  of  flour,  which  weighs  159  kilogrammes,  affords  from 
103  to  106  loaves  of  2  kilogrammes  each :   and  thewfore, 

159  .  62-0  ::  280  :  91-fl;   that  is,  if  169  kilosa.  or  lbs.  afford  53  loaves  of  tkiloga, 

Br  lbs.,  280  lbs.,  a  saofe  English,  should  afford  81-6  loaves  of  4  lbs.  each;   but  out 

*  Dmnas,  ChLcnie  Appliquee,  tI.  1^. 


9,  wtieh  are  rated  at  4  pounds,  thongh  they  seHom 
my  neighbourhood,  who  Bupplied  my  family 
witli  bread  for  some  time,  were  found  on  trial  to  Bb  fiom  6  t«  8  oz,  detieient  in  weight  r 
when  challenged  tor  this  fraud,  he  had  the  effrontery  to  palliate  it  by  allering  that  all 
his  noiKlibour  bakerB  did  the  same.  It  mast  be  borne  in  mind  thataParis  loaf  of  2  lbs. 
or  2  kllogs.  eoutaina  more  dry  farina  than  a  London  loaf  of  libe  weight;  for  it  contains, 
from  its  form  and  texture,  more  crust.  The  crumb  is  to  tlie  crust  in  the  Paris  long 
loaves,  asSS  tfl75,  or  1  to  3;  in  onr  quartern  loaves  it  is  as  18  or  20  to  100 
M.  Dumas  gives  the  followmg  Table  :— 


IVelghi  nf  a 
Siick  of  Fiuur. 

Number  of 

"••'SS'" 

WciKhluf  Flour 

•i'r»i" 

]59  Kilogs. 
159      do, 
159      do. 

102 
104 
10(i 

202  Kilogs. 
208     do. 
212     do. 

I'SOO 
1-333 

1 :  1-60 

Thus  it  would  appear  that  the  mean  yield  would  correap^rd  to  130  kSa^  of  bread 
for  100  of  the  flour  employed:  and  admitting  that  common  flour  eootaina  017  of 
water,  ths  product  would  be  equivalent  to  150  of  bread  for  100  of  flour  absolutely  dry. 
Tlie  whole  loaf  contains  66  per  cent,  of  dry  Bubstanoe,  and  the  crumb  only  44. 

BRECCIA,  an  Italian  teim,  used  by  mmeralogiats  and  arehiti^ts  to  designate  suet 
compound  stony  masses,  natural  or  artificial,  as  consist  of  hard  rooky  fragments  of 
considerable  size,  united  by  a  common  cement.  When  tliesa  masses  are  formed  of 
small  rounded  pebbles,  the  conglomerate  is  called  a  pndding-stone,  from  a  fancied 
resemblance  to  plum  pudding. 

Gonittete,  now  so  much  used  for  the  foundatioD  of  large  buildings,  is  a  factitious 
hreoeia,  or  puddinK-stone.    Bee  CONOEErE. 

BREWING.    (Brasser,  Fr, ;  Bremen,  Germ.)    The  art  of  making  Beek,  which  see. 

The  peculiar  properties  contained  in  wort,  do  not  exist  ready  formed  in  malt,  but  are 
the  result  of  the  direct  action  of  beat  and  water  upon  that  substance.  Hence  it  follows 
that  the  composition  of  beer-wort  depends  more  upon  the  pi-oeess  of  maahmg  than  upon 
the  malt  employed, — tor  it  would  be  quite  practicable  to  obtain  from  1  part  of  malt 
and  8  parts  of  barley,  a  wort  precbely  similar  to  that  procured  from  8  parte  of 
pure  malt  alone.  BBt>  of  course,  this  could  not  he  done  without  modifying  consi- 
derably tlie  process  of  mashing ;  and  it  happens,  uufortvmately,  that  the  practice  of  the 
present  day,  amongst  brewers,  is  to  maintam,  as  elosely  as  possible,  one  uniform  system 
of  mashing,  whatever  may  be  the  nature  or  quality  of  the  malt  employed.  Ibua  a 
difference  in  the  malt  is  made  to  produce  a  difference  in  the  wort,  and  aU  the  energy 
and  sMU  of  the  pcaatioal  brewer  are  sometimes  insufficient  to  compensate  for  tlie  alter- 
ations which  this  difference  induces  in  the  subsequent  working  of  the  beer.  With  a 
regular  and  certain  composition,  as  to  the  oonatituents  of  his  worf^  the  operations  of 
the  brewerwouldassume  afixed  and  definite  character,  wliicli,  at  present^  they  are  very 
far  indeed  from  poMessing ;  and  by  which  he  not  onfrequenUy  suffers  the  most  severe 
peouniaty  loss  and  menti3  anxiety.  With  the  exception  of  a  trifling  qjiantity  of  vege- 
table albumen,  the  only  solid  ingredients  of  heer-wort  are  dextrine  and  sugar;  the 
latter  of  which  ferments  with  p-eat  ease  and  rapidity,  whilst  the  dextrme,  though 
capable  of  fermentation,  enters  mto  the  process  only  with  diffioultr,  and  requires,  fbr 
its  successful  termination,  not  only  much  more  yeast,  but  also  a  much  higher  temperature 
in  the  fermenting  &t  At  the  same  time,  it  is  this  very  slu^shness  in  the  fermentative 
quality  of  dextrine  which  is  essential  to  the  production  of  good  beer;  for,  with  sugar 
alone,  the  fermentation  cannot  be  checked  at  ordinary  temperatures,  until  tlie  full 
measure  of  its  decomposition  ha:  taken  place,  and  it  has  become  either  a  vapid  admixture 
of  alcohol  and  water,  or,  by  the  absorption  of  oxj^en,  is  resolved  into  vinegar.  It  is 
indeed  a  notorious  fact,  that  beer  made  with  eogar  will  not  keep  so  well  as  fliat  made 
fi-ommalt ;  though,  for  rapid  consumption,  tlie  use  of  sugar  is,  under  some  circumstances, 
to  be  commend^  more  especially  on  the  small  scale  and  in  cold  weather.  The  pecu- 
liarity of  dextrine  is,  however,  as  we  have  stated,  to  undei^o  fermentation  only  with 
difficulty  and  by  alow  duress ;  h^ce  its  decomposition  spreads  over  a  long  space  of 
time,  and,  in  yery  cold  weather,  amounts  to  nothing ;  ao  that  for  months,  or  even  yeare^ 
after  all  the  sugar  of  the  wort  baa  been  destroyed,  the  evolution  of  carbonia  acid  gas 
from  the  still  fermenting  dextrine,  keeps  up  a  briskness  and  vitality  in  the  beer ;  and, 
by  excluding  mtygen,  aU  ehanee  of  acidification  iaahut  off,  A  perfect  beer-wort  should 
therefore  have  reference  to  the  period  of  its  consumption ;  if  this  be  speedy  and  pressing, 
the  proportion  of  sugar  ought  to  be  lai^  i  if  remote,  the  dextrine  should  greatly  pre- 
dominate. Under  tbe  first  condition,  the  attenuation  would  proceed  quidfiy  and, 
nroridedtlifl  temperature  of  the  fermentingyat  was  not  allowed  to  exceed  78°,  the  beer 
would  soon  cleanse  and  become  ripe  and  bright ;  under  the  second,  the  a 
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the  vat  would  bo  slow  and  trifling,  and  reqaire,  jerliapa,  seveml  years  for  its  Cf 
in  the  cask.  HeTertheleas,  if  tlie  attenuation  in  tlie  vat  had  gone  on  to  tlio  ^^..^i-.^^, 
doatruution  of  all  the  augar,  tliis  kind  of  beer  would  prove  in  the  end  both  tbe  batter  and 
more  healthy  baverage  of  the  two ;  for  by  the  mode  of  its  formation  the  presence  o! 
renftiithio  ether  or  fusel  oil  is  avoided.  The  in)|H)rtanee  therefore  of  plaoine  in  the 
hands  of  the  brewer  a  iiieana  of  determining  the  relative  amounts  of  sugar  and  dexti'ins 
in  his  wort  is  auffieienUy  obvious.  Now,  this  may  be  done  in  two  ways ;  either  by 
aseevtaining  in  wort  of  a  determinate  atreneth,  the  proportion  of  the  one  or  the  other  of 
these  substances.  The  dextrine  ia  easier  ot  calculation  than  the  sugar,  in  a  rough  or 
approximate  way;  but  the  augar  can  be  determined  with  much  more  minute  accuracy 
than  the  dextrine.  Yet,  in  practice,  tlie  former  plan  is  preferable,  from  its  simplicity, 
aa  wa  shall  proceed  to  show.  If,  to  a  certain  volume  ofstroDg  wort  (6ay  of  HO  lbs.  per 
barrel),  we  add  an  emial  amount  of  aleoliol  or  spirits  of  wine,  the  whole  of  the  dextrme 
will  precipitate  aa  a  uense  eoagolum ;  and  by  wiamining  the  bulk  of  this  deposit  in  the 
tube,  its  weight  may  be  inferred  pretty  nearly  if  tlie  tube  has  been  preTionsly  graduated 
80  as  to  indicate,  from  actual  experiment,  the  weight  ot  the  different  measures  of  the 
coagulated  dextHne.  With  weaker  wort,  more  alcohol  muatbe  uaed,  and  with  a  denser 
woi-t,  lasa  ftleohol, — the  relations  of  which  to  each  other  may  easily  be  kept  recorded  on 
a  small  card  or  scale  affixed  to  the  tube.  This  instrument  m  very  easy  of  application, 
and  has  been  toond  extremely  useful  to  mora  than  one  practical  brewer  of  the  present 
day  ;  and  the  accompanying  record  of  brewing  operations  has  reference  to  this  mode  of 
analysing  wort-  The  determination  of  sugar  in  wort  is  best  eftected  by  boiling  100  gra. 
of  it  with  about  half  a  pint  ot  the  following  solution,  and  aolleoting  and  weighing  the 
rednmloured  precipitate  which  ensues, — every  three  grains  of  which  indicate  one  gi'am 
of  grape-sngar  in  the  wort 

Grip'i  sugar  Test  Snlntion, 

Sulphate  of  copper  in  crystals        -  -  -  -        100  grains 

Bitartrate  of  potash  ....  -        200     do 

Carbonate  of  soda  in  crystals         .  -  -  -        800    du 

Boiling  water,  one  pint,  or  -  ■  -  -      8750    do 

First  dissolva  the  sulphate  of  copper,  llien  ihe  bitartrate  of  potasli,  after  which  add 

the  carbonate  of  soda,  and  filter  if  nceeaaary.    This  solution  is  not  affected  when  boiled 

with  eane-Bugar,  dextrine,  gum,  or  atareh. 

We  now  proceed  to  lay  before  our  readers  tha  result  of  two  brewings  taken  from  ona 
mash  at  two  different  periods,  and  analyzed  to  determine  their  relative  contents  of  dex- 
trine and  sugar,  according  to  the  tube  or  alcohol  process : — March  28th,  1851,  proceeded 
to  mash  for  experimental  brewings ;  weather  clear  and  open ;  thermomatar  outside  at  51'>, 

in  feiraenting  room  58° ;  difterence  between  wet  and  dry  bulb  hlbV ;  barometer 

39'4  inches.  Composition  of  the  malt :— Moisture  G'l ;  inaolnble  matter  27;  extract 
6G'9.  Quantity  of  malt  employed  70  bnahels ;  of  water  at  180°  P.,  100  gallons; 
made  the  mixture  with  a  common  maahing-oar,  and  finished  in  fifteen  minutes.  One  hour 
afterwards,  drew  off  200  gallons  of  wort;  and  three  hours  frara  commencing  to  mash, 
draw  off  200  gallons  more, — continuing  tha  mash  for  tabla-baer-wori  The  hrst-drawn 
wort  coDtwned  7'o  parts  of  dextrine  to  1  of  sugar;  tlie  second,  6'3  parts  of  dextrine 
2-2  of  sugar; — their  densities  were,  raapactively,  SO  and  36'B  lbs.  per  barrel.  Tliey 
were  each  boiled  separately,  with  relative  amount  of  hop,— the  first  havuig  80  and  the 
pecond  86|  lbs.  added;  and  the  boiling  in  each  caaa  was  kept  up  fi)r  three  hours.  At 
the  end  of  this  time  both  were  cooled  and  diluted  with  water  to  a  gravity  of  27^  lbs.  per 
barrel,  and  2S0  gallons  of  each  let  down  into  separate  ferroenting-vata  placed  side  by 
side;  after  whicli,  they  both  received  three  quarts  of  good  yeasf, — the  temperature 
being  at  68*  F.  Two  hours  afterwards,  the  following  observaUons  commeneed  ;— Ko. 
1.  being  the  wort  containing  7-5  parts  of  dextrine  to  1  of  sugar,  and  Ho.  2.  the  wcrt 
having  6-3  of  dert'ine  to  2-2  of  sugar. 


1851. 
March  28,  5 


So.  1 


Temp. 


Light  thin  cream     - 
29.  9  A.  u.     Wiiite  head 
"    6  p.  M.    Fine  white  head 
SO.  B  A.  M.    Thick  tough  bead    - 
"    6  F,  M.     Tough  brown  head  - 
3i.  2  p.  M.    Ferment  well  roused  up 


April  2.  2  p.  M.   (1 
*■     11.2  p.m. 
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No.  %  D^ 


No  action  ... 

Fine  white  head 

Tliiok  jell ow  head 

Fine  tough  brown  head 

High  roused  np  ro«ky  head     - 

In  rapid  ferraentatJon  - 

Throws  up  mueh  yeast  {skimmed  off  jeast) 

Ditto  of  Ko.  3.  ... 


Tlie  temperature  of  both  had  now  fallen  to  69°  F.,  though  each  had  bean  roused  le 
peatcidly ;  uie  yeast  was,  therefore,  again  ekimmedoff,  and  Ihe  boar  run  into  barrets,  aoa 
tilleii  up  with  reserved  wort  three  tunea  a  day  as  it  worked  over.  Oa  April  tLe  Idth 
the  barrels  were  closed,  having  then  lost,  by  attenuation, — Ko.  1.  lB-3  Ibk,  and  No.  2. 
19-6  lbs.  Sin  weeks  afterwaroa  tliese  ales  were  examined; — No  1.  was  found  muddy 
and  unpleasant;  whilst  No.  2.  had  a  (mf.  fra^ant  aroma,  abri^  lively  appearance,  and 
was  pcrfcetly  bright  On  January  2nd,  ISfi'J,  the  casks  were  again  exajuined;  i\o.  1. 
had  DOW  lost  H'S  Iba.,  and  was  briglit,  rich,  and  fine  flavoured;  whilst  N.  2.,  though 
blight  and  pleasanl^  bad  contracted  a  little  acidity,  and  was  becoming  flat ;  it  had  lost, 
in  all,  aiilba. 

Two  wmilar  experiments,  made  about  the  same  time  in  another  quarter,  gave  almost 
exactly  the  same  results ;  and,  conseqtientl3'.  there  can  be  little  doubt  tliat,  where  a  quick 
sale  and  rapid  consumption  of  beer  can  be  ensured,  tlie  great  object  of  the  brewer  sliuuld 


mncli  of  the  dextrine  of  his  wort  into  sugar  as  is  proportional  to  the 
iumption ;  whereas,  for  beer  intended  to  keep,  the  opposite  practice 


rapidity  of  that  .-„ 
should  be  followed. 

Tlie  convaraion  of  any  given  amount  of  the  dextrine  wort  into  sugar  may  be  affected 
either  by  keeping  up  the  temperature  of  the  mash-tun,  and  prolonging  the  operation  of 
mashing:  or,  winch  is  better  and  aimpler.bymerely  preserving  the  wort  for  a  few  hours 
at  a  beat  of  VHP  F.,  either  in  the  uniierback  or  any  other  convenient  vessel  We  have 
found  from  experiment  tliat  a  wort  which  when  run  out  from  the  mash-tun  had  only  3 
parts  of  sugar  to  16  of  dextrine,  became  by  10  hours'  exposure  to  a  haat  of  185°  con- 
verted almost  altogether  into  sugar, — the  proportions  then  being  1*7-8  of  sugar  to  1-2 
of  dextiine. 

A  very  important  part  of  the  duty  of  a  brewer  should  therefore  be,  first,  the  deter 
mination  of  the  relative  amounts  of'^dextrine  and  sugar  required  to  auit  the  taste  of  his 
customers,  or  the  cireumEtancea  of  tlie  market,  and  next,  the  continued  careful  examin- 
ation of  bis  wort,  bo  as  to  insure  that  these  proportions  are  regularly  maintained ;  for 
by  no  other  plan  is  it  possible  to  insure  that  cei-tainty  of  result,  and  unifoiinity  of  quality 
wliich  are  essential  to  IJie  proper  conducting  of  an  expensive  buaineaa  like  brewing,  it 
seems  to  us  tliat  far  too  little  attention  has  liitherto  been  given  to  the  fluctuating  quali- 
tiaa  of  beer-wori  In  warm  weather,  thia  wort  should  probably  contain  at  least  twice  aa 
much  dextrine  as  in  winter ;  yet  tliis  is  the  very  period  when  from  the  increased  tem- 
perature of  the  air  and  materials,  thelat^eatquantity  of  sugar  must  be  formed  by  those 
who  maah  upon  a  fixed  and  unvarying  iiiineiple.  Hence  die  proneness  of  tlie  wort  to 
feroient  violently  in  summer  ie  still  fui'ther  increased  by  the  presence  of  an  extra  pro- 

Jortion  of  sugar ; — whereas  prudence  would  surest,  under  such  eircumstances,  a  pre- 
ominance  ot  dt^riue,  and  seek  to  e&eut  this  purpose  by  a  low  temperature  in  the 
mash-tun,  and  by  shortening  the  period  of  mashing.  We  are  not^  however,  aware  that 
this  custom  prevails,  except  in  one  or  two  solitary  instances,  in  the  north  of  England, 
where  it  is  well  appreciated.  As  a  general  rule,  in  tlie  management  of  woit,  mora 
sugar  is  requisite  where  small  quantities  are  brewed  at  a  time,  than  where  large  opera- 
tions are  conducted,  for  the  loss  of  lieat  is  relatively  larger  in  small  masses  than  in 
large  ones;  and,  from  what  has  been  stated,  it  must  be  apparent,  that,  as  the  fermen- 
'-'-in  of  dextrine  is  more  easily  checked  by  co!d  tlian  that  ot  sugar,  the  beer  bi-ewcd 


.n  trifling  quantities  could  not  preserve  a  fermentative  temperature,  but  would  become 
chilled  and  dead  from  the  excesdve  radiation  of  caloric,  unless  a  principle  existed  in  it 
capable  of  fermentation  at  the  most  oi'diiiary  temperatures  of  tliis  country.  1%  there- 
fore, beer-wort  consisting  chiefly  of  dextrine  be  fermented  in  very  cold  weather,  or  with 
in  insufficiency  of  yeast,  or  if  the  temperature  happen  to  viae  too  high,  so  as  to  destroy 
ot  impair  the  fermeDtative  power  of  tlie  yeast,  then  a  dull  languid  action  will  ensuei 
aeeompanied  by  what  has  been  called  the  viscous  feiToentation,  and  tlie  beer  becomes 
permanently  ropy,  and  is  spoiled. 

Although,  clearly,  it  would  be  impossible  to  lay  down  any  specific  rule  for  the  proper 
Droporljon  of  dextrine  and  sugar  in  iieor-woi't,  yet  there  could  be  no  difficulty  in  each 


brewer  detei-mining  for  himself,  and  for  the  coiidiljons  if  size,  time  of  snle,  time  of  yea 

and  otiiereoHtingenoiea,  the  requisite  ratio  to  ■--—*-'  '■-'--■•  -  -  '---  --- -' 

hare  shown,  nothing  can  be  simpler  than  the 
pofiitiou  of  wort 

The  advance  of  the  aila  is  gradually  asai 
permit  any  manufacturer  to  negleut  the  assisi 
advantage  of  the  power  of  knowledge,  will  assuredly  leave  their  fellow-labourers  behiad. 
From  bemg  an  unuertain  and  hazai'dous  opecaUon,  brewing  must  ere  long  become  a 
fixed  and  definite  principle  baaed  upon  facta  well  understood,  and  capable  of  perpetual  re- 
petition and  reprodnetion  at  will.  To  sum  up  briefly  the  geuei-ai  detaDs  oi  ale  brewing, 
we  may  state,  tliat,  for  moat  kindaof  ale,  the  attenuation  in  the  first  iuBtance  sliould  be 
finished  in  from  e  to  31  days,  according  to  the  sti'angth  of  the  wort ;  that  thte  attenua- 
tion should  approach  to  two-thirds  of  the  whole  weight;  and  that  after  tunning  and 
eieanaing,  the  ale  itself  should  weigh  about  oiie-fowth  of  the  original  emvity  of  the 
wort  Thus,  if  the  fermenting  tun  be  set  witli  wort  of  37  lbs.,  then  the  attenuation 
slioiild  bring  it  down  to  9  or  10  lbs.,  and  tlie  subsequent  operations  produce  an  ale 
weighing  from  6  to  1  Iba.  When  th^e  coaditiona  are  fulfilled,  without  much  extra 
ti'ouble  or  attention,  the  ale  is  pretty  certain  to  turn  out  well,  though,  insome  localities, 
ale  is  never  attenuated  to  more  titan  one-half  its  original  gravity;  tills  hind  of  ale  is, 
however,  lery  apt  to  become  sour  in  hot  weather  and  ropy  in  cold. 

We  will  now  proceed  to  describe  the  brewing  of  porter,  wliich  differs  from  that  of 
ale  both  iu  the  nature  of  the  materials  used  and  in  flie  mode  of  finishing  the  ferment- 
ation. Porter  owes  its  peouliar  colour  and  flavour  to  b'urnt  saccharine  or  starchy  mat- 
ter ;  and  this  was  formerly  obtained  by  burning  sugar  until  it  exhaled  the  odour  called 
by  Fi'enoh  writers  "  caramel."  At  present,  however,  nothing  but  highly-torrafied  malt 
is  used ;  and  of  this  ffiere  are  several  kinds,  as  brown  mall,  imperial  malt,  and  blauk 
malt;  all  of  whioh  are  used  by  some  brewers,  whilst  others  employ  only  the  brown  and 
blach,  and  a  few  the  black  alone,  for  giving  colour  and  flavour.  The  fermentntiFe 
quality  is  saccharine,  is,  however,  the  same  aa  that  of  ale,  and  is  derived  from  pale  or 
ninber  malt..  As  a  general  rule,  the  ratio  of  the  colouring  and  flavouring  malts  are  to 
the  saecliarine,  as  about  1  to  6,  or  1  to  4;  but  where  black  malt  only  is  used,  the  pro- 
portion does  not  exceed  1  to  10. 

The  employment  of  these  burnt  malts  permits  a  singular  act  of  injustice  on  the  part 
of  the  Excise,  as  regards  the  drawback  on  exportation.  By  fiie  Excise  regulations,  it 
is  assumed  that  a  quarter  of  malt  will  pi-oduoe  tour  barrelsof  ale  browed  from  wortof 
the  sp.  gr.  l'CI54,  or  19-4  lbs.  per  bari'el;  bul^  although  this  is  hopeless  even  with  pale 
malt,  yet  with  on  admixture  of  bi'own  and  blaek  matt  the  assumption  becomes  absurd 
in  tlie  extreme.  Adioittiag  that,  by  good  management,  on  the  average,  four  ban'els  of 
wort,  weighing  SO  lbs.,  can  be  obtained  from  one  quarter  of  fine  pale  malt,  yet  in  the 
operations  of  cooling,  fermenting,  tunning,  skimming,  and  cleansing,  a  losa  of  fully  10 
per  cent,  occurs  under  the  moat  vi^lant  superinteni&noe ;  and,  taking  the  great  bulk 
of  our  metropolitan  breweries,  it  would  be  nearer  the  truth  to  estimate  tJiis  loss  at  12 
per  oani  In  plain  words,  100  gallons  of  wort  will  not,  by  any  management,  produce 
more  than  about  88  gallons  of  saleable  beer,  though  no  allowance  ia  made  fop  this  by 
the  Excise;  and  the  brewer  who  baa  paid  duty  upon  100  gallons  gets  a  drawback  upon 
but  88.  This,  however,  is  the  most  favourable  view  of  tfie  case ;  and  we  sohcit  atten- 
tion U>  the  force  with  which  the  argument  returns  in  the  instance. of  porter. 

If  a  quarter  of  pale  malt  be  assumed  at  Si  lbs.  of  saccharine  strength,  then  such  an 
adinixtureof  brown  and  black  malt  as  is  usually  employed  by  brewei-a  of  porter,  will  nut 
give  mora  than  about  24  lbs. ;  and  BS  this  constitutes  atleastone-fifthof  the  whole  bulk 
used  in  porter  brewing,  we  see  that  a  quarter  of  such  mixed  malt  oau  never  give  more 
than  30  lbs. ;  that  is  to  aay,  80  parta  of  pale  malt,  mixed  with  30  of  brown  and  black, 
instead  of  giving  at  the  rate  of  84  lbs,,  as  pale  malt  alone  does,  would  give  but  70  lbs,, 
or  produce  a  difference  between  the  actual  return  and  that  taken  for  granted  by  the  Ex- 
cise authorities,  of  no  less  than  16'6  jier  cent ;  to  which,  if  we  add  Sie  loss  previously 
mentioned  aa  arising  from  fermentation,  yeas^  Ac,  and  which  we  have  called  la  per 
cent,  a  total  difference  ensuea  of  S8'fi  per  cent,  between  the  duty  paid  by  the  brewer 
and  the  drawback  allowed  by  act  of  parliaments  But  the  gi'ievancedoesnot  stop  here; 
fop  the  only  return  allowed  by  act  of  parliament  ia  based  upon  the  malt  duty,  nnd 
nothing  whatever  ia  said  of  the  duty  on  hops.  This,  however,  is  at  the  rate  of  19s.  7d. 
per  cwt. ;  and  since  hops  yield  only  about  35  per  cent,  of  theip  weight  of  soluble  mat- 
tar,  it  would  require  168  Iba.  of  hops  to  produce  a  barrel  of  fluid  or  wort  weighing  19-4 
lbs.,  OP  having  the  requisite  parliamentary  specific  gravity  of  1-054.  Upon  this  barrel, 
when  exported,  the  drawback  ia  6b.  ;  but  as  may  easily  be  seen,  on  calculation,  tlie  duty 
paid  by  tlie  brewer  lias  been  293.  3(1.  In  fact,  upon  every  168  lbs.  of  hops  consumed 
by  tlie  export  brewer,  he  suffers  a  dead  loss  ol  24s.  ZiL,  independently  of  the  waste 
'iicidental  to  Ills  various  proeeases,    Thuae  things  may  stem  startling,  yet  I  challenge 
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the  wliolo  Board  and  Staff  of  the  Excise  to  prove  that  they  are  ia  the  least  over-esti' 
dated.  At  the  same  time  the  intelligent  reader  wil)  gatlier  tliat  the  profita  of  hrewing 
are  Dot  by  any  means  ao  large  as  a  cursory  glance  At  the  guhjeet  might  w.irrant ;  and 
we  say  this  ratlier  as  having  reference  to  schemes  now  in  progress  for  reduting  tlit 

Erice  of  beer,  than  from  its  vonnectioa  with  our  geaeral  arrangements.  So  doubt  tlie 
rewing  business  has  been  of  late  singularly  prosperous;  and  if  the  price  of  njalC  con 
tinues  as  low  this  year  as  it  was  laa^  the  pablio  have  a  right  to  look  for  soma  reduction 
in  tlie  price  of  ale  aad  porter;  but  it  must  not  be  forgotten  that  the  capital  I'cquired  ia 
lai^,  and  invested  in  very  perishable  materials,  such  as  casks  and  other  wooden  uten- 
sil*, tlie  wear  and  tear  upon  which  is  a  very  lat^e  item ;  nor  again,  as  we  have  ^own, 
niudt  a  speculator  begin  by  assuming,  with  the  Excise  anthoritJes,  tliat  a  quarter  ol 
ma  t  win  produce  four  barrels  of  beer,  for  ho  will  be  much  nearer  tbe  troth  if  he  esti- 
mates liis  saleable  prodnee  at  three  barrels.  As,  however,  it  forma  no  part  of  our 
present  task  to  enter  into  the  financial  statistics  of  brewing;  we  return  to  the  object 
more  immediately  in  view,  merely  throwing  out,  en  passant,  the  above  hints  for  tJie 
benefit  of  those  whom  they  may  concern. 

If  tiie  analyses  of  malt  and  malt-wort  are  requisite  to  enable  the  brewer  to  perform 
his  operations  with  safety  and  success,  the  anah'sis  of  beer  is  not  less  indispensable  to 
qualify  him  for  the  harassing  labour  of  competition  witli  his  neighbours,  and  Cor  the 

Erotection  of  his  interest  against  Excise  confiscation.  Altiiough  tieer  nay  have  been 
rewed  of  the  requisite  gravity  for  justifying  a  drawback  on  exportation,  yet  this  ia 
very  far  indeed  from  ensuring  a  return  of  the  malt  duty,  even  to  the  Uniited  e:(tent 
awai'iled  bylaw.  The  question  is,  how  are' the  Excise  olticials  to  know  the  real  weight 
of  the  wort  from  which  the  beer  was  bi-ewed.  This  may  be  ascertained  by  the  follow- 
ing method,  which  sliould  take  the  place  of  the  pi^ent  indefinite  system: — Having  agi- 
tated a  porUoD  of  the  ale  or  beer,  so  as  to  dissipate  its  carbonic  acid  gas,  measure  ont 
exactly  3600  grain  measures  of  it,  and  pour  tliese  into  a  retort ;  then  distU,  with  sreat 
care,  into  a  receiver,  surrounded  by  ice-cold  water,  about  one-tliird  of  the  whole  fluid, 
or  rather  more  than  (hislf  tlio  ale  or  beer  is  known  to  be  highly  aleoholit  Mext  weigh 
the  distilled  fluid,  and  then  asrartain  its  specific  gravity;  trom  whence,  by  any  of  the 
proper  tables  of  aleoltol  (which  see),  the  total  quantity  of  absolute  alcohol  ia  the  dis- 
tilled fluid  may  be  known.  This  alcohol  is  to  be  converted,  by  calculation,  into  its 
equivalent  of  sugar,  at  the  rate  of  171  parts  of  sugar  for  every  92  of  alcohol  found; 
after  which,  this  sugar  must  be  brought  into  pounds  per  barrtj.bj  the  rale  given  in  our 
article  Beer,  which  is  624  lbs.  of  sugar  for  every  20  lbs.  of  graviW.  The  amount  of 
vinegar  is  next  to  be  determined,  by  any  of  the  known  forms  of  alkalimetry.  {See 
AcKiio  Aom.)  This  vinegar  or  acetic  acid  must,  like  the  alcohol,  be  also  converted  into 
its  representative  of  sugar,  by  assigning  171  of  sugar  to  every  102  of  anhydrous  acetic 
acid  present  in  the  beer, — this  sugar  being,  as  before,  converted  into  pounds  per  barrel- 
To  the  beer  remaining  in  the  retort^  sufficient  distilled  water  is  then  to  be  added,  that 
the  eiitii-e  bulk  of  fluid  may  once  more  be  equal  to  3600  grain  measnres ;  and  lie  tem- 
perature of  the  mixture  having  fallen  to  60*  Fahr.,  its  specific  gravity  must  be  deter- 
mined it)  the  usual  way,  and  tliis  reduced  to  pounds  per  barrel,  Dv  multiplying  the  ex- 
cess above  1000  by  860,  and  dividing  the  product  by  1000.  The  whole  of  tliese  weights, 
added  togetlier,  gives  the  original  weight  of  the  wort  Tims,  for  example,  we  will  sup- 
pose that  8600  grs.  of  a  particular  beer'have  given  1300  gr.  of  a  duutie  aleoliol,  of 
specifie  gravity  -8731,  and  consequently  containing  about  17^-  per  cent,  by  weight,  of 
alcohol ;  again,  that  the  same  quantity  of  beer,  when  tested  by  ammonia,  tuts  indi- 
cated 30  grs.  of  acetio  acid;  and,  iasuy,  that  the  s[>ent  wash,  when  filled  up  with 
distilled  water  to  its  primary  bulk,  has,  at  60",  a  specific  gravity  of  ItjIS; — then  the 
total  alcohol  would  be  in  360  grs.,  or  the  reprraentative  of  a  barrel,  22|  grs.,  and  the 
acetic  acid  in  the  same  quantity,  3  grs.:  hence  we  have  tlie  following  resmts:  — 

GtE,  of  sugar.     Drewer'a  libB. 
Alcohol.  221  grs,,  equal  to  -  .  -  -      42-2     or     16- 

Acetic  acid,  3  grs.  -  .  .  -  -        5-  i-g 

Spent  wash,  of  sp.  grav.  1'016     ....  5'7G 

Total  weight      -  -  23-66 

It  might  be  thought  that  the  proper  kind  of  sugar  to  select  in  tljis  instance,  as  the 
representative  of  alcohol  and  acetic  acid,  should  be  grape  sugar,  whose  atomic  weight 
is  iSO ;  but  it  has  long  ago  been  shown  by  Ilr.  tire,  that  the  kind  of  sugar  actually 
employed  in  (lie  constraction  of  our  saccharameter  tables  must  have  been  cane  sugar, 
tlie  atom  of  wliich  is  171 ;  and  hence  the  reason  w]iy  it  must  be  emploj'ed  in  this 
calculation. 

We  may  now  turn  our  attention  tir  the  business  of  the  distiller,  which  is  a  kind  ol 
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supplemer.tary  operatJOD  to  that  of  the  brcwar.    There  are,  however,  somo  iin[-<u(ftnl 

differences  both  in  iniiahing  and  fermenting^  between  these  two  methods  of  pi'oduuing 

altoliul ;  fa:-  the  prinoipal  object  of  the  brewer  ia  t<>  eeeure  flavour  and  tranapareney 

t«  the  fermented  product,  wliibt  the  sole  care  of  the  distiller  is  Co  ensure  the  complet-e 

nlcohulijatioii  of  all  the  saccharine  and  gummy  constituents  of  thia  wort     We  have 

seen   ha   to  tha  brewer  the  presence  of  daxtrina  waaaaaantial ;  whereas,  in  distillation, 

tn        purely  saccharine  the  wort  the  better.     On  tlib  aeeount,  although  malt  is 

d  a  er  than  raw  grain,  many  eminent  distillera  continue  to  employ  it  Mone,  from 

ha      up     circumstaoee  that  its  relatively  large  contents  of  diastase  furnishes,  in  the 

ra     d      riod  assigned  for  mashing,  an  [nfinitely  more  Bacoliarine  wort  than  can  be 

p    d      d    1  tlie  same  apaca  of  time  from  a  mixture  of  one  part  of  malt  and  seven  or 

f  biriey  meal     Nevertheless  by  maiotainine  the  wort  from  the  latter  at  a 

ffi  temperature  for  a  few  hours,  as  indicated  with  respect  to  beer-wort,  tha 

d  as  a      n  it  would  exert  its  specific  action  upon  the  dextrine,  and,  in  tha  end,  give  as 

sa    ha   n    a  wort  from  mixed  grain  as  from  pure  malt.    Thia  aubjoot  is  peouliariy 

rthy       he  attention  of  distillers;  for  the  sluggish  fermentative  qualitjea  of  dextrine 

a  a   u  h    hat  very  frequently  a  considerable  quantity  of  tius  substance  remains  in  tjie 

wash  unacted  on,  and  passes  away  with  the  residue  as  a  waste  product.     It  is,  indeed, 

customary  for  the  dbtlller  to  seab  a  remedy  for  this,  in  the  employment  of  large  and 

frequently  repeated  additions  of  yeast ;  and  there  can  be  no  doubt  as  to  the  propriety 

of  tills  measure.    Stili,  however,  tlie  true  solution  of  this  difficulty  must  be  referi'ed 

to  a  period  anterior  to  fermentation,  and  it  is  in  the  under-back  where  it  should  be 

grappled  ivith  and  vanquished- 

U  we  examine  with  care  the  catalytic  effect  of  diastase  upon  starch,  we  shall  find 
that  the  time  employed  by  the  distiller  ia  far  too  short  to  achieve  the  object  which 
It  IS  hia  interest  to  bring  about.  In  the  case  of  the  brewei',  many  conditions,  as 
we  iiate  pointed  out^  require  to  be  foreseen  and  provided  for;  and  hence  a  miiform 
eistem  of  mashing  is  to  be  condemned  in  brewing;  buttbe  distiller  has  only  one  single 
(irtumstance  to  bear  in  mw'f,  and  that  is,  if  possible,  the  total  conversion  of  all  the 
hDrdeine,  starch,  dextrine,  and  other  coostituenta  of  his  grain  and  wort  into  sugar. 
In  faof,  iLe  can  scarcely  by  any  chance  mash  too  long  or  keep  his  wort  at  170°  for 
too  manv  hours; — at  all  events,  the  following  observations  demonstrate  that  tlie  time 
now  employed  is  barely  one-fourth  of  that  necessary  for  success,  under  the  most 
favourable  circumstances: — A.  mixture,  composed  of  1  part  of  very  fine  malt  and 
7  parte  of  barley-meal,  was  mashed  with  great  care  in  a  vessel  capabln  of  having  its 
l^mperature  kept  at  any  required  degree  for  many  conseentive  hours.  The  beat  of  the 
water  was  180°;  audit  was  lonnd,  after  thorough  mixing,  that  this  had  fallen  to  163°,  at 
which  point  it  was  accordingly  decided  to  maintain  it,  and  a  eeriea  of  experimental 
essays  were  made  upon  each  sample  of  the  wort,  with  the  view  of  illoatrating  the  pro- 
gressive formation  of  sugar.    The  results  were  as  follows; — 

iLng  -  -  -    1-3  18-7 
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Hence,  instead  of  three  hours,  which  is  the  period  commonly  used  for  masliing,  the 
distiller  would  be  warranted  in  continuing  this  operation  for  twelve  hours.  Ii  reality, 
however,  it  is  only  the  wortwhioli  requires  this  treatment ;  for,  after  the  third  honr,  ^I 
the  starch  and  nearly  the  whole  of  the  Iiordeine  have  become  soluble,  and  nothing  but 
continued  lieat  is  required  to  complete  the  aaocliarification  of  the  wort.  The  working 
of  the  mash-tun  need  not  therefore  be  varied,  as  it  will  suffice  to  maintain  the  undor- 
back  for  6  or  8  hours  at  a  temperature  of  170°.  The  advantage  of  converting  aU  the 
dextrine  into  sugar  is  not  limited  to  tlie  mere  saving  of  materinl,  or  the  production  of 
more  alcohol,  for  there  is  another  and  most  important  object  gained.  Sugar 
ferments  more  freely  and  at  a  lower  temperature  than  dextrine,  consequently  the  heat 
of  the  fermenting  Tat  need  never  rise  soliigh,  nor  require  the  lat^e  quantity  of  yeast 
now  employed  for  the  purpoM  of  forcing  a  rapid  and  hot  fermentation.  Thus  the 
tendency  to  generate  fusel  oil  would  be  destroyed,  aa  there  is  not  the  sligiitest  doubt 
Lhat  the  formation  of  this  oil  is  due  to  an  excess  of  temperature  in  the  fermcnting-vat. 
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and  constantly  bears  a  relation  to  the  nmount  of  dextrine  in  the  woH;  for  this,  as  w* 
liave  before  stated,  necessitates  the  employmciit  of  a  higher ferroentine  heat  tliiin  sii^r, 
by  wliieh  the  eleraentaof  the  deconiposiog  materials  take  on  new  ana  unusual  arrange- 
ments The  presence  of  fusel  oil  in  spirit  is  a  serious  impediment  to  tJie  distiller,  aud 
eitlier  retards  the  sale  of  his  produce,  or  diminishes  its  vaino  in  the  market 

As  usual,  the  E^ceise  reKulatJous  interfere  much  with  the  progress  of  this,  as  of  every 
othei  manufacture  under  fiscal  superintendence.    Careful  to  prevent  fraud,  they  cripple 


areful  to  pre 
y  of  the  lab 


It  were,  to  secure  the  honesty  of  thelabourer  by  cutting  ol 
hand  — Ignorant  or  careless,  raeauwhile,  of  the  permanent  mischief  whieb  they  inflict. 
1  et  we  know  of  no  more  fltting  subject  for  fiscal  burdens,  than  the  manufacture  of 
ardent  ipirits ;  and  had  Excise  interference  been  limited  to  this  branch  of  industry,  we 
should  have  deemed  it  a  matter  for  congratulation,  rather  than  otherwise.  Neverthe- 
]c^  consistency  is  a  kind  of  virtue  in  pmitics;  and  we  cannot  imagine  why  the  quasi 
superioi  mora^  and  intellectual  status  of  Ireland  is  oontinually  temjil«d  to  err,  by  a  low 
duty  ot  but  2a,  Sd,  per  gallon,  whilst  nearly  three  times  this  amount  is  needed  to  r^r.rest 
the  baa  uaUtsof  the  people  of  England.  The  duty  now  charged  is,  for  England  li.  lOd., 
for  ':iLOtlaud  Si.  Si,  and  for  Ireland  S«.  Sd.  per  gallon  of  proof  spiiita:  but  on  what 
pnneiple  this  graduated  scale  of  temptation  to  drnnkenness  lias  been  sc  fined,  we  are 
anite  unable  to  conceive.  To  return,  however,  to  tlie  question  of  distillation,  the  duty 
.n  be  charged  the  distiller  in  any  one  of  three  ways, vis,  according  to  the  gravity  of  the 
_... ....  _..._....=  ._  ....... u_. _._..__.   ._,_..,_  .,     .  .^^jj|. 


in  of  tliat  wort  by  feimentation ;  or  lastly,  the  actual  quan- 
tity of  spirit  which  he  produces;  the  latter  being,  of  course,  the  only  just  mode  of  charge. 
The  restrictions  and  penalties  are  excessive,  as  our  courts  of  law  too  frequently  testify  ; 
«ad  the  notorious  prevalence  of  smu^ling  seems  to  prove  that  the  present  rates  of  duty 
ai  e  too  high,  and  offer  a  premium  for  fraud  greater  than  the  terror  of  a  temporary  im- 

Erisoninent.  The  greatest  improvement  in  modern  times,  as  regards  distillation,  is  that 
ivught  about  by  the  invention  of  the  apparatus,  now  well  known  tinder  the  name  of 
"CiOltev  B  stiU."  It  would  be  foreign  to  our  task  to  give  a,  minute  description  of  this 
contrivance  here  (see  St(LL)-,  its  principle  is  dmilar  ta  that  of  the  "cascade  ohi- 
mique"  of  Clement  Desormes.  The  wor^  or  other  fluid  to  be  dbtilled,  is  made  to  flow 
ovei  a  very  extensive  surface  in  contact  with  a  current  of  steam  pas^i^  in  an  opposite 
diieLtion;  by  which  means  the  steam  is  condensed,  and  giving  up  its  latent  heat  to  the 
more  volatile  spirit,  this  latter  is  driven  on  into  the  condenser  in  a  state  of  great 

riitj  whilst  the  residuary  wort  and  the  condensed  steam  fiow  ontof  the  vessel  from 
iieath  in  a  continual  stream.  Mr.  Coffey  had  many  impedimenta  to  contend  with, 
from  the  opposition  of  the  lilncise  authorities,  in  his  first  attempt  to  introduce  this  in- 
genious invention  into  public  use;  but  prejudice  and  ignorance  have  at  length  uiven 
wa^  and  the  Coffey's  still  maybe  now  seen  in  operation  at  almost  every  large  distillery 
in  till,  kingdom.  After  the  distiller  has  paid  dutj?  on  the  spirit  which  he  has  manufao- 
tuied  It  is  transmitted  to  the  rectifier,  whose  premises  must  be  at  a  considerable  distance 
fiom  the  distillery,  according  to  act  of  parliament.  The  business  of  the  reeti6er  is  to 
puiify  the  spirit  by  separating  its  fusel  oil;  and  this  he  commonly  effects  through  the 
agencj  of  caustic  potash.  The  impure  spirit  being  mixed  with  a  portion  of  potash, 
and  carbonate  of  potash,  is  carefully  distifled  or  rectified,  until  it  ceases  to  possess  any 
disagreeable  odour,  when  it  is  again  distilled  in  contact  with  certain  aromatic  substancea, 
t*i  give  it  the  requisite  qualities  of  the  particular  spirit  or  liquor  desired.  There  is,  how- 
ever, too  much  reason  hi  fear  that  the  necessary  measui'eB  of  purification  are  neglected 
in  tiie  case  of  common  gin, — the  defect  being  merely  covered  or  concealed  beneath 
more  powerful  odours.  This  practice  cannot  be  too  strongly  reprobated ;  for  experi- 
ments made  purposely  on  dogs  have  convinced  us  that  fusel  oil  is  a  highly  poisonous 
substance,  and  possesses  acro-narcotio  powers  of  no  ordinary  energy.  l€  removal  from 
an  article  of  universal  consumption,  like  spirits,  ought  therefore  to  be  deemed  an  im- 
portant subject  for  sanitary  leg'slation,  and  not  left  to  tbe  casual  skill  or  dubious 
Eionesty  of  any  class  of  manafactnrers  whatever.  There  is  more  or  less  fusei  oil  in  all 
tlie  giu  we  have  examined. 

BKICK.  (Briqite,  Yc. ;  Sacksteine,  degelsteine.  Germ,)  A  solid,  commonly  rectan- 
gular, composed  of  clay  hardened  by  heat,  and  intended  for  building  purposes.  The 
natural  mixture  of  clay  and  sand,  called  Iowa,  as  well  as  inarl,  which  consists  of  lime 
and  clay,  with  little  or  no  sand,  constitutes  also  a  good  material  for  making  bricks. 
The  poorer  the  marl  is  iu  lime,  the  worse  adapted  it  is  for  agricultural  purposes,  and 
the  better  for  the  brick  manufacturer,  being  less  liable  to  fuse  in  his  kib.  When  a 
natural  compound  of  silica  and  clay  can  be  got  nearly  free  from  lime  and  magnesia,  it 
forms  a  kind  of  bricks  very  refractory  in  the  furnace,  hence  termed  jSre-frrictA  Sucli  a 
material  is  the  slatenilay,  Khieferthim,  of  our  coal  measures,  found  abundantly,  and  of 
excellent  quality,  at  Stourbridge,  and  in  the  neighbourhood  of  Newcastle  and  Glasgow. 
The  London  bnck-maiers  add  to  the  day  about  one-third  of  coal  ashes  obtained  from 
Jie  kitchen  dust-holes ;  so  that  when  the  bricks  are  put  Into  the  kiln,  the  quantity  of 


BRICK. 


coaly  matter  iittncheil  to  their  surface  serres  to  eeonomise  fuel,  and  irrntea  them  lens 
apt  to  slirink  in  the  fire  ]  though  they  are  leaa  compact,  and  probably  less  durable  tbao 
tlie  bricks  made  in  the  coal  districts  of  England. 

Tlie  general  process  of  brick-ma  king  eoHBisla  in.  dicing  up  the  clay  iu  autnnin ; 
espoaing  it,  during  the  whole  winter,  to  the  frost,  and  the  action  of  the  air,  turning  it 
repeatedly,  and  working  it  witli  the  spade ;  breaking  down  the  clay  lamps  in  spnug, 
thi'owing  them  into  shiUlowpita,  to  be  watered  and  soaked  for  several  days.  Tlie  next 
step  ia  to  temper  the  clay,  which  ia  generally  done  by  the  treading;  of  men  or  oxen, 
in  tba  noiahbonrhood  of  London,  however,  thia  process  is  performed  in  a  horse-mill. 
The  kneaifing  of  the  cliiy  is,  in  fact,  the  most  latorious  but  indiapensable  part  of  the 
wliole  business;  and  that  on  whioli,  in  a  great  measure,  the  quality  of  the  brioka 
dcpeiida.  All  the  atones,  partieniarly  the  ferruginous,  oaleareous,  and  pyritoua  kinds, 
siioiild  be  removed,  and  the  clay  worked  into  a  homogeneous  paate  with  as  little  water 
as  possible. 

Tbo  eai'th,  being  sufficiently  kneaded,  ia  brought  to  the  bench  of  the  moulder,  who 
works  the  clay  into  a  mould  made  of  wood  or  iron,  and  strikes  off  the  superfluous 
matter.  The  hricka  are  next  delivered  from  the  mould,  and  ran^d  on  the  ground; 
and  when  they  have  acquired  sufficient  firmness  to  bear  handling,  they  are  drsssed  with 
a  biiife,  and  staked  oc  built  up  in  long  dwarf  walls,  thatched  over,  andlefl  to  dry.  An 
able  workman  will  make,  by  hand,  5000  bricks  in  a  day. 

The  different  kinds  of  bricks  made  in  England  are  principally  oiace  trkki,  gray  and 
red  flocks,  inaH  facing  biickt,  and  cutting  brieks.  The  place  bncks  and  stocks  are  used 
in  common  walling.  The  marla  are  made  in  the  neighbourhood  of  London,  and  used 
in  the  outside  of  buildings;  they  are  very  beautiful  bricks,  of  a  fine  yeUow  colour, 
hard,  and  well  burnl^  and,  in  every  respect^  auperior  to  the  atoeks.  The  finest  kind  of 
marl  and  red  bricks,  called  catting  bricks,  are  used  in  the  arches  over  windows  and 
doors,  being  rubbed  to  a  centre,  and  gauacd  to  a  height, 

III  France  attempts  were  long  ^o  made  to  substitute  animals  and  machines  for  the 
rending  of  men's  leet  in  the  clay  kneading  pit ;  but  it  waa  found  that  their  schen 


iniform,  and  more  durable,  the  bricks  which  are  made  of  it  A  good 
F  e  1  wirkman,  in  aday'slabourof  ]2or  lSbours,it  haebeensaid,  is  able  to  mould 
fron  KM>  to  10,000  bricks,  9  inches  long  4}  inches  broad,  and  2^  thick ;  but  he  must 
Mr<  good  assistants  under  him.  In  many  brickworks  near  Pans,  screw-presses  an 
aow  used  for  consolidating  the  bricks  and  paving  tiles  in  their  moulds.  M,  Mollerol 
fmi  I  ed  the  hjdranlic  pres?  for  the  purpose  of  condensing  pulverized  clay,  which, 
aUcr  bii.  ng,  formed  beautiful  bricks;  but  the  process  waa  too  tedious  and  cosily.  An 
in^en  nus  contrivance  for  moulding  bricks  mechanicaUy,  is  said  to  be  employed  near 
Wa  h  n«on,  in  America.  This  machine  moulds  30,000  in  a  day's  work  of  l2  hours, 
w  th  the  help  of  one  horse,  yoked  to  a  i;ia  wheel,  and  the  bricks  are  so  dry  when 
d  scharoed  from  their  moulds,  as  to  be  ready  for  immediate  burning.  The  machine  is 
described  with  figures,  in  (he  BuUeiva  de  la  Sodilf:  d'EncouTagemEnt  for  1819,  p.  3fil. 
Sfe  fnr  her  oa,  an  account  of  our  recent  paten'a. 

Bricks,  in  this  country,  are   generally  baked  eith      '  1  mp  or   '        kin     The 

latter  is  the  preferable  method,  as  less  waste  arises,  lesfl  qnumd  dtlbk 
are  sooner  burnt.  The  kiln  is  usually  13  feet  long,  hy  lOi  f  t  w  d  d  bo  t  1  ft 
m  height.    The  walls  are  one  foot  two  inches  th   k  d     p       1  tl        t    f  th 

perpendicular,  inchning  towards  each  other  at  the  t  p     Th    h     k  pi      d        fl  t 

arches,  having  holes  left  in  them  resembhng  lalli     w   k     th    h  1         th  d 

with  pieces  of  tiles  and  bricks,  and  some  wood  put       t    dry  th  m  w  h      g    tl     fi 
This  continues  two  or  three  days  before  they  are  ready  f     bum    g  wh   h       k  h 

the  smoke  turning  from  a  darkish  color  to  transpar  t  Th  mo  th  m  h  f  th 
kiln  are  now  dammed  up  with  a  shijUog,  which  co      t      f  p  f  b     k    [  led 

upon  another,  and  closed  with  wet  brick  earth,  leav  b  t  j  t  ro  m  ffi  It 
receive  a  fagot.      The  fagots  are  made  of  furze,  heahbkf        &  dthkln 

is  supplied  with  these  until  its  arches  look  while,  and  th  ii  ppear  t  th  t  p  p 
which  the  fire  is  slackened  for  an  hour,  and  the  kU     ■ill  w  d  e    d  all    I  1     Th 

healing  and  cooling  is  repeated  until  the  bricks  be  th  ro  hly  b  t  h  h  g  rally 
done  in  48  hours.     One  of  these  kilns  will  hold  aboi    20  000  h     k 

Clamps    are  also  in  common  use.     They   are   m  d       f  th      brj  k     tl    m    1  i 

generally  of  an  oblongform.      The  foundation  is  laid  w  th  p/       6     t        th    d  f 

those  just  made,  and  then  the  bricks  to  be  burnt  ace  b    it    p  I         po    t  h    h  as 

the  clamp  is  meant  to  be,  with  two  or  three  inches  of  b  d  re  ed  b    w 

each  layer  of  bridts,  and  the  whole  covered  with  a  th   k    trat  m   f  b  Th    fir 

place  is  perpendicular,  about  three  feet  high,  and  ge  lly  pi  ed  t  th  w  t  d  d 
the  flues  are  formed  by  gathering  or  arching  the   bncks  over,  so  as  to  leave  a  spsCB 
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between  each  of  nearly  a  brick  w  d 
aie  filled  with  wood,  coals,  ami  b 
be  burnt  off  qulclily,  which  may  b     tl 
may  suit,  the  flues  should  he      Ij 
immedioite  hurry,  they  may  be  pi 
ofl"  slowly. 

PJoaling  bricks  are  a  very  an  t 
»nd  Piiny  tells  us,  that  they  w  m 
Pittnne,  En  Asia.  This  invent  ,  I 
published  a  discovery  of  a  melhod 
Acci-nling  10  Posidonius,  these 


ht  th        h  til      bimp 


t  M 


th 


II 
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juitatc  Ihe  floating  bricks  of  the  e 
made  of  a  kind  of  argillaceous  earth,  which 
iployed  to  clean  silver  plate.  But  as  il  could  not  be  our  tripoli,  which  is  too 
heavy  to  float  in  water,  M.  Pabbroni  tried  several  experiments  with  mineral  argaric, 
guhr,  lac-lunae,  and  fossil  menl,  which  last  was  found  to  be  the  very  substance  of  which 
he  was  in  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Casleld  el  piano, 
in  the  territories  of  Sienna.  According  to  the  analysis  of  M.  Fabbroni,  it  consists  of 
55  parts  of  siliclous  earth,  15  of  magnesia,  14  of  water,  12  of  alumina,  3  of  lime,  and  1  of 
iron.  It  exhales  an  ai^lllaceous  odor,  and,  when  sprinkled  with  wnter,  throws  out  • 
light  whitish  smoke.    It  is  infosible  in  the  fire;   a        h    gh        os  h 

part  of  its  weight,  its  bulk  is  scarcely  diminished.    B    k    compos  this 

either  baked  or  unbaked,  float  in  water;    and  a  twe        h  m  ed  to 

their  composition  without  taking  away  their  prop  rty         w  mm  T 

resist  water,  unite  perfectly  with  lime,  are  subject  to        al  m 

and  the  baked  dilfer  Irom  the  unbaked  only  in  the  so  whi 

acquired  from  the  fire.    Their  strength  is  litile  infe 

much  (freaier  in  proportion  to  their  weight;    for  H     F  fi 

brick,  measuring  T  inches  in  length,  4J  in  breadth,  h  es 

ness,  weighed  only  14J  onnces;  whereas  a  common  w       ed  5  po  6}  es 

The  use  of  these  bricks  may  be  very  impovlanl  in  th  po   d      m 

and  reverberatcry  furnaces,  as  they  are  such  bad  con         rs       b 
be  made  red  hot  while  the  other  is  held  in  the  hand.    T  ol      be    m 

buildings  that  require  to  be  li;ht ;  such  as  cooking-p  in      ps  fl  ba       es, 

the  parapets  of  which  would  be  proof  asainst  red-ho  b      ts 
The  foUowing  pkn  of  a  furnace  or  kiln  for  bami  es     as 

Mg.  IBS.,  front  view,  a  *,  B  e,  the  solid  walls  ot  tna  hlmace  ,000,  operanm  1«  the 
ash-pit,  and  the  draught  hole,  b  b  b,  opeiiinga  for  tiie  supply  of  fuel,  furnished  with  a 
sheet-iron  door.    Mff.  199   Plan  of  the  nsh  pits  and  air  olinnnelsoco.    "" 
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sb-pit  D  DD  IS  al»o  the  oj^ninEf  for  taking  out  the  tiles  after  removing 
the  smoka  fine.  I^g  2(10  PInn  of  the  kiln  seen  from  aboie  Ilia 
grates  h  n  h  Tha  tdes  to  bo  filed  are  arranged  upon  the 
spaces//'// 

Mff.  3i)l.  is  the  plan  and  aaotion  of  one  of  the  grates  upon 
a  much  larger  scale  than  in  the  preceding  figures. 

Mechamcal  brick  mowiifin^.— Messrs.  Lyne  and  Stalnford  ob- 
tained in  August,  1S25,  a  jiatant  for  a  machine  for  making  a 
oonsiderahla  number  of  bnoka  at  one  operation.  It  consists,  in 
the  first  place,  of  a  cylindrical  piig-mill  of  the  kind  usually  em- 
ployed for  comminuting  clay  for  bricks  and  tiles,  furnished  with 
rotatory  knives,  or  cutters,  for  breaking  the  lumps  and  mixing 
the  clay  with  tha  other  materials  of  which  bricks  are  commonly 
made.  Secondly,  of  two  movabla  moulds,  in  each  of  which 
201  fifteen  bricks  are  made  at  once ;  these  inonlds  being  made  to 
travel  to  and  fro  in  the  machine  for  the  purpose  of  being  alter- 
nately brought  under  tha  pug-mill  to  be  fitted  with  ihe  clay. 
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and       n     m      d  u     ons  where  plungers  are  enablefl  to  act  upon  them.    Tli  ii-diy, 

uj  a  a       b    »      li    he  plungers  are  made  to  deseond,  for  tlie  purpose  of  oom- 

Issing    li     n  ate         ad   disuharging  it  fifm  th«  mould   in  the  form  of  briets. 
u      Ij    n     e  me  h  d        onstnioting  and  working  trucks  wMeh  carry  tlia  receiving 
b  a  lis,  and     ndu     tli    b     ka  away  as  they  are  fui-med. 
Fff  20  b   8    ii    g  naral  oonstruotion  of  the  ftpparatus;  both  ends  of  which 

K      a  m  a  more  than  half  of  the  macliine  is  represented,      a  is  the 

1,   h        jartly  in  Bcction,  which  is  supplied  with  the  clay  and  other 


materials  from  a  hopper  aboTe ;  6  5.  are  the  rotatory  Itnives  or  cutters,  which  are  at 
taehed  to  the  vertical  shafli  and,  being  placed  obliquely,  press  the  clay  down  towards  the 
bottom  of  the  cylinder,  in  the  act  ofbrealing  and  mixing  it  as  the  siiaft  revolves.  The 
lower  part  of  the  cjhnder  is  open ;  and  immediately  under  it  tiie  mould  is  placed  in 
which  the  bricks  are  to  be  formed.  These  moulds  run  to  and  fro  upon  ledges  in  the 
side  frames  of  the  machine ;  one  of  the  moulds  only  can  be  shown  by  dots  in  the  figure, 
the  side  rail  iutervening ;  they  are  sittiated  at  c  c,  and  are  formed  of  bars  of  iron 
cfossiiig  eaeh  other,  and  encompassed  with  a  frame.  The  mould  resembles  an  ordinary 
sash  window  in  its  form,  being  divided  into  rectangular  compartments  (fifteen  are  pro- 
posed in  each)  of  the  dimensions  of  the  intended  bricks,  but  sufficiently  deep  to  allow 
the  material,  after  being  considerably  pressed  in  the  mould,  to  leaie  it;  wheii  dis- 
charged, of  the  iisnal  thickness  of  a  common  brick 
Tho  mould  being  open  at  top  and  bottom,  the  material  is  allowed  to  pass  ii  ' 


when  situated  exactly  mider  the  cylinder;  and  the  lower  side  of  the  mould,  when  s< 
placed,  is  to  be  closed  by  a  flat  board  d,  supported  by  the  trunk  e,  which  is  raised  bv  i 
lever  and  roller  beneath,  running  upon  a  plane  rail  with  inclined  ei 


The  central  shaft;  /,  is  kept  in  continual  rotatory  motion,  by  the  revolution  of  the 
ii[ipcr  horizontal  wheel  ^,  of  which  it  is  the  axis;  and  this  wheel  may  he  turned  by  a 
lioi'se  yoked  t«  a  radiating  arm,  or  by  any  other  means.  A  part  of  tbe  oiroumference 
of  the  wheel  o,  hcs  teeth  which  areint-^uded  at  certain  periodsof  its  revolution  to  tafee 
into  a  toothed  pinion,  fixed  upon  tho  top  of  a  vertical  sliaft  h  k.  At  the  lower  part  of 
tliis  vertical  shaft,  there  is  a  pulley  i,  over  which  a  chaia  is  passed  that  is  connected  to 
the  two.noalds^,  and  to  the  frame  in  which  the  tiucfes  are  supported;  by  the  rotation 
of  the  vertical  shatt,  the  pulley  winds  a  chain,  and  draws  the  moulds  and  truck  frames 
along. 
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h,  and  turn  it  and  the  aliaft  and  pulley  i,  by  ■whicli  the  chain  is  wound,  and  the  mould 
at  the  right  hand  of  the  machine  brought  into  the  situation  shown  in  the  figure;  a 
scraper  or  eijge-bar  under  the  pug-mill  hating  levelled  the  uppei'foec  of  the  day  intha 
mould,  and  the  board  d,  supported  by  tha  truck  e,  formed  tlie  flat  under  side. 

Tiie  mould  being  brought  into  this  position,  it  ia  now  necessary  fj)  oompress  thema- 
tprials,  which  is  done  by  the  descent  of  the  plungera  k  k.  A  friction-roller  I,  pendant 
£[-!>□)  the  under  eide  of  the  iiorizoutal  wheel,  as  that  wheel  revolves,  comes  in  contact 
with  on  inclined  plane,  at  the  top  of  the  shaft  of  the  plungers;  and,  as  the  friction- 
rollef  passes  over  tliie  inclined  plane,  the  plungers  are  made  to  descend  into  the  mould, 
and  to  compress  tlie  material;  the  resistance  of  the  board  beneatb  causing  the  clay  to 
be  squeeied  into  a  compact  state.  When  this  has  been  effeotuaUj  iccomplished,  the 
further  descant  of  the  plungers  brings  a  pin  at,  against  the  upper  end  of  a  quadrant 
catcb-lever  n,  and,  by  depressing  this  quadrant,  causesthe  balance-lever  upon  wbich  the 
trnck  is  now  supported  to  rise  at  that  end,  and  to  allov  tiie  truck  with  the  board  tjto 
ilesoend,  as  shown  by  dots ;  the  plungers  at  the  same  time  forciog  OQt  the  bricks  from 
the  moulds,  whereby  they  are  deposited  upon  the  board  rf;  when,  by  drawing  the  truck 
foi-waid  out  of  the  machme,  the  board  with  the  bricks  may  be  removed  and  replaced  by 
another  board.  Tlie  truck  may  then  be  again  introduced  into  the  machine,  ready  to 
receive  the  next  parcel  of  bricks. 

By  the  time  that  the  discharge  of  the  bricks  from  this  mould  has  been  effected,  t]ie 
other  mould  under  the  pug  cylinder  has  become  filled  with  the  clay,  when  the  teeth  of 
the  horizontal  wheal  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical  shaft, 
e^iaetly  similar  to  that  at  h,  but  at  tha  reverse  end  at  the  machine,  and  cause  the 
moulds  and  the  frame  supporting  the  trucks  to  bestidden  to  the  left  end  of  the  machine; 
tlie  upper^urfaoe  of  the  mould  tieiug  scraped  level  in  its  prioress,  in  the  way  already 
described.  This  movement  brings  the  friction-wheel  o,  up  the  inclined  plane,  and 
thereby  raises  the  truck,  with  the  board  to  the  nnder  side  of  the  mould,  ready  to  receive 
another  supply  of  clay  ;  and  the  mould  at  the  left  hand  side  of  the  machine  being  now 
in  its  proper  situation  under  the  plungers,  the  clay  becomes  compressed,  and  the  bricks 
discharged  from  the  mould  in  the  way  described  in  the  former  instance ;  when  this  truck 
being  drawn  ont^  the  bricks  are  removed  to  be  dried  and  baked,  and  anothar  board 


placed  in  the  some  situation.  There  are  boxes,  p,  (ipon  each  side  of  the  pug  cvlinder 
containing  sand,  at  the  lower  parts  of  which  small  sliders  are  to  be  opened  (by  con- 
trivances not  shown  in  the  figure)  as  tha  mould  passes  under  them,  for  the  purpose  of 
scattering  eand  upon  the  clay  in  the  mould  to  prevent  its  adhering  to  tbe  plungei's. 
There  is  also  a  racK  and  toothed  sector,  with  a  balance- weight  connected  to  the  inclined 
plane  at  the  top  of  the  plunger-rods,  for  the  purpose  of  raising  the  plunger  after  the 
friel ion-roller  has  passed  over  it.  And  there  is  a  sprinz  actin°  against  the  back  of  the 
qnad rant-catch  for  the  purpose  of  tlirowing  it  Into  its  former  situation,  afler  the  pin  of 
the  plunger  has  risen. 

One  of  thelalest.  and  apparently  most  eflective  tnnchines  Ibr  brick-making,  is  that 
pstenled  by  Mr.  &ward  Jones,  of  fiifmii^ham,  in  Augnsl,  1835,  His  improvcmenlB 
are  described  under  four  heads;  the  first  applies  to  a  machiiie  for  mouldini"  the  earth 
into  bricks  in  a  circular  frame-plate  horizontally,  containing  a  series  of  moulds  or  rei!> 
lansular  boxes,  standing  radially  ronnd  the  circumference  of  the  circnlor  frnmc,  into 
which  boxes  successively  the  clny  is  expressed  from  a  stationary  hopper  «s  the  frame 
revolves,  and  after  being  so  formed,  ibe  bricks  afe  successively  pushed  out  of  Ihcir  boxes, 
eacli  by  a  piston,  acted  upon  by  an  inclined  plane  bcluw.  The  second  head  of  the  spe- 
cification describea  a  recian^nlar  horizontal  frame,  having  a  series  of  mouldinir  boxes 
placed  in  n  straight  range,  which  are  acted  upon  for  pressing;  the  day  by  a  corresponding 
range  of  pistons  fixed  in  a  horizontal  frame,  worked  up  and  down  by  rods  extending 
fnim  a  rotatory  crank  shaft,  the  moulding  boxes  being  allowed  to  rise  for  the  purpose  of 
enabling  the  pistons  to  force  ont  the  briciis  when  moulded,  and  leave  them  upon  the  bed 
or  board  below.  The  third  head  applies  particulaily  to  Ihe  making  of  tiles,  for  the 
flooring  of  kilns  in  whicli  malt  or  grain  is  lo  be  dried.  There  is  in  (his  contrivance  a 
tcctangnlar  mould,  with  pointed  pieces  standing  op  for  the  purpose  of  producing  air- 
holes through  the  tiles  as  they  are  moulded,  which  is  done  by  pressing  the  clay  into  the 
moulds  upon  the  points,  and  scrapin:  off  the  superfluous  mailer  at  top  by  hand.  The 
fourth  or  last  head  applies  to  moulding  chimney  pots  in  double  moulds,  which  lake 
lo  pieces  for  the  purpose  of  withdrawing  Ihe  pot  when  the  edges  of  the  slate  or  sides  are 
su^cienlly  brought  into  conlacl. 

"  The  drawing  which  accompanies  the  specification  very  jnperfeclly  represents  some 
parts  of  the  apparatus,  and  the  description  is  stilt  more  defeclive ;  but  as  we  are  ac- 
quainted with  the  machinery,  we  will  endeavor  to  give  it  an  intelligible  form,  and  quote 
Ihose  parts  of  the  specification  which  point  the  parlicnlar  features  of  novelty  proposed  to 
ne  claimed  by  the  patentee  as  his  invention,  nnder  Ihe  several  heads."  * 
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Fig  20i  repreMils  m  ele 
valion  the  first  nent  oned  mi 
ch  n?  Tor  mould  ns  b  icki  Th^ 
moulds  are  lonned  in  the  face 
oF   E    ere  lar   plate   or   wheel 

face  of  which  is  rep  e=enled  n 
the  honloulal  k  ew  Jie  au4 
4nv  eonvenient  number  ol  these 
moulds  are  cet  radially  m  the 
wheel  which  s  moan  led  upon 
B  eentrsi  i  not  s  pporled  bj' 
the  masonry  i  ft  Tl  ere  s  a 
nm  of  leeth  rnnnd  ihc  o  er 
else  of   the  wheel   a  a    nl  ch 

coiineeled  to  (he  first  moicr 
and  by  lhe«e  means  the  'xheel 
a  with  the  moaldinf  boxe«  e 
made  to  rev  Ive  horizontally 
.-uided  hi  ■  - 


r  Her" 


itnl  plale  I 
onry. 


1,  fiied  upc 


a  the 


A  hijpper,  e,  filled  with  the 
britk  earth  ahown  wilh  one  of  the 
mouldins  boxes  in  section,  is  fixed 
aid  ve  the  face  of  the  wheel  in  such  a  way  that  the  earth  may  descend  from  (he  hopptr 
int  Ihe  »eve  al  mouldins  boxes  as  the  wheel  passes  round  unifer  it ;  the  earth  hein? 
p  e  sed  nto  Ine  moulds,  and  its  surface  -scraped  oil'  smooth  by  a  conical  roller/,  in  the 
bo  nm  ol  the  hopper. 

Thp-ongh  the  bottom  of  each  monlding  box  there  is  a  hole  f»r  the  passage  of  a  piston 
rod  p,  the  upper  end  of  which  rod  carries  a  piston  wilh  a  wooden  pallet  upon  it,  acting 
within  the  moulding  box;  and  the  lower  end  of  this  rod  has  a  small  anli-frielion  roller, 
which,  as  Ihe  wheel  n  revolves,  runs  round  upon  the  face  of  an  oblique  ring  or  inclined 
wnv,  ft  k,  fixed  upon  Ihe  masonry. 

1'he  clay  is  introduced  into  the  inouldinE  boxes  Irom  the  hopper,  lisi-fl  over  the  lowpal 
pari  of  (he  inclined  way  k,  and  it  will  be  perceived  Ihat  as  the  wheel  revolves,  the  piston 
rods  g,  in  passing  op  the  inclined  way,  will  canse  the  pistons  to  lorce  Ihe  new-moulded 
bricks,  witik  their  pallet  or  board  under  Lhem,  severally  up  the  mould,  into  the  situaiion 
shown  at  i,  in  fig.  203,  from  whence  they  are  lo  be  removed  by  hand.  Fresh  pallets 
bein^  then  placed  npon  Ihe  several  •  pistons,  Ihey,  wiih  the  moulds,  will  be  reaily  for 
mouldins  fresh  bricks,  when,  by  the  rolalion  of  Ihe  wheel  a,  Ihey  are  severally  brought 
under  the  hopper,  the  pistons  having  sunk  to  the  bottoms  of  their  boxes,  as  Ihe  piston 
rods  pFissed  down  the  olhcr  side  of  the  inclined  way  k. 

The  patentee  says,  alter  having  described  the  first  head  of  his  invention,  he  would 
have  it  understood  that  Ihe  same  may  be  varied  without  departing  fnim  Ihe  main  object 
of  the  invention  ;  viz.,  thai  of  arranging  a  series  of  moulds  when  worked  by  means  of  an 
inclined  track,  and  in  such  manner  that  bricks,  tiles,  or  other  articles  made  of  hricW 
earth,  may  be  capable  of  being  formed  in  a  inoold  wilh  pallets  or  boards  laid  within 
the  moulds,  and  conslilnting  the  bottom  thereof,  the  briclis  being  removed  from  out  cf 
the  moulds,  with  the  pallelB  or  boards  nnder  them,  as  above  descrilied.  "  I  do  not,  Ihere- 
fore,  cnnfine  myself  to  the  precise  arrangement  of  the  machine  here  shown,  though  it  is 
the  best  wilh  which  I  am  acr|uain(ed  for  the  purpose." 

The  second  head  of  the  invention  is  another  conslruclion  of  apparatus  lOr  moulding 
br-icks,  in  this  instance,  in  a  rectangular  frame.  Fig.  SOS  is  a  front  elevation  of  the  ma- 
chine r  ^g.  e06,  a  section  of  the  same  taken  transversely,  a  a  is  the  standard  frame-work 
and  bed  on  which  the  bricks  are  to  be  moulded.  Near  the  corners  of  this  standard 
frame-work,  four  verlical  pillars  ft  ft  are-erected,  upon  which  pillars  Ihe  frame  of  the 
moulding  boxes  c,  slides  up  and  down,  and  also  the  bar  d.  carrjine  the  lods  of  the  pis- 
litnaece.  These  pistons  are  for  Ihe  purpose  of  compressing  the  clay  in  the  moulding 
box,  and  therefore  must  stand  eiactly  over  and  correspond  with  the  respective  moulds 
in  the  frame  e  beneath. 

The  slidii^  frame  c,  conslituling  the  sides  and  ends  of  the  moulding  boxes,  is  sup- 
ported at  each  end  by  an  upright  slidii^  rod  /,  which  rods  pa^s  through  guides  fixed  to 
the  sides  of  the  standard  frame  ao,  and  at  the  lower  end  of  each  there  isa  roller,  hearing 
upon  the  levers  g,  on  each  side  of  the  machine,  but  seen  only  in  Jig.  206,  which  levers 
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when  depressed,  allow  tho  movilding  boxes  to  descend,  and  rest  upon  the  bed  or  table  i»i 


placed  upon,  and  spread  o' 

the  descent  of  the  plunger  or  piat 

moulds,  and  the  bnelis  to  be  fora 


table,  the  briek-earth  is 


(>b« 


s  e,  will  cause  the  earOi  to  be  forced  into  the 
)  (armed  therein.  To  effect  this,  rotaiory  power  is  to  be 
applied  to  the  tootied  wheel  i,  filed  on  the  end  of  the  main  drivine  orant  shaft  t  k, 
which  on  revolving  will,  by  means  of  the  crank  rods  1 1,  bringdown  the  bar  o,  with  the 
pistons  or  plungers  eee,  and  compress  the  earth  compactly  int«  the  moulds,  and  thereby 
torni  the  brieks. 

When  this  has  bean  done,  the  brioka  are  to  be  released  from  the  moulds  by  the 
moulding  frame  c  rising^  up  from  the  bed,  as  shown  iajfef.205.,the  pistons  still  remain- 
ing depressed,  and  bearing  upon  the  upper  sntfaoes  of  the  brieks.  ITie  moulding  frarao 
is  raised  by  means  Of  cams  m,  upon  the  crank  shaft,  which  at  tJiiapavt  of  the  operation 
are  brought  under  the  levers 3,  for  the  purpose  of  raising  the  earns  and  the  sliding  rods 
/,  into  the  position  shown  in_%.  206. 

The  brieka  having  been  thus  formed  and  released  from  their  moulds,  tliey  are  to  ba 
removed  from  the  bed  of  the  machine  by  pnsliing  forward,  on  the  front  side,  fresh 
boards  or  pallets,  which  of  com'se  will  drive  the  bucks  out  upon  the  other  side^  whence 
they  are  t<i  be  removed  by  hand. 

There  is  to  be  a  small  hole  in  the  centre  of  each  pallet^  and  also  in  the  bed,  for  the 
purpose  of  allowing  aay  superfluoua  earth  t«  be  pressed  through  the  moulding  boxes 
when  the  pistons  descend.  And  in  order  to  cut  off  the  projeotmg  piece  of  clay  which 
would  be  thus  formed  on  the  bottom  of  the  brick,  a  knife-edge  is  in  some  way  connected 
t«  the  bed  of  the  machine;  and  as  the  brick  slides  over  if,  the  knife  separates  the  pro- 
tuberant lump;  but  the  particular  construction  of  this  part  of  the  apparatus  is  consi- 
dered to  be  of  little  importance ;  and  the  manner  of  effecting  the  object  is  not  clearly 
stated  in  the  specification. 

The  patentee  proposes  a  variation  in  this  construction,  which  ha  describes  in  these 
words:  "It  will  be  evident  that  in  place  of  having  the  moulds  to  rise,  tliey  may,  by 
suitable  arrangements,  be  made  to  descend  below  the  bricks.  In  this  case,  m  plaPe  o> 
the  boards,  stationary  blocks  to  reoeiva  the  pallets  must  he  fixed  on  the  bed  of  the 
machine,  and  Ihesa  blocks  must  be  shaped  in  such  a  manner  aa  to  allow  of  the  moul*!" 
passing  over  them :  and  then  it  will  be  desirable  to  use  the  first  part  of  my  improve- 
ments, that  of  having  the  pallets  within  the  moulds  at  the  time  of  moulding  the  bricks ; 
or  in  case  of  working  with  exceedingly  stiff  brick-earth,  the  pallets  may  be  dispensed 
with."  In  1849,  1,603,861,106  bricks  paid  duty  in  tlie  United  Kingdom ;  the  revenue 
from  which  was  461.682/.  fla  Id. 

BRICKS.  Mr.  F.  W.  Simms,  C.  E,  communicated  to  the  Institution  of  Civil  En- 
giuaci's,  in  April  and  May,  1843,  an  account  of  the  process  of  brick-making  for  the 
Dover  railway.  The  plan  adopted  is  called  alop-moulifing,  because  tlie  mould  is  dipped 
into  water  before  recmving  the  clay,  instead  of  being  sanded  as  in  making  sand-stock 
bricks.  The  workreian  throws  the  proper  lampof  clay  with  some  force  into  the  mould, 
presses  it  down  with  his  hands  to  fill  ttie  cavities,  and  then  strikes  off  the  surplus  day 
with  a  stick.  An  attendimt  boy,  who  has  previously  placed  anotlior  mould  in  a  water 
trough  by  the  side  of  the  moulding  table,  takes  the  mould  just  filled,  and  carries  it  to 
the  floor,  where  he  carefully  drops  the  brick  from  the  mould  on  its  flat  side,  and  leavet 
t  todrj-;  bylhe  time  ho  has  :wtumedt«  the  moulding  table,  and  deposited  Ha  empty 
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mould  in  tlie  water  troagh,  the  briekmaker  will  have  filled  the  other  rnoua,  for  'ht 
boy  to  convey  to  the  floor,  where  they  are  allowed  to  dry,  and  are  then  stacked  in  r-^a- 
dinesa  for  being  burned  in  clamps  or  kilns.  The  average  product  is  shown  in  the  fol 
lowiiig  table ; — 
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It  appears  that  while  the  produce  in  sand-stock  bncks  is  to  that  of  slop-bricks  in  Iht 
same  lime  as  30  to  !6,  the  umount  of  labor  is  as  7  to  4 ;  while  the  quantity  of  land. 
End  the  cost  of  labor  per  thousand,  is  nearly  Ihe  same  in  both  processes.  The  quan- 
tity of  coal  consumed  in  ihe  kiln  was  at  the  rate  of  10  cwt.  Slbs.  per  thousand  bricks. 
The  cost  of  the  bricks  was  21.  Is.  6d.  per  thousand.  The  slop-made  bricks  are 
fully  i  pound  heavier  than  the  snnd-atock.  Mr.  Bennett  stated  to  the  meeting,  that 
at  his  brick-field  at  Cowley,  the  average  number  of  sand-stock  bricks  moulded  was 
32,000 ;  hut  that  frequently  so  many  as  37,000,  or  even  50,000,  were  formed.  The 
total  amount  in  the  shrinkage  of  his  bricks  was  ||  of  an  inch  upon  10  inches  in  length ; 
but  this  difl'ered  with  the  different  clays.  Mr.  Simms  objected  to  Ihe  nse  of  machinery 
in  brick-making,  because  it  caused  economy  only  in  the  moulding,  which  constituted  no 
more  than  about  one  eighth  of  the  total  expense. 

The  principal  varieties  of  bricks  are  called  inalra,pariors,  stocks,  griiiJct,  pfcieeJ, and 
thuffs.  For  the  first  and  best  bind,  the  clay  wos  washed  and  selected  with  care ; 
stocks  were  good  enough  for  ordinary  building  purposes;  the  rest  are  inferior.  The 
difference  in  price  hetween  malms,  paviors,  and 
Iween  stocks  and  places,  lOj.  The  average  w 
pounds,  that  of  a  slop  is  1  pounH  more, 

I  believe  that  the  siliceous  sand  on  the  surfac 
in5  adhesion  of  mortar,  by  the  production  of  aj 
bricks,  mortar  sometimes  forms  no  stony  adhesion. 

Mr.  Prosper,  of  Birmingham,  makes  bricks  by  pressure.  The  clay  is  first  ground 
upon  a  slip  iiiln,  as  if  for  making  pottery,  then  ground  to  a  fine  powder,  and  in  that 
dry  stale  it  is  subjected  to  the  heavy  pressure  of  about  250  tons,  in  strong  metal 
moulds,  by  which  means  it  is  reduced  to  about  one  third  of  its  original  thickness. 
The  clay  seems  lo  have  retained  sntficieot  moisture  to  give  it  cohesion,  and  the  tiles 
are  perfectly  sharp  at  the  edges.  They  being  then  linked  within  seggars  by  the  heat  of 
a  kiln,  seldom  crock  in  the  Intking.  The  brrcks  thus  formed  are  denser  than  usual,  and 
we%h  ejlbs.,  with  a  specific  gravity  of  2-5. 

Fig.  S07,  represents  Mr.  Hunt's  brick-making  machine.     The  principal  working 
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parts  consist  of  2  cylinders,  each  covered  by  an  endles 
the  front  and  back  of  a  hopper,  the  two  sides  helng  i 
the  hopper  is  filled  with  tempered  clay  from  the  pi 
hopper,  and  consequently  the  mass  of  clay  within  it, 
a  brick.  Beneath  the  hopper  an  endless  chain  trat 
movement  of  the  cylinders.     The  pallet-boards  are  tail 


web,  and  so  placed  as  to  form 
in  plates,  placed  so  that  when 
?-mill,  the  lower  part  of  the 
las  exactly  the  dimensions  of 
irses  simultaneously  witli  the 
given  intervals  upon  the 


!uioTed  at  tilt 

™....  __,   „ „ hain.    Thi 

repeated  each  time  that  a  pnlJet-board  comea  nndef  the  liopji 

Tiie  chief  objeet  ot  this  machine,  which  is  worked  by  liand,  is  to  produce  good 
Etjuare  compact  bricks  of  nniforin  quality,  using  onjy  a  slight  pr«ssiire.  It  liaa  been 
lound  to  be  very  difficult  to  dry  bricks  made  by  machinery,  where  a  considerable  pres- 
lurc  hus  been  employed,  because,  before  the  evaporation  from  the  centra  of  the  clay  ia 
completed,  the  surfaces  have  become  hard  and  peel  off.  The  present  machine  ia  in 
operation  in  several  parts  of  England,  producing  usually  about  1200  bricks  per  hour, 
while  each  machine  requires  only  2  men  and  3  boys  to  tend  il,  and  to  take  off  the 
bricks.  The  ciotmouldera  are  dispensed  with,  and  the  workmen  are  common 
labourers,  so  that  professed  bn.'k.makers  at  Iiijjhcr  wages  are  not  needed. 

Fig.  208.  shows  Mr.  Hunt's  machine  for  making  tiles,  and  it  is  on  the  same  principle. 
It  consists  of  two  iron  cylinders,  round  which  webs  or  bonds  of  cloth  revolve,  whereby 
the  day  ia  pressed  into  a  slab  of  uniform  thickness,  withoal  adhering  lo  the  cjlindt.a. 
It  is  then  carried  over  a  covered  wheel,  carvril  on  the  rim,  which  gives  the  tile  ths 
semi- cylindrical  Ot  Other  required  form ;  after  which  the  liles  ate  polished  and  finished 


by  passing  throngh  three  iron  moulds  of  a  horse-shoe  form,  as  shown  in  the  centre  of 
the  CQtj  while  [hey  are  at  the  same  time  moislened  from  a  water  cylinder  placed  abovB 
Ihem.  The  tiles  are  next  cut  olf  lo  such  lengths  as  are  wanted,  and  carried  away  by 
an  endless  web,  whence  they  are  iranaferred  by  boys  to  the  drying  shelves. 

I'lat  tiles,  for  sole  pieces  Id  draining  tiles,  are  formed  in  nearly  the  same  manner, 
beini;  divided  into  two  portions  while  paasbg  through  themonldsj  the  quantity  of  elaj 
used  for  one  draining  lile  being  as  much  as  for  two  soles. 

The  method  of  making  bricks  in  the  vicinity  of  London  differed  from  that  of  almost 
all  other  places,  becanae  the  material  there  employed  ia  nol  pure  clay,  hut  a  loam  of 
a  slightly  cohesive  nature,  which  will  not  admit  of  its  being  used  in  the  natural 
stale  and  burned  in  close  kilns  with  coolj  but  with  an  admixture  of  ashes  it  becomes 
sufficiently  tenacious  to  be  formed  into  bricks,  by  inducing  a  slight  aemi-fnsion.  But 
the  coal-ashes  are  also  of  advantage  in  the  process  of  burning,  because  they  enable  ihe 
fire  to  spread  gradually  from  the  lower  tiers,  throogh  the  whole  mass  in  the  kiln  or 
clamp,  and  thas  obviate  the  effect  of  an  intense  partial  beat,  where  distincl  coal  fires 
are  trusted  to  alone,  whereby  the  bricks  nearest  it  get  vitrified  and  glazed. 

The  brick  kilns  and  clarop»  round  London,  and  other  large  cities,  which  are  fired 
with  the  breeze-rubbish  collected  from  dusl  holes,  that  contain  the  refuse  of  kitchens, 
&c.,  emit,  in  consequence,  most  unpleasant  efflnvia;  bol  brick-kilns  fired  with  clean 
coke  or  coals,  give  out  no  gases  of  amore  noxions  nature  than  common  household  fire.":. 
The  consideration  of  this  subject  was  closely  pressed  upon  my  attention  on  being  con- 
sulted concerning  an  injunction  issued  by  the  chancellor  agulnst  a  brick  clomp  in  the 
Isle  of  Wight,  fired  with  clean  coke  cinders  from  the  steam-engine  furnace  at  Ports- 
mouth Dock  Yard.  The  bricks  beii^  of  the  description  called  sand-stock,  were  of 
course  made  in  moulds  very  slightly  dasted  with  sand,  to  mate  them  fall  freely  out. 
The  sand  was  brought  from  Potlsmonth'  harbor,  and  on  being  subjected  to  a  degree 
of  heat,  more  intense  certainly  than  it  would  suffer  in  the  clamp,  was  discovered  by  two 
chemical  witnesses  to  give  out  traces  of  hydrochloric  acid.  Not  content  with  this 
trivial  indieatioti,  'he  said  chemists,  in  their  evidence  before  the  courts  of  law,  paraded 
a  train  of  goblin  gases,  as  the  probable  products  of  the  pre-adjudicated  clamp. 

As  it  is  well  known  to  the  chemist  that  common  salt  strongly  ignited  in  contact  with 
moist  sanil  will  emit  hydrochloric  acid,  there  was  nothing  remarkable  in  the  abov* 
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n  a  clamp'lO  or  12  f«et  high,  and  fired  at  its  bottom  only  with  a  layer  of  oi 
-  4  iuclioa  thick.  But  1  further  demonstrated  that  the  entire  substance  of  the  brick 
li  its  seantj  film  of  sand,  on  being  exposed  t«  ignition  in  a  suitable  apparatus,  gave 
it  hydrochloric  or  any  other  corrosive  acid,  but  ammonia  gas.  Hence,  tlie 
allegations  that  the  clamp  set  forth  a  host  of  acid  gases  to  blight  the  neighbouring 
trees,  were  shown  tube  utterly  groundless;  on  the  confrjlry,  the  ammoniB  evolved  from 
the  heated  clay  would  act  bencfitially  upon  vegetation,  while  it  was  too  small  in  qnontity 
to  annoy  any  human  beiug.  Afewyaids  to  leeward  of  a  similar  clamp,  in  full  activity, 
I  could  perceive  no  offensive  odour.  All  ferru^nons  clay,  whoa  exposed  to  the  atmo- 
sphere, absorbs  ammonia  from  it,  and  of  course  emits  it  again  on  being  gently  ignited. 
It  is  a  reproach  to  science  when,  as  in  the  above  case,  it  lends  itself  to  judioial 
prejudice  and  oppression. 

Messrs.  Whalley  and  Lighloller  have  patented  apparatus  tor  manufflcturing  briclsa 
and  tiles,  which  combines  the  pug  mill,  [.ressing  cylinder,  screens  and  die-^ate  ail 
ill  one  machine;  thereby  effecting  great  economy  in  time  and  labour,  and  also  in 
the  cost  of  the  machinery  itaclH    The  combination  alone  is  claimed. 

BRIM3T0KK    (Sou/re,  Fr.;   ScAioe/ri,  Germ.)    Sulphur,  which  see, 

BRITANNIA  TUBOLAR  BRIDGE  {opening  of  the).  Tiie  opening  of  this  mag- 
nificent structure,  looked  forward  to  witlisomucn  interest,  came  off  on  the  5th  of  Mar  Ji, 
1849,  at  dawn  with  the  grandest  success.  At  precisely  seven  o'clock,  tlie  adventurous 
convoy,  progressing  at  a  speed  of  seven  miles  an  hour,  was  lost  sight  of  in  the  recess  of  the 
vait  iron  corridor.  Instead  of  being  driven  through  with  a  dispatch  indicative  of  a 
desire  on  the  part  of  those  who  manned  it  to  get  in  and  out  with  the  utmost  expedition, 
the  locomotives  were  propelled  at  a  slow  and  stately  pace,  with  a  view  of  boldly  proving 
by  means  of  a  dead  weight  tlie  calibre  of  the  bridge  at  every  hazard.  The  (otal  weight 
ot  the  locomotives  was  90  t«n3.  The  appearance  of  the  interior  of  the  tube  during  the 
experiment  was  of  a  novel  aud  remarkable  character.  The  locomotives  were  brought 
to  a  standstill  in  the  centre  of  each  of  the  great  spans,  without  causing  the  slightest 
strain  or  deflection.  The  first  process,  that  ot  going  through  the  tube  and  returning, 
occupied  altcgether  10  minutes.  TTie  second  experimental  convoy  that  went  through 
consisted  of  34  heavily  laden  waggons  filled  with  huge  blocks  of  Brymbo  coal,  in  all, 
engines  included,  an  abrogate  weight  of  800  tons.  This  was  drawn  deliberately 
thi-ough,  at  the  rate  of  froSi  eight  to  ten  miles  an  hour,  the  steatn  working  at  quarter 
power.  During  the  passage  of  this  experimental  train  through  the  tube,  ft  breatlJcea 
silence  prevailed  until  the  train  rushed  out  esultjngly,  and  with  colours  flying  on 
the  other  side  of  the  tube,  when  loud  acclamations  arose,  followed  at  intervals  by  the 
rattle  of  artillery  down  the  Straits.  Upon  the  return,  which  occupied  about  seven 
minutes,  wmUar  demonstrations  ensued,  and  during  the  progress  of  the  train  those  who 
stood  upon  its  top  to  ascertain  any  possible  vibration,  reported  Hey  could  detect  no 
sensible  deflection.  An  ordeal  stronger  still  was  then  resorted  to  ;  a  train  of  200  tone 
of  coals  was  aUowed  to  rest  with  all  its  weight  for  two  hours  in  the  centre  of  the 
Carmai'thensliire  tube,  and  at  the  end  of  the  time,  on  the  load  Ijeing  removed,  it  was 
found  to  have  caused  a  deflection  of  only  fbur-tentiis  of  an  inch.  It  is  remarkable  that 
this  amount  of  deflection  is  not  so  much  as  one  half  hour  of  sunshine  would  produce 
upon  the  structure,  it  being  moreover  caloalated  with  confidence  that  the  whole  biidge 
might  with  safety,  and  without  injury  to  itself  be  deflected  to  the  eirtent  of  18  inches. 
Tliese  loads,  it  is  most  material  to  remember,  are  immensely  more  than  the  bridge 
will  ever  be  called  on  to  bear  in  the  ordinary  run  of  traffic,  though  the  engineers  are 
of  opinion  that  it  would  support  with  ease,  and  witliout  much  show  of  deflection,  a  dead 
weight  on  its  centre  of  1,000  tons.  Twelve  miles  an  hour  is  the  limit  of  speed  at  which 
Mr.  Stephenson  intends  that  trains  shall  at  first  go  through,  more  particularly  as  there 
are  sharp  curves  at  the. termini  of  the  tube. 

The  effect  of  the  recent  hurricane  on  the  calibre  of  the  tube  has  proved  that  its 
lateral  surface  strength  is  sufficient,  and  far  more  than  sufficient,  to  iwat  the  strongest 
■wind.  It  is  calculated  tiat,  taking  the  force  of  the  wind  at  50  lbs,  on  the. square  foot, 
an  excessive  supposition,  tie  resistance  offered  by  the  bridge  would  be  300  tons  x  2  = 
600  tons,  which  IS  not  two  thirds  of  ite  own  weight.  The  wind  going  at  80  miles  an 
hour,  the  rush  of  a  hurricane  would  only  press  in  the  ratio  ot  128  tons  on  the  side.  It 
La  intended,  when  both  tubes  are  up,  to  brace  them  together  with  stays,  so  as  to  counteract 
any  possible  oscillation. 

The  great  work  has  now  been  four  years  in  hand,  and  is  nearly  complete,  while 
Telford  s  suspension  bridge  took  eight  years. 

The  floating  and  actual  transfei-ence  ot  the  tubes  have  occupied  since  June  last,  a  short 
pei'iod,  when  the  bulk  ot  the  fabric  is  taken  into  oonsideratioii.    Great  fears  were 
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entertained  for  its  safety  during  the  late  galea,  from  the  recollection  in  this  part  of 
the  coantry  of  the  damage  done  to  Telford  s  suspension  bridge. 

BlUTISH  OUM.  T!ie  ti-ivial  name  given  to  starch,  altered  by  a  slight  oaloination 
in  an  oven,  whereby  it  aasutnes  the  ftppearance  and  aoqnires  tbe  properties  of  cum, 
being  soluble  in  eold  water,  and  forming  in  that  state  a  paste  well  adapted  to  tbiuken 
the  coloui's  of  the  calico  printer.    Sea  Dextki^ii  and  Stakcu. 

bromine;  one  of  the  arehieal  elements,  which  being  developed  from  its  oombinatioM 
at  the  positive  pole  of  tlie  voltaic  circuit,  has  been  therefore  deemed  to  be  idio-elactro- 
pDsitive  like  oxygen  and  elilorine.  It  derives  its  name  from  its  lutuseoaa  smell,  BfjcV^t, 
fielor.  It  occurs  itt  various  salioe  springs  on  the  continent  of  Europe,  in  those  of  Ashby 
de  la  Zouohe,  and  some  others  in  England ;  in  tlie  lake  Asphaltites,  in  sponges,  in  some 
marine  plants,  in  an  ore  of  zinc,  and  in  the  cadmium  of  Silesia.  At  ormnary  tempera 
tares  it  is  liquid,  of  a  dark  brown  colour  in  mass,  but  of  a  hyacinth-red  in  thin  layers. 
Its  small  is  rank  and  disagreeable,  somewhat  like  that  of  chlorine.  It  has  ft  very  caustic 
taste.  Its  specific  gravity  is  'i-96&.  Applied  to  tlie  skin  it  colours  it  deep  yellow  and 
corrodes  it  Ona  drop  put  within  tbe  bill  of  a  bird  suffices  to  kill  it.  It  combines  with 
oxygen  with  feeble  affiQity,  forming  bromie  acid.  Its  attraction  for  hydrogen  being  far 
more  energetic,  it  forms  therewith  a  strong  acid,  the  hydmbromie. 

Bromine  dissolves  very  sparingly  in  water,  but  it  is  very  so>.  Me  in  alcohol  and  ether. 
It  combines  with  carbon,  phosphorus,  sulphur,  and  chlorine,  as  well  as  with  most  of  the 
metals.  Froni  its  scarcity  it  has  not  hitfiei'to  been  apphed  to  any  purpose  in  the  arts, 
esaept  pLotoaraphy;  but  it  is  supposed  to  possess  powerful  disoutient  effects  upon 
scrofulous  and  other  glandular  tuuiuura,  whence  the  watera  containing  it  are  pre- 
scribed OS  an  internal  and  external  remedy  in  such  forma  of  disease. 

BEOMZE.  A  compound  metal  consisting  of  copper  and  tin,  to  which  sometimes  a 
little  zinc  and  lead  are  added.  This  alloy  is  much  harder  tlian  copper,  and  was 
employed  by  tlia  anoients  to  make  swords,  liatchets,  &c.,  before  the  method  of  working 
iron  was  generally  understood.  The  art  of  casting  bronze  statues  may  be  traced  to  the 
most  remote  antiquity,  but  it  was  first  brought  to  a  certain  degree  of  refinement  by 
Theodoros  and  Roecus  of  Samos,  about  70l>  yeai's  before  the  Christian  era,  to  whom  the 
invention  of  modelling  is  ascribed  by  Pliiiy.  Tbe  ancients  were  well  aware  that  by 
alloying  copper  with  tin,  a  mora  fusible  metal  was  obtained,  that  the  process  of  casting 
was  therefore  rendered  easier,  and  that  the  statue  was  harder  and  more  durable ;  and 
yet  they  frequently  made  them  of  copper  nearly  ^ore,  because  theypo^essad  no  means 
of  determining  the  proportions  of  their  alloys,  and  becauseAy  their  mode  of  managing 
the  fire,  tlie  copper  became  refined  in  the  couise  of  melting,  as  liaa  happened  to  many 
founders  in  our  own  days.  It  was  during  the  reign  of  Alexander  that  bronze  statuary 
received  its  greatest  extension,  when  the  oelebrattid  artist  Lysippus  suoeepded  by  new 
nrooesses  of  moulding  and  melting  to  multiply  groups  of  statues  to  such  a  degree  thai 
Pliny  called  him  tlia  mob  of  AUxandfr.  Soon  afterwards  euormous  bronze  colossusea 
were  made,  to  the  height  ot  lowers,  of  which  the  isle  of  Rhodes  possessed  no  less  than  one 
hundred.  The  Koman  consul  Mutianus  fonnd  S,O0D  bronze  statues  at  Athens,  S.OOO  at 
Rhodes,  as  many  at  Olympia  and  at  Delphi,  although  a  great  number  had  been  previously 
carried  oft' from  the  last  town. 

In  forming  such  statues,  the  alloy  should  be  capable  of  fi.owing  readily  into  all  tlie 

Earts  of  the  mould,  however  minute ;  it  should  be  hard,  in  order  to  resist  accidental 
lows,  be  proof  agiunat  the  influence  of  the  weather,  and  be  of  such  a,  nature  as  to 
acquire  that  greenish  oxidised  coat  upon  the  surface  wliich  is  so  much  admired  in  the 
antique  bronzes  called  patina  antigjia.  The  chemical  composition  ot  the  bronze  alloy 
is  a  matter  therefore  of  the  first  moment  The  brothers  Keller,  celebrated  founders  iu 
the  time  of  Louis  XIV.,  whose  ehef^'a-aiire  are  well  known,  directed  their  attention 
towards  this  poiul;  to  which  too  little  importaiiee  is  att:iched  at  tlie  present  day.  The 
statue  of  Desaix  in  the  place  Dauphine,  and  tlie  column  in  the  Place  VendOme,  arc 
noted  specimens  of  most  defective  workmanship  from  mismanagement  of  the  alloys  of 
which  they  are  composed.  On  analysing  separately  specimens  taken  from  the  bas- 
reliefs  of  the  pedestal  of  this  column,  fttim  the  shaft,  and  from  the  capital,  it  was  found 
that  the  first  contained  only  6  per  cent,  of  alloy,  and  84  of  copper,  the  second  much 
lcs3,and  the  third  only  0'2I.  It  was  therefore  obvious  that  the  founder,  unskilful  in  the 
melting  of  bronze,  had  gone  on  pr<^resavely  refining  his  alloy,  by  the  oxidizement  ol 
the  tin.  till  ha  had  exhausted  tlie  copper,  and  that  he  had  then  worked  up  the  refuse 
seoriie  in  the  upper  part  of  the  column.  The  cannons  which  the  government  furnished 
him  for  casting  the  monument  consisted  of— 

Copper    -  •  -    89-360 

Tin  -  -  -    IP'OIO 

Lead         -  -  -       0-iOa 

Silver,  zinc,  iron,  imd  loss      0-498 
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llie  moulding  of  the  several  bas-reliefs  whb  90  ill-eiecuted,  that  the  ehiselers  employeii 
to  repair  the  faults  rerauved  no  leaa  than  70  tona  of  bronzB,  which  was  giv«n  them, 
besides  300,000  francs  for  tlieir  work.  Tlie  statues  made  by  the  Kellere  at  Versaiilen 
were  found  on  chemical  ftnalysis  to  consist  of — 

No.  1.  No.  a.  No. a,  Themefui. 

Copper             01-80  91-68  91-22  31-40 

Tin                       I-OO  2-3-2  1-78  1-70 

Zinc                     6-09  4-9S  5-o7  5-53 

Lead                 1-81  1-07  1-48  1-37 


The  analysis  of  the  bronze  of  the  statue  of  Louis  XV.  i 
Copper  B3-45  Its  epecifie  gravity  -w 
Zinc         10-30 
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The  olloy  most  proper  for  bronze  medals  which  are  to  '[  b  titerward  struck,  is  composec 
of  from  8  lo  12  parls  of  tin,  and  from  92  lo  88  of  copper  ;  to  which  if  two  or  Ihrep  parts 
in  ihe  hundred  of  zine  be  aiided,  Ihey  will  make  it  assume  a  finer  bronze  tint.  The  alloy 
of  the  Kellers  is  famous  for  this  effect.  Themival  should  be  subjected  lo  three  or  four 
successive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  healed  and 
pluni^ed  into  cold  water. 

The  bronze  of  bells  or  bell  metal  is  composed  in  100  parts  of  copper  78,  tin  22,  This 
alloy  has»  fine  compact  graini  is  very  fusible  and  sonorous.  Theother  metals  sometimes 
added  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders.  Some  of  the 
English  bells  consist  of  80  copper,  10.1  tin,  5-6  zinc,  and  4-3  lead;  the  latter  metal  when 
in  such  large  ([uantity  is  apt  10  cause  insolated  drop*,  hurtful  to  the  uniformlly  of  Ihe 
alloy. 

The  iain-lams  and  cymbals  of  bronse. — The  Chinese  make  nse  of  bronze  inslrumenl* 
foTHed  by  the  hammer,  which  are  very  Ihin,  and  raised  up  in  the  middle  j  they  are  rilled 
gongs,  from  the  word  ishoang,  which  signifies  a  hell.  Klnprolh  has  shown  that  Ihpy  con- 
tain nothing  but  »opper  and  lin ;  in  the  proportions  of  78  of  ihe  former  metal  and  2£  of 
the  laiier.  Their  Specific  jtravily  is  8-815.  This  alloy  when  newly  east  is  as  britile  as 
glass,  but  by  being  planged  at  a  cherry-red  heat  inio  cold  water,  and  confined  between 
two  di^es  of  iron  to  keep  it  in  shape,  it  becomes  tough  and  malleable.  The  c^'mbaU 
consist  of  80  parts  copper  and  20  tin. 

Bronze  vessels  nalaral!;  brittle  may  be  made  lenacious  bythe  same  ingenious  process, 
for  which  the  world  is  indehled  to  M.  Darcet.  Bronze  mortars  for  pounding  have  their 
lips  tempered  in  the  same  way.  Ancient  warlike  weapons  of  bronze  were  variously  com- 
Ijonnded ,-  swords  were  formed  of  87|  copper,  and  12^  lin  in  100  parts ;  .the  springs  of 
iialisia;  consisted  of  97  copper,  and  3  lin. 

CaniiOJi  metal  consists  of  about  90  or  91  copper,  nnd  10  or  9  of  tin.  From  the  ejiperi- 
ments  of  Papacino-d'Anlony,  made  at  Turin,  in  1770,  il  appears  that  the  must  proper 
alloy  for  great  guns  is  from  12  to  14  parte  of  tin  to  100  of  copper ;  but  the  Cqmte  Lamar 
tiltiere  concluded  from  his  expeiiments  made  at  Souay,  in  1786,  that  never  less  than  8 
nor  mure  Ihan  11  of  tin  should  be  employed  in  100  parls  of  bronze. 

GUI  ojiionwii/a  0/  brome. — Tliis  kind  of  bronze  should  be  easy  of  fusion,  and  take 
perfeelly  the  impression  of  the  mould.  The  alloy  of  copper  and  zinc  is  when  fused  of  a 
pasty  consistence,  does  not  make  a  sharp  cast,  is  apt  10  absorb  loo  much  amalgam,  is 
liable  lo  crack  in  cooling,  and  is  too  toueh  or  too  solt  for  the  chaser  or  the  turner.  Were 
Ihe  qnanlily  of  zinc  incrensed  to  make  Ihe  melal  harder,  it  would  lose  the  yellow  color 
luilal  le  to  Ihe  gilder.  A  fonrfold  combination  of  copper,  zinc,  tin,  and  lead  is  preferable 
fur  making  such  ornamental  bronze  articles;  and  Ihe  following  proportions  are  probably 
the  best,  as  Ihey  unite  closeness  of  grain  wllh  the  olher  good  qualities.  Copper  82,  zinc 
IS,  tin  3  or  1,  lead  1^  or  3.  In  the  alloy  which  cnntains  most  lead,  the  lenaeiiy  is  di- 
minished and  the  density  is  increased,  which  is  preferable  for  pieces  of  small  dimensions 
Another  alloy,  which  is  said  to  require  for  its  gil dins  only  two  ihiidsof  the  ordinary  quan- 
tity of  gold,  has  Ihe  fallowing  composilion :  copper,  82-257 ;  zmc,  17-481 ;  lin,  0-238 ; 
leorf,  0-024. 

liie  antique  bronze  color  is  aiven  tofiaures  and  olher  objects  made  from  these  alloys  by 
the  following  process  ; — Two  drachms  of  sal-ammoniac,  and  half  a  drachm  of  salt  of  sorrel 
(binoxalate  of  potash)  are  to  be  dissolved  in  fourteen  ounce  measures  (Englisli)  of  odor 
less  vmegar.    A  holr  pencil  being  dipped  into  this  solulion,  and  presseil  gcnlly  belweci 
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the  finders,  is  lo  be  rubbed  equally  over  the  clean  surface  of  ihe  object,  slightlj'  wannea 
in  the  sun  or  nl  a  elove  ;  and  the  operation  is  to  be  repeated  till  tlie  wished-for  shade  is 
oUt pined.     (See  Gilding.) 

The  bronze  founder  ought  to  melt  hisroelals  rapidly,  in  order  to  prerent  the  loss  of  tin, 
rinc,  and  lend,  by  their  oiydizement.  Reveiberatory  furnaces  have  been  long  used  fot 
Ibis  operation  ;  the  best  being  of  an  elliptical  form.  The  furnaces  with  dome  lops  are 
employed  by  (he  bell-founders,  because  their  alloy  being  more  fusible,  they  do  not  require 
so  intense  a  hfat ;  but  they  also  would  find  Iheir  advantage  in  iijinR  the  iDost  rapid  mode 
of  fusion.  The  surface  of  the  meliing  metals  should  he  covered  wjlh  small  charcoal,  ot 
colio ;  and  when  the  zinc  is  added,  it  should  be  dexterously  thrust  lo  the  bottom  of  the 
mehed  copper.  Immediately  after  srining  the  melted  mass  so  as  lo  incorporate  its  ingre- 
dients, it  should  be  poured  ont  into  the  moulds.  In  ireneral,  the  metals  most  easily  al- 
tered by  the  fire,  as  the  lin,  should  be  put  in  last.  The  cooling  should  be  as  quick  as 
possible  in  the  moulds,  to  prevent  the  risk  of  the  metals  separating  from  each  other  in 
the  order  of  their  density,  as  they  are  very  apt  to  do.  The  addition  of  a  little  iron,  in  the 
foim  of  liu-p'ate,  lo  bronze,  is  reckoned  to  he  advantageous. 

One  part  of  tin,  and  lwo]>artsof  copper  (nearly  one  atom  of  tin  and  four  of  copper,  oi 
more  exnclly,  100  parts  of  lin,  and  215  cnpper),  form  the  ordinary  speculum  metal  of  re- 
flecting telescopes,  which  is  of  nil  the  alloys  the  wbilest,  the  most  brilliant,  the  hardest, 
and  the  most  brittle.  The  alloy  of  1  part  of  lin,  and  10  of  copper  (or  nearly  one  atom 
of  the  furrner  to  eighteen  of  the  latter),  is  Ihe  strongest  of  the  whole  series. 

Ornamental  objects  of  bronze,  alHer  being  cast,  are  commonly  laid  upon  red-hot  coaU 
till  they  take  a  dull  red  lieat,  and  are  then  exposed  for  some  lime  to  the  air.  The  sur- 
face is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  zinc  is  dissipated,  the 
alloy  assumes  more  of  a  coppery  hue,  which  prepares  for  the  subsequent  gilding.  The 
black  linie  which  it  sometimes  gets  from  the  fire  may  be  removed  by  washing  it  with  a 
weak  acid.  It  may  be  made  very  clfan  by  acting  upon  it  with  nitric  acid,  of  specific 
gravity  1-324,  lo  which  a  little  common  salt  and  soot  have  been  added,  the  latter  being 
of  donbtfiil  utility  {  after  which  il  must  be  well  washed  in  water,  and  dried  with  rags  or 

BBOHzrNO  is  Ihe  art  of  giving  to  objects  of  wood,  plaster,  &c.,  sneh  a  surface  as  makes 
them  appear  as  if  made  of  brongie.  The  term  is  sometimes  extended  to  signify  the  pro- 
duction of  a  metallic  appearance  of  any  kind  upon  such  objects.  They  ought  first  to  be 
smeared  over  smoothly  with  a  coat  of  size  or  oil  varnish,  and  when  nearly  dry,  the  me- 
tallic powiJer  made  from  Dutch  foil,  gold  leaf,  mosaic  gold,  or  precipitated  copper,  is  to 
bk'  applied  with  a  dusting  bag,  and  fben  rubbed  over  the  surface  with  a  linen  pad  t  or  the 
metallic  powders  may  be  mixed  with  the.  di7ing  oil  befiireharid,  and  then  applied  with  a 
b>-u:!h.  Sometimes  fine  copper, or  brass  filings,  or  mosaic  gold,  are  mixed  previously  with 
some  pulverized  bone-ash,  and  then  applied  in  either  way.  A  mixture  of  these  powders 
with  mucitase  of  gam  arable  is  used  to  give  paper  or  wood  a  bronze  appearance.  The 
surface  must  be  aAerward  burnished.  CopQer  powder  precipitated  by  clean  plates  of  iron, 
from  a  soiulion  of  nilrale  of  copper,  after  being  well  washed  and  dried,  has  been  em- 
ployed in  this  way,  either  alone  or  mixed  with  pulverized  bone-ash.  A  finish  is  given  t" 
works  of  this  nature  by  a  coat  of  sptril  varnish. 

A  while  metallic  appearance  is  given  to  plaster  figures  by  rubbing  over  them  an  amal- 
gam of  eqnal  parts  of  mercury,  bismuth,  and  tin,  and  applying  a  coat  of  varnish  over  il. 
The  irun-colorcd  bronzing  is  giten  by  black  lead  or  plumbago,  finely  pulverized  and 
waslied.  Busts  and  otber  objects  ma^e  of  cast  iron  acquire  a  bronze  aspect  by  being 
well  cleaned  and  plunged  in  solution  of  sulphate  of  copper,  whereby  a  thin  film  of  this 
metal  is  left  upon  the  iron. 

Copper  acquires  by  a  certain  treatments  reddish  oryellowieb  line,  in  consequence  oi 
II  little  oxide  being  formed  upon  its  surface.  Coins  and  medals  may  be  handsomely 
Tironzed  as  follows ;  3  parts  of  verdigris  and  1  part  of  snl  ammoniao  are  t*  be  dis- 
solved in  vinegar;  thesolutjon  is  to  be  tiuiled,  skimmed,  and  diluted  with  water  till  it  has 
only  a  weak  metallic  taste,  and  upon  further  dilution  lets  fall  no  white  precipitate.  Tliis 
eotution  is  made  to  boil  briskly,  and  is  poured  npon  the  objects  to  be  bronzed,  which  are 
previously  made  quite  clean,  partjoularlj  free  from  grease,  and  set  in  another  copper  pan. 
'lliis  pan  IS  to  be  put  upon  the  fire,  that  the  boiling  may  be  renewed.  The  pieces  uudar 
oi>er.ttiaa  must  be  so  laid  that  the  solution  has  treeaeeessto  every  point  of  their  suifuca. 
The  copper  lieroby  acquires  an  offreeable  reddish  brown  hue,  without  losing  its  lustre. 
But  if  the  process  be  too  long  continued,  the  coat  of  oxide  becomes  thick,  and  makes  tho 
objects  appear  scaly  and  dml.  Hence  they  must  be  inspected  every  five  minntes,  and 
be  taken  out  of  the  solution  the  nioment  their  colour  ai-rires  at  tlie  desired  shade,  II 
tlie  solution  be  too  strong,  the  bronzing  comes  off  with  frictjon,  or  the  copper  gets  covered 
with  a  white  powder,  which  becomes  green  by  esposure  tu  air,  and  the  labour  is  con- 
lequently  lost  The  bronzed  pieces  are  to  be  washed  with  many  repeated  watere,  and 
carefully  dried,  otherwise  they  would  infallibly  turn  green.    To  give  fresh-made  bronze 
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objects  nn  antique  appeitriince,  three  quarters  of  an  ounce  of  sal  amrnoniae,  ani^  a  ilrncliiD 
anil  a  half  of  hinoxalate  of  potash  (salt  of  sorrel)  are  to  be  dissolved  in  aquarlof  vincaar 
BQil  a  sofL  ca.^  or  brush  molstentd  with  this  Solution  is  to  he  rubbed  over  the  dean  brii^hl 
metal,  till  its  surface  becomes  entirely  dry  by  the  friction.  This  process  must  be  repeat- 
ed several  times  to  produce  the  fuU  effect;  and  the  object  should  be  kept  a  lllle  warm. 
Copper  acquires  very  reailily  a  brown  color  by  rubbing  it  with  a  solution  of  the  coninioa 
liver  of  sulphur.or  sulphuret  of  potash. 

The  Chinese  are  said  (o  bronze  their  copper  vesisels  by  taking  2  ounces  of  verdi* 
gris,  S  ounces  of  cinnabar,  5  ounces  of  sal  ammoniac,  and  5  ounces  of  alum,  all  in 
ponrder,  making  them  into  a  paste  with  vinegar,  and  fpreadin^  this  prelty  thick  like  a 
pigment  on  the  surfaces  previously  brightened.  The  piece  is  then  to  be  held  a  litile 
while  over  a  lire,  till  it  becomes  uniformly  heated.  It  is  next  cooled,  washed,  and  dried ; 
afier  which  it  is  treated  in  the  same  way  once  and  again  (ill  the  wished  fur  col^r  is 
obtained.  An  addition  of  sulphate  of  copper  makes  the  color  incline  more  to  chestnut 
brown,  and  of  borax  more  lo  yellow.  It  is  obvious  that  the  cinnabar  produces  a  thin  coat 
of  suljihuret  of  copper  upon  the  surface  of  the  vessel,  and  misht  probably  be  used  with 
advantage  by  itself. 

To  Kive  the  appearance  of  antique  bronze  to  modern  articles,  we  should  dissolve  1 
part  of  sal  ammoniac,  3  parts  of  cream  of  tartar,  and  6  parts  of  common  salt  in 
12  parts  of  hot  water,  and  mix  with  the  solution  S  parts  of  a  solution  of  nitrate 
of  copper  of  specific  gravity  1160.  This  compound,  when  applied  repeatedly  in  a 
moderately  damp  place  to  bronze,  elves  it  in  a  short 'lime  a  durable  green  coat, 
which  becomes  by  degrees  very  beautiful.  More  sail  gives  it  a  yellowish  tinge,  less 
salt  a  bliieish  cast.    A  large  addition  of  sat  ammoniac  accelerates  the  operation  of  the 

BaoNZE  PowDEKB,  an  article  imiuh  used  of  late  in  the  decorative  painting  of  houses,  Ac. 
They  ate  prepared  of  every  various  shade,  from  that  of  bright  gold  to  orange,  dark 
copper,  emerald  green,  &e.  Pale  gold  is  produced  from  an  alloy  of  13^  of  copper,  and 
2j  of  iine:  crimson  metallic  lustre — from  copper;  do.  paler,  copper  and  a  very  little 
zinc;  green  bronze  With  a  proportion  ot  verdigris:  another  fine  orange  by  14^  copper 
and  IJ  zinc:  another  do.  ]i(|  copper  and  2i  zinc:  a  beautiful  pale  gold  from  au  alloy 
of  the  two  metals  in  atomic  proportions.    See  Atouio  Weigsts. 

The  alloy  is  laminated  into  very  fine  leaves  with  careful  annealing,  and  these  are 
levigated  into  impalpable  [lowders  along  with  a  film  of  fine  oil  to  prevent  oxidjzemeiit, 
and  tn  favour  the  levigation.  This  liuremberg  manufacture. lias  been  suLi-esstully 
introduced  here  by  Mr.  Bessemer. 

BaowNiNG  of  gttri'baTreh  and  other  arms. — By  this  process,  the  surfice  of  seveni 
articles  of  iron  acquires  a  shining  hroivn  color.  This  preparation,  which  protects  the 
iron  from  rust,  and  also  improves  its  appearance,  is  chiefly  employed  for  the  liarrels  of 
fowl  ins-pieces  and  soldiers'  rifles,  to  conceal  the  fire-arms  from  the  same  and  the  enemy 
The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  bright  lines  run  through 
the  brown  ground. 

This  operation  consists  in  produeinf!  a  very  thin  uniform  iilm  of  osyde  or  rust  upon  the 
iron,  and  giving  a  gloss  lo  its  surface  by  rubbing  wax  over  it,  or  coating  it  with  a  shel- 
Uc  varnish. 

Several  means  may  be  e/nployed  to  produce  this  rust  speedily  and  well.  The  effect 
may  be  obtained  by  enclosing  the  barrels  in  a  space  filled  with  the  vapor  of  muriatie 
aeid.  Moistening  their  surface  with  dilute  nmriatic  or  nitric  acid,  will  answer  the  same 
purpose.  But  the  most  common  material  used  for  brownine,  is  tha  butler  or  chloride 
of  antimony,  which,  on  account  of  its  being  subservient  to  this  purpose,  has  been  called 
bronzing  sail.  It  is  mixed  unifoitnly  with  olive  oil,  and  rubbed  upon  the  iron  slightly 
heated  j  which  is  afterwards  exposed  (o  the. air,  till  the  wished-for  degree  of  browning  is 
produced.  A  little  aquafortis  is  rubbed  on  after  the  antimony,  to  quicken  its  operalion. 
The  brown  barrel  most  be  then  carefully  cleaned,  washed  with  water,  dried,  and  finally 
polished,  either  by  the  steel  burnisher,  or  rubbed  with  white  way,  or  varnished  with  a 
BOlutiiinof  2  ounces  of  sheQae,  and  three  drachms  of  dragons  blood,  in  2  quarts  of  spirit 
of  wine. 

The  following  process  may  also  be  recommended:  Make  a  solution  with  half  an 
ounce  of  aquafortis  half  an  ounce  of  sweet  spirit  of  nitre,  1  ounce  of  spirit  of  wine, 
2  ounces  of  sulphate  of  copper,  and  1  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  altogether  ft  quart  measure.  The  gun  barrel  to  be  browned  muat  first  of  all  be 
filed  and  pofiahed  bright,  and  then  rubbed  with  uflslaked  lima  and  water  to  clear  away 
all  the  grease.  Its  two  ends  must  now  be  stopped  with  wooden  rods,  which  may  surva 
as  bandies,  and  the  touch-hole  must  be  filled  witli  wax.  The  barrel  is  then  to  be  rubbed 
with  that  solution,  applied  to  linen  raes  or  a  sponge,  till  the  whole  surface  be  equally 
moistened;  it  is  allowed  to  stand  24  hours,  and  is  then  8orubl>ed  with  a  stiff  trash. 
The  application  of  the  liquid  and  tua  brushing  may  be  repeated  twice  or  ofteneD 
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till  the  iron  acquires  a  fine  brown  coloar.  After  the  last  brushing,  the  baiTel  m  mi  hi 
waslieJwith  pfentyof  boiling  water,  eontainiog  a  little  potash;  then  washed  with  dean 
water,  dried,  rubbed  with  pdishiiig  hard  wood,  and  coated  with  elicli-kc  TarniBli,  for 
which  purpose  tlie  barrel  tnnst  be  heated  to  the  boiling  point  of  water,  Zt  is  finally 
potishea  with  a  piece  of  hard  wood. 

Storth  reeommendato  makea  brow 
one  third  of  a  part  of  sulphuric  ether. 

To  give  the  damask  appearaaoe,  the  barrel  must  be  rubbed  over  first  witli  very  dilute 
aqiiafoi'tis  and  vinegar,  mixed  with  a  solution  of  blue  vitriol ;  washed  and  dried,  and 
rubbed  with  a  hard  brush  to  remove  any  stales  of  copper  which  may  be  precipitated 
UDon  it  from  the  sulphate. 

tstatuea,  vases,  baEj-i-ellefs,  and  other  objects  made  of  gypsum,  maybe  durably  bronzed, 
and  bear  exposure  to  the  weatlier  better  than  after  the  ordbary  oil-vamisli,  by  tjie 
following  process: — Prepare  a  soap  from  linseed  oil,  boiled  with  caustic  soda  ley, 
to  which  add  a  solution  of  common  ealt,  and  concentrate  it  by  boiling,  tiU  it  becomoR 
somewhat  granular  upon  the  surface.  It  is  then  tlirown  upon  a  piece  of  linen  cloth, 
and  strained  with  moderate  pressure.  What  passes  through  is  f*  be  diluted  with 
boiling  water,  and  again  filtered.  On  the  other  hand,  4  parts  of  blue  vitriol  and  1 
part  of  copperas  are  to  be  dissolved  separately  in  hot  water.    This  solution  is  to  be 

Soured  slowly  into  the  solution  of  soai>,  as  long  as  it  oooasions  any  precipitate.  This 
oeculent  matter  is  a  mixture  of  cupreous  soap  and  femiginous  soap,  that  is,  a  combin- 
ation of  the  oxides  of  copper  and  iron  with  the  niargaric  acid  of  the  soda  soap.  The 
copper  soap  is  green,  the  iron  soap  is  reddish  brown,  and  both  together  resemble  that 
green  rust  which  ischaraoteristio  of  the  antique  bronzes.  When  the  precipitate  is  coin 
pletely  separated,  a  fi'eeli  poition  of  tlie  vitriol  solution  is  t«  be  poured  upon  it  in  a 
copper  pan,  and  is  made  t«  boil,  in  order  to  wasli  it.  After  some  time,  the  liquid  part 
must  be  decanted,  and  replaced  by  warm  water  for  tbe  purpose  of  washing  the  metallic 
soaps.  They  are  finally  treated  with  cold  water,  pressed  in  a  linen  bag,  drained  oad 
dried.     In  this  state  the  compound  is  ready  for  use  in  the  following  way; — 

Three  pounds  of  pure  linseed  oil  are  t«  be  boiled  with  12  ounces  of  finely-powdered 
litharge,  then  strained  through  a  coarse  canvass  doth,  and  allowed  to  stand  in  a 
warm  place  till  the  soap  turns  clear.  Fifteen  ounces  of  this  soap-varnish,  mixed  with 
li  ounces  of  the  above  metallic  soaps,  and  5  ounces  of  fine  white  wax,  ore  to  be  melted 
together  at  a  gentle  heat  in  a  porcelain  basin,  by  means  of  a  water  bath.  The  mixture 
must  be  bept&rsometinieiaameltedstate,  to  expel  any  moisture  which  it  may  contaia 
It  must  be  then  applied,  by  means  of  a  painter's  brush,  to  tlie  sarface  of  the  gypsum  pre- 
viously heated  to  the  temperature  of  about  300°  F.  By  skilful  management  ol  the  heat 
the  colour  may  be  evenly  and  smoothly  laid  on  without  filling  up  the  minute  lineaments 
of  the  butts.  When  after  remaining  in  the  cool  air  for  a  tew  days,  the  smell  of  the  pig- 
ment has  gone  off.  the  surface  is  to  be  rubbed  with  cotton  wool,  or  a  fine  linen  rag,  and 
variegated  with  a  few  streaks  of  metal  powder  or  shell  gold.  Small  objects  may  be 
dipped  in  the  melted  mixture,  and  then  esposed  («  the  heat  of  a  fire  till  tliey  are 
tlioroughly  penetrated  and  evenly  coated  with  it. 

The  palina  aiUica  {jEruga  nobilU)  of  the  Italian  antiquaries  is  said  to  be  imitated  by 
plunging  the  copper  medals  in  a  boi!ing-hot  solution  of  2  parts  of  verdigris  and  1  oi 
sal  ammoniac,  so  much  diluted  as  to  be  nearly  tasteless.  They  are  allowed  to  remain 
in  the  solution  till  they  take  an  agreeable  reddish  or  yellowish  brown  colour,  when  ths 
fluid  is  to  be  poured  off,  and  the  medals  washed  and  dried. 

Brosze  Powdee  consists  of  a  metallic  alloyreduotd  to  thin  laminlB  by  beating 
between  skins  or  membranes  in  the  ordinary  way,  and  then  triturated  into  fine  powder 
along  with  oil,  to  prevent  oxidation  by  the  atmosphere.  The  leaves  are  put  first  intfl 
an  Iran  wire  sieve  of  ten  meshes  to  tne  inch ;  olive  oi!  is  then  allowed  to  flow  freely 
from  a  stopcock  over  the  centre  of  the  sieve  on  to  the  leaf  metal,  which  is  briskly  moved 
over  the  surface  of  the  sieve  with  a  wire  brush,  antil  the  whole  is  forced  through  into 
a  vessel  below.  This  mixture  of  metal  and  oil  bthen  introduced  through  A  funnel 
hopper  of  the  triturating  machine,  and  spreading  among  the  rods  is  caused  by  their 
rotation  to  approach  the  periphery  of  the  steel  b^  beneath,  and  escape  into  a  circular 
trough,  whence  tliey  are  conducted  by  a  spout  into  another  vessel.  In  this  progress  the 
metal  ia  acted  upon  by  polished  hemispherical  bottom  ends  of  upright  rods,  as  they 
ascend  and  descend  tlie  corrugated  surface  of  the  steel  bed,  and  whic^  by  a  tearin^and 
burnishing  operation,  separate  the  coarse  pieces  of  leaf  into  a  multitude  of  polished 
particles.  By  being  passed  tliree  times  through  the  maoliine,  the  metal  ia  reduced  to 
the  quality  of  a  coarse  bronze  powder;  and  is  then  subjected  to  a  similar  machine  con- 
'aining  smaller  rods,  tossed  up  and  down  by  the  revolution  of  the  corrugated  angular 
Ded  on  which  they  rapidly  dance  till  the  requisite  fineness  be  produced.  The  contents 
of  the  vessel,  which  are  usually  10  pounds  of  metal  and  10  pounds  of  oil,  are  tlien  put 
bto  a  strong  b^  made  of  three  Ihictnesses  of  fustian,  with  their  respective  seams  at 
different  parts  of  the  cii-oumference.  so  as  to'prevent  the  metallic  particles  from  passing 
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through.  Tliis  bag  is  subjectod  to  tbe  action  of  a  hjaraulic  press,  of  abo  it  300  tons 
upon  a  bag  of  One  foot  diameter,  nearly  all  tlie  oil  is  expelled.  'The  eni])h'  bagia  filled 
witli  boiliug  water,  and  again  squeezed;  and  aftertwo  or  three  repetitions  oflliis  washing, 
all  tJie  oil  comes  out  in  the  form  of  an  emulsion.  The  bag  now  contains  only  a  dense 
lartieles  of  nearly  the  gravity  of  the  origiaal  metal   This  Jump 

■ 1. _...  1. .If      .-..1.  .1  ,^^  andexpoaed  to  theairofa  warm 

may  theu  be  crumbled  ir 


lump  of  bright  metallic  pi 
ra  cut  with  a  knife  into  elt< 


;o  powder. 


ts  about  half  an  inch  thicli,  and 
room,  whore  the  moisture  evaporates,  andtbeili 
{Nfaton'e  Journal,  wdv.  321.) 

BRONZING  (of  Objeele  in  Citation  of  MelaUie  Srome).  Plaster  of  Paris,  paper, 
wood,  and  pasteboard,  may  be  made  to  resemble  pretty  ctosdy  the  appearance  ofartidea 
of  real  bronze,  modem  or  antique.  The  simplest  way  of  giving  a  brilliant  aspect  of 
this  kind  is  with  a  varnish  made  of  the  waste  gold  leaf  of  tlie  beater,  ground  up  on  a 
porphyry  slab  with  lioney  or  gum-water.  A  coat  of  drying  linseed-oil  should  be  first 
applied,  and  then  the  metallio  powder  is  put  on  with  a  linen  dossil.  Mosaic  gold 
gi-ound  op  with  six  parts  of  bone-ashes  has  been  used  in  the  same  way.  When  it  is 
to  be  put  on  paper,  it  should  be  ground  up  alone  with  white  of  ^g^  or  spirit  varnish, 
applied  with  a  brush,  and  burnished  when  dry.  When  a  plate  of  iron  is  plunged  into 
a  hot  solution  of  sulphate  of  copper,  it  throws  down  fine  scales  of  copper,  wliich  being 
repeatedly  washed  with  water,  and  grouQd  along  with  six  times  iU  weight  of  bone- 
ashes,  forms  a  tolerable  brOQzing. 

Powdered  and  silted  tin  may  be  mixed  with  a  clear  solution  of  isinglass,  applied 
with  a  brush,  and  bumbhed  or  not,  aeeording  as  a  briglit  or  dead  surface  is  desired. 
Gyiteum  pasta  are  commonly  bronzed  by  rubbiug  brilliant  black-lead,  graphite,  npon 
them  with  a  cloth  or  brush.  Real -bronze  long  exposed  to  the  air  gets  covered  with  a 
thin  film  of  carbonate  of  copper,  called  by  virtaosi  antique  cerago  (paline  aitlioiie.  Ft.). 
This  may  be  imitated  in  aeertain  degree  bj;  several  applicatious  skilfully  made.  The 
new  bi'onze  being  tamed  or  filed  into  a  bright  suiface,  and  rubbed  over  with  dilute 
aquaforti)!  by  a  linen  rag  or  brush,  wili  become  at  first  greyish,  and  afterwards  take  a 
greejiish  blue  tint;  or  we  may  pass  repeatedlj'  over  the  sorface  a  liquor  composed  of 
1  paH  of  sal  ammoniac,  S  parts  of  carbonate  of  potash,  and  Q  of  sea-salt  dissolved  in 
12  parts  of  boiling  water,  to  which  S  parts  of  nitrate  of  copper  are  to  be  added ;  the 
tint  thereby  produced  is  at  first  unequal  and  crude,  but  it  becomes  more  uniform  and 


alate  of  potash)  disBolved  in  vinegar.  One  e[ 
tui'e  of  half  an  ounce  of  sal  ammoniae,  half  ai 
of  hartshorn,  and  an  English  quart  of  vinegar. 


;  Parisian  seulpMir  makes  use  of  a  mix- 
Lce  of  common  salt,  an  ounce  of  spirits 
Lgood  result  will  also  be  obtained  by 


of  metal  being  well  cleaned,  is  to  be  rubbed  with  one  of  tiiese  solution^  and  then  dried 
by  friction  with  a  fresh  bmsli.  If  tlie  hue  be  found  too  pale  at  the  end  of  two  or 
tiu'cc  days,  the  operation  may  be  repeated.  It  is  found  to  be  more  advantageouB  to 
operate  in  the  sunshine  than  in  the  shade. 

BROWN  DYE.  Upon  this  subject  -some  general  views  are  given  in  the  arljelo 
Dyeibg,  explanatory  of  the  nature  of  this  colour,  to  which  I  may  in  the  first  place  refer. 
This  dye  presents  a  Vast  variety  of  tints,  from  yellow  and  red  to  black  brown,  and  ij 
produced  either  by  mixtures  of  red,  yellow,  and  blue  with  each  oUier,  or  of  yellow  or 
Ted  with  biack,  or  by  substantive  colours,  such  as  catechu  or  oxide  of  manganese 
alone.  We  ahall  here  notice  only  the  principal  shades;  leaving  their  modifications  to 
the  caprice  or  skill  of  the  dyer, 

1    P  own  from  mixture  of  other  colours. 

Wo  1  and  woollen  cloths  must  be  boiled  with  one  eighth  tiieir  weight  of  alum  and 
ulpho-tartrate  of  iron  (see  this  article)  ;  afterwards  washed,  and  winced  through  the 
nadder  bath,  which  dyes  the  portion  of  the  stuff  imbued  with  the  alnm  red,  and  that 
w  tl  tie  salt  of  ironbloek;  the  tint  depending  upon  the  proportion  of  each,  and  Uie 
d    at  on  of  the  madder  bath. 

A  s  lar  brown  is  produced  byboUing  every  pound  of  the  stuff  with  two  ounces  of 
aun  d  one  ounce  of  common  salt,  and  then  dyeing  it  in  a  bath  of  logwood  contain- 
ing e  nee  sulpholartrate,  aceiaie,  or  sulphate  of  iron.  Or  the  sluff  may  be  boiled  wiih 
alum  ond  tartar,  dyed  up  in  a  madder  bath,  and  then  run  Ihroush  a  black  bath  of  iron 
mordanl  and  galls  or  sumach.  Here  the  black  llnl  is  added  to  Ihe  red  till  tiie  proper  hue 
he  hit.  The  brown  may  be  produced  also  by  adding  some  iron  liquor  lo  the  madder  liath, 
after  the  sluff  has  been  dyed  up  in  it  wiih  alum  and  tartar.  A  better  brown  of  this 
kii.d  is  obtnined  by  boiling  every  pound  of  wool  wiih  2  ounces  of  alnm,  dyeing  it  up  in 
;ochineal,  then  changing  the  crimson  thus  given  inio  brown,  by  turning  the  stuff  Ibiough 
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the  balh  after  acelale  of  iron  has  been  added  to  it.  Instead  of  the  cochineal,  archil,  or 
eutlienr,  wilh  a  little  gaiU  or  sumach,  may  be  used. 

Wool  or  silk  may  also  receive  a  li^hl  blue  i^round  from  the  indigo  vaf,  then  be  mor- 
jantfil  with  alum,  waslt»l,  and  turned  through  a  madder  balh  till  Ihe  wkhed-for  brown 
be  brought  out.  Forthe  deeper  shades,  galls  or  sumach  may  be  added  lo  the  paler  Brazil- 
wood, with  more  or  less  iron  mordant.  Instead  of  the  indigo  vat,  Saion  blue  mny  be 
employed  to  gronnd  the  stuff  belbre  dyeing  it  with  madder,  or  5  pounds  of  mailder,  wilh 
1  pound  of  alum,  a  Eolulion  of  one  tenth  of  a  pound  of  indi£!0  in  sulphuric  acid,  may  be 
nsed  wilh  the  proper  quantity  of  wnlerfor  Si  pounds  ofwooii  fordarlj  shades,  some  iron 
moidant  may  be  added.  Or  we  may  eombiut  i  balh  of  cijchinenl  or  culhear,  fusiic, 
and  ealls,  and  add  to  It  sulphate  of  iron  and  sulphate  of  indigo,  blunted  with  a  little 
Doiash. 

If  we  boil  woollen  ctolb  wiih  alum  and  tartar,  then  pass  it  through  a  madder  bath,  and 
al>erwnrd  through  one  of  weM  or  fustic,  conlaining  more  or  less  iron  monlanl,  we  oblnin 
shnde»i  variahle,  according  to  the  proportions  of  the  materials,  from  mordore  and  cinnsmon 
;o  chestnut  brown. 

Afier  the  same  manner,  bronze  colors  may  be  obtained  from  the  union  of  olive  dyes 
with  fed.  For  25  pounds  of  chjtb,  we  take<l  pounds  of  fustic  chips,  boil  them  fur  3  hours, 
turn  th(-  cloth  in  this  bath  for  an  hour,  and  drain  it;  tlien  ndd  lo  the  bath  from  'I  to  6 
ounces  of  sulphate  of  iron,  and  I  pound  of  ordinary  madder,  or  2  pounds  of  sandal-wood  j 
put  Ihe  cloth  again  in  Ibis  compound  bath,  and  turn  it  ihrongti,  k'JI  the  desired  shade  be 
obtained.  By  changing  Ihe  proportions,  and  adding  an  iron  mordanl,  other  tints  may  be 
produced. 

This  mode  of  dyeing  is  snilable  for  silk,  but  with  three  difieter.t  balhs;  one.of  loKWood, 
one  of  Brazil-wood,  and  one  of  fustic.  The  silk,  after  bfini;  boiled  with  soap,  is  to  be 
alumed,  and  then  dyed  op  in  a  bath  compounded  of  these  three  decoctions,  mixed  in  the 
reiiuifile  proportions.  By  the  addition  of  walnut  peels,  sulphate  of  copper,  and  a  little 
sulphate  of  iron,  or  by  passing  the  silk  through  a  bath  of  annotlo,  a  variety  of  brown 
shades  may  be  had. 

Or  the  sillj  may  receive  an  annolto  ground,  and  then  be  passed  through  a  balh  of  log- 
wood or  Brazil-wood.  For  10  pounds  of  silk,  6  ounces  of  annotio  are  to  be  lahen,  and 
dissolved  wilh  18  onnces  of  polashesin  boiling  water.  The  silk  must  he  winced  ihroueh 
this  solution  for  2  honrs,  then  wrung  oul,  dried,  next  alumed,  passed  through  a  bath  of 
Brnzjl-wood,  and  finally  through  a  bath  of  logwood,  containing  some  sulphate  of  iroa 
It  is  to  be  wrung  oul  and  dried. 

Bniwn  of  different  shades  is  imparled  to  cotton  and  linen,  by  imprranating  Ihem  with 
ft  n  ixed  mordant  of  ncelales  of  alumina  and  iron,  and  then  dyeing  them  up,  either  with 
madder  alone,  or  with  madder  and  fusiic  When  the  aluminous  mordant  predominaies, 
Ihe  madder  gives  an  amaranth  tin  I,  For  horse-chestnul  brown,  the  Cotton  must  be  galli-l, 
pliin<!ed  into  a  black  balh,  Ihen  into  a  bath  of  sulphate  of  copper,  next  dyed  up  in  a  de- 
coction iif  fusiic,  wrung  oul,  passed  lhrau|:h  a  strong  madder  bath,  then  through  the  sol- 
pliale  of  copper  solution,  and  finished  wilh  a  soap  boil.  DilTerenl  shades  of  cinnamon 
are  oljlaincd,  when  Cottons  first  dyed  up  with  madder  gel  an  olive  cast  with  iron  liquor  in 

Tbi'se  cinnamon  and  mordor^  shades  are  also  produced  by  dyeing  them  first  in  a  bnlh 
of  weld  and  verdigris,  passing  them  through  a  solution  of  sulphate  of  iron,  wrinnins  and 
(iiyina  ihem;  neApulting  them  throuah  a  balh  containing  1  pound  of  galls  for  1(1  pounds 
of  slutr,  aaaindiying,  nexi  aluming,  and  maddering.  They  must  be  brightened  by  a  boil 
in  soap  waler. 
A  auporior  brown  is  prodnced  by  like  means  upon 

the  oiling  process  of  the  Turkey  red  dye.    Such  sl_ ^     .  , 

alum  (see  Mahdeb),  sulphate  of  iron,  and  acetate  of  lead  (equal  lo  f  of  Ihe  alum);  aftei 
wasliinir  and  drying,  dyed  in  a  madder  balh,  nnd  cleared  with  a  soap  boil.  The  lint  of 
brown  varies  with  the  proportion  ofalnm  and  sulphate  of  iron. 

We  perceive  from  these  examples,  in  how  many  ways  the  browning  of  dyts  may  bs 
mndified,  upon  what  principles  they  are  founded,  and  how  we  have  it  in  cur  power  to  turn 
the  shade  more  or  less  toward  reil,  black,  yellow,  blue,  &.e. 

Bioivn  may  be  produced  by  direct  dyes.  The  decoction  of  oak  bark  dyes  wool  a  fast 
brown  ofdifferent  shades,  according  lo  the  concentration  of  the  balh.  The  Kolor  is  more 
lively  wilh  the  addition  of  alum. 

Tlie  decoction  of  bastard  maijoram  {OrijoBam  iWjfarB)  dyes  cottan  and  linen  a  red- 
dish brown,  with  acetate  of  alumina.    Wool  takes  from  it  a  dark  brown. 

Tlie  bark  of  the  mangrove  tree  {Rhrmhara  mangle)  affords  to  wool  boiled  with^um 
and  tartar  a  fine  red  brown  colour,  which,  with  the  addition  of  sulphate  of  iron,  passes 
into  a  fast  chocolate. 

llie  Bablah.  the  pods  of  the  East  Indian  Mi-atosa  dneraria,  and  the  African  Mimoia 
niloHta,  gives  cotton  a  brown  with  acetate  or  sulphate  of  copper. 

The  root  of  the  white  sea  rose  (Npnpkaa  cUba)  gives  to  cotton  and  wool  beautifrf 
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shades  of  brown.  A  mordant  of  sulphnte  of  iroa  and  zinc  is  first  given,  and  llien  the 
wo.jI  is  turned  through  ihe  decoction  of  the  root,  till  the  wished-for  shade  is  oliloined. 
TIk'  cotton  must  be  mordanted  with  a  ipixlure  of  the  acetates  of  iron  and  zinc. 

Walnut  peels  (Jaglmis  regia),  when  ripe,  contain  a  darli  iirown  dye  slnif,  which  com- 
municates a  permanent  rolor  to  wool.  The  older  llie  infusion  or  decoction  of  the  peels, 
Ihe  better  dye  does  it  make.  The  stuff  is  dyed  in  the  lukewarm  balh,  anil  needs  no 
mordant,  though  it  becomes  brighter  with  alum.  Or  this  dye  may  be  combined  with  the 
maddei'  or  fustic  bath,  to  give  varieties  of  shade.  For  dyeing  sUk,  this  balh  should  be 
hanlly  lukewarm,  for  fear  of  causing  inequality  of  color. 

The  peelings  of  horse-chestnnts  may  be  used  for  the  same  purpose.  With  muriate  of 
tin  they  give  a  bnmze  color,  and  with  acetate  of  lead  a  reddish  brown. 

Catectiu  gives  cotton  H  permanent  brown  dye,  as  also  a  bronze,  and  mordor^,  when  its 
solution  in  hot  water  is  combined  with  acetate  or  sulphate  of  copper,  or  when  Ihe  stuff 
is  previously  mordanted  with  the  acetates  of  copper  and  alumina  miieit,  Fomr'times  n  ith 
a  little  iron  liquor,  rinsed,  dried,  and  dyed  up,  the  bath  being  at  a  boiling  heat. 
Ferrocyanate  of  copper  gives  a  yellow  brown  or  a  bronze  to  cotton  and  silk. 
The  brown  color  called  carmdile  by  the  French  is  nroduced  by  one  pound  of  catechu 
to  fonr  ounces  of  verdigris,  wilh  five  ounces  of  mi.riate  of  ammonia.  The  bronze 
(lo/i'atre)  is  given  hy  passing  the  stuff  through  a  solution  of  muriate  or  sulphate  of 
manganese,  with  a  little  tartaric  acid,  drying,  passing  through  a  potash  ley  at  4°  Baum^, 
brishlening  and  filii^  with  solution  or  chloride  of  lime. 

BRUSHES.  (BrosHt,  Fr. ;  Barsien,  Germ.)  Mr.  T.  Mason  obtained  a  patent  in 
October,  1830,  for  an  improvement  in  the  mnnufacture  of  this  article.  It  consists  in  a 
lirmer  mode  of  filing  the  knols  or  small  bandies  of  hair  into  the  stoclt  or  tho  handle  of 
the  brnsh.  This  is  done  by  forming  grooves  in  the  slocks  of  the  brushes,  for  Ihe  purpose 
of  receiving  Ihe  ends  of  the  knols  of  hair,  instead  of  the  holes  drilled  into  the  wooil,  as 
in  brushes  of  the  common  constructions.  These  grooves  arc  to  be  formed  like  a  duvelai], 
or  wider  at  the  bottom  than  Ihe  lop;  and  when  Ihe  ends  of  the  knots  of  hair  have  been 
dipped  into  cement,  they  are  to  be  placed  in  the  grooves  and  compressed  into  an  oval  form, 
by  which  the  ends  of  the  hair  will  be  pressed  outwards  into  the  recess  or  wider  part  of 
the  dovetailed  groove,  or  the  grooves  may  be  formed  with  threads  or  teeth  on  Ihe  sides, 
insTiad  of  being  dovetailed,  and  the  cement  and  hairs  being  pressed  into  the  teeth  or 
Iliread'4,  will  cause  them  to  adhere  firmly  to  tlie  slock  or  handle  of  the  brush. 

A  metal  ferrule  miy  b^  phced  on  the  outside  of  the  stock  of  the  brnsh,  if  necessary, 
and  secured  bj  [iins  or  ri\ets  or  in  any  other  convenient  manner,  which  ferrule  may 
ono  PC  °'*^  '"'""'"  °"*  ^'■'^  "*"  ^''^  ""'*'"  Sro'"'^-  -^'B'-  ^"^  '^ 
1  plan  view  of  the  slock  of  a  round  brush  ;  fig.  210 
5  a  seelion  of  the  same;  a  a  are  the  dovel ailed  Eroovcs, 
vhich  are  turned  out  of  the  wood;  h  is  the  mi-lal  fcr. 
■iile  c  e  are  knots  or  small  bundles  of  hair,  to  form 
lie  brash.  After  a  number  of  the  knots  of  hair  are 
iiepared,  the  ends  are  to  be  dipped  into  proper  cement, 
md  then  placed  into  the  grooves,  when  their  ends  are 
o  he  'Jueeied  hy  a  pair  of  pliers,  or  other  means,  which 
will  cotopresB  them  into  the  oval  shape,  as  shown  in 
fig  Sll  and  cause  the  ends  of  the  hairs  to  extend  out- 
ward under  the  dovetailed  part  of  the  recess. 

The  knots  of  hair  are  lo  be  successively  placed  in  the 
t^rooves,  and  forced  up  by  a  tool  against  the  last  knot 
put  in,  and  so  on,  ontil  the  grooves  are  filled  ;  fig.  Sll  is 
■  section  taken  through  a  brush  wilh  teeth  or  threads  of  a  screw  formed  upon  the  sides 
of  Ihe  groove ;  into  these  teeth  or  threads  Ihe  cement  and  hairs  will  be  forced  by  the 
compre-Bion,  by  which  means  they  wQI  be  held  firmly  in  the  stock  of  the  brnsh. 

JiUTTER.  (Beurre,  Fr.;  Bnller,  Germ.)  Milk  contains  a  fatty  mailer  of  more 
or  loss  consistency,  modified  very  much  according  to  the  nature  of  the  animals  which 
aflord  it.  This  substance  is  butter,  held  suspended  In  the  milk  by  means  of  the  caseous 
mailer  and  whey,  with  which  it  is  intimately'  blended.  Milk  is  a  true  emulsion 
resulting  from  the  mixture  of  these  three  ingredients,  owing  its  opacity  and  white 
Kilor  lo  Ihe  diffusion  through  it  of  that  bolyraceous  oil.  When  any  circumslanee 
dissolves  this  union,  each  component  becomes  insulated,  and  manifests  its  peculiar 
properties.  Milk,  even  left  to  itself,  at  a  temperature  of  from  60°  to  60°  F.,  separates 
spontaneously  into  several  products.  *  A  layer  of  a  fatter,  more  consistent,  but  lighter 
nature  floats  on  its  surface,  while  the  subjacent  liquid  forms  a  white  magma,  whieli 
retains  among  its  curdy  fleets  all  tlie  wlicy  of  the  milk.  The  upper  layer  ur  cream 
contains  nearly  the  whole  of  the  butter;  but  a  portion  remains  entangled  with  Ihe  curd 
and  whey  below. 
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It  belongs  to  a  work  on  huabtindry  or  niral  economy  to  treat  fully  of  the  operations 
of  the  dairy  ;  one  of  fJio  principal  of  wliieli  is  the  extraction  of  butter  from  milk. 

The  Tartars  and  Fcenoli  have  been  long  in  the  habit  of  preserving  butter,  by  melting 
it  with  a  moderate  heat,  whereby  are  coagulated  the  albuminous  and  curdy  matters 
remaining  in  il,  which  are  very  putrescible.  This  fusion  should  be  made  by  a,  heat  of 
a  water  oath,  about  176°  F.,  continued  for  some  time  to  effect  the  more  complete 
purifioatioQ  of  the  batt«r.  If  in  this  settled  liquefied  state  it  be  carefully  decanted, 
strained  through  a  tammy  cloth,  and  slightly  salted,  it  may  be  kept  for  a  long  time 
nearly  fresh,  without  becoming  in  any  d^ree  rancid,  more  especially  if  it  be  puC  up  in 
small  jars  closely  covered. 

Butter  is  the  fatty  matter  of  milki  usually  of  that  of  the  cow.  Milt  is  com- 
posed  of  butter,  caserne,  sugar  of  milk,  several  salte,  and  water.  The  butter  exists  in 
the  form  of  very  small  clobules  of  nearly  nnifortn  size,  quite  transparent,  and  strongly 
refractive  of  light.  Milk  left  in  repose  throws  up  the  lighter  particles  of  butter  to  the 
surface  as  cream.  It  was  imagined  tliat  the  butter  was  separated  in  the  process  of 
churning,  in  consequence  of  the  milk  becoming  sour;  but  this  is  not  the  case,  for  mQk 
rendered  alkaline  by  bicarbonate  of  potash  affords  its  butter  fully  more  readily  than 
acidulous  milt.  The  best  lempeL-atnre  for  churning  milk  or  cream  is  63°  F. ;  that  of 
60°  is  too  high;  and  under  60°  it  is  too  low.  By  the  churning  action  the  heat  rises  from 
3  to  4  degrees  F.  All  the  particles  of  butter  are  never  separated  by  ohnrning ;  many 
remain  diffused  through  the  butter-milk,  and  are  easily  diHCoverableTDy  the  microscope. 
These  are  more  numerous  in  proportion  to  the  bulk  ot  the  liquid;  and  hence  itia  more 
economical  to  churn  cream  than  the  whole  milt  which  affords  it  It  is  computed  that 
a  cow  which  gives  1800  quarts  (old  English)  of  milk  per  annum  eats  in  that  time  8000 
lbs.  of  hay,  and  produces  140  lbs.  of  butter."  Analysis  shows  that  this  weight 
of  hay  contains  168  pounds  of  fat.  The  finest  flavoured  butter  is  obtained  from  milk 
churned  not  long  after  it  is  drawn  ;  but  the  lai^eat  proportion  is  derived  from  the 
cream  thrown  up  by  milk  after  standing  34  hours,  in  a  temperature  of  about  50°  P. 
The  butter-mill^  which  contains  the  very^rmentable  substance,  cnseine,  should  be  well 
separated  from  the  butter  by  washing  with  cold  water,  and  by  beating  with  the  hand^ 
or  preferably,  without  water,  for  the  sake  of  fine  flavour,  by  the  action  of  a  press. 

The  FrencTi  purify  their  butter  by  malting  it  in  pots,  plunged  into  water  heated  to 
200°  or  313° ;  and  sometimes  they  mix  a  pui-e  brine  with  the  melting  butter,  whereby 
they  favour  the  subsidence  of  the  coagulated  easeine  and  other  impurities.  The  super- 
natant clear  butter  should  be  drawn  or  poured  off,  and  rapidly  cooled,  to  prevent  the 
crystnllizaiion  of  its  steorine  and  separation  of  its  oleine,  which  injure  its  flavour  and 
appearance. 

BuTTEB  OF  CAO*a    Scc  Caoao,  CnocoLiTE,  and  Oiia. 

BUTTON  MANUFACTURK  This  art  is  divided  into  several  branches,  eon 
stituting  so  many  distinct  trades.  Horn,  leather,  bone,  and  wood,  are  the  substances 
frequently  employed  for  buttons,  which  are  either  plain,  or  covered  with  silt,  mohair, 
thread,  or  other  omameutal  materials.  The  most  durable  and  ornamental  buttons  are 
made  of  various  metals,  polished,  or  covered  with  an  exceedingly  thin  wash,  as  it  is 
termed,  some  more  valuable  metal,  ohieBy  tin,  silver,  and  gold. 

Those  buttons  intended  to  be  covered  with  silk,  &c,  are  termed  in  general  moulds. 
They  are  small  circles,  perforated  in  the  centre,  and  made  from  those  refine  chips  of 
bone  which  are  too  smafl  for  other  purposes.  These  chips,  which  for  the  lai^e  and 
coarser  buttons,  are  pieces  of  hard  wood,  are  sawn  into  thin  flate^  of  an  equal  thiekne^ ; 
from  which,  by  a  machine,  the  button  moulds  are  cut  out  at  two  operations. 

The  shavings,  sawdust  and  more  minute  fragments  are  used  by  manufacturers  of 
cutlery  and  iron  toys,  in  the  operations  of  case-hardening ;  so  that  not  the  smallest 
waste  takes  place. 

Metal  buttons  are  formed  of  an  inferior  kind  of  brass,  pewter,  and  other  metallic 
compositions;  the  diants  are  made  of  brass  or  iron-wire,  the  formation  of  which  is  a 
distinct  trade.    The  buttons  are  made  by  casting  them  round  the  shank.    For  this 

Eurpose  the  workman  has  a  pattern  of  metal,  consisting  of  a  great  number  of  circular 
uttons,  connected  together  in  one  plane  by  very  small  bars  from  one  to  the  next ;  and 
the  pattern  contains  from  four  to  twelve  dozen  of  buttons  of  the  same  size.  An 
impression  from  this  pattern  is  taken  in  sand  iu  tlie  usual  manner;  and  shanks  are 
pressed  into  the  sand  in  the  centre  of  each  impression,  the  part  wliloh  is  to  enter  the 
metal  being  left  projecting  above  tJie  surface  of  the  sand.  The  buttons  are  now  cast 
from  a  mixture  of  brass  and  tin ;  sometimes  a  small  proportion  of  zinc  is  added,  which 
is  found  useful  in  causing  the  metal  to  flow  freely  into  the  mould,  and  makes  a  sharp 
casting.  When  the  buttons  are  cast,  they  are  cleaned  from  the  sand  by  brushing; 
tliey  are  then  broken  asunder,  and  carried  to  a  second  wortman  at  the  lathe,  who 
inserts  the  shank  of  a  button  into  a  chuck  of  a  proper  figure,  in  which  it  is  retained  by 
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the  back  oCTitre  of  the  lathe  being  pressed  against  the  button  witli  a  spring.  The 
(ii'ciiriiferenco  is  now,  by  filing  it  as  it  tiirus  »mand,  reduced  to  a,  ti-ue  tirtle  ;  and  tlie 
UHttoii  is  instantly  released  by  the  workman's  holding  back  tJie  centre,  and  is  replaced 
by  aaotJier.  A  tfiird  workman  now  turns  the  back  of  the  button  Bcnootb,  in  a  cbuck 
latlie,  Hnd  makes  tlie  projecting  part  roand  the  shank  tme;  and  a  fourth  renders 
the  face  of  the  button  smooth,  by  placing  it  in  a  chuck,  and  applying  the  edge  of  a 
squai  e  bar  of  steel  across  its  centre- 
Gilt  buttons  are  stamped  out  from  copper  (having  sometimes  a  small  alloy  of  zinc), 
Uminated  in  the  flatting  mill  to  tlie  proper  thickness.  The  stamp  is  ureed  by  a  fly- 
pi-ess,  wliich  etits  them  oat  at  oae  stroke.  These  circular  pieces,  called  blanks,  are 
annealed  in  B  furnace  fa>  softeu  them ;  and  the  make]''s  name,  &c.  is  struck  on  the  back 
by  a  monkey,  which  is  a  machine  very  similar  to  a  pile  engine.  Tliis  stamp  also  renders 
the  face  veir  slightly  convex,  that  the  buttons  may  not  stick  together  in  the  gilding 
process.  The  shanks  are  next  soldered  on.  The  burnishing  ia  performca  by  a 
piece  of  hematites  or  blood-stone,  fixed  into  a  handle,  and  applied  to  the  button  as  lb 
revolves  by  the  motion  of  the  lathe. 

A  great  number  of  the  buttons,  tEius  prepared  for  gilding,  are  put  iato  an  earthen 
pan,  with  the  proper  qountity  of  gold  to  cover  them.*  amalgamated  with  mercury  in 
llie  following  manner :  —  The  gdd  is  put  into  an  iron  ladle,  and  a  small  qnantlty 
of  mercury  ^ded  to  it ;  the  ladle  is  held  over  the  fire,  till  the  gold  and  mercijry  are 
perfectly  united.  This  amalgam  being  pnt  into  the  pan  with  the  buttons,  as  much 
nijuafortis,  diluted  with  water,  as  will  wet  them  all  over,  is  thrown  in,  and  they  are 
stirred  up  with  a  brush,  till  the  acid,  by  its  afiinity  to  the  copper,  carries  the  amalgam 
to  every  part  of  its  surface,  covering  it  with  the  appearance  of  silver.  When  this  is 
perfected,  the  acid.is  waslied  away  with  clean  water.  This'prooess  by  the  workman 
H  called  quieting. 

The  old  process  in  gilding  buttons,  called  the  drying  off,  was  exceedingly  pernicious 
to  the  operator,  as  he  inhaled  the  vapour  of  the  mercury,  which  is  well  known  to  be  a 
violent  poisoiL  In  order  to  obviate  this,  the  following  plan  of  apparatna  has  been  em- 
ployed with  success.  The  vapour,  as  it  rises  from  the  pan  of  buttons  neated  by  a  charcoal 
hre,  is  eood acted  into  an  oblong  iron  flue  or  gallery,  gently  sloped  downwards,  having  at 
its  end  a  small  vertical  tube  dipping  into  a  water  cistern,  for  condensing  the  mercury, 
and  a  large  vertical  pipe  for  promotiug  the  draught  of  the  products  of  the  combustion. 

Plated  buttons  are  stamped  by  the  fly-press,  out  of  copper-plate,  covered  oa  one  side 
with  silver  at  the  flatting  mill.  The  copper  side  is  placed  upwards  in  stamping,  and 
the  die  or  hole  through  which  they  ace  stamped,  is  rather  chamfered  at  its  edge,  to 
make  the  silver  turn  over  the  edge  of  the  button.  Tlie  backs  are  stamped  in  the  same 
manner  as  the  gilt  buttons.  The  shanks  are  soldered  on  with  silver  solder,  and  heated 
one  by  one  in  the  flame  of  a  lamp,  with  a  blow-pipe  urged  by  bellows.  Tlie  edges  are 
now  filed  smooth  in  the  ladie,  care  being  taken  not  to  remove  any  of  the  silver  which 
is  turned  over  the  edge.  They  are  next  dipped  in  acid,  to  clean  tlie  backs,  and  boiled 
in  cream  of  tartar  and  silver,  to  whiten  them  ;  after  which  tliey  ai'e  burnished,  the 
backs  being  first  brushed  clean  by  a  brash  held  against  them  as  they  revolve  in  the 
lathe.    The  mode  of  burnishing  is  the  same  as  for  gilt  buttons. 

Button  shanks  are  made  by  hand  from  brass  or  iron  wii'e,  bent  and  cut  by  the  fob 
lowing  means:  — 

The  wire  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round 
by  screwing  it  inU-  the  CJid  of  the  spindle  of  a  lathe,  and  the  wire  by  this  means  lapped 
close  round  it  till  it  is  covered.  The  coil  of  wire  thus  formed  is  slipped  oft,  and  a 
wire  fork  or  staple  with  parallel  legs  put  into  it.  It  is  now  laid  upon  an  anvil,  and  by 
a  punch  the  cod  of  wire  is  struck  down  between  the  two  prongs  of  thefork,  so  as  to 
foini  a  figure  8,  a'iittle  open  in  the  middle.  The  punch  has  an  edge  which  marks  the 
middle  0?  the  8,  and  the  coil  being  cut  open  by  a  pair  of  slieai-s  along  this  mart, 
tiivides  each  turn  of  the  coil  into  two  perfect  button  shanks  or  eyes. 

Mr.  Holmes,  of  Birmingham,  obtained  in  May,  1833,  a  patent  for  an  improved  con- 
struction of  buttons.  Mji.  212.  represents  the  outside  appearance  of  one  of  his  im- 
E roved  shanks,  as  raised  or  tbcmed  out  of  the  disc  of  melal  which  is  to  constitute  the 
ack  of  tlie  button; /j.  213,  an  edge  view,  looking  tlirough  the  shank  or  loop;^^. 
214-  is  another  edge  view,  looking  at  the  raised  shank  or  loop  endways ;  fig.  215.  is  a, 
iection  taken  through  the  shank  and  disc  in  the  db^ctiou  of  tlie  dotted  line  A  b,  in  Ji^. 
212. ;  and  Jiff.  216.  another  section  taken  in  the  direction  of  the  dotted  line  o  n,  in  fiy. 
212.  All  these  figures  of  liis  improved  shank^  as  weU  as  those  hereinafter  described, 
together  with  tlie  tools  used  to  form  the  same,  are  drawn  at  about  half  the  real  size,  to 
show  the  parts  more  distinctly.    It  will  be  seen  that  the  shanks  or  loops  a  a  are  formed 
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by  partially  cutting  and  raising,  or  forcing  up  a  portion  of  the  metal  disc  or  ijaek  b,  and 
are  compressed  or  lortned  by  the  action  of  the  tools,  or  punches  and  dies,  so  as  to  hav« 

:8 


a  rounded  figui'e  on  the  inside  of  the  top  part  of  the  shanfe,  as  at  c,  the  edgoa  of  the 
metal  being  turned  bo  as  to  prevent  them  cutting  the  threads  by  which  the  button  ia 
fastened  to  the  cloth  or  garment.  It  will  be  obserrad  that,  there  being  but  one  passage 
or  way  through  which  the  thread  can  be  passed  to  sew  on  the  button,  and  that  opening 
being  rounded  on  al)  edges,  will  cause  the  threads  to  keep  in  the  centra  of  the  ehanka, 
the  form  of  the  shank  alfowing  a  muEh  neater  attachment  to  the  garment,  and  keeping 
the  Hiraads  from  the  edges  of  the  metal.  The  ends  of  the  shank  or  portions  e  e,  which 
rise  up  from  the  disc  or  baolt  b,  are  made  nearly  circular,  in  order  to  avoid  presenting 
any  edges  of  the  metal  to  the  sides  of  the  butt«n-hole ;  and  when  the  shank  is  sewed  on 
the  cloth,  it  forms,  in  conjonctjon  with  the  threads,  around  attachment  thereby  prevent- 
ing the  shank  from  eutling  or  wearing  the  button-hole ;  the  threads,  when  the  shank  is 
properly  sewed  to  the  garment^  nearly  rlingup  the  opeiung  through  the  shank,  and  com- 
pleting that  portion  of  the  circle  which  hsa  been  taken  out  of  the  shank  by  the  dies  m 
forming  the  ereseented  parts  of  the  loop.  It  will  be  therefore  understood  that  the  inten- 
tion is,  that  the  inside  edges  of  the  shank  should  be  turned  as  much  as  possible  away  from 
the  threads  by  which  the  button  ia  sewed  on  the  cloth,  and  thattheoutadeof  tlie  shank 
sliould  be  formed  so  as  to  present  ronnded  surfaces  to  the  button-hole,  and  that  the 
thread  should  fiU  up  the  opening  through  the  shank,  so  as  to  produce  a  round  attachment 
to  the  garment.  It  shonla  here  be  observed,  that  the  backs  of  the  buttons  shown  in  tliese 
figures  ace  of  the  shape  Keuerally  used  for  buttons  covered  with  Florentine  or  other  fabric, 
or  faced  with  plates  of  fliin  metal,  and  arc  mtended.to  have  the  edges  of  a  disc,  or  what  is 
termed  a  shell,  forming  the  face,  to  he  dosed  in  upon  the  inclined  or  bevelled  edges  of 
tiie  backs.  Having  now  described  the  peculiar  form  of  the  irajjroved  shanks  which  he 
prefers,  for  buttons  to  be  covered  with  Florentine  or  other  &hnc,  or  shells  of  thin  meta] 
plate,  he  proceeds  t«  describe  some  of  the  different  variations  from  the  same. 

F^g.  217.  is  a  representation  ot  a  shank,  the  out  through  the  disc  or  back  being  effected 
by  a  parallel  rib  on  the  die,  and  corresponding  groove  in  the  shaping  punch,  instead  of  the 
semi-cirenlar  or  ereseented  cut  shown  in/j.  212  -.^g.  218.  is  a  view  of  another  sliaflk,  tha 
separation  of  the  sides  of  the  loop  being  performed  by  straijjht  edges  in  both  punch  and 
die.  He  prefers  finishing  this  shaped  shank  (that  is,  giving  it  the  rounded  form,  to  pre- 
vent its  cutting  lie  threads),  by  detached  punches,  and  dies,  or  pincers,  as  wiU  be  herein- 
after dcacrtbed,  Mg.  21 9.  is  a  representation  of  one  of  the  improved  shanks,  which  ha« 
merely  portions,  //,  of  the  back  of  the  batMin  connected  to  its  ends.  This  shank  may  be 
used  for  buttons  which  have  a  metal  shell  to  be  closed  in  upon  the  bevelled  edges  of  the 
ends,  or  the  shank  piete  may  be  o'.herwise  connected  to  the  face  part  of  the  button.  F^. 
220.  is  a  representation  of  a  shank  raised  out  of  a  small  disc  of  metal  g  g,  intended  to  be 
soldered  to  the  disc  of  metal  foiming  the  button,  or  it  may  be  otherwise  fixed  to  the 
Dack;  Jig.  221.  is  a  representation  of  another  shank  for  the  same  purpose,  having  onlj 
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[ritrtions  of  metal  ft  A,  for  soldering  or  otherwise  attaching  it  to  the  baeliof  the  button, 
as  In' placing  a  ling  or  annular  piece  over  it  foi'miug  tli«  back,  wliivh  eliall  ba  confined 
to  the  face,  as  before  described ;  ^jf.  S2'2.  is  a  repreaeutatiou  of  asliank  raised  upon  a  dish 
or  bevalled  piece  of  metal,  and  js  intended  to  be  used  for  buttonii  made  from  peai'i-sliell, 
honi,  wood,  paper,  or  other  Eubstances.  Tlie  back  part  of  the  l)uttoD  bas  a  dovetailed 
recess  formed  in  it  to  receive  the  dish-shaped  back,  which  is  pi'eaaed  into  tlie  recess,  the 
edges  of  the  dish  being  expanded  in  the  dovetailed  pai'ts  of  tlie  recess  by  the  ordinary 
meatjs,  and  thereby  fiiTiity  tixing  it  to  the  button,  as  shown  io_fig.  223. 

UiLVing  now  explained  the  peculiar  form  of  bis  improved  BliankB,lie  proceeds  to  describe 
tlie  t«ols,orpilncbeH  and  dies, by  which  he  outs  the  disc  or  back  from  out  of  asheetof  metal, 
and  at  the  same  operation  produces  and  forms  the  shank  complete.  Fig.  2*24.  is  a  longitu- 
diual  section  taken  through  a  pair  of  dies  and  punches  when  sepaiiited;^jr.226.  is  a  similar 
section,  taken  vheo  they  ai'e  put  together,  and  in  tlie  act  offonniiig  a  shank  after  cutting 
out  the  disc  or  back  of  the  button  from  a  sheet  of  metal ;  Jig,  22ti.  is  a  face  view  of  the 
punch ;  and^.  22T.  is  a  similar  representation  of  the  counter  die.  with  the  tools  complete; 
a  is  tlie  puncher  or  cutter,  and  b  the  counter  bed,  by  tlie  circular  edges  of  wiiich  the  disc 
of  metui  is  cut  out  of  the  sheet;  c  is  a  die,  fixed  in  the  cutter  a,  (upon  which  the  name  of 
tile  button  maker  may  be  engraved.)  J'ig.  228.  is  a  face  view  of  thisdie  when  removed 
out  of  the  punch ;  d  is  the  counter  die  to  the  die  e.  Il  will  be  perceived  that  these  dies 
<  aud  d,  together  with  the  punch  and  bed.  compress  the  disc  of  metal  into  the  form 
required  for  the  back  of  the  bnttoD ;  tliat  shown  in  the  figures,  as  before  stated,  is  of  the 
sliape  used  for  buttons  to  be  covered  with  Florentine  or  tiiin  plate  metat,  in  a  round 
sliell  closed  in  upon  the  inclined  or  bevelled  edge  of  the  back  ;  t  is  the  cutting  and 
shaping  punch  Of  the  shank,  which  is  fixed  within  the  counter  die ;  this  puncli  cats 
tliroujfli  the  metal  of  the  disc,  and  forms  the  shank  as  the  <3ies  approach  nearer  tojreOier, 
by  raising  or  forcing  it  up  into  the  recces  or  opening  in  the  die  c,  where  it  is  met  oy  the 
end  of  ntiotlier  shaping  punch/,  fixed  in  the  punch  a,  which  compresses  tlie  upiier  pari 
of  the  shank  into  Uie  recesa  jf,  in  the  end  of  the  punch  e,  thereby  giving  ttie  sliank  its 
rounded  figure,  and  at  the  same  time  formingthe  other  paii  of  the  shank  into  the  re- 
(luired  shape,  as  described  at  _^jfft  212,  (o216.  The  ends  of  these  shaping  punches  fit  into 
and  over  each  other,  as  will  be  seen  by  the  detached  figures  of  the  punches  designed  for 
forming  the  shank  first  described.  Fig.  229.  is  a  representation  of  the  punches  when  apart 
and  removedoutofthedies;/^.  230.  is  a  longitudinal  section  of  the  same; /<;.  281.  is 
another  view  of  the  punches  an  seen  on  the  top,  THe  sliaip  edge  of  the  recess  li,  in  the 
punch  e,  comes  iii  contact  with  the  cuttingedges  of  the  projecting  rib  ^  of  tlie  die  c,  and 
thereby  cuts  through  so  much  of  the  metal  as  )s  required.  The  edge  k  of  this  die  keeps 
tlie  outside  ends  of  the  shank  of  a  spherical  figure,  as  before  esplained,  while  the  punches 
forc^  up  the  metal,  and  form  the  elevated  loop  or  shank:  ttu  are  holes  made  tlii'ougb  the 
counter  die  c^  for  the  passage  of  clearing  pins,  which  force  out  the  shank  or  back  piece 
from  the  counter  die  when  finished;  the  operation  of  wliicli  will  be  shown  when  describ- 
ing tJie  machineiy  hereafter.  There  are  adjusting  screws  at  the  back  of  the  punches  aud 
dies,  by  which  they  can  be  regulated  and  bi'oueht  to  their  proper  position  one  to  tlie  other. 

Although  he  has  shown  the  punches  which  form  his  improved  shanks,  fixed  into  and 
working  in  conjunction  with  the  punch  and  dies  which  cut  out  and  shape  the  disc?  of 
metal  for  the  back  of  the  button,  yet  he  does  not  intend  to  confine  liimself  to  that  mods 
of  using  them,  as  flat  blanks  or  discs  for  the  backs  of  buttons  may  be  cut  out  in  a 
separate  stamping  pi'css.  and  afterwards  shaped  in  the  same  press  or  in  another,  and  then 
brought  under  the  operation  of  the  punches  which  form  his  impraved  shanks,  fixed  in 
uitable  press.    Tr.is  last-mentioued  mode  of  producing  button  slianks  and  backs 
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le  prefers  when  such  metals  are  employed  as  require  annealing  between  the  operation 
"  shaping  the  backs  and  forming  the  shank.  Mg.  2S2.  is  a  secljon  taken  through  i 
ir  of  dies,  in  which  the  operation  only  of  forming  the  shank  is  to  be  performed,  the 


are  moantfld  in  guide-pieces  m  ,  ,  ... 

each  other,  the  die  c  being  mounted  in  the  piece  «,  and  acting  against  the  face  of  the 
guide  in.  The  blanks  or  backs  of  the  buttons  may  be  fed  inUi  these  dies  by  hand  or 
any  other  weans ;  and  after  the  sliank  is  formed,  the  finished  back  can  be  pushed  out 
of  the  lower  die  by  clearing  rods  passed  through  the  holes  ii  ii,  and  removed  by  hand, 
or  in  any  convenient  manner. 

When  tiis  improved  shanks  are  formed  onl  of  iron  or  other  metal  which  is  too  brittle 
to  allow  of  the  shank  being  forced  up  and  finished  at  one  operation  in  the  dies  and 
punches,  be  prefers  cutting  out  and  sliaping  the  blank  or  back  of  the  button  first,  and 
after  annealbg  it,  to  raise  or  force  up  the  portion  of  metal  to  form  the  shank  into  the 
sliape  shown  in  jfo.  283.,  that  is,  without  the  eda;es  of  the  metal  being  turned  to  prevent 
their  cutting  the  Uireads,  and  after  again  anneahng  it,  to  bend  or  turn  the  edges  into  the 
shape  shown  in  Jig.  218.  by  means  o(  suitable  punches  in  another  press,  or  by  a  pair  of 
pinceis  and  pimch  as  shown  in  jf^.  234,  which  is  a  side  view  of  a  small  apparatus  to  ha 
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naed  for  turoing  the  eages  of  the  ehank  bj  hand,  with  a  jjarUy  formed  shank  aeen  iinJei 
operation,  a,  iatho  upperjawof  apair  of  pinoei's,  tliis  jaw  being  iised  on  to  the  head 
of  the  standard  b;  the  under  jaw  .^  is  formed  by  the  end  of  the  lever  or  handle  it  which 
baa  ifa  fularura  in  the  standard  b.  e,  is  a  small  pnneh.  passed  throngli  a  guide  hole  in 
the  liead  of  the  standard,  one  end  projecting  into  the  jaws  of  the  pincera,  the  other 
against  a  pieee/  attached  bya  joint  to  the  lerer  d,  and  worliing  through  a  slot  in  the 
head  of  tlie  standard ;  this  piece  /  baa  an  inclined  plane  on  the  aide  next  the  end  ol 
the  punch,  which,  in  its  descent,  projects  the  pnneh  forward  ^iiist  the  top  of  the 
loop  of  the  ahnnt,  (placed  at  j,)  aa  the  pincers  are  cloaad  by  forcing  down  the  lever  d, 
and.inconjunctionwith  the  jawHof  thepinoerSpCompreaaes  theshank  int«  the  required 
form,  as  shown  at  k,  and  in  tbe  enlaiged/j',  218.  A  spring,  i,  acts  against  a  phi  fixed 
into  the  punch  ft  for  Ihe  purpose  of  bringing  it  bacli  as  the  jawa  open  after  forming  a 
shank.  ligs.  335.  and  286.  represent  the  face  and  section  of  the  dies  mentioned  before, 
for  cutting  the  slita  in  (he  discs,  as  ot/j.  217. 

Havbg  explained  the  psooliar  forma  of  his  improved  matailio  shanks  for  buttona, 
and  the  tools  employed  in  making  the  same,  be  proceeds  to  describe  the  madiincrj  of 
apparatus  by  which  he  intends  to  carry  his  invention  into  effect.  He  proposes  to  take 
a  sheet  of  metal,  aay  about  80  or  40  feat  long  and  of  the  proper  width  and  thickness, 
which  thin  aheet  is  to  be  wound  upon  a  roller,  and  placed  above  the  machine,  so  that  it 
can  be  easily  drawn  down  into  the  machine  as  required  for  feeding  tbe  jiuuchcs  and 
dies.  Mg.  iST.  is  a  plan  view  of  a  machine,  intended  to  work  any  convenient  number 
of  seta  of  punches  and  dies  claced  in  rows.  Eleven  seta  of  punches  and  dies  arc  re- 
f-r;ja^  presented,  each  aet  being 

ill'   '^yili    TnlT/l^sritln.  ■ 

"~^  /g.  2SB.  is  a  side  view, 
"  and  jijf.  239.  a  longitudin- 
al section,  taken  through 
llie  machine;  /gs.  240. 
and  241  are  transverse 
sectiona  taken  through 
the  machine  between  the 


diea,  jfjf  no.  represents 
ing  its  appearance  at  the 
f  ne  of  the  punches,  and 
Jig  241  tbe  opposite  viSw 
of  the  counter  dies,  a  a, 
are  the  punches ;  b  b, 
the   counter  diea ;    each 

in  the  bteel  plati 
fa\td  upon  ' 
bars  J  and  (,  oy  counter- 
EVmk  sciews  and  nuts, 
the  punches  and  dies 
being  retained  in  their 
proper  position  by  the 
platea,  which  are  screwed 
on  to  the  front  of  the 
etcel  plates,  and  preas 
against  the  eollara  of  the 
punches  and  diea.  The 
bars  d  and  a  are  both 
mounted  on  the  guide- 
pins  g  g,  fixed  in  the 
heads  A  A  of  tlie  frame, 
which  guide-pina  pass 
through  the  bosses  on 
the  ends  of  the  bars. 
The  bar  d  is  stationary 
upon  the  guide-pina, 
being  fised  to  the  heads 
A  h,  by  nuts  and  screws 
passed  through  ears  cast 
on  tJieir  bosses.  The  bar 
e  slides  freely  upon  the 
guide-pins  ^  g,  aa  it  u 
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moved  bactwards  uid  forwards  by  the  crank  i  i,  and  counecting-roda^'j,  an  the  crank 
ihaft  revolves.  The  sheet  of  thin  iron  to  be  operated  upon  is  placed,  as  before  stated, 
above  the  muohine;  its  end  being  brought  down  as  at  a  o,  and  passed  between  the 


guide-rod  and  clearing  plate  I;  and  between  the  pair  of  feedicg-rollera  1 1,  wliieli,  bj 
revolving,  draw  down  a  further  portion  of  the  sheet  of  metal  between  the  punches  and 
dies,  after  each  operation  of  tlie  punches. 

As  the  counter  dies  advance  towards  the  tunohes,  thoj  first  come  in  contact  with 
Uie  slieet  of  metal  to  be  operated  upon ;  and  after  having  produced  the  pressure  whicli 
cuts  out  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches 
b^  tlie  counter  dies;  and  in  order  that  the  alieet  may  be  allowed  to  advance,  the  car- 
nage which  supports  the  axles  of  the  feeding-rollers,  with  tlie  guide-rod  and  clearing- 
plate,  are  made  to  slide  by  means  of  the  pin  m,  wliieh  works  in  a  slot  in  the  sliding- 
pieee  ?i,  bearing  the  axis  of  tjie  faeding-roller  i  ^  the  slide  n  being  kept  in  its  place  on 
the  framework  by  dovetailed  guides,  ^lown  in  Jig.  241. 

When  the  counter  dies  liave  advanced  near  to  the  sheet  of  metal,  the  pin  m,  comes 
in  contact  with  that  end  of  the  slot  in  the  piece  n,  which  is  next  lo  the  punches,  and 
forces  tJie  carnage  with  feed-rollers  and  clearing  plate,  and  also  the  sheet  of  metal, 
wards,  as  the  dies  are  advanced  by  the  reaction  of  the  cranks ;  and  after  they  have  < 
cut  the  discs,  and  raised  the  shanks,  the  sheet  of  metal  will  remain  upon  the  puncli 
and  when  Hie  bar  e  returns,  the  finished  backs  and  shanks  are  forced  out  ot  the  coi 
tcr  dies,  by  the  clearing-pins  and  rods  o  o,  which  project  through  the  bar  e,  and  through 
the  holes  before  mentioned  in  the  counter  dies;  these  elearing-pios  being  stationary  bf 

"    ^   n  the  standard  q  g,  on  the  cross  bar  of  the  frame, 
shown  ■  '  ' 


a  the  bars  p  y,  moimted  upon  the  standard  q  g,  on  the  t 

n  ia  Jigs.  237.  2S9.  240.    Immediately  after  this  is  done,  the  pins  m  come  in  con 
it  witi  the  other  ends  of  the  slots  in  the  pieces  x,  and  draw  back  the  feeding-rollers 

Setlier  with  the  clearing-plnte  k,  and  Oie  iheet  of  metal,  away  from  tJie  punohei 
e  position  represented  in  the  figures. 


le  leeding  of  the  metal  into  the  machine  is  eifeoted  by  a  crank-pin  r, 
I  crank-shafts  coming  in  contact  with  the  bent  end  of  tlie  sliiling-bar  a. 


At  this  ti 
on  the  end  of  the  crank-sha 

supported  in  standards  1 1;  and  as  the  crank-shaft  revolves,  this  pin  r  forces  the  bar  s 
forward,  and  causes  tbe  looth  or  pall  H  on  its  reverse  end,  to  drive  the  racket-wlieel  m, 
one  or  more  teeth ;  and  as  the  racket-wheel  v  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  roUers  I,  it  will  cause  that  toller  to  revolve;  and  by  means  of  the  pair  of  spur- 
pinions  on  the  other  ends  of  Uie  axles  of  the  feeding-rollers,  they  wiU  ootli  revolve 
simnltaneonsly,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  will 
be  perceived  that  the  standards  which  support  the  clearing-plate  and  gaide-bar  are  car- 
ried by  tJie  aslea  of  Uie  feeding-rollers,  and  partake  of  then-  sliding  motion ;  also  that 
the  clearing-pins  o,  ai-a  made  adjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding-stop  z  upon  the  bar  »,  which  comes  in 
contact  with  the  back  standard  t,  and  prevents  the  bar  «  sliding  back  too  far,  and  con- 
sequently regulates  the  quantity  of  sheet  metal  to  be  fed  into  flie  machme  by  tlia  pall 
and  ratchet-wheel,  in  order  to  suit  different  sIkcb  of  ponchee  and  dies.  In  case  the 
weight  of  the  bar  e,  carrying  the  coimter  dies,  shonld  wear  upon  its  bearings,  the 
gnide-pins  0  o,  have  small  friction-rollers  5  ;/,  Bhownunder  ths  bosses  of  this  bar,  which 
friction-rollers  rnn  upon  a^uatable  beds  or  planes  a  z,  by  which  means  Uie  guide-pins 
may  be  partially  relieved  from  the  weight  of  the  bar  i^  and  the  friction  consequently 
diminished. 

BurroMS  of  Hobs.— Mr.  Thomas  Harris  obtained  in  April,  1841,  a  patent  for  im- 
provements in  the  manufacture  of  horn  buttons,  and  in  their  dies.  His  invention 
relates,  first,  to  a  mode  of  applying  flesible  shanks  tohom  buttons;  secondly,  to  a  mode 
of  ornamenting  horn  buttons,  by  inlaying  the  front  surface  tliereof;  thirdly,  to  a  mode 
ot  ornamenting  what  are  called  horn  buttons,  bj  gilding  or  silvering  their  surfaces ; 
fourthly,  to  a  mode  of  constructing  dies,  by  applying  separate  boundary  circles  to  ea-'Ji 
engraved  surface  ot  a  die,  by  which  the  process  of  engraving  as  well  as  the  forming 
of  accurate  di  ;s,  will  be  faciUtated  ;  fifthly,  to  a  mode  of  constructing  dies,  used  m  the 
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mm  fipf  ire  of  horn  butt^na  whireby  the  horn  or  hoof  employed  iFill  not  he  pet 
m  tteJ  to  be  expreased  hf\  on  1  tl  "  cirGumferen  e  of  the  b  itto 
Fiff    242.  refie  et  iii-tlsiade    us--d  in  ji   d      ng  Ihe 


improved  horn  bnttons,  according  to  tlie  first  improvement ;  the  upper  die  a  ia  made 
to  prodaoe  the  back  aurffices  of  the  buttons,  and  the  recess  or  groove  for  receiving  the 
flexible  shank.  I^.  243.  shows,  in  section  and  back  view,  the  form  of  a  button  pro- 
duced by  the  dies. 

Buttons  thus  formed  are  now  ready  to  receive  fleiiWe  shanks;  and  if  the  buttons 
are  to  have  plain  smooth  front  aurfoeas,  then,  in  fixing  the  flexible  shanks,  the  same 
kind  of  under  die  b  may  be  used;  but  if  the  front  surface  of  the  button  ia  to  be  em- 
bossed or  ornamented,  then,  in  plaee  of  that  die  a  similar  one  having  engraved  or 
suitably  ornamented  surfaces,  b  to  be  used.  When  fixing  the  shunts  to  buttons,  the 
lower  or  face  die,  containing  the  previously  formed  buttons,  is  to  be  heated  till  a  drop 
of  water  will  nearly  boil  upon  it 

The  shank  is  applied  as  follows: — a  metai  shell  or  collet  a  [aeefy,  244.)  ia  placed 
over  the  flexible  shank  b,  and  a  plat9  of  metal  e  is  laid  under  the  ahank ;  these  are 
placed  in  the  groove  or  receas  of  the  button,  which  had  been  previously  heated 
in  the  lower  die;  the  upper  die  a,_^.  245.,  is  then  to  be  placed  onthelower  dieE,  and 
the  two  submitted  to  pressure,  until  they  become  cool,  when  the  shank  will  be  firmly 
attached,  aa  shown  at  Jig.  24G.,  and  the  bottom  may  be  finished  in  the  usual  way. 

The  second  part  of  the  invention,  whicli  relatea  to  a  mode  of  ornamenting  horn  but- 
tons, by  inlaying  the  front  surface  thereof^is  performed  in  a  manner  similar  to  what  has 
been  above  described,  for  fixing  flexible  shanks,  and  consists  in  first  forming  the  front 
face  or  surface  of  a  button,  in  suitable  dies,  for  providing  a  recess;  and  then,  by  a 
second  p-essure  in  dies,  to  fix  the  ornamental  snr&ce;  and,  when  desired,  the  surround- 
ing from,  dirfaceof  the  button  maybe  embossed.  J^.  241.  is  a  longitudinal  section  of  a 
pair  of  dies,  for  forming  a  receas  in  the  face  of  a  button,  ftg.  24B.  shows,  in  front  view 
and  section,  a  horu  button,  produced  by  these  dies.  Kg,  249.  shows  a  metal  omamenti 
to  be  inlaid  or  fixed  in  the  front  surface  of  the  button,  but  it  should  be  stated  that  the 
ornamenting  surface,  to  be  fixed  in  the  front  mirface  of  the  button  may  be  of  pearl  or 
other  material;  and  the  size  and  device  varied  aooording  tfl  taste.  M^.  250.  shows  in 
section  a  pair  of  dies,  for  giving  the  second  pressure  for  atfixing  the  ornamental  surface ; 
and,  if  desired,  the  remaining  front  surface  of  the  button  maybe  ornamented,  by  having 
the  lower  die  engraved,  or  otherwise  suitably  ornamented.  Mff.  251.  shows  in  front 
view  and  section  a  button  made  according  to  this  part  of  the  invention. 

The  third  part  of  the  invention  relates  to  a  mode  of  ornamenting  horn  buttons,  by 
gilding  or  silvering  their  surfaces.  This  is  effected  by  applying  a  suitable  cementing 
or  adhesive  material  with  a  soft  brush  to  the  button,  in  order  Uiat  gold  or  silver  leat 
may  be  attached  to  ita  surface.  The  cementing  or  adhesive  material  preferred  to  be 
used  ia  dressing  varnish  rendered  sufficiently  liquid  by  essence  of  turpentine ;  and  when 
the  varnish  is  oearly  dry,  gold  or  silver  leaf  ia  applied  thereto,  and  pressed  in  theaame 
manner  as  practised  wlien  gilding  and  silvering  other  snrfaces;  by  thus  treating  born 
buttons,  a  very  novel  manufacture  of  that  description  of  buttons  may  be  producei 

The  funrth  part^  of  this  invention  relates  to  tlie  construction  of  dies  used  in  th* 
manafsicture  of  hom  biitt<m?.     Fig.  252.  ia  a  section  of  a  die,  constructed  according  to 
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this  part,  of  tlie  inTentJon  and  jfjf.  253.  is  a  seotion  allowing  tha  die  witliout  the  boimd- 
-ng  circles,  ■which  aonfine  the  pattern;  /  is  the  die  engraved  at  the  parts  g,  g;  around 
eauh  of  wliioheafiraTedsurfaceB  are  circular  gi'oovcB  or  recesses  to  receive  the  bounding 
circles,  h,  h,  which  fit  accurately.  By  the  after  inaertjoa  of  these  circles,  the  workman 
i?  not  confined  to  move  his  graver  within  the  bounding  line,  as  that  Una  ie  not  present 
when  engraving  the  plate;  and  the  graver  may  pass  beyond,  and  the  grooves  and  the 
bounding  circles  may  readily  be  made  with  great  accuracy  to  each  of  the  engraved 


Tlie  fiftii  part  of  the  invenlion  also  relates  to  a  mode  of  eonstracting  dies,  for  the 
oianufacture  of  horu  buttons,  and  consists  in  forming  the  dies,  so  that  the  bounding 
circle  shall  be  of  a  aufficient  depth  for  the  counter  die  to  slide  within  it,  and  fit  aeeu- 
ratelyin  order  that  theeiroumferenee  of  each  button  shall  be  smoothly  and  accurately 
formed,  Mff.  254.  represents  in  section  two  dies,  and  one  coujiter  die,  made  according 
to  this  part  of  the  invention  ;  Jiff.  255.  shows  one  of  (he  dies,  in  plan  and  section;  and 
tig,  '256.  a  plau  and  section  of  a  counter  die,  suitable  for  flexible  shank  buttons,  /i,  h, 
are  the  dies,  having  the  engraved  surfaces :,  i,  on  separate  circular  discs  of  metal,  such 
as  have  heretofore  been  used;  j,  is  a  oounter  die,  and  k,  a  tube,  within  which  the 
counter  die  is  held,  the  object  of  tJiia  tube  being  to  guide  the  projecting  edges  t,  I,  of 
the  dies  as  shown,  and  thus  keep  the  dies  and  eonnter  dies  correct  Ui  each  other.  Mg  257. 
is  a  section  of  two  dies  A,  And  a  counter  die  j' ;  but  in  this  case  tlie  tube  kh  dispensed 
with,  the  dies  being  deeper  sunk,  and  tlius  guiding  the  poonter  die  correctly.  By  the 
use  uf  these  dies,  the  edges  of  horn  buttons  will  be  more  accurately  tonaea,  and  con- 
senaently  require  less  finishing.  This  description  of  dies  may  be  made  according  to 
the  mode  descwbed  in  the  fouitti  part  ot  this  invention ;  that  is,  by  formmg  the  boundary 
circle  separately,  as  will  be  understood  by  referring  to  jft;.  258,,  which  is  aside  section  of 
a  die  complete,  with  its  boundary  circle  formed  in  a  similar  manner  to  that  described 
above,  fig.  259.  represents,  in  plan  and  secljon,  a  variation  in  the  means  of  affijiiig  a 
separate  bounding  circle  to  each  engraved  surface  ;  and  it  is  suitable  for  worMnc  with- 
out the  tube.  In  using  these  dies  they  are  to  be  heated  but  slightly,  whether  for 
buttons  with  metal  shanks,  or  to  receive  flexible  shanks,  and  are  to  be  pressed  as  here- 
totore.  The  patentee  claims,  firstly,  tha  mode  of  manufacturing  horn  buttons  with 
fiexible  shanks,  hy  first  forming  buttons  hy  pressure  and  heat,  and  then  by  a  second 
pi'essure  in  dies,  to  affix  flexible  shanks  thereto,  as  above  draoribed.  Secondly,  the 
mode  of  ornamenting  horn  buttons,  by  causing  suitable  surfaces  to  be  affixed  in  the 
front  surfiices.  by  pressing  tha  buttons  with  the  ornaments  in  dies,  as  above  described. 
Thirdly,  tha  mode  of  ornamenting  horn  buttons  by  gilding  and  silvering  their  surfaces 
as  described.  Fourthly,  the  mode  of  constructing  dies  used  in  the  manufacture  of  horn 
buttons,  by  applying  separate  bounding  circles  to  each  engraved  sarface  for  a  button ; 
and  fifthly,  the  mode  of  manufacturing  liom  buttons  in  dies,  wherein  the  horn  or  hooi 
is  prevented  fmm  being  expressed  at  the  circumference  of  the  buttons  as  described. 

BurtoNS,  CovBBED.  Mr.  Joseph  Parkes  obtained,  Id  1840,  a  patent  for  improve 
ments  in  the  manufactui'e  of  covered  buttons  made  by  dies  and  pressare,  by  tha 
application  of  horn  as  a  covering  material.  The  process  resorted  to  by  the  patentees 
for  carrying  out  this  invention,  is  very  similar  to  that  puisued  in  manufacturing 
Florentine  Duttons;  aueli  modifications  being  applied  as  are  rendered  necessary 
for  adapting  such  process  V  the  peculiar  nature  of  the  material  employed  for  covering 
the  face  of  each  button,  o,  Mff.  260.  shows  a  plan  of  a  disc  of  iron  plate,  with  four 
projecting  points,  which  is  formed  by  suitable  dies  in  a  fly-press,  as  is  well  under- 
stood; the  points  are  then  turned  down,  and  the  disc  o,  is  sunk  into  the  siiape 
shown  at  Jig.  261.,  and  two  such  sunk  discs  are  applied  to  the  internal  core  of  tlie 
button-hoard  ot  each  button ;  6,  Jig.  262.,  shows  a  plan  and  edge  view  of  a  circukr  dise 
of  button-board,  suitable  for  fomiiug  the  internal  core  of  a  button. 

The  dies  being  placed  in  suitable  presses,  as  U  well  understood  in  usmg  similar 
dies  in  manufactunng  Florentine  or  other  covered  buttons,  one  of  the  sunk  dies  a 
is  placed  in  the  under  die.  with  tJie  points  ejiwards,  having  a  disc  of  button-board 
placed  on  the  points,  as  shown  at  fy.  263. ;  the  npper  die  or  punch  is  than  caused  to 
descend  and  pi-ess  the  button  board  6  into  tha  shape  shown  at  Jig.  264. ;  which,  when 
tiius  formed,  is  to  have  a  die  n,  applied  on  the  other  side,  as  sliown  at  Jig.  266.  The 
disc  a,  to  be  next  fixed  to  the  button-board,  is  placed  in  a  suitable  die,  the  disc  which 
has  al/eady  been  fixed  being  upwards;  the  die  or  punch  is  now  to  be  pressed  down, 
which  will  produce  the  button-board,  with  the  discs  o  o  on  cither  side,  into  the  shape 
shown  at  Jig.  266. ;  and  it  will  be  seen,  that  one  of  the  discs  will,  by  the  shape  of  the  die, 
be  Buuk  concave,  whilst  the  other  disc  «,  on  the  other  side,  will  ha  formed  convex,  or 
according  to  the  figure  of  the  face  of  the  intended  button. 

The  core  of  button-board,  if?,  -iee.,  is  now  ready  for  being  inserted  into  the  fabric 
which  is  to  become  the  fiexible  shank  of  the  button,  and  which  flexible  shanliis  formed 
by  sinkng  a  portion  of  lalric  in  suitable  dies,  as  is  well  understood  when  making 
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towards  the  protniJing  shiiik  and  tlie  edges  of  the  fabric  are  than  to  be  preaaed  ovet 
the  core,  (as  is  well  understood  )  wliioh  will  produce  tlie  partly  formed  button,  J?(;.  267., 
which,  is  a  eide  view,  and  eonsiats  of  the  ehant  coataiiiing  the  core,  which  is  next 
inserted  into  the  metal  shell  e,  fig.  268.,  and  these  parts  being  placed  in  a  suitable  die, 
are  pressed  tt^ethar,  and  the  partly  manufactured  button,  ifj.  269.,  will  be  prodnead, 
conaistineof  the  ahank  containing  the  cora,  covered  on  Uie  front  surface  witli  the  metal 
shell  c,  which,  by  the  die,  baa  its  edgea  bent  down  on  the  fabric  of  the  flexible  sliauk. 
The  button,  tins  far  formed,  is  now  in  a  condition  to  be  covered  with  a  thin  plata  of 
horn,  which  ia  performed  in  the  following  manner: — d.fig-  270.,  shows  a  diao  of  horn, 
cut  out  by  suitable  dies,  the  ciraumfarence  being  acolloped,  in  order  that  iu  folding 
over  the  mould, /j.  269.,  the  horn  may  not  be  puckered,  s  ^,fis-  271.,  shows  a  collet, 
for  affixing  the  covering  of  liorn  to  the  button,  the  collet  being  similar  to  that  used  in 
what  ia  cdled  "Bandar's  plan  of  making  Florentine  and  other  covered  buttons," 

The  method  of  covering  the  mould  of  the  button  with  bom  is  described  as  follows: 
Vtg.  272.  repreaents.  in  section,  alowerooverinj^dic,  and  also  a  proper  punch  for  pressing 
the  parts  into  tha  lower  die ;  theae  dies  beii^  in  a  suitable  press,  as  ia  well  undaratood. 
The  lower  die  ia  to  be  kept  heated  to  such  an  extent  that  the  workman  can  just  bear 
his  hand  to  rest,-  for  a  very  short  time,  on  the  upper  surface  ot  the  die ;  the  heating  is 
preferred  to  be  accomplished  by  means  of  a  Same  of  gaa  below  tha  die ;  and  it  will  l>e 


of  hom  dia  placed  in  the  lower  die  jr.  The  shape  or  mould, /?.  289.,  is  then  placed  on 
the  horn,  and  the  punch  or  die  v  '-i  cauaed  to  descend,  and  press  the  parts  into  the  die 
g;  the  punch  ft  is  then  raised,  in  order  to  allow  of  tha  introouction  of  the  parts  shown 
atfign.  373  and  274.,  which' consist  of  the  tuber,  and  the  punch  or  die  i  The  lower 
edge  of  tie  tnbe  i  is  made  liell-mouthad,  ao  as  to  cause  tha  acolloped  edges  to  be 
pressed  on  the  back  of  the  buttons,  and  the  die  or  punch  j  is  to  oauae  tha  collet  to  be 
forced  through  the  hom  in  the  button  ;  and,  in  uaing  Iheaa  parts,  the  collet  is  placed  in 
the  tuba  i,  which  with  its  punch  is  inserted  into  the  die  s,  aa  shown  at  fig.  276.,  which 
figure  repreaents  tha  die  g,  and  punch  h,  in  the  condition  just  described,  after  having 
forced  the  parts  into  the  die  g  ;  and  thia  figure  also  shows  tbe  tube  i,  with  a  collet  a 
and  the  punch  or  die  J,  placed  iu  the  tube  i;  and  all  things  are  in  a  condition  to  receive 
the  pressure  of  the  punch  n.  In  order  to  prevent  the  pressure  coming  on  the  punch  or 
die  J,  before  tha  horn  has  been  folded  down  by  the  tube  r,  the  hollow  mock  K  is  placed 
over  the  die  or  punch  i ;  consequently  when  the  punch  h  is  caused  to  descend,  it  will 
force  down  the  tube  i,  and  cause  it  to  gather  the  edges  of  the  hom,  and  preas  tham  on 
the  back  of  the  mould  of  the  button,  when  the  punch  h  will  be  raised  again,  and  the 
block  K  removed,  which  will  leave  all  things  in  the  position  shown  at  fig,  276. ;  and  then 
again,  the  bringing  down  of  tbe  punch  a  will  cause  the  die  or  punch  t  to  descend  and 
force  the  collet  into  tha  button,  the  die  j  being  retained  in  the  tnbe  i  bjr  means  of  the 
pin  z,  passing  through  a  slit  formed  therein,  which  allows  of  tbe  die  l  naing  and  falling 
in  the  tube  i,  but  prevents  its  coming  out  of  that  tube.  The  button,  thus  far  formed, 
ia  now  in  %  condition  to  be  completed  in  the  finiahing  dies,  fig.  277. ;  tha  lower  dies  being 
kept  heated  in  a  aimilar  manner  to  tiia  die  a.  The  dies  being  fis-"'  '■■  '  — ■'"' ' 
the  button  to  be  finished  is  inserted  into  the  die  i,  [which  maybe  ( 


with  the  ahant  upwarde,  and  the  punch  or  die  m  h  caused  to  duscend  and  presp  tin 


being  used  for  coTering ;  but  when  n.  .  ^ 

or  ornamented  die,  the  polifihiug  is  not  neeessary.  Tha  l>utt«ii  being  th'ns  made  k  tc 
be  iinisbed  by  placing  it  in  ai  laUietobe  "edged,"  as  Is  commonly  practised  in  finisliing 
born  button*. 

The  patentee  does  not  claim  the  means  ofmaking  the  mould  or  shape  shown  ntjfj.  2(19., 
nor  the  dies  employed  when  separately  conaidered,  very  similar  dies  having  been  before 
used  in  tlie  maaufactnre  of  otlier  covered  buttons ;  nor  does  he  confine  himself  tlicrcto, 
so  long  as  the  peculiar  character  and  essence  of  the  invention  be  retained ;  tiz.  that  of 
manuiactuiinff  eovered  buttons,  made  by  dies  and  pressura  by  the  application  of  thin 
ehtet  horn  as  flie  covering  material.  He  elaima  the  mode  herein  desoribed,  of  manufactu- 
ring covered  buttons  by  the  application  of  hotn  as  a  covering  materia],  as  above  described. 


CABLE    (Caite,  Fr.;   Aakerlau,  Germ.) 
ship  with  the  anchor  for  the  puifoee  of 

anchor  cable  is  the  strongest,  and  is  used  k-  u^^,  ■,,.,.  .•.-»,.> , 

being  used  chiefly  in  rivers.  A  cable's  lengtli  is  lao  fathoms.  Tlie  greatest  im- 
provement in  mooring  vessels  has  been  the  introduction  of  the  chain  cable,  which,  when 
duly  let  out,  aftbrda  in  tha  weight  of  its  long  catenary  curve,  an  elastic  tension  and  play 
to  &e  ship  under  the  pressure  of  the  wind.  Tha  dead  strain  npon  the  anchor  is  thus 
greatly  r^uced,  and  the  sudden  pu"  by  which  tha  flukes  or  arms  are  readily  snapped 
IS  in  a  great  measure  obviated.  The  best  iron  cables  are  chains  made  of  links,  bound 
and  braced  by  rods  across  their  middle.  Experience  has  taught  that  the  ends  of  these 
links  wear  out  much  sooner  than  the  sides.  To  remedy  this  evil,  Mr.  Eawtes,  iron 
manufacturer,  obtained  a  patent  in  July,  1828,  for  constructing  these  anchor  chains 
with  links  considerably  stouter  at  the  ends  than  in  the  middle.  With  this  view 
be  forms  the  abort  rods  of  iron,  of  which  tha  links  are  to  be  made,  with  swells  or  pro- 
tuberances about  one-third  of  Uieir  length  from  each  of  their  ends,  so  f]iat  when  these 
are  welded  together,  the  slenderer  parts  are  at  the  sides,  and  the  thicker  at  the  ends  of 
tlie  elliptical  links.  Sucli  rods  as  the  above  are  formed  at  once  by  rolling  swagging  or 
any  other  means.  When  the  link  is  welded,  it  may  be  strengUiened,  Dy  a  brace  or 
stretdier  fised  across  the  middle. 

Tiie  firat  avowed  proposal  to  substitute  iron  cables  fopcordage  in  the  sea  service  was 
made  by  Mr.  Slater,  sui^eon  of  tlie  navy,  who  obtained  a  patent  for  the  plan  in  1808, 
though  he  does  not  seem  to  have  had  the  means  of  carrying  it  ini«  effect;  a' very  general 
misfortune  witli  ingenious  projectors.  It  Was  Captam  Bnivm,  of  the  West  India 
merchant  service,  who,  in  1811,  first  employed  chain  cables  in  the  vassal  Penelope,  of 
400  tons  burden,  of  which  he  was  captain.  He  made  a  voyage  in  this  ship  fi'om  England 
to  Mftitinique  and  Guadaloupe  and  home  again,  in  the  course  of  four  months,  having 
ancliored  many  times  in  every  variety  of  cround  without  aay  accident.  He  multiplied 
his  trials,  and  ocijuired  certain  proofs  that  iron  might  be  substituted  for  hemp  in  makuig 
cables,  not  only  for  mooring  vessels,  but  for  the  standing  rising.    Since  this  period 

Btbyl 


0  all  the  ships  ot  the  royal  navy,  but 


e  been  aniversaily  irtroduced .  . 

the  twisted  links  employed  at  first  by  Brown  have  been  replaced  by  straight  ones,  stayed 
in  the  middle  with  a  cross  rod,  the  contrivance  of  Mr.  Bninton,  which  was  secured  by 

Eatent  in  tliis  connljy  and  in  France;  but  the  latter  patent  was  suffered  to  fall  from  - -' 
eing  acted  upon  within  tlie"  two  years  specified  by  la 
The  first  thing  to  be  considered  in  tha  manufaetui 
material  of  the  best  quality,  and,  in  using  it,  always  to  keep 


cable  is,  to  procure  a 
ew  the  dii'ectioii  of  Uie 
ppose  the  maximum  stren^b "of  the  iron  to  it    The  best  form  of 
deduced  from  tlie  following  investigation. 

Let  A  B./j.  278.,  be  a  circularlinkorrmg,  of  one  inch  rod  iron,  the 
outer  circumference  of  the  ring  being  16  inches,  and  the  inner  0. 
Ii  equal  opposite  forces  be  applied  to  the  two  points  of  the  link 
0  D,  pulling  0  towards  b,  and  n  towards  f,  the  result  will  be,  when 
the  forces  are  sufficiently  intense,  that  the  circular  form  of  the  link 
will  be  changed  into  another  form  with  two  round  ends  and  two 
parallel  sides,  as  seen  in  Jiff.  279.  Tha  ratio  of  the  exterior  to  the 
Ulterior  periphery,  whicli  was  originally  as  16  to  9,  or  5  to  8,  is  no 
longer  the  same  in  jf^.  279.  Hence  there  will  be  a  derangement  in 
Ithe  relative  paaition  ot  the  component  partjcles,  and  consequently 
'  eir  cohesion  will  be  progressively  impaired,  and  eventually  de 
rayed.    In/y.  278.  the  segment  u  H  of  the  outside  periphery  being 
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'qiial  lo  3  inches,  the  wrresponding  inside  secment  will  be  |  of  it,  or  li  inclies.  If 
Ais  portion  of  the  link,  in  consequence  of  Ihe  stretching  force,  comes  to  be  exlenJed 
inio  a  straight  line,  as  shown  in  fig.  279,  llie  eorresponding  segments,  inierinr  ano 
e\tctior,  tnusi  boih  be  reduced  to  an  equal  length.  The  matter  contained  in  the  3 
(nches  of  the  ooLside  periphery-  most  therefore  be  either  comprefsed,  that  is,  crindeiised 
into  lA  inches,  or  the  inside  periphery,  which  is  only  1|^  inches  already,musl  be  extended  Ic 
3  inches;  thai  is  to  sajr,  the  exterior  condensalion  and  the  interior  expansion  must  lake 
place  in  a  reciprocal  proportion.  But,  in  every  case,  i(  is  impossible  lo  eiiecl  ibis  con- 
traction of  one  side  of  the  rod,  and  exiension  of  the  other,  without  disniplure  of  ihe  link. 
Let  us  imB?ine  the  outside  periphery  divided  into  an  infinity  of  poinis,  upon  each  of 
which  equal  opposite  forces  act  to  straighten  the  curvature  :  they  most  undoubtedly  occa- 
sion the  rupture  of  the  corresponding  part  of  ihc  iniernal  periphery.  This  is  not  ihe 
sole  injnry  which  must  result;  others  will  occur,  as  we  shall  perceiTe  in  considerin*  v/bal 
passes  in  the  poition  of  the  link  Which  snrronuds  c  T>,fi^.  £';<>,  whose  length  is  A^  inches 
outside,  and  ix,  inside.  The  segments  h  p  and  s  o,  jig.  278  are  actually  reduced  tc 
senii-circumfeiences,  which  are  inside  no  more  than  hntf  an  inch,  and  outside  as  before. 
There  is  thus  contraction  in  Uie  interior,  with  a  qnlcker  cnrvatnre  or  one  of  Sorter 
radius  in  the  exterior.  The  derangement  of  the  particles  lakes  place  here,  in  an  lirder 
inverse  lo  that  of  the  preceding  case,  but  it  no  less  lends  to  diminish  the  slreneth  of  that 
portion  of  the  link  i  whence  we  may  certainty  conclude  that  the  circular  form  of  cable 
linlis  it  an  extremely  faulty  one. 
Leavmg  mrtters  as  we  have  supposed  in  jfg.  278,  but  suppose  that  g  is  a  rod  introduced 
'"  ujidering  its  two  opposite  points  A  B  from  appro* imaling.  This  circum- 
fslance  makes  a  remarbahle  change  in  the  resalls.  The  linli  pulled  as 
above  described,  must  assume  the  quadrilateral  form  shown  in  fg.  S80. 
It  olTers  more  resistance  in  deformation  than  before;  but  as  it  may  still 
s<i<l'er  change  of  shape,  it  will  lose  strength  in  so  doing,  and  cannot 
therefore  be  recommended  for  the  construction  of  cables  which  are  lo  be 
exposed  to  very  severe  strains. 
SiippoFins  still  the  link  to  be  circular,  if  the  ends  of  the  slay  comprehended  a  larger 
portion  of  the  internal  periphery,  so  as  to  leave  merely  the  space  necessary  for  the  plan 
of  the  next  link,  (here  can  be  no  doubt  of  ils  opposinjr  more  effectively  Ibc  chanee  of 
form,  and  thus  rendering  the  chain  stronger.  But,  notwithstanding,  the  circnlnr  porlions 
which  remain  between  the  points  of  application  o(  the  strain  and  the  stay,  would  tend 
alwnys  to  be  straightened,  and  of  consequence  to  be  destroyed.  Besides,  thou sb  we 
could  conslrucl  circular  links  of  sufficient  strength  to  bear  all  strains,  we  ought  still  to 
reject  ihem,  because  they  would  consume  more  materials  than  links  of  a  more  suitable 
f-itm,  as  we  shall  presently  see. 

The  effect  of  two  opposite  forces  applied  10  th"  lints  of  a  chain,  is,  as  we  have  seen, 
f«  Induce  to  a  straight  line  or  a  atraiglit  plane  everj  curved  part  wldch  is  not  stayed; 
whence  it  is  obvious  that  twisted  lin&,  auoh  aa  Brown  first  employed,  even  with  a  staj 
in  their  middle,  must  of  necessity  be  straightened  out,  because  there  is  no  resistance  in 
the  direction  opposed  to  the  twist.  A  cable  formed  of  twisted  links,  for  a  vessel  of  400 
tons.  Btretthea  80  feeli  when  put  t«  the  trial  strain,  and  draws  back  only  10  feet  Tliia 
elongatjon  of  20  feet  proceeds  evidently  from  the  straightening  of  the  twist  in  each  link, 
whick  can  take  plane  only  by  impairing  the  etretigth  of  the  eable. 

From  the  preoedingremarks,  it  appears  that  the  strongest  links  are  such  as  [tresent,  in 
their  original  form,  straight  portions  between  the  points  of  tension  ;  whence  it  is  clear 
that  links  with  parallel  sides  and  round  ends  would  be  preferable  to  all  others,  did  not 
a  good  eable  require  to  be  able  to  resist  a  lateral  force,  as  wdl  as  one  in  the  direction 
of  its  length. 
Let  us  suppose  that  by  some  accident  the  link _^.  279.  should  have  its  two  estremities 
pulled  towards  y  and  z,  whilst  an  obstacle  a,  placed  right  opposite  to 
Its  middle,  resisted  the  effort.  The  side  of  the  link  which  touches  x 
would  be  bent  inwards  ;  but  il,  as  in^.  231.,  there  is  a  stay  aq  a,  the 
J  two  sides  would  be  bent  at  the  same  tjme;  the  link  would  notwith- 
standing assume  a  fimlty  sliape. 

igallthe  vicious  forms,  we  are  naturally  directed  to  that  which  deaervea 

"   is  shown  in^jr.  2S2.    This  link  has  a  cast-iron  stay  with  large  ends; 

it  presents  in  all  directions  a  great  resistance  to  every 

-change  of  form ;  for  let  it  be  pulled  in  the  direction  n  o, 

jyjagainst  an  obstacle  i^  it  is  evident  that  the  portirons  d  e 

'and  d  f,  which  are  supported  by  the  parts  g  e  and  jj 

cannot  get  deformed  or  be  broken  without  the  whole  lint 

ioa  giving  way.    As  the  matter  composing  g  t  and  gf  cannot 

which  compos'es  d  e  and  df  be  lengthened,  these  four  sides  wil? 


e  of  the  large-endad  stay  A 


in  necessarily  in  their  relative  poBitions,  by  yi 
le  profile  is  sliown  in  Jig.  2BS. 

We  have  esaminetl  tlifl  etrengfi  of  a  link  in  every  di- 
reotioQ,  except  that  perpendicular  to  itB  plane.  Ji?.  284. 
represente  tne  assemblage  of  three  links  in  the  above 
U piedioament ;  but  wa  might  to  observe,  that  the  ob- 
etaela  o,  placed  between  uie  liuka  a  g,  must  be  nece» 
earily  very  small,  and  couM  not  therefore  resist  lb< 
pressure  or  impact  of  the  two  lateral  links. 

Procsa  of  manvfaOuHng  iron    caiZej!.— The    imple- 
■0  arranged  iu  the  following  order: — 

rnace  (see  Iroh^  ia  which  a  number  of  rods  or  round  bars  of 

tlie  best  possible  wrought-iron  and  of  proper  dimenaona,  are  heated  to  bright  ignition. 

2.  Thu  eutfjngby  a  nmebine  of  these  bars,  in  equallengthe,  but  with  opposite  bevels, 

fe  allow  of  the  requisite  crossing  and  slicing  of  the  ends  in  the  aet  of  welding. 

S.  The  bending  of  each  of  these  pieces  by  a  machine,  so  as  to  form  tbe  hr"- 
last  two  operations  are  done  rapidly  wbile  the  iron  is  red-hot 

4.  The  welding  of  the  links  at  small  forge  fires,  fitted  with  tools  for  this  espress  pur 
pose,  and  the  immediate  introduction  of  the  stay,  by  means  of  a  compound  lever  pi'esa 

5.  Proving  the  strengtli  of  the  cables  by  an  hydraulic  press,  worked  by  two  mei 
turning  a  winch  furnisbed  witli  a  fly  wheel. 

The  furnace  is  lite  tliose  used  in  the  slieet-iron  worts,  but  somewhat  larger,  and 
needs  no  particular  description  here. 

jnijr8.285.  and  286.  are  a  planand  elevation  of  theshear 


reithwhichtherodsarecut  into 


equal  pieces  for  forming  each  a  link.    It  is  moved  a 

steam  engine,  but^  for  9ie  sake  of  simplicity,  it  Is  here  represented  ■» 

or  more  labourers,  aeitmay  be  in  any  establishment.  These  must  be  relieved  howevci 

frequently  by  others,  for  I  believe  each  shears'  machine  is  calonlated  to  require  nearly 

one  horse  in  steam  power.    It  is  portable  and  must  be  placed  in  the  neighbourhood  oJ 

botlv  the  furnace  and  bending  machine. 

s  and  B  are  the  two  east-iron  limbs  of  the  shsars.    The  first  is  fixed  and  th'j  f  joood 
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is  moVPable  by  Means  of  a  crank  shitft  c,  driren  by  a  Leayy  fly-wheel  weigbing  7  or  8 

The  cutting  jaws  fl  are  mounted  with  pieces  of  ateal  which  are  made  fast  by  bolta, 
and  may  b«  tlianged  at  pleasure. 

E,  the  bar  of  iron  to  he  coL  It  ia  aubjeoted,  immediately  upon  being  taken  out  of 
tiie  fire,  to  the  shears,  under  a  determinate  uniform  angle,  cai-e  being  taken  not  to  let 
it  turn  roimd  upon  ita  a^cis,  lest  the  planes  of  the  aucceseive  incisions  should  becoma 

F  13  a  stop  which  aervea  to  determine,  for  the  same  kind  of  chain,  the  equality  of 
length  in  the  link  pieces. 

MffS.  281,  288,  289,  plan  and  elsvations  of  the  machine  for  benfling  the  links  into  an 
•iliDtio  form.     It  is  represented  at  the  moment  when  a  link  is  getting  bent  upon  it 


A  ia  an  eUiptJc  mandrel  of  caat-iron  ; 
K.  solidly  supported  in  the  ground.  < 
headed  screw  against  the  mandrel  a. 

B  part  of  the  mandrel  comprehended  between  x  and  t,  formed  as  an  inclined  piano, 
BO  as  to  preaerve  an  interval  equal  to  the  diameter  of  the  rod  between  the  twa 
sui'faces  that  are  to  be  welded  together. 

B  rectangular  Biota  (shea pb)  passing  through  the  centre  of  the  nut  of  the  mandrel,  in 
which  each  of  the  pins  r  may  be  freely  slidden. 


o  horizontal  lever  of  wrought-iron  six  feet  long.  It  car 
roller  of  steel,  whose  position  may  be  altered  aaoording 
It  is  obvious  that  aa  many  mandrSs  are  required  as  there 

The  piece  of  iron  mteaded  to  form  a  link  being  cut,  is  i 
bending  machine,  where  it  is  seized  with  the  jaw  of  the  \ 
slant  of  the  cut  being  turned  upwards;  this  piece  of  iron 
n  pushing  the  lever  g  in  the  line  of  f ' 


riea  at  n  a  pulley  or  fricfion- 
to  the  diameter  of  the  links, 
are  sizes  and  shapes  of  links, 
iftrried,  while  red-holi  to  the 
ice  c^  by  one  of  its  ends,  the 
baa  now  the  horizontal  direc- 
,  the  roller  H  will  force  m  !i  to 
be  applied  suceeaaively  in  the  elliptic  groove  of  the  mandrel :  thus  finally  the  two  faces 
tliat  are  to  be  welded  t<^ether  will  be  placed  right  oppoaite  each  other. 

The  length  of  the  email  diameter  of  the  ellipse  ought  to  exceed  by  a  little  the  length 
of  the  stay-piece,  to  allow  of  tliis  being  readi  y  introducei  The  difference  between 
tlie  points  f,  s,  is  equal  to  the  difference  of  the  radii  ijeiiorea  of  the  ellipse.  ■  Hence  it 
will  be  always  easy  to  find  the  eccentricity  of  the  ellipse. 

Fig.  290  is  a  lover  press  for  squeezing  the  links  tpon  their  stays,  after  tJie  links  are 


welded.  Thi?  machine  consists  of  a  strong  cast-iron  piece  a,  in  the  form  of  a  square, 
of  which  one  of  fhe.  branches  is  laid  horizontally,  atii!  fixed  to  a  solid  bed  by  means  of 
bolts ;  the  other  branch,  composed  of  two  cheela,  leaving  between  them  a  space  of  twa 
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s  uprisTit.    These  two  thpeks  a 


it  lop,  and  on  Ihe  back  of  llicir 
recianouiar  slapie,  plaeea  to  the  mhl  and  left  of  ihe  cheeks 
aiidrel  d,  which  represents  and  keeps  the  place  of  Ihe  fiil- 
r,  6  feel  long,   f,  clamp  aad  cnunlerelomp,  between  which 
.   essfd  at  the  moment  when   Ihe  slay  is  properly  placed.    There  are  olher 
clamps,  as  well  as  staples  c,  for  chanaini;  with  each  changed  dimension  of  links. 

The  links  bent,  as  we  have  seen,  are  carried  to  the  fwge  hearth  lo  be  welded,  and  to  re- 
ceive iheir  Slay;  two  operations  performed  at  one  healing.  Whenever  the  weldins  is 
finished,  while  the  iron  is  still  reil-hot,  the  link  is  placed  upright  between  the  ehunps 
f;  then  a  workman  introduces  into  the  staple  the  mandrel  d,  and  now  applies  Ihe  stay 
wiiii  a  pair  of  tongs  or  pincers,  while  anoilier  workman  strikes  down  Ihe  lever  e  forcibly 
upon  It.  This  mechanical  compression  Rrst  of  all  joins  pcrfeclly  llie  sides  of  lEe  link 
against  the  concave  ends  of  Ihe  stay,  and  alterwards  the  retraction  of  the  iroa  on  cooling 

!f  each  link  be  made  with  Ihe  same  care,  the  cable  must  be  sound  throaghoul.  It 
is  no!  riplivered  for  nse,  howevei-,  liil  it  be  proved  by  llie  hydraulic  press,  ai  a  draw-bench 
made  en  purpose.  The  press  is  a  horizontal  one,  having  the  axis  of  its  ram  in  the 
middle  line  of  the  draw-bench,  which  is  aboul  60  feel  long,  and  is  secured  lo  the  body  of 
the  press  by  strong  bolts. 

The  portion  of  chain  under  trial,  bein^  attached  at  [he  one  end  lo  the  end  of  the  ram 
ol'  the  press,  and  at  Ihe  other  to  a  cross-bar  at  Ihe  extremity  of  the  draw-bench,  two 
men  put  the  press  in  action,  by  turning  the  winch,  wliich  works  by  a  triple  crank  three 
forcing  pumps  alternately;  the  action  being  equalized  by  nieaas  of  a  heavy  tij-wheel. 
As  long  as  the  resistance  does  not  exceed  Ihe  force  of  two  men,  the  whole  three  pamps 
are  kept  in  play.  After  a  while  one  pump  is  thrown  out  of  gear  and  next  anolher, 
only  one  being  worked  towards  the  conclusirin.  The  velocity  of  the  ram  being  relanled 
first  one  third  and  next  two  thirds,  gives  the  men  a  proportional  iacrease  of  mechanical 
power. 

The  strength  of  two  average  men  thus  applied  being  computed,  enables  as  lo  know  at 
every  instant  the  resistance  opposed  by  Ihe  chain  to  the  pressure  of  the  ram.  The  Strain 
usually  applied  lo  the  stronger  cables  is  aboul  500  Ions. 

The  side  beams  of  the  draw-bench  are  of  cast-iron,  6  inches  in  diameter;  the  dif- 
ferent pieces  composing  il  are  adjusted  to  each  other  endwise  by  turned  joints.  Props 
also  of  cast-iron  support  the  beams  two  feet  asunder,  and  at  the  height  of  30  inches 
above  the  ground.  The  space  betweea  ihem  is  filled  with  an  oak  plank  on  which  the 
trial  chain  is  laid. 

btrengln  ot  iron  cables  compared  lo  hemp  cables: — 
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It  would  be  imprudent  to  put  hemp  cables  lo  severer  strains  Ihan  those  indicated  m 
Ihe  preceding  table,  drawn  up  from  Brunton's  experiments ;  but  ihe  iron  cables  of  the 
above  sizes  will  support  a  double  strain  without  breaking.  The)  ought  never  ia  com- 
maa  cases,  however,  to  be  exposed  to  a  greater  stress.  A  cable  destined  for  ships  of  a 
certain  tonnBi;e,  should  not  be  employed  in    '  ' 

may  be  always  trusted  to  do  its  duly,  and 
longs,    A  considerable  part  of  [his  decided 
ones,   is  undoubtedly  due  lo   the  admir  bl 
experiments  have  proved  that  his  i 
with  which  tbeyare  made  —  a  fact  whicl   d  n 
devised  or  is  in  fact  possible. 

Oae  of  the  most  valuable  qualities  of  ir         bl  th  1    ^  1  t 

longiludinal  strains,  as  explained  under _/ig  d    84 

Vessels  furnished  with  such  cables  have  been  saved  by  Diem  froin  the  t 
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peril.  The  Henry,  sent  out  with  anny  stores  during  the  peninsular  war,  was  cstighl 
on  the  northern  coast  of  Spain  in  a  furious  slortn,  She  run  for  shelter  into  the  Baj  of 
Biscay  among  the  rocks,  where  slie  was  ex|:osed  for  Ihree  days  to  the  hurricane,  t-ht 
possessed  furlunalely  one  of  Brunton's  70  falhom  chain  cables,  which  held  good  all  the 
lime,  bat  it  was  found  afterwards  10  have  had  the  links  of  ils  lower  portion  polished 
br^ht  by  atlrilion  ^ainet  the  rocky  bottom.  A  hemp  cable  would  have  been  speedily 
lern  to  pieces  in  snch  a  predicsiuenl. 

In  the  contraels  of  the  Admiialty  lor  chain  cables  for  the  British  navy,  it  is  stipulated 
Ihat  "  the  iron  shall  have  been  manufnctured  in  ihe  best  manner  from  ]iig  iron,  smelted 
from  iron-s(one  only,  and  Eelecied  of  the  hetjt  qnality  for  the  imrpose,  and  shall  not  have 
received,  in  any  process  whateyer  siibseqaent  to  the  inciting,  the  admixture  of  eiiher  ihe 
cinuci  or  oxjdes  produced  in  the  manufacture  of  iron  ;  and  ^lall  also  have  been  puddled 
in  the  best  manner  upon  iron  botloms,  avid  a(  least  three  times  suffieientJy  drawn  out  al 
three  distinct  weldii^  heats,  and  at  least  twice  properly  fagoted." 

Ttie  following  is  a  table  of  the  breskina  proof  i,f  chain  cables,  and  of  the  iron  for  the 
purpose  of  moUing  them,  also  of  the  proofs  required  by  her  majesly's  navy  lor  chains. 
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In  Brnnton'R  cable  the  matter  in  the  link  is  thrown  very  mnch  into  one  plane ;  the 
link  being  of  an  oval  lorm,  and  provided  with  a  slay.  As  there  are  eniergencies  in  which 
the  cable  must  be  severed,  this  is  accomplished  in  those  of  iron  by  means  of  a  hnlt  and 
sheckte  (shackle),  al  every  fathom  or  two  fathoms  ;  so  Ihat  by  striking  out  this  boll  or 
pin,  this  cable  is  parted  with  more  ease  than  a  hempen  one  can  be  cut. 

CACAO,  B[;iTEH  OF.    See  Cocoa,  and  Oils,  Unctuous. 

WDMIUM  is  a  metal  discovered  about  the  beginning  of  the  year  1818.  It  occurs 
chiefly  in  Silesia  in  several  ores  of  zinc :  and  may  be  readily  recognised  by  means  o/ 
the  blowpipe ;  for  at  Ihe  first  impression  of  the  reducing  or  smoky  part  of  the  Hane,  Ihe 
ores  containin<{  caJmium  iteln  the  charcoal  all  round  Ihem  with  a  reddish  yellow  "'rcle 
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po 
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fracture  is  fibrous;  it  cryslaUizes  readily  in  regular  oeiahedrons,  and  when  it  suddenly 
lolidifies,  its  surface  gets  covered  with  fine  mossy  vegetations.  It  is  sail,  easily  bent, 
filed,  and  cat,  soils  like  lead  any  surface  rubbed  wilh  ii.  It  is  harder  and  more  tena- 
cious ihan  tin,  and  emits  a  creaking  sound  when  bent,  like  that  metal.  It  is  very  ductile, 
and  may  be  drawn  out  into  fine  wire,  and  hammered  into  thin  leaves  without 
cracking  at  ihe  edges.  Ils  specific  gravity,  afier  being  merely  melted,  is  8-604;  and 
86!I44  after  it  has  been  hammered.  It  is  very  fusible,  melting  at  a  heal  rouch  under 
redness !  indeed,  at  a  temperature  lillle  exceeding  that  of  boiling  mercury,  it  boils  and 
distils  over  in  drops.-    Its  vapors  have  no  smell.    It  is  but  slightly  altered  by  exposuri 
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to  air.  When  heated  in  the  atmosphere,  it  readily  tatea  fire,  md hums  with  a  brownish 
yellow  smoke  which  is  destitute  of  smelL  In  strong  atids  it  diBsolves  with  disengage- 
Dieiit  of  hydrogen,  and  forms  colourless  solutions.  Chromata  of  potash  causes  no  pre- 
cipitate in  them,  imless  zjuu  or  lead  be  present. 

Tliere  is  only  one  ojude  of  cadmium,  the  brown  above  mentioned.  Its  specific  gra- 
Tity  is  8-183.  It  is  neither  fusible  nor  volatile  at  a  Tcpy  high  temperature.  When  in 
the  etate  of  a  hydrat«  it  is  white.  The  oxide  of  cadmium  eousists  of  8T-4S  pacts  of 
metal,  and  ia'65  osygen  in  100  parts,  Berzelius  states  its  atomic  weight  to  be  66-8as 
to  hydrogen  I'OOO.  Its  sulphuret  has  a  fine  orange  yellow  colour,  and  would  form  a 
beauCititl  pigment,  could  the  metal  be  found  in  suBicient  quantity  for  the  purposes  of 
ai-t.    The  sulphate  is  applied  to  the  eyes  by  sui^eons  for  removing  specks  of  the  cornen. 

CAFFEINk.  a  chemical  principle  disuoyered  in  coffee,  remarkable  for  containing 
much  azote.    See  Coffee. 

Accoiiling  to  Robiquet  the  proportion  of  caffeine  in  1000  of  coffee  is  as  follows : 

Martinique  6'4,  Alexandrian  4-4,  Java  4-4,  Mocha  i,  Cayenne  3'8,  bt.  Domingo  3'2. 
It  is  probable  that  0-64  per  cent,  is  an  ordinary  proportion.  AeeoI^Jing  to  Liebjg,  tlie 
propoi'tiona  are  per  lb.,  Marticiique  32  gr.,  Alexandrian  32,  Java  ii2.  Mocha  '10, 
Cayenne  19.  St.  ijomingo  16.  U.  J.  Vei'emau  of  Lnbeck  mixes  10  lbs.  of  bruised  raw 
coftee  with  3  of  caustic  lime,  made  previously  int*  hydrate ;  treats  the  mixture  in  a 
displacement  apparatus  witli  alcohol  of  80"  tilt  (die  fluid  which  passes  through  no 
longer  Furnishes  evidence  of  the  preeence  of  caffeine.  The  coffee  is  then  rouglily  ground 
and  brauglit  nearfc  to  the  state  of  a  powder,  and  the  refuse  of  the  once  digested  mii- 
tui'e  fivnithe  displacement  apparatus,  dried  and  ground  again,  and  mixed  with  hydrate 
of  lime,  is  once  more  macerated.  The  grinding  is  more  easily  effected  afMr  the  coffee 
has  been  subjected  to  the  operation  of  alcohol,  having  lost  its  homy  quality,  and  the 
caffeiue  is  thus  more  certainly  extracted.  The  clear  alcoholic  liquid  thus  obtaioed  ia  then 
to  be  distilled,  and  the  refuse  in  the  retort  to  be  washed  with  warm  water,  to  separate 
the  oil.  The  fluid  is  now  evaporated  into  a  crystalline  mass,  Altered  and  exprefeed. 
The  impure  caffeine  is  freed  fium  oil  by  pressure  between  folds  of  blotting  paper, 
pm'ified  by  eolutjon  in  water  with  animal  charcoal,  and  is  thus  obtained  in  eliiuiug 
wliite  silky  crystals.  In  general  not  more  than  3  drams  were  procured  from  6  pounds 
of  coffee,  from  10  pounds  7  drams,  and  from  100  pounds  the  largest  quantity,  viz,  6 
ounces  and  4  scruples  of  caffeine;  a  proof  that  a  large  quantity  must  be  operated  u^ion, 
if  in  a  quantitative  reepect  a  satisfactory  result  is  to  be  obtained.  Thus  it  is  seen  tjiat 
good  Brazilian  coffee  contains  0-57  per  cent,  of  caffeine.  At  the  same  time  it  may  be 
observed  that  it  contains  about  10  per  cent,  of  a  green  liquid  oil,  and  2  per  cent,  of  a 
yellow  solid  fat. 

CAJEFUT  OIL  is  obtained  from  the  leaves  of  the  tree  called  Melaleuca  Leuca- 
dendron  by  IjnnjEua,  which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of 
the  Molucca  islands.  It  is  procnr<:d  by  distillation  of  the  dried  leaves  along  with 
water,  is  prepared  in  great  quantities  m  the  ishind  of  Banda,  and  sent  to  Holland 
in  copper  Basts.  Hence  as  it  comes  to  ua,  it  has  a  green  colour.  It  is  .ery  hmpid, 
hghter  than  water,  of  a  vtrong  emell  resembling  camphor,  and  pungent  taste  like 
cardamoms.  When  rectified  the  copper  remams  in  the  retort,  and  the  oil  comes  over 
colourless.     It  is  used  in  medicine  as  a  stimulant.    See  Olts,  EruiREone, 

CALAMANCO,  A  sort  of  woollen  stuff  of  a  shining  appearance,  chequered  in 
the  warp,  so  that  the  chei:ka  are  seen  onlj'  upon  one  side. 

CALAMINE    A  native  carbonate  of  zinc.    See  Zmc 

CALCAREOUS  EAETIL  (J'm-a  caleaire,  Fi. ;  Kalkerdf,  Gciin.)  Commonly 
denotes  lime,  in  any  form  ;  but.  properly  speaking  it  is  pure  lime. 

CALCAREOUS  SPAR.     Ch^-staUized  native  carbonate  of  lime. 

CALCEaJONT.  A  hard  mineral  of  the  siliceous  family,  often  cut  into  seals.  Under 
it  may  be  grouped  common  calcedonj,  heliotrope,  chiysoprase,  plasms,  onyx,  sardonyx, 

CALCHANTUM.    The  ancient  name  of  native  copperas  or  sulphate  of  iron, 

CALCINATION,  is  the  chemical  proeeea  of  subjecting  metallic  bodies  to  heat  with 
access  of  air,  whereby  they  are  convertod  into  a  pulverulent  matter,  somewhat  like 
lima  in  appearance,  called  calx  in  Latm.  The  term  calcination,  however,  is  now  used 
whcH  any  substance  whatever  is  esposed  to  a  roasting  heat, 

CAIX^IUM.    The  metallic  basis  of  lime.    See  Lime, 

Tlio  atomic  weight  of  this  element  being  an  important  pointy  both  e 
chemistry  and  the  chemical  arts,  has  been  the  subject  of  innnmer-'^i-  • 
Very  lately  Bcrzehus,  in  the  Anaalen  der  C/i/mie  und  Pharmaeie,  x 
collated  thi  most  recent  results  of  the  analysis  of  other  philosophers  with  his  own  ;  and 
while  Dumas,  Marchand,  and  Erdmann  estimate  the  weight  at  20,  that  of  hydrt^en  =  1, 
or  ■25'j  oxygen  =  100,  he  finds  it  ought  to  be,  as  compared  with  the  latter,  2519 ;  and 
to  the  former,  91,152. 
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CALC-SINTER,_  The  incrastBtions  of  carbonate  of  lime  upon  the  ground,  or  llie 
penilulous  conical  pieces  called  slalactjles,  attached  lo  Ihe  roufs  of  caverns,  am  so  calleJ, 
CALC-TUFF.     A  stmi-liBrd,  irregular  deposile  of  carbonate  of  lime,  formeJ  from 
the  walers  of  calcareous  springs. 

CALCULUS.  The  stony-looking  morbid  concretion,  occasionally  formed  in  tlic 
bladdi^r  of  urine,  gall-bladder,  cj'stic  duct,  kidneys,  and  ulher  parts  of  living  animals, 
IlB  examination  belongs  to  medical  chemistry. 

CALENDER  (CaianJre,  Pr, ;  Kataiular,  Germ.),  a  word  derived  from  the  Grepk 
(ra2f!ii/rosi  cylinder),  is  Ihe  name  of  amacliine,  consisting  of  two  or  more  cylinders,  revolving 
so  nearly  in  contact  with  each  other  ihat  cloth  passed  through  between  Iheia  is  emoothedi 
and  even  glazed,  by  their  poweifal  pressure.  11  is  employed  either  to  finish  goods  for  the 
mnrkei,  or  to  prepare  cotton  and  linen  webs  for  Ihe  calico-pi inter,  by  renderjng  their  sur- 
faces level  compact,  and  uniform.  This  condensation  nnd  polish,  or  laliaage,  as  ihe  French 
call  il,  diti'er  in  degree  according  to  the  object  in  view,  and  may  be  arranged  into  three 
distinct  series.  1.  For  goods  wliich  are  lo  receive  the  first  impression  by  the  block, 
a  very  sliong  pressure  is  required  ;  fur,  upon  (he  uniformity  of  the  polish,  the  neatness 
and  regularity  of  the  printing,  and  the.  correspondence  of  its  members,  depend.  Id 
many  eslabl^ments  the  calico  is  passed  twice  through  the  calender  before  being  sent 
to  the  Cables.  2.  The  pieces  already  dyed  up  at  Ihe  madder  bath,  or,  otherwise,  and 
whi<,  ^  remain  to  be  filled  in  with  olher  colors,  or  gruunddf-in,  as  it  is  technically  styled, 
must  receive  a  mnch  less  considerable  gloss.  This  is  a  principle  everywhere  adniiltcd 
and  acted  upon,  because  the  outline  of  Ihe  figured  disign  being  deranged  by  ihe 
washing,  and  sometimes  in  consequence  of  the  peculiar  texture  of  the  cloth,  the  printer, 
in  order  to  apply  his  groundini;  bt»ckg  properly,  and  to  fit  thcDi  to  the  contours  of  the 
figures  already  impressed,  is  obliged  to  stretch  the  piece  sometimes  in  the  direction  of 
the  waip,  and  sometimes  of  the  weft,  which  would  be  impossible  if  they  had  been  hard 
glazed  by  the  calender.  3,  The  desree  of  plazing  given  lo  fini'hed  goods  depends  upon 
the  taste  of  purchasers,  and  the  nature  of  the  article ;  but  it  is,  in  genera),  much  less 
than  for  the  first  conrse  of  blocV- printing. 

The  most  complete  calender  probably  in  existence  is  that  osed  by  some  of  the 
eminent  calico-printers  of  Alsace,  as  contrived  by  M.  Charles  DoUfus,  and  conslnicled 
by  MM.  Witz,  Blech,  and  Co.  1.  It  passes  two  pieces  ai  once,  and  thus  does  double  the 
work  of  any  onlinary  machine.  2.  Il  supersedes  the  necessity  of  having  a  woikman  to 
fold  up  the  ^oods,  as  they  emerge  from  tlie  calender,  with  (he  aid  of  a  self-acting  folder. 
3.  It  receives,  at  pleasure,  llie  fini.'hed  pieces  upon  a  roller,  instead  of  laying  them  in 
folds  j  and,  by  a  very  simple  arrangement,  it  hinders  the  hands  of  the  workmen  from 
lieiiig  caught  by  the  rollers. 

Calenders,  in  consequence  of  <be  irregular  demand  for  foreisn  orders  and  shipments, 
are  worked  very  irregukwly,  being  sometimes  overloaded  with  duty,  and  at  others  alto- 
gether unemployed.  A  machine  which  can,  when  required,  turn  out  a  double  quantity 
of  goods,  must,  therefore,  be  a  desirable  possession.  For  the  first  coarse  of  (he  printers, 
where  high  calendering  is  necessar)-,  the  goods  are  usually  passed  (wice  through  be 
tween  two  paper  cylinders,  to  give  that  equality  of  surface  which  could  not  be  obtained  by 
one  passage,  however  strong  Ihe  pressure  ;  and  therefore  Ihe  simplification  of  (his  calen 
der  will  prove  no  economy.  Besides,  in  onior  to  increase  (he  pressure  to  the  requisite  de- 
gree, the  cylinders  wonld  need  to  be  made  bulging  at  their  middle  part,  and  with  such 
cylindeis  common  smoothing  could  not  he  given;  for  (he  pieces  would  be  glazed  in  the 
cential  line,  and  rough  towards  the  edges.  For  pieces  already  printed  in  part,  and  re- 
quiring only  (o  be  grounded-in  fur  other  colors,  (he  system  of  double  effect  has  fewer  ob- 
jections, as  a  single  passage  through  the  excellent  calender  described  under  Bleacijing, 
page  140,  is  found  to  answer  very  well. 

The  Dicil  remarkable  feature  of  M.  Dollfus's  machine  is  its  being  managed  by  a  single 
workman.  i?X  or  eight  pieces  arc  cidled  upon  the  feed-roller,  and  they  aie  neither  posted 
nor  stitched  (c^elher,  but  the  ends  are  merely  overlapped  half  a  yard  or  so.  The 
workman  is  careful  nol  to  enter  the  second  piece  till  one  third  or  one  half  of  the  first 
one  has  passed  through  on  the  other  side,  lo  prevent  his  being  engrossed  with  (wo  ends 
at  a  lime.  He  must,  no  doobi,  go  sometimes  to  the  one  side,  and  sometimes  lo  the 
olher  of  the  machine,  lo  see  that  no  folds  or  creases  occur,  and  lo  be  ready  for  supplying 
a  fresh  piece  as  the  preceding  one  has  gone  through.  The  mechanism  of  the  folder  in 
the  Alsace  machine  is  truly  ingenious :  it  performs  extremely  well,  really  saves  Ihe 
attendance  of  an  eitra  workman,  and  is  worthy  the  attention  of  manufacturers  inlenl 
upon  economizing  hand  labor.  The  lapping-roller  works  by  Iriclion,  and  does  its  ditty 
fully  beaer  thtin  similar  machines  guided  by  the  hand. 

The  numerous  accidents  which  have  happened  lo  the  hands  of  workmen  engaged  in 
calenders  should  direct  the  atlenlion  towards  its  eflTective  conlrivance  for  prevenling  such 
misfortunes.  These  various  improvements  in  the  Alsace  machine  may  be  easRy  adapted 
'o  the  ordinary  calenders  of  almost  every  construction. 


u  .Coo'jIc 


Tiie  folder  is  a  kind  of  cage,  in  the  shape  of 
ind  open  at  lup  and  boltom;  the  top  orifn 
1  men  and  a  half;  tlie  front  and  ihe  back,  whici 
.i-p]a1e  or  smoolh  pasteboard,  and  the  two  sides 
imif  boiled  together  by        "  ' 
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invprlcd  pyramid,  shut  on  the  loul 
is  aboul  five  inelies,  the  botlom  one 
re  about  four  feel  broad,  are  made  of 
made  of  strong  shepl-iron;  the  whole 

-,  --.  the  sheet-iron  of  Ihe  sides,  iron  ap. 

e  fixed,  peifoiated  wilh  holes,  through  which  the  whole  cage  is  supported  freely 
by  means  of  sluds  that  enter  into  them.  One  of  ihe  uptigbls  is  longer  than  the  othei, 
and  bears  a  slut  wirh  a  small  knob,  which,  by  means  of  Ihe  iron  piece,  joins  the  guide  le 
the  crank  of  the  cylinder,  and  thereby  communicaies  to  Ihe  cajje  a  seesaw  moyement! 
at  Ihe  bottom  eilremity  of  the  greal  uprigbl,  there  is  a  piece  of  iron  in  the  shape  of  an 
antlior,  which  may  be  raised,  or  lowered,  or  made  fast,  by  screws. 

At  the  ends  of  Ihis  anchor  are  friclion-rollera,  which  may  be  drawn  o>il  or  pnshed 
back  and  fixed  by  screws;  these  rollers  lift  allernalely  two  levers  made  of  wood,  and  fixed 
lo  a  wooden  shaft. 

Tlie  paws  are  also  made  of  wood  :  they  serve  [  d  lay  down  allernalely  Ihe  plies  of  the 
cl'rth  which  passes  upon  llie  cage,  and  la  folded  liazag  upon  the  floor,'or  upon  a  board 
sel  below  the  cage;  a  motion  impnned  by  the  seesaw  niolion  of  the  cage  itself.  See 
Srit ETCHING  Machine, 

To  protect  the  fingers  of  the  workmen,  above  ihc  small  plate  of  the  spread  in  g.board 
or  bar,  there  is  another  bar,  which  forms  willi  the  former  an  ani<le  of  about  75°;  Ibej 
ciime  sulficienlly  near  togelher  for  the  opening  at  the  summil  of  the  angle  to  allow  ihe 
eloih  to  pass  through,  hu I  not  the  fingers.  See  Mllelia  de  la  Soeieii  Induslriille  de 
M'Ukau^en,  No.  18. 

I  shall  now  describe;  more  minutely,  the  structure  of  the  powerful  bul  jess  complicaled 
calender  mechanisms  employed  in  Ihe  Briiish  manufactories. 

A  front  elevalion  of  a  four-rollered  calender  (five  rollers  are  often  Introduced)  for  f,'.&- 
ning  goods  is  given  in  Jig.  283.    d  I  are  two  pa^leboard  or  paper  cylinders,  each  30  incheB 


;e  slruclure  will  be  presently  desei  ibed  :  /  is  a  casl-iron  tiliniier  turned 
peifeelly  smooth  (lis  fellow  is  often  placed  between  e  and  d)  ;  k  is  eight  indies  in  diamc- 
(er  outside,  four  inches  inside,  with  Iwo  inches  Ibtckness  of  metal,  e  is  nnofher  pasle- 
board  cylinder,  fourteen  inches  in  diamelen  the  strons  casl-iron  frame  contains  the  bush- 
es in  which  the  joomals  of  the  rollers  turn,  op,  is  one  of  the  pair  of  leveis  for  commn- 
nicattnga  graduated  pressure  according  to  the  quality  of  the  EOods.  Figs.  292,  293,  are  end 
views  of  the  same  machine  to  show  the  working  gear.  The  wheel  s,  on  Ihe  end  of  the 
upper  iron  cylinder,  is  ten  inches  in  diameter ;  that  on  the  end  of  the  fellow  iron  cylinder 
biiow  (when  it  is  preseni)  is  thirteen  inches;  both  nre  connected  by  the  lai^er  carrier 
wheel  (.  The  lower  wheel  ti  is  one  third  larger  than  Ihe  upper  wheel,  and  therefore 
receives  from  the  carrier  wheel  /,  a  proportionally  slower  moijon,  which  it  imparls  lo  ihe 
central  pasteboard  roller  c, lying  upon  it,-caiising  it  to  move  one  third  more  slowly  than 
the  upper  pasteboard  roller.    Thus  a  sort  of  sliding  motion  is  produced,  which,  by  robbing 
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iron,  or  steam  when  hoi  calendering  is  required.  The  olher  cylinders  used  formerly  lo  hj 
made  of  wood,  hut  it  was  liable  lo  uiany  cJpfecls.  The  advantgoe  of  Ihe  paper  rollcl 
lonsists  in  its  being  devoid  of  any  tendency  to  split,  crack,  or  warp,  especially  when 
exposed  'o  ft  considerable  heat  from  the  coniacl  and  pressnre  of  the  hot  iron  rollers. 
The  paper,  inoreove',  takes  a  vastly  finer  polish,  and,  being  of  an  elastic  nature,  presses 
into  every  poie  of  the  cloth,  and  smooths  its  suiface  more  efTecluelly  than  any  wooden 
tylinder,  however  truly  tiirned,  could  possibly  do. 

The  paper  cylinder  is  constructed  as  follows  i — The  a^iis  of  the  cj'lindei  is  a  strong 
square  bar  of  the  best  wrought  iron,  cut  to  the  proper  leni-lh.  Upon  this  bar  a  strong 
."ound  plate  of  cast  iron  is  first  put,  somewhat  less  in  diameter  than  the  cylinder  when 
finished.  A  qimnlity  of  thick  stout  pasteboard  is  then  procared,  and  cut  into  round 
pieces  au  inch  lar^r  in  diameter  than  Ihe  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  sqnare  hole  must  be  cnt  to  receive  the  aiis ;  and,  the 
cii'cle  being  divided  into  six  equal  pnrts,  a  hole  must  also  be  cut  at  each  of  the  divisions, 
an  inch  or  two  within  the  rim.  These  pieces  of  pasteboanl  being  successively  put 
upon  the  axis,  a  lung  bolt  of  malleable  iron,  with  a  head  at  one  end,  and  screwed  at  the 
other,  is  also  inlrodnced  throi^b  each  of  the  holes  near  Ihe  rim ;  and  this  is  continued 
anlil  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a  cylinder  of  the 
length  required,  proper  allowance  beinz  made  for  the  compression  which  the  pasteboard 
is  afterwards  to  undertn.  Another  round  plate  is  then  applied,  and,  nuts  being  put 
npon  the  screws,  the  whole  are  screwed  light,  and  a  cylinder  formed.  This  cylinder  is 
now  to  be  placed  in  a  stove,  eiposed  to  a  strong  heat,  and  must  be  kept  there  for  at  least 
several  days ;  and,  as  the  pasteboard  shrinks  by  eyposare  to  ihe  heal,  the  screws  must 
he  frequently  tightened  until  Ihe  ivhole  mass  has  been  compressed  as  mnch  as  possible. 
When  the  cylinder  Li  thus  brought  lo  a  sufficient  degree  of  density,  it  is  removed  from 
the  stove;  and,  when  allowed  to  cool,  the  pasteboard  forms  a  satelance  almost  incon- 
ceivably dense  and  hard.  Nothing  now  remains  but  to  turn  the  cylinder ;  and  thi<  is  an 
operation  of  no  slizhi  labor  and  patience.  The  motion  in  turning  must  be  slow,  not 
exceeding  about  forty  revelations  in  a  minute;  the  substance  being  now  so  hard  and 
tough  that  tools  of  a  very  small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is 
true.  Three  men  are  generally  employed  (or  Ihe  lurnini,  even  when  the  motion  ot 
the  cylinder  is  effected  by  mechanical  power,  two  being  nece-sary  lo  sharpen  tools  for 
the  third,  who  turns,  as  quickly  as  he  blnnts  ihem. 

Let  OS  suppose  it  to  be  a  five-rollered  machine;  when  a  person  stands  in  front  of 
the  calender,  Ihe  cloth  coming  from  behind  above  the  uppermost  cjlmder  1,  passts  be- 
tween 1  and  2:  proceeding  behind  2,  il  again  comes  to  the  fiont  between  2  and  3 
between  3  and  4  it  is  once  more  carried  behind,  and,  laslK,  brought  in  front  between 
4  and  5,  where  il  is  received,  and  smoothly  folded  on  a  clean  hoird,  or  in  a  box,  b>  a 
person  placed  there  for  the  purpose.  In  folding  the  ckiih  at  this  time,  care  must  he 
taken  that  il  may  be  loosely  done,  so  that  no  mark  may  appear  ontil  it  be  again  folded 
in  the  precise  length  and  form  into  which  the  piece  is  lo  be  made  up.  The  folding  may 
be  done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
placed  at  a  proper  distance,  to  ascertain  the  length  of  ihe  fold,  and  to  make  the  whtda 
equal.  When  jblded  into  lengllis,  it  is  ngnin  folded  across  upon  a  smooth  clean  table, 
according  to  the  shape  intendri,  which  varies  with  the  different  kinds  of  goods,  or  the 
particular  market  Rir  which  the  goods  are  designed. 

When  the  pieces  have  received  the  proper  fold,  the  last  operation  previous  to  packing 
them  is  the  pressing.  This  is  commonly  performed  by  placing  a  certain  number  of  pieces, 
divirled  by  Uiin  smooth  boards  of  wood  in  a  common  sci-ew  press,  similar  to  tliose  used 
by  printers  for  inking  out  the  impression  left  by  the  tjpes  m  the  printing-press.  Be- 
tides the  wooden  briards,  a  piece  of  glized  pasteboard  is  placed  above  and  below  every 
piece  of  cloth,  thai  the  outer  folds  mav  be  as  smooth  and  glossy  as  possible.  I'he 
operation  of  the  common  screw  press  being  found  tedious  and  laborious,  the  hydrau- 
lic press  is  now  in  all  well-mounted  establishments  had  recourse  to.  See  HvDHAtii.ic 
Pbess. 

No  improvements  that  have  taken  place  in  calendering  cin  exceed  the  power  and  fa- 
cility  of  the  water  press :  one  of  these  presses  ini.V  be  worked  by  two  men,  who  can 
with  great  ease  priHluce  a  pressnre  of  400  tons ;  bvil,  in  considerable  establishments,  the 
presses  arc  worked  by  power.    See  Bandann/. 

The  appearance  and  finish  of  the  Eoods,  in  consequence  of  such  an  immense  weight 
acting  on  them,  are  materially  improved. 

The  press  is  also  nsed  for  the  purpose  of  packing;  whereby  the  bale  is  rendered  mueh 
more  compacl  than  formerly.  Il  is  commonly  roped,  &.e.,  while  in  this  compressed 
state  ;  the  dimensions,  are  therefore  ereatly  diminished  from  what  they  would  otherwise 
be  by  any  other  method.  For  inslancp,  the  same  quantity  of  eonds  packed  in  a  ba'.o 
are  from  one  third  to  one  half  less  bulky  than  if  tliey  were  packed  in  a  box  with  the 
utmost  force  of  the  hands. 
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T^or  lawns  and  miisline  of  a  li^hl  texliire,  ihe  operalion  of  smoolhina  -'rr.-jirps  t  niJ- 
ffrpnl  process  in  some  nspsrls  lljan  cloie  hfovy  fBbiics,  Tliej  only  rei|»ire  tohe  Blis>hll) 
EiTiiFothed  lo  remove  any  marts  which  they  may  have  received  a(  the  hlcHcliinst;  and  as 
(heir  bpauly  dtptnds  mlher  on  Iheir  Iranspnrency  than  Iheir  closeness,  the  more  the  ry 
lyndrical  form  of  the  lain  is  presen'eii  (he  belter.  They  are  Iherefcre  pm  thi-oiigh  a 
sirnll  machine,  consistinti  of  three  rollem  or  cylinders;  end  as  the  p<iwer  required  lo 
move  this  is  small,  the  persoti  mho  attends  it  fteierally  drives  it  by  a  sreall  ivincli ;  or 
the  Kaine  effect  may  be  produced  by  passing  the  muslins  between  only  two  or  three  rollers 
of  Ihe  above  calender,  lichtly  loaded. 

In  ihe  thick  fabric?  nf  cloth,  including  those  kinds  which  are  used  for  many  parts  ol 
|]ouseliold  ruinilure,  as  r)fo  those  for  female  dress,  the  operation  of  glazing  is  used  both 
to  add  lo  the  original  beauty  of  Ihe  clolh,  and  to  render  it  more  impervious  lo  du'I  or 
smoke.  The  glazins  operation  is  peifonned  entirely  by  the  friction  of  any  smooth 
snbstance  upon  the  cloth  ;  and,  to  render  Ihe  glots  brighter,  a  small  qnanlity  ofMeeehrd 
wax  is  previously  rnbhed  aver  Ihe  surface.  The  operation  cS  glazing  by  the  common 
plan  is  very  laborious,  hot  tlie  apparatus  is  of  Ihe  most  simple  kind.  A  table  is  mounted 
ivilh  a  thick  stout  cover  of  level  and  weti-smoothed  wood,  forming  an  inclinrMl  plane ; 
that  side  where  the  operator,  stands  at  wck  being  ihe  lowest.  Tiie  table  is  geneially 
placed  near  a  wall,  bolh  for  convenience  in  suspending  the  elazinc  apparalns,  and  for 
the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a  gtoove  formed  between  two 
loiigilndinal  beams,  placed  parallel  to  the  wall,  and  fixed  to  it.  The  Eroove  resembles 
exBcity  the  aperture  between  the  shears  of  a  common  turning  lathe.  The  lever,  of  which 
Ihe  gnjove  may  be  supiioscd  to  be  Ihe  centre  or  fulcrum,  is  faced  at  Ihe  liottom  with  a 
scmi-cylindi  ical  piece  of  fin''Iy  polished  flint,  which  gives  (he  friction  to  (heclolhsirelchcd 
upun  Ihe  table  below.  Above  the  flint  are  two  cross  handles,  of  which  Ihe  operator 
lays  hold,  and  moves  them  backward  and  forward  with  liis  hands,  keepine  Ihe  flint  press- 
ing  slightly  upon  [he  cloth.  When  he  has  blazed  a  portion  equal  to  the  breadth  of  the 
B'ml,  he  moves  bis  lever  between  the  shears  sidewisc,  and  glazes  a  fresh  part ;  thus  he 
proceeds  from  one  side  or  selvatre  of  the  cloth  lo  the  other ;  and  when  all  wbict ''"  upon 
the  table  is  sufficiently  glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  ti  e  same 
operation.  To  preset  ve  the  cloth  at  a  proper  tension,  it  may  be  wound  smoolhiy  upon 
a  roller  or  beam,  which  being  set  so  as  to  revolve  upon  its  own  aiis  behind  ihe  table, 
anolher  roller  to  receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  catcli, 
acting  in  a  ratchet  wheel.  Of  late  years,  however,  a  great  pan  of  the  labor  employed 
in  glazing  cloth  has  been  saved,  as  the  common  four  or  five  bowl  calender  has  been 
altered  to  fli  this  purpose  by  direcl  pressi;re. 

As  a  matter  of  accommodation,  the  different  processes  of  packing,  cording  of  bojes, 
sheeting  of  trunks,  and,  in  genei-al,  all  the  arrangements  prepamtiity  to  shipments,  and 
also  tlie  intimations  and  survej^s  necessary  for  obtaining  drawbacks,  debentures,  or 
bonntiCB,  according  to  Ihe  excise  laws,  are  generally  condncted  at  the  calender  houses 
where  goods  are  finished.  Tliese  operations  suiKciently  account  for  the  general  meaning 
attached  to  the  word. 

CALICO-PRFNTING  {ImpTttsirm  d'hdiennes,  Tr. ;  Zcngdruckerei,  Germ.)  is  )he 
art  of  impressing  cotton  cloth  with  topical  dyes  of  more  or  less  permanence.  Of  late 
years,  silk  and  woojlen  fabrics  have  been  made  the  subjects  of  a  similar  style  of 
dyeing.  Linens  were  formerly  stained  with  various  colored  designs,  but  since  the 
modern  improvements  in  the  manufacture  of  cotton  clolh,  they  are  seldom  printed,  as 
they  are  both  dearer,  and  produce  less  beautiful  work,  because  flax  possesses  less  aflinity 
than  cotton  for  coloring  matters. 

This  art  is  of  very  ancient  date  in  India,  and  takes  its  EnglLsh  name  from  Cnlicut,  a 
disu  id  where  jt  has  been  practised  with  great  success  from  time  immemorial.  The 
Ecyplians,  also,  appear  from  Pliny'8  testimony  to  have  practised  at  a  remote  era  some  of 
the  most  refined  processes  of  topicnl  dyeing.  "  Robes  and  white  veils,"  says  he,  "  are 
jiainted  in  Egypt  in  a  wonderful  way.  They  ace  first  imbued,  not  with  dyes,  but  with 
dye-absorbing  drags,  by  which,  though  they  seem  lo  be  unaltered,  yet,  when  immersed 
for  n  little  while  in  a  caldron  of  the  boiling  dye-liqnor,  they  are  (bund  lo  become 
painted.  Yet,  as  there  is  only  one  color  in  Ihe  caldron,  il  is  marvellous  lo  see  many 
colors  imparled  lo  the  robe,  in  consequence  of  the  influence  of  the  excipient  dnig.  Nor 
can  the  dye  be  washed  out.  A  caldron,  which  would  of  itself  merely  confuse  the  colors 
of  cloths  previously  dyed,  is  thus  made  to  impart  several  pigments  from  a  single  dye- 
Rtaff,  painting  as  il  boih."  The  Inst  expression,  pingiigMe'ilBm  cogittV,  is  perfectly  graphit 
and  descriptive  of  calico-printiiui:. 

The  cotton  chints  eonnlerpanes  of  great  size,  called  pallampoors,  which  have  been 
monufactnred  in  Madras  from  the  earliest  ages,  have  in  like  manner  pecnliar  dye^bsorb- 
ing  drugs  applied  lo  them  with  the  pencil,  as  also  wax,  to  protect  certain  parts  of  the 
Enrl^ce  from  the  action  of  Ihe  dye,  and  are  afterwards  immersed  in  a  staining  liquor,  which, 
when  v/as  is  applied,  is  usually  the  cold  indigo-vat,  but  wilhonl  Ihe  wax  is  a  hoi  liquor 
rimilarlothe  Egyptian,     M.  Koechlin  Roder,  of  Mulhouse,  brought   home  lately  from 
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n       b         wa  Down  as  an  tnglish   art  tili  1696, 

al  tncd  h    banks  of  the  Thames,  neaj-  Bichniond, 

f   m  h        vn  eounlry,  in  consequenee  of  the 

'-om        nj     aAerwards,  a   considerable   printing 

B         ;  Ha  ,  n  £     x,  and  several  others  Gprung  up  succcs* 

e  London  shops  with  chintees,  Ibeir  import  from  India 

of  parliament  in  1700.    The  silk  and  woollen  weavers, 

eed  m  ed  the  keeneEt  hostility  to  the  use  of  printed  calicoes 

fr  m  E  St  or  made  at  home.    In  the  year  1680  they  mobbed  the 

H  in  some  large   importations   Iheu  made  of  the  ehintses  of 

the  g:overDDient,  by  incessant  clamors,  to  eiiclude  allo- 

be  Calicut  from  the  British  market.    Bui  the  printed  goods, 

ported  Dutch  EasJ  India  companies,  found  their  way  into  this 

es     e  penalties  annexed  to  smuggling,  and  raised  a  new  alarm 

uf  po      atioQ  of  Spitalfields.    The  sapient  legislators  of  thai  day, 

ed  il  by  the  East  London  mobs,  enacted  in  1720  an  absurd 

BTJ  vxaring  of  all  printed  calicoes  vholsoever,  dlhcr  a/ foreign 

T  raceful  enactment,  worthy  of  the  meridian  of  Cairo  or 

ed  (h-blow  lo  rising  industry  in  this  ingenious  department 

British  ladies  from  atljring  themselves  in  the  "becoming 

Hi  ft       n  oppressive  operation  of  ten  years,  this  act  was  repealed 

il  f  senators,  who  were  then  pleased  to  permit  what  they 

called  British  calicoes,  if  made  of  linen  warp,  nilh  merely  weft  of  Ihe  hated  collon,  to  be 

printed  and  worn,  upon  paying  a  duty  of  no  less  than  sixpence  the  squarS  yard.    Under 

this  burden,  English  calico-printing  could  not  be  expected  to  make  a  rapid  progress. 

Accordingly,  even  so  lately  as  the  year  1750,  no  more  than  60,000  pieces  of  mixed 

slnfT  were  printed  tn  Great  Britain,  and  thai  chiefly  in  the  neighborhood  of  London  ; 

whereas  a  single  manufacturer,  Mr.  Coales  of  Manchester,  now-a-days  will  turn  ofl 

nearly  twenty  times  that  quantity,  and  there  are  very  many  others  who  manufacture 

several  hundred  thousand  pieces  per  annum.    It  was  not  till  about  I76C  that  this  art 

migrated  into  Ijtncash ire,  where  il  has  since  taken  soch  extraordinary  development; 

but  II  was  only  after  1771  that  it  began  to  be  founded  upon  rinht  principles,  in  conse- 

quence  of  the  repeal  of  that  part  of  the  pel  of  1730  which  required  the  warp  to  be  made 

of  linen  yam.    Henceforth  the  printer,  though  still  saddled  with  a  heavy  duly  of  3d.  the 

square  yard,  was  allowed  to  apply  his  colors  (o  a  homogeneous  web,  iaslcad  of  Ihe  miied 

fabric  of  linen  and  cotton  sotetances,  which  differ  in  their  affinities  for  dyes. 

France  piirsaed  for  some  time  a  sunilar  false  policy  with  regard  to  calico-printing,  but 
she  emerged  sooner  from  the  mists  of  manufacturing  monopoly  than  England.  Her 
avowed  motive  was  to  cherish  the  manufacture  of  flax,  a  native  product,  instead  of  that 
of  cotton,  a  raw  material,  for  which  prgudice  urged  that  money  had  to  be  exported. 
Her  intelligent  statesmen  of  that  day,  fully  seventy  years  ago,  replied  that  the  money 
expended  in  the  purchase  of  cotton  was  the  produce  of  French  industry,  beneficially 
employed,  and  they  therefore  took  immediate  measures  to  put  the  cotton  fabrics  upon  a 
Iboling  of  equalilr.  Meanwhile  the  popular  prejudices  became  irrilated  to  such  a  degree, 
by  the  project  of  permitting  the  free  manufacture  ant.'  sale  of  printed  coitocis,  that  every 
French  town  possessed  of  a  chamber  of  commerce  made  the  strongest  remonstrances 
as:ainst  it.  The  Bouen  deputies  declared  to  the  government,  "that  the  intended  mea* 
sure  would  throw  its  inhabitants  into  despair,  and  make  a  desert  of  the  surrounding 
country ;"  those  of  Lyons  faid,  "  the  news  had  spread  terror  throngb  all  its  workshops :" 
Tours  "foresaw  3  commo'ion  likely  to  convulse  the  body  of  the  stale  :"  Amiens  said, 
"  that  the  new  law  would  be  the  grave  of  the  manufacturing  industry  of  France ;"  and 
Paris  declared  that  "  her  merchants  came  forward  to  bathe  the  throne  with  their  tears 
upon  that  inauspicious  occasion." 

Tlie  government  persisted  in  carrying  its  truly  enlightened  principles  into  effect,  and 
with  so  manifest  advantage  to  the  nation,  as  to  warrant  the  inspector^neral  of  mann 
factures  to  make,  soon  afterwards,  the  following  appeal  to  those  prejudiced  bodiesi— 
"  Will  any  of  yon  now  deny  that  the  fabrication  of  printed  eollons  has  occasioned  a  vast 
eilension  of  llie  induslry  of  France,  by  giving  profitable  employment  to  a  great  many 


1  Google 


CALICO-PRINTING.  309 

flancis  in  gpinning,  weaWns,  bleach  ins,  and  printing  the  eolora?  Look  only  at  the  clyeiiip 
ieparlment,  and  say  whether  it  hos  nrt  done  more  good  lo  Prance  in  a  few  years  tlian 
many  of  your  oilier  manufactures  have  in  a  century  !" 

The  despair  of  Rouen  has  been  replaced  by  (he  most  signal  prosperity  in  Ihe  cotton 
trade,  and  especially  in  printed  calicoes,  for  the  manufacture  of  wbicb  h  possesses  70 
difi'erenl  estabtishmenls,  piodncing  upwards  of  a  million  of  pieces  of  greater  average  size 
and  price  than  Ihe  English.  In  the  district  of  the  IiUwer  Seine,  roiud  that  (own,  there 
are  600  coKon  factories  of  different  kinds,  which  pive  employment  lo  118,000  operative* 
of  all  orders,  and  thus  procure  a  comfortable  livelihood  to  probably  not  less  than  half  a 
miltion  of  people. 

The  repeal,  in  1831,  of  (he  consolidated  duly  of  3Jif.  per  square  yard  upon  printed 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  eels  of  modern  legislation.  By 
the  improvements  in  calico-printing,  due  I*  the  modern  discoveries  and  inventions  in 
chem'rlry  and  mechanics,  (he  trade  had  become  so  vast  as  (o  yield  in  1830  a  revenue  ol 
2,2S0,OOOZ.  levied  upon  8,596,000  pieces,  of  which,  however,  about  .hree  fourths  were 
exported,  with  a  drawback  of  l,579,000i.  2,581,512  pieces  were  consumed  in  that  year 
at  home.  When  the  expenses  of  collection  were  deducted,  only  350,000'.  found  their 
way  into  the  eichequer,  for  which  pitiful  sum  thousands  of  frauds  and  obstructions  were 
committed  against  the  honest  manufacturer.  This  reduction  of  duty  enables  the  con- 
sumer to  pel  this  extensive  article  of  clothing  ."Vom  50  to  80  per  cent,  cheaper  than 
before,  and  ihns  places  a  becoming  dress  within  '.he  reach  of  thousands  of  handsome 
females  in  the  humbler  ranks  of  life.  Printed  goods,  which  in  11S5  were  sold  for  two 
shillings  and  three-pence  Ihe  yard,  may  be  bought  at  present  for  eight-pence.  In  fact,  a 
woman  may  now  purchase  the  materials  of  a  pretty  gown  for  two  shillings.  The  rppeal 
of  (he  tax  has  been  no  less  beneficial  to  the  fair  dealers,  by  putting  an  end  to  the  contra- 
band trade,  formerly  pursued  to  an  extent  equally  injurious  to  them  and  the  revenue- 
It  has,  moreover,  emancipated  a  manufaclure,  eminently  dependant  upon  taste,  si  tnce, 
and  dexterity,  from  the  venal  curiosity  of  petty  excisemen,  by  whom  private  improve- 
ments, of  great  value  to  the  inventor,  were  in  perpetual  jeopardy  of  being  pirated  and 
sold  to  any  sordid  rival.  The  manufacturer  has  now  become  a  free  agent,  a  master  of 
his  time,  his  workmen,  and  his  apparatus ;  and  caji  print  at  whatever  hottr  he  may  re- 
ceive an  order ;  whereas  he  was  formerly  obl^ed  lo  wait  (he  convenience  of  the  excise 
officer,  whose  province  it  was  lo  measure  and  stamp  the  cloth  before  it  could  be  packed, 
— an  operation  fraught  with  no  lillle  annoyance  and  delay.  Under  ihe  patronage  of  por- 
lioment,  it  was  easy  for  needy  advenlnrers  to  buy  printed  calicoes,  because  they  C(juld 
raise  such  a  sum  by  drawbaclis  upon  the  ejrpor  w     d  go  far  (o  pay  for 

another,  and  thus  Carry  on  a  fraudulent  sj-stem  a  ed  wh  h  ner  or  later  merged 
in  a  disastrous  bankrnptcy.  Meanwhile  the  good  h  b  m  d  were  poshed  off'  to 
some  foreign  markets,  for  which  they  were  possib     n      so  where  they  produced, 

by  tlieir  forced  sales,  a  depreciation  of  alt  similar  m  h  d  ui  us  lo  the  roan  who 
meant  to  pay  for  his  wares. 

The  principles  of  calico-printing  have  been  I'erj   p  d  ed  by  many  of  the 

Frenchmanniacturers,  whogenerallykeep  achemi  n  h  been  d  caled  in  the  Parisian 
schools  of  science,  constontly  at  work,  making  exp  m  nts  pnn  s  in  a  well-mounted 
laboratory.  In  that  belonfiing  to  M.  Daniel  Kcechlin,  of  Mnlhausen,  there  are  upward? 
of  3000  labelled  vials,  filled  with  chemical  reagents,  and  specimens  subservient  to  dyeing. 
The  great  disadvantage  under  which  the  French  printers  labor  is  Ihe  higher  price  liiey 
pay  for  cotton  fabrics  above  that  paid  iy  the  Bnglish  printers.  It  is  this  circnrnstance 
alone  which  prevents  them  from  becoming  very  fonnidable  rivals  to  us  In  the  markets  of 
(he  world.  M.  Barbel,  depa(y  and  mayor  of  Eotlen,  in  his  replies  to  the  ministerial 
commission  of  inquiry,  rates  the  disadvantage  proceeding  Irom  that  canse  at  2  Irancs  per 
piece,  or  about  6  per  cent,  in  value.  In  the  annoal  report  of  the  SiKiile  hdnstrieVe  of 
Muthausen,  made  in  December,  1833,  the  number  of  pieces  printed  that  year  in  .Alsace 
is  rated  at  720,000,  to  .which  if  we  odd  1,000,000  for  the  produce  of  the  department  of 
(he  Lower  Seine,  and  280,000  for  (hat  of  St.  Quenlin,  Lille,  and  the  rest  of  France,  we 
shall  have  for  the  total  amount  of  this  manufaclure  2,000,000  of  pieces,  equivalent  to 
nearly  2,^00,000  pieces  English;  for  the  French  piece  usually  measures  33§  aunes. 
=  41  yards  nearly;  and  it  is  also  considerably  broader  than  the  English  pieces  upon 
an  average.  It  is  therefore  probable  that  the  home  consumption  of  France  in  primed 
goods  is  equal  in  quantity,  and  superior  in  value,  to  that  of  Endand.  With  regard  to 
the  comparative  skill  of  the  workmen  in  the  two  countries,  M.  Nicholas  Kcechlin,  deputy 
of  the  Upper  Rhine,  says,  that  one  of  his  foremen,  who  worked  for  a  year  in  a  print- 
lield  in  I^ncashire,  found  litile  or  no  difference  between  them  in  that  respect.  The 
English  wages  are  considerably  higher  than  the  French.  The  machines  for  multiplying 
production,  which  for  scm'?  time  «ave  us  a  decided  adiantaee,  are  now  getting  into  very 
general  use  omoM;  our  neighbors.  In  my  recent  visit  to  Muihausen,  Eonen,  and  Ihei* 
environs,  I  had  an  opportanit"  of  seeing  many  printing  estabUsbmenls  mounted  with  all 
the  resources  of  the  most  rcfi.^ed  mecimnisms. 
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The  calico-printin!;  of  this  country  still  labors  under  llie  burJen  of  consideraWe  (aies 
upon  inailiTer  and  gallipoli  oil,  which  have  countPracled  the  prosperity  of  our  Turkey  red 
styles  of  worh,  and  cnuf^ed  them  to  nourish  at  ElberTeldt,  anJ  some  other  places  on  l\u 
coniinent  whilher  a  good  deal  of  the  English  yarns  are  sent  to  be  dyed,  then  brou^li. 
back,  and  manufactured  into  ginghams,  checks,  &c.,  or  fo.-warded  directly  thence  lo  our 
RiD'sian  cnslomei'S.  This  Tact  places  our  fiscal  laws  in  the  same  odious  light  as  the  h- 
cilily  of  iiiialing  printers'  patterns  with  impunity  does  onr  chancery  laws. 

Before  clolh  can  receive  good  (ieured  impressions  its  surface  must  be  freed  from  fibrous 
down  by  SiNOETNG,  and  be  rendered  smooth  by  (he  Calender.  See  these  articles.  They 
are  nexl  bleached,  with  Ihe  exception  of  those  deslined  for  Turkey  red.  See  Bleaching 
and  Maddeb,  After  they  are  bleached,  dried,  singed,  and  calendered,  they  are  lapped 
rounil  in  great  lengths  of  several  pieces,  stitched  endwise  together,  by  means  of  an  appa- 
ratus called  in  Manchester  a  caudroy,  which  bears  on  its  front  edge  a  rounded  iron  bar, 
transversely  grooved  to  Ibe  right  and  left  from  the  centre,  so  as  lo  spread  out  the  web  as 
it  is  drawn  over  it  by  the  rotation  of  the  lapping  roller.  See  a  figure  of  this  bar  sub- 
gervienl  lo  the  cylinder  printing-machine. 

Four  different  methods  are  in  use  for  imprinling  figures  upon  calicoes :  the  first  is  by 
smnl!  wooden  blocks,  on  whose  face  the  design  is  cut,  which  are  worked  by  Land ;  Ihe  second 
is  by  larger  wood-cul  blocks,  placed  in  eilher  two  or  three  planes,  standing  at  right  anates 

10  each  other,  called  a  Perrotine,  from  Ihe  name  of  its  inventor ;  the  third  is  by  flat  copper 
plates,  a  method  now  almost  obsolete;  and  the  fourth  is  by  a  system  of  copper  cj'linders, 
mounted  in  a  frame  of  great  elegance,  but  no  little  complexity,  by  which  two,  three,  four, 
or  even  five  colors  may  be  printed  on  in  rapid  succession  by  ihe  mere  rotation  of  the  ma- 
chine driven  by  the  agency  of  steam  or  water.  The  productive  powers  of  Ibis  prinling 
antiunaton  are  very  great,  amounllng  for  some  styles  10  a  piece  in  [he  minute,  or  a  mile 
of  clolh  in  the  hour.  The  fiflh  color  is  commonly  cnrainnnicaled  by  means  of  what  is 
called  a  surface  cylinder,  covereil  with  wooden  figures  in  bass-relief,  which,  by  rotation, 
are  applied  to  a  plane  of  clutli  imbued  with  Ihe  thickened  mordants. 

The  hand  blocks  are  made  of  sycamore  or  pear-tree  wood,  or  of  deal  facsd  wilh  these 
wuimIs,  and  are  from  (wo  lo  three  inches  thick,  nine  or  ten  inches  long,  and  five  bitiad, 
with  a  strong  bos  handle  on  the  back  for  seizing  Ihem  by.  ThefaceoflheWoek  is  either 
carved  in  relief  into  the  desired  design,  like  an  ordinary  wood-cut,  or  the  figure  is  formed 
by  the  ioserlion  edgewise  into  the  wood  of  narrow  slips  of  fliiltened  copper  wire.  Thes« 
tiny  fillets,  being  liled  level  on  the  one  edge,  are  cat  or  bent  into  the  proper  shape,  and 
fiirced  into  the  wood  by  Ihe  taps  of  a  hammer  at  ihe  traced  lines  of  the  configuration. 
Their  upper  surfaces  are  now  filed  Hal,  and  polished  inio  one  horiioiilal  plane,  for  the 
sake  of  equality  of  impression.  As  the  slips  are  of  equal  thickness  in  th^r  whole  depth, 
from  having  been  made  by  running  the  wire  through  between  ihe  steel  cylinders  of  a 
flatting  mill,  Ihe  lines  of  iJie  figure,  however  mnch  they  gel  worn  by  use,  are  noways 
equally  broad  as  at  fifslj  an  advantage  which  does  not  belong  lo  wood-cutting.  The 
interstices  between  the  ridges  thus  Ibrmed  are  filled  up  witli  felt-sluff.  Sometimes  a 
delicate  part  of  tlie  design  is  made  by  Ihe  wood-culler,  and  the  rest  by  the  insertion  of 
copper  slip". 

The  coloring  matter,  properly  thickened,  is  spread  with  a  fiat  brush,  by  a  child,  upon 
fine  woollen  cloth,  stref"*^  in  a  frame  over  the  was  cloth  head  of  a  wooden  dram  or 
sieve,  which  floats  inverted  in  a  tubfiil  of  old  paste,  lo  i>ive  it  elastic  buoyanc)'.  Tlie  in- 
verted sieve  drrm  should  fil  Ihe  pasle  tub  pretty  closely.  The  printer  presses  Ihe  face 
of  the  block  o..  the  drum  bead,  so  as  to  take  up  the  requisite  quantity  of  color,  applies 
it  to  the  surface  of 'the  calico,  extended  upon  a  flat  table  covered  with  a  blanket,  and 
then  strikes  the  back  of  the  block  with  a  wooden  mallet,  in  order  to  transfer  the  impres- 
sion fully  to  the  cloth.  This  is  a  delicate  operation,  requiring  equal  dexterity  and  dili- 
gence. To  print  a  piece  of  cloth  25  yarrls  Inns,  and  30  inches  broad,  no  less  Ihaii  <>72 
applications  of  a  block,  9  inches  long  and  5  inches  broad,  are  requisite  for  each  color! 
so  that  if  there  are  three  colors,  or  three  hands  as  the  French  term  il,  no  less  than 
S0t6  applications  will  be  necessary.  The  blocks  have  prn-points  fixed  into  their  corners, 
by  means  of  which  they  are  adjusted  to  their  pwitions  upon  the  cloth,  so  as  to  join  tlie 
dilferent  parts  of  the  design  -vith  precision.  Each  printer  has  a  color-tub  placed 
w.thin  reach  of  his  rieht  hand;  and  for  every  different  color  he  must  have  a  separate 
si(  ve.  Many  manufacturers  cause  their  blocks  to  be  made  of  three  layers  of  wood,  Iwo 
of  Ihem  being  deal  with  ilie  grain  crossed  to  prevent  warping,  and  Ihe  third  sycamore  for 

The  printing  shop  is  an  oblong  apartment,  lighted  with  numerous  windows  at  each 
side,  and  having  a  solid  table  opposite  lo  each  window.  The  table  B,_fig.  294,  is  formed 
of  a  strong  plank  of  well-seasoned  hard  wood,  mahogany,  or  marble,  with  a  surface  truly 
plane.    Its  length  is  about  6  feet,  its  breadth  2  feel,  and  its  thickness  3,  4,  or  5  inches. 

11  srnnds  on  strong  feci,  wilh  its  top  about  36  inches  above  the  floor.  Al  one  of  ill 
ends  there  are  Iwo  brackets  c  for  supporting  the  axles  of  the  roller  e,  which  carries  tht 
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coto  lie  printed.    The  hanging  rollers  e  are  la"'  ■ 
iriinent  above  ihe  prinlina  shop,,  the  ceiling  a 
..  least  in  the  middle  oC  the  room.    ""'   '- 
nefttly,  thedrvingofthe  prinled  pitci 
Should  Ihcy  eome  to  be  all  filled,  1 


across  joists  lixed  near  Ihe  rotf 

floor  between  them  being  open 

"    "■         "'     exposure. 


The  printtc  slretcliea  a  len^lh  of  the  piece  npoii  his  tabic  a  b,  takins  rare  to  place 
the  selvage  towards  hioiself,  and  one  inch  from  the  edae.  He  presents  the  block 
fowards  the  end,  to  determine  the  width  of  iU  impression,  and  ninrhs  this  line  A  B,  hj" 
means  of  his  square  and  tracinst  point.  The  spreader  now  besmears  (he  cloth  with  the 
color,  at  the  commenoement,  upon  both  sides  of  the  sieve  head  ;  becnusf,  if  not  uniformly 
anplieil,  the  block  will  take  it  up  unequally.  The  printer  seizes  Ihe  block  in  his  right 
hand,  and  daubs  it  twice  in  different  directions  upon  the  sieve  clotli,  then  he  transfers  it 
to  the  calico  in  the  line  a  b,  as  indicated  by  the  four  points  abed,  correspond  in  ir  to 
the  ibar  pins  in  the  corners  of  the  block.  Having  done  so,  he  takes  another  daub  of 
the  color,  and  makes  (he  points  a  b  fall  on  c  rf,  so  as  to  have  al  the'  second  slomp 
a'  h',  covering  o  6  and  c"  li' ;  and  so  on,  through  the  rest,  as  denoted  by  the  accented  let- 
ters.   When  one  table  length  is  finished,  he  draws  the  eloth  along,  so  as  to  bring  a  new 

The  grounding-in,  or  re-enlering  {revlrage),  of  the  other  colors  is  the  next  process. 
The  blocks  used  for  this  pnipose  are  furnished  with  pin-points,  so  adjusted  that,  when 
Ihey  are  made  to  coincide  with  the  pia-poinls  of  the  former  block,  the  design  will  be  cor. 
reel  i  that  is  to  say,  the  new  color  will  be  applied  in  its  due  place  upon  Ihe  flower  or  other 
fisure.  The  points  should  not  be  allowed  to  timch  Ihe  white  cloth,  but  should  be  made  to 
fall  upon  the  stem  of  a  leaf,  or  some  other  dark  spot.  These  re«(r-c!gct  are  of  four  sorts  ; — 
I.  Onefur  IhemoiJants,  asahove;  2.  one  for  topical  colors  ;  3.  one  for  the  application  of 
reds;  ond,  4,  one  for  the  application  of  resist  pastes  or  reserves.  These  stjles  have 
supersoled  the  old  practice  of  pencilling. 

Tiie  Perroline  is  a  machinj  for  executing  block -printing  by  mechanical  power ;  and 
il  performs  as  mucli  work,  it  is  said,  as  20  expert  hands.  I  have  seen  its  operation,  in 
many  factories  in  France  and  Belgium,  in  a  very  satisfactory  manner;  hut  I  have 
reason  to  believe  that  there  are  none  of  them  bs  yet  in  this  country.  Three  wooden 
blocks,  from  SJ  to  3  feel  long,  according  lo  the  breadth  of  the  cloth,  and  from  2  to  5 
inches  broaii,  faced  wiib  pear-tiee  wood,  engraved  in  relief,  are  mounlei  in  a  powerful 
cast-iron  frame  work,  with  their  planes  at  right  angles  to  each  other,  so  that  each 
of  [liem  may,  in  succession,  be  brought  to  bear  upon  the  face,  top,  and  l>ack  of  a 
square  prism  of  iron  covered  with  cloth,  and  filled  to  revoive  upon  an  bus  between  the 
said  blocks.  The  calico  parses  between  the  prism  and  the  engraved  blocks,  and 
receives  soecessive  impressions  from  them  as  il  is  successively  drawn  throogh  by  a 
winiling  cylinder.  The  blocks  are  pressed  against  the  calico  through  the  agency  of 
spririiis,  which  imitate  the  elastic  pressure  of  the  workman's  hand.  Each  block  receives 
a  coal  of  colored  paste  from  a  woollen  sarface,  smeared  after  every  contact  with  a 
meclianical  brush.  One  man,  with  one  or  two  children  for  superintending  the  loior- 
g'vin=  surfaces,  can  turn  off  about  30  pieces  English  per  day,  in  three  color!,  which 
is  the  work  of  fullv  20  men  and  20  chilJren  in  bhick  printing  by  band.  II  executes 
some  styles  of  work  lo  vhlch  the  cylinder  machine,  without  the  surface  roller,  ii 
inadequate. 
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The  topper-plale  prinling  of  calico  is  almost  exactly  the  same  as  that  used  foi  prinling 
Eiisrayinss  on  paper  from  flat  plates,  and  being  nearly  snperseded  by  the  neit  machine^ 
need  not  be  described. 

Tlie  cylinder  printins;  mnchine  consists,  as  its  najne  imports,  of  an  enaraTed  copper 

cjlinder,  so  mounted  os  to  revolve  against  another  cylinder  lapped  in  woollen  cloth,  and 

imbnei!  with   a   colored  paste,  from   which   it  derives   Ihe   means  of  commonicating 

a  oQR  colored  impressions  to  pieces  of  calico  passed  over  it.    Fig.  2B8 

d  -a6     a      „j|]  gi^e  (he  reader  a  general  idea  of  this  eJegant  and  rape 

iditious  plan  of  printing.  The  pattern  is  engraved  upon  iht 
svirfnce  of  a  hollow  cylinder  of  copper,  or  sometimes  gun 
metal,  and  the  cylinder  is  forced  by  pressure  upon  a  sliong 
iron  mandrel,  which  serves  as  its  turning  shaft.  To  faeiiitale 
the  transfer  of  the  impression  from  t'^  engraving  to  the  col  ion 
cloth,  the  latter  is  lapped  round  anolhe.  large  cylinder,  rendered 
eU'lic  by  rolls  of  woollen  clolh,  and  the  engraved  cylinder 
presses  the  calico  against  this  elastic  cushion,  and  Uiereby  prints 
It  as  it  revolves.  Let  A  be  the  engraved  cylinder  mounted  upon 
Its  mandrel,  which  recei\i.3  rotatory  motion  by  wheels  on  its 
end,  connected  with  the  steam  or  water  power  of  the  factory. 
7  B  IS  a  large  iron  drum  or  roller,  turning  in  bearings  of  Ihe  end 
frames  of  the  machine.  Against  thai  drom  the  engraved  cylin- 
der a  is  pressed  by  weighlf  or  screws;  the  weights  acting  sleadily, 
by  levers,  upon  its  brass  bearings.  Kound  the  d.um  b  Ihe  endless  web  of  felt  or  blan- 
lie(  slufT  a  a,  travels  in  the  direction  of  the  arrow,  being  carried  round  along  with  Ibe 
drum  B,  which  agnin  is  turned  by  the  friclion  of  contact  wilh  the  cylinder  A.  c  repre- 
sents a  clothed  wooden  roller,  partly  pluneed  into  the  thickened  color  of  the  trough  d  d. 
I'hat  roller  is  also  made  to  bear,  with  a  moderate  force,  against  a,  and  thus  reeeives,  bj 
friction,  in  some  cases,  a  movement  of  rotation.  But  it  is  pieferable  to  drive  Ihe  roller  c 
from  Ihe  cylinder  a,  by  means  of  a  system  of  toothed  wheels  attached  lo  their  ends,  so  that 
the  surface  speed  of  the  wooden  or  paste  roller  shall  be  somewhat  greater  than  Ihat  of 
the  printiog  cylinder,  whereby  the  color  will  be  rubbed,  as  il  were,  into  the  engraveil 
parts  of  the  latter. 

As  the  cylinder  a  is  pressed  upwards  against  b,  it  is  obvious  that  the  hearers  of  the 
trough  and  its  roller  must  be  attached  lo  (he  bearings  of  the  cylinder  A,  in  order  to 
preserve  Its  contact  with  the  color-roller  c.  i  is  a  sharp-edged  ruler  of  gun-metal  or 
Bieel,  called  the  co/or  rfodor,  screweJ  between  two  gun-metal  stiffening;  bars;  the  edge 
of  which  wiper  is  slightly  pressed  as  a  tangent  upon  the  engraved  roller  a.  This  ruler 
vibrates  with  a  slow  motion  from  side  to  side,  or  right  lo  left,  i^o  as  to  exercise  a  delicate 
shaving  action  upon  the  engraved  surface,  as  this  revolves  in  the  direction  of  the  arrow. 
c  is  another  similar  sharp-edged  ruler,  called  Ihe  liiil  doctor,  whose  office  it  is  lo  remove 
any  fibres  which  may  have  come  off  the  calico  in  the  act  of  printing,  and  which,  if  lel^ 
on  the  engraved  cylinder,  would  he  apt  lo  octupy  some  of  the  lines,  or  at  leasl  to  prevent 
the  color  from  filling  them  all.  Thb  lint  doctor  is  pressed  very  slightly  upon  the  cylinder 
A,  and  has  no  iransvei-se  motion. 

What  was  slated  wiih  regard  to  Ihe  bearers  of  the  color  trough  b,  namely,  that  they 
are  connected,  and  moved  np  and  down  together  wiih  the  hearings  of  Ihe  cylinder  a,  may 
also  be  said  of  the  l)earers  of  tlie  two  doctors. 

The  working  of  this  beautiful  mechanism  may  now  be  easily  comprehended.  The 
web  of  calico,  indicated  in  the  figure  by  Ihe  letter  d,  is  introduced  or  carried  in  along 
with  the  blanket  stuff  a  a,  in  the  direction  of  Ihe  arrow,  and  is  moved  onward  by  Ihe 
pressure  of  Ihe  revolving  cylinder  A,  so  as  to  receive  Ihe  impression  of  the  pattern  en- 
graved on  Ihat  cylinder. 

Before  proceeding  lo  describe  Ihe  more  complex  calico-machine  which  prints  upon 
cloth  3,  4,  or  5  colors  al  one  operation,  by  Ihe  rotation  of  so  inany  O'linders,  I  shall 
ejplain  the  modern  methods  of  engraving  the  cylinder,  which  I  am  enahleil  lo  do  by  the 
courtesy  of  IVIr.  Locket,  of  Manchester,  an  arlist  of  great  ingenuily  in  ihis  department,  who 
politely  allowed  me  to  inspect  the  admirable  apparatus  and  arrangements  of  his  factory. 
To  engrave  a  copper  cylinder  3  or  4  inches  in  diameter,  and  from  30  to  36  inches  long, 
with  the  mnllitnde  oC  minute  figures  which  exist  in  many  patterns,  would  be  a  very 
aborious  and  rapensive  operation.  The  happy  invenlion  made  by  Mr.  Jacob  Perkins, 
in  America,  for  transferring  engravings  from  one  surface  to  another  by  means  of  steel 
roller  dies,  was  wilh  great  judgment  applied  by  Mr.  Locket  lo  calico-printing,  so  long 
ago  as  the  year  1808,  befoie  the  first  inventor  came  lo  Europe  with  Ihe  plan.  The 
pattern  is  first  drawn  npon  a  scale  of  about  3  inches  square,  so  that  Ibis  size  of  figure 
being  repeated  a  definite  number  of  limes,  will  cover  Ihe  cylinder.  This  pattern  is  nest 
engraved  in  intaglio  upon  a  roller  of  soAened  steel,  about  1  inch  in  diameter,  and  3  inchei 
loi^,  so  that  it  will  exactly  occupy  ils  surface.     The  engraver  aids  his  eye  with  a 
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IfHi,  when  emploj-ed  at  this  delicate  work.  Thi*  lOlter  is  lianleTied  by  healing  it  In  i 
tht  1)  red  in  an  iron  case  containing  imunded  bme-nsh,  and  then  plunging  it  into  coW. 
water,  its  surface  being  protected  from  oxydizemenl  by  a  chalky  paste.  This  hardened 
lUeri-vput  in(oapres$ora  peculiar  construction,  where,  by  a  rotatory  pressure,  it  Imna 
fe  s  Its  design  to  a  similar  roller  in  the  soft  slate ;  and  a$  (he  Tortner  was  in  intaglio,  thi 
latter  must  be  in  relievo.  This  second  roller  beins  hardened,  and  placed  in  an  appro 
priate  volulory  press,  is  employed  to  engrave  by  indenlaiion  upon  the  full-sized  copjiei 
cjlinder  Ihe  whole  of  its  intended  paltern.  The  firsi  roller  engraved  by  hand  is  calleo 
(he  dii,  the  second,  obiained  from  it  by  a  process  lilie  that  of  a  tnillinct  tool,  is  called  lh< 
mill  By  Ihis  indentation  and  miiliiplication  systetn,  an  engraved  cylinder  may  be  had  foi 
ipven  puunds,  which  engraved  by  hand  would  cost  fifty  or  upwards.  The  restotalicn  of 
a  Horn  out  cylinder  becomes  eitiemely  easy  in  this  way;  the  mill  being  preserved,  nccil 
nierely  be  properly  rolled  over  the  copper  sorfaoe  again. 

At  other  times,  the  hard  roller  die  is  placed  in  the  upper  bed  of  a  screw  press,  not  un. 
lil^e  that  for  coininjt,  while  the  horizontal  bed  below  is  made  to  move  upon  strong  rollers 
mounted  in  a  rectangular  iron  frame.  In  the  middle  of  thai  bed  a  smooth  cake  or  Hal 
di-c  of  very  soft  iron,  about  1  inch  thick,  and  3  or  4  inches  in  diameter,  is  made  fasi 
bv  four  horizontal  adjnsting  screws,  that  work,  in  studs  of  the  bed  frame.  The  die  being 
now  brought  down  by  a  poweifol  screw,  worked  by  toolhed  wheel-work,  and  made  tc 
prfss  wah  force  upon  the  iron  cake,  the  bed  is  moved  backwards  and  forwards,  causing 
Ihe  roller  (o  revolve  on  its  axles  by  friction,  and  lo  impart  its  des^  to  the  cake.  This 
in  n  dice  is  now  case-hardened  by  l>ein^  ignited  amidst  horn  shavings  in  a  box,  and  (hen 
SI  ddenly  quenched  in  waler,  when  il  becomes  itself  a  die  in  relievo.  This  disc  die  » 
hied  in  the  upper  pari  of  a  sciew  press  with  its  engraved  face  downwards,  yel  so  as  to  be 
moveable  horizontally  by  traverse  screws.  Beneath  this  inverted  bed,  snstainetl  at  its 
upper  surface  by  friction-rollrrs,  a  Copper  cylinder  30  inches  long,  or  (hereby,  is  mounted 
horizonlolly  upon  a  strong  iron  mandrel,  furnisheil  with  toolhed  wheels  at  one  of  its 
end'.,  to  commnnicate  to  it  a  movement  upon  iis  axis  through  any  aliguol  arcs  of  thi 
circle  The  disc  die  being  now  bronght  down  to  bear  upon  (he  copper  cylinder,  this  is 
iMi  lied  round  through  an  arc  corresponding  in  length  to  Ihe  length  of  the  die ;  and  thus, 
bj  the  steady  downward  pressure  of  (be  screw,  combined  with  the  revolution  of  the  cy- 
hndpr,  the  transfer  of  the  engraving  is  made  in  intaclio.  This  is,  I  believe,  the  most  con 
\enipnl  process  for  engraving,  by  transfer,  (he  copper  of  a  one-cylinder  machine-  Eul 
wlun  2,  3,  or  4  cylinders  are  to  be  engraved  with  Ihe  same  pattern  for  a  two,  three,  or 
four  colortil  machine,  the  die  and  the  mill  roller  plan  of  transfer  is  adopted.  In  thii 
CISC,  the  hardened  roller  die  is  monnled  in  the  upper  bed  of  the  transfer  press,  in  such  a 
naj  a'l  to  be  capable  of  rololion  ronnd  its  axis,  and  a  similar  roller  of  softened  steel 
r-  similarly  placed  in  Uie  under  bed.  The  rollers  are  now  made  to  bear  on  each  other  by 
the  action  of  ihe  upper  screw,  and  while  in  hard  contact,  the  lower  one  is  caused  lo  re- 
volve, which,  carrying  ronnd  the  upperby  fticlion,  receives  from  it  the  figured  impression 
in  relief.  When  cylinders  for  a  (hree-colorcd  machine  are  wanted,  three  such  milli  are 
made  fac-similes  of  each  other ;  and  Ihe  prominent  parts  of  the  figure  which  belong  to 
the  other  two  copper  cylinders  are  filed  off  in  each  one  respecdvely.  Thus  (bree  differ- 
ently figured  miiU  are  vciy  rMdily  formed,  each  adapted  to  engrave  its  particular  figure 
upon  a  distinct  copper  cylinder. 

Some  copper  cylinders  for  peculiar  styles  are  not  graved  by  indentation,  as  just  dc- 
sciibed,  but  elchei  by  a  diamond  point,  which  is  moved  by  mechanism  in  the  most  curious 
(■ariely  of  configurations,  while  the  cylinder  slowly  revolves  in  a  horizontal  line  ijcnealh  il. 
The  result  is  extremely  beaulifol,  but  il  would  require  a  very  elaborate  set  of  drawings  to 
represent  the  machinery  by  which  Mr,  Locket  producesit.  The  copper  is  covered  by  a  re- 
gis! varnish  while'being  heated  by  the  transmission  of  steam  lb  rough  its  axis.  After  l>eing 
elclied,  it  is  suspended  horizontally  by  (he  ends,  for  about  five  minutes,  in  an  oblong  trougli 
charged  with  dilute  nitric  acid. 

With  regard  to  Ihe  two  and  three-colored  machines,  we  must  observe,  that  as  the  calico 
in  passing  between  the  cylinders  is  stretched  laterally  from  the  central  line  of  the  web,  the 
figures  engraved  upon  the  cylinders  must  he  proportionally  shortened,  in  their  lateral  di- 
mensions especially,  for  the  first  and  second  cylinder. 

Cylinder  printing,  though  a  Scotch  invention,  has  received  its  wonderllil  develop- 
ment in  Kngland,  and  does  the  greatest  honor  to  this  country.  The  economy  of 
labor  introduced  by  these  machines  is  tmly  marvellous;  one  of  them,  under  the 
guidance  of  n  man  to  regulate  the  rollers,  and  the  service  of  a  boy,  to  supply  Ihe 
color  troughs,  being  capable  of  printing  as  many  pieces  as  nearly  200  men  and  boys 
could  do  with  blocks.  The  perfection  of  the  engraving  is  most  honorable  to  our 
artisans.  The  French,  with  all  their  ingenuity  and  neat-handedness,  can  produce  nothing 
approaching  in  excellence  to  the  engraved  cylinders  of  Manchester, — a  painful  admission, 
uniT'orsally  made  to  me  by  every  eminent  manufncturer  in  Alsace,  whom  I  visited  in  my 
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Another  modification  of  cylinder  prlnline,  is  that  with  wooden  rollers  cut  in  rHirf;  ii 
;s  called  siirfaa  priiiling,  pruliably  becs'isc  the  thickened  color  is  applied  to  a  tense  siir 
face  oi'  wnollcn  clolh,  from  which  (he  roller  lakes  it  up  bj  revolving  in  contact  with  [he 
clolh.  When  the  copper  cylinders  and  the  wooden  ones  are  combined  in  one  aapanitus. 
it  has  got  the  appmpriale  name  of  the  union  priming  machine- 
In  moHniing  three  or  more  cylinders  in  one  frame,  many  more  adjustments  bf  come  ne~ 
ceggaiy  than  (hose  described  above.  The  fir^l  and  most  important  is  that  which  en$.7i<( 
(he  correspondence  between  the  partjof  ibe  figures  in  ihe- sacceaaive  printing  rollers,  ft* 
u.-.less  [hose  of  the  second  and  sobseqnenl  ensraved  cylinders  be  accurately  inserted  in  la 
their  respective  places,  a  confused  patlern  would  he  produced  upon  tliecleth  as  it  advan. 
ces  round  the  pressure  cylinder  B,  Jigs.  286,  297. 

Each  cylinder  must  have  a  forward  adjustment  in  the  direction  of  rotation  round  i» 
axis,  so  as  lo  bring  Ibe  patterns  into  correspondence  wiLh  each  other  in  the  length  of  tho 
piece ;  and  also  a  lateral  or  traverse  adjustment  in  the  line  uf  ils  avis,  (o  effecl  the  «"-rcs- 
pondence  of  the  figures  aci'oss  the  piece ;  and  thus,  b;  both  together,  each  cytiniler  may 
be  made  lo  work  symmelrFcally  ivilh  ils  fellows. 

t'lg.  297  is  a  cross  section  of  a  fuar-color  cylinder  machii^e,  by  which  the  working 
pans  are  clearly  illuslraied. 

A  A  A  is  a  pari  of  the  two  strone  iron  frames  or  cheeks,  in  which  the  vorions  rollers 
are  mounlcd.    They  are  bound  losclher  by  Ihe  rods  and  hrdls  <i  a  a  a, 

B  is  the  lai^e  iion  pressure  cylinder,  which  rt-?ts  with  its  gudseons  in  bearinesor  bush- 
es, which  can  beshi^ed  up  and  down  in  sluls  of  the  side  cheeks  a  a.  These  busnes  are 
sijspendi-d  from  powerful  screws  b,  which  turn  in  brass  nufs,  made  fasl  lo  the  lop  of  tht 
framf  A,  as  is  plainly  shown  in  Ihe  fisure.  These  screws  serve  lo  counteract  tlie  strong 
pressure  ajiplied  beneath  ihnt  cylinder,  by  Ihe  engraved  cylinders  d  e. 

c  D  E  K  are  the  fonr  priniini[  cylinders,  named  in  Ibe  order  of  their  operation.  Thej 
consist  of  sli-ong  tubes  of  copper  or  gun-melal,  forcibly  thrust  by  a  screw  press  upon  Ihc 
iron  mandrels,  round  which  as  shalls  ihey  revolve. 

The  first  and  last  cylinder  c  and  r  are  mnunled  in  hrass  bearings,  which  may  he  shiflej 
in  horizontal  slots  of  the  frame  A.  The  pressiiie  roller  n,  against  who^e  surface  ihej 
bear  witli  a  very  tittle  obliqnily  downwards,  may  be  nit'cly  adjusted  to  that  pressure  by  its 
elevating  and  depressing  ECrews.  By  this  means  c  and  r  can  be  adjusted  lo  s  with  geo 
Bieirical  ]n'ecisioD,  and  made  to  press  it  in  truly  opposite  dlLecIions. 

7'he  bearings  of  tha  c)lioderS  c  and  r.  are  lodged  also  in  ^lols  of  the  Irame  A,  which 
point  obliquely  upwards,  towards  the  centre  of  b.  The  pressure  of  these  iwo  piinl  cylin- 
ders c  and  f-  IS  produced  by  two  screws  c  and  d,  which  work  in  brass  nuts,  made  fast 
10  Ihe  frame  and  very  visible  in  the  figure.  The  fi'ame-woik  in  which  these  bearings  and 
screws  are  placed,  has  a  curvilinear  fum,  in  order  to  permit  Ihe  cylinders  to  he  readdjr 
removed  and  replaced;  and  also  (o  inlrodace  a  certain  deiiree  of  elaslicily.  Hence  Ihe 
pressure  applied  lo  the  cylinders  c  and  f,  partakes  of  the  nalure  of  a  sprine  ;  a  circnm- 
■tance  essential  to  iheii  worfcinssmoothly,  on  account  of  the  occasional  inequaliliis  in  the 
thicliness  of  the  felt  wib  and  the  calico. 

The  pressure  upon  li.e  other  two  print  cylinders  D  and  E  is  produced  by  weichls  acting 
with  levers  against  the  bearings.  The  bearings  of  o  are,  al  each  of  their  ends,  aeled 
upon  by  cylindiical  roils,  which  slide  in  long  tubular  bosses  of  Ihe  frame,  and  press  wilh 
their  nuts  g  at  their  under  end  uron  ihe  small  arms  of  two  strong  levers  g,  which  lie  on 
each  side  of  the  machine,  and  whose  fulcrum  is  al  A  (in  Ihe  lower  corner  al  the  leli  hand). 
The  lung  arms  of  Iheie  levers  g,  are  leaded  with  weialils  h,  whereby  they  are  made  to 
press  up  against  the  bearing:s  of  the  roller  n,  wilh  any  degrte  of  force,  by  screwing  up 
the  nut  g,  and  hanging  on  the  requisite  weights. 

The  manner  in  which  the  cylinder  k  is  pressed  tip  against  b,  is  by  a  similar  consiruu- 
llou  to  thai  just  desciibed.  With  each  of  its  bearings,  there  is  connected  by  Ihe  link  k, 
a  curved  lever  i,  whose  fulcrum  or  cemre  of  motion  is  at  the  bolt  /.  To  [lie  omer  end 
of  this  lever,  a  screw,  m,  is  allached,  which  presses  downwards  upon  tlie  link  n,  connect- 
ed with  Ihe  small  arm  of  the  strong  lever  k,  whose  centre  of  motion  is  nl  o.  By  turning 
Iherefore  the  screw  m,  the  weisht  l,  hiid  upim  the  end  of  the  Jong  arm  of  the  lever  k  (of 
which  there  is  one  npon  each  side  of  the  machine),  may  be  made  lo  act  or  not  at  pleasure 
ujoii  Ihe  bearings  of  the  cylinder  e. 

In  Iiacing  the  operation  of  this  exquisite  printing  machine,  we  shall  begin  with  the 
Brst  euEiraved  cylinder  c.  Ils  bearings  or  bushes  sbill,  as  was  already  slated,  n  slots  of 
the  frame  A.  Each  of  them  consists  of  a  round  piece  of  iron,  U>  which  Ihe  end  of  Ihe 
screw  c  is  joined,  in  the  seme  way  as  at  d,  in  the  opposite  side.  In  each  of  these  iron 
beonngs,  a  concave  brass  is  inserted  lo  support  the  collar  of  the  shaft,  and  in  a  dove- 
tailed slit  of  Ibis  brass,  a  sliding  piece  is  fitted,  upon  which  a  set  or  adjusting  screw  ia 
ihe  iron  bearing  acts,  and  which,  being  forced  against  the  copper  cylinder  c,  serves  to 
adjust  the  line  of  its  axis,  and  to  keep  it  steady  between  Ils  bearinits,  and  true  in  ita 
•olatory  motion.    Upon  Ihe  iion  bearing  ,a  plate  is  screwed,  provided  vith  two  flannel, 


C  ■(^oofr' 


CALICO-PRINTING. 


9  tke  siUes  and  boltom,  and 


fixed  upon  a  board  ;  bul  its  ends  are  made  of  plales  of  casl  copper  or  gnn-mclal  to  serve 
as  bearings  lo  the  color  roller  m,  Tlie  uaagt  and  its  roller  may  be  shifted  bolh  together 
into  ronlaot  with  ihe  priming  cjlinder  c.  by  means  of  the  screw  r.  Near  s,  seen  abcjve 
Ihe  n>l!er,  c,  and  (  below  it,  are  seeliona  of  the  two  doctors,  which  keep  the  enRravod 
eyiinders  in  sonnd  working  condiiion ;  the  foi  mer  being  the  colour  doctor,  and  the  latter 
the  lint  <loclor.  Their  ead$  lie  in  brasses,  which  may  be  adjusted  by  the  screws  a  and  v, 
iroiking  in  the  respective  brackets,  which  carry  their  brasses,  and  are  made  fast  to  the 
iron  l>earings  of  Ihc  cylinder. 

The  pressure  oT  the  color  doctor  is  produced  by  Iwo  weights  in,  (see  high  up  on  the 
frame  work,)  which  net  on  a  pair  of  small  levers  x,  (one  on  each  side  of  the  machine,) 
and  Ihus,  by  means  of  the  chains,  lend  to  lin  the  aims  y,  attaehed  to  the  end  axles  of  ihe 
doctoi.  The  pressore  of  the  linl  doctor  upon  the  cj  Under  c,  is  performed  by  the  screw 
:,  pressing  upon  an  arm  which  projects  dowowaids,  and  is  attached  to  the  ajtle  of  that 

I'he  bearings  of  Ihe  second  printing  cylinder  d,  consist  at  each  end  of  a  mass  of  iron 
(temovecl  in  the  drawing  to  show  the  mechanism  below  it),  which  GhiHs  in  the  Elanling 
ilol  of  the  frame  a.  In  each  of  these  masses  there  is  another  piece  of  iron,  which  slides 
in  Ihe  imnsverse  direction,  and  may  be  shifted  by  the  adjusiing  screw  a'  fixed  lo  ii,  ana 
working  in  a  nut  cast  upon  the  piincipal  '"siring  above  desciibed.  To  the  inner  bear- 
ings, wliich  carry  the  brasses  in  which  the  shall  Les,  are  screwed  the  two  curved  arms 
b'b'  to  wliieh  are  attached  the  bearings  &c.,  for  the  color  trough  and  Ihe  doctors.  In 
these  brasses  there  are  also  dovetailed  pieces,  which  slide  and  are  pressed  by  set  screws 
furnished  with  square  heads  in  the  iron  secondary  bearings,  which  set  ve,  as  before  said,  lo 
adjust  the  prinlin;  cylinder  in  Ihe  line  of  its  axis,  while  other  screws  adjust  the  dislaoce 
cf  the  cloth  upon  which  Ihe  second  color  is  printed,  and  the  line  of  contact  witli  the 
cylinder  E. 

H,  is  Ihe  color  rolter  of  n,  and  d'  the  color  tronsh,  which  rests  by  its  board  upon  the 
level  e':  whose  eenlres  of  motion/',  are  made  ia",    to  tlie  curved  arms  b',  fixed  at  the 
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besrin^s  oflhe  cylinder,  ant  whose  ends  are  suspeniled  by  screirsg';  whereby  the  ok» 
roller  n,  may  be  pressed  wilh  greater  pr  less  force  to  the  cjliniler  d.  h'  and  i'  art  tb<i 
two  doctors  uf  this  cylinder;  the  former  being  the  color,  the  latter  the  lint  doctor 
They  rest,  as  was  saiJ  of  the  cylinder  c,  in  brasses  which  are  adjustable  by  means  iJ 
screws,  thai  work  in  the  studs  or  brackets  by  which  the  brasses  are  supported.  T^eae 
brackets  mnst  of  conrse  be  screwed  to  the  secondary  bearing-pieces,  in  order  that  thej 
may  keep  their  position,  into  whatever  dirrclion  the  bearings  may  be  shifted.  It  and  I' 
are  these  set  screws  for  the  color  ind  lint  doctors.  The  pressure  of  the  former  upon  the 
cylinder  B,  is  foduced  by  weiglits  m',  acting  upon  leveri  n',  and  pressing  by  rods  or  links 
c>',  upon  arms  attached  (o  each  end  of  the  axis  of  the  doctar.  (See  the  left  hand  side  of 
the  fi'ure  near  the  holtom.)  The  lint-doctor  i'  Js  pressed  in  a  similar  way  at  the  other 
siile  upon  the  cylinder  d,  by  the  weiahis  acting  upon  level's  y,  and  by  rods  q'  upon  arms 
lixed  at  each  end  of  the  axis  of  Che  doctor. 

The  bearings  of  the  third  printing  cylinder  E,  are  of  exactly  the  same  construction  as 
that  above  described,  and  therefore  require  no  particular  detail.  The  Itnt  doctor  i,  is 
here  pressed  upon  the  engraved  cylinder  by  screws  (',  working  in  the  ends  of  studs  or 
arms  tixcd  upon  each  end  ofthe  axis  of  llie  doctor,  and  pressing  upon  flanges  cast  upoa 
the  brackets  in  which  the  brasses  of  the  doctor's  ails  lie,  which  are  made  fast  to  the  bear- 
in  ^^  ofthe  cylinder  e. 

The  bearings  ofthe  fourth  copper  cylinder  r,  are  also  cnnstrucled  in  a  similar  way. 
Each  consists  of  a  first  bearing,  lo  which  is  joined  the  end  of  the  screw  d,  by  which  it 
IS  made  to  slide  in  a  slot  of  the  frame.  Another  bearing,  which  contains  the  brass  for 
i'ne  shaft  of  (he  cylinder,  can  be  shifted  np  and  down  in  a  transverse  direction  by  a  screw 
£■,  of  the  second  bearina,  workins  in  a  nut  cast  upon  the  first  bearing.  To  this  secondary 
bearing,  plates  are  made  fast  by  (he  screws  v'  v'  to  (he  inside,  to  carry  the  studs  or 
brackets  of  the  doctors  cd  and  y'.  In  the  brasses  of  the  cylinder  shaft,  dovetailed  pieces 
are  made  to  slide,  being  pressed  by  set  screws  m',  against  the  engraved  cylinder  f,  similar 
to  what  has  been  described  for  adjusting  the  cylinders  to  one  auothcr.  Thiscytinder  has 
no  separate  color  roller,  nor  trough,  properly  speaking,  but  the  color  doctor  y'  is  made 
concave  lo  serve  the  purpose  ol^a  trough  in  supplying  the  engraved  lines  of  the  cylinder 
with  color.  With  this  view  the  top  plate  of  the  doctor  is  enrved  to  contain  the  colored 
paste,  and  it  is  shut  up  at  the  ends  by  piecesof  wood  madelo  fit  the  cnrvalnreof  (he  doctor. 
Its  pressure  against  the  engraved  surface  is  produced  by  weights  a",  acting  at  the  cndl 
of  arms  i",  attached  lo  the  ends  oflhe  axis  of  the  doctor.  The  pressure  of  the  lint 
doctor  ^  is  given  by  screws  e",  working  in  arms  altachetl  to  the  ends  of  the  axis  of  the 
doctor,  and  pressing  upon  the  flanges  d",  east  upon  the  brackets  which  carry  the  brasses 
for  the  axis  of  the  doctor.  These  brasses  are  Ihemselves  adjustable,  like  those  of  all  (he 
other  cylinders,  by  set  screws  in  the  brackets,  which  work  in  the  nuts  formed  in  the 
brasses. 

c"  e",  is  the  endless  web  of  felt  stuff  which  goes  round  the  cylinder  n,  and  constitutes 
the  soft  elastic  surface  upon  which  the  printing  cylinders  c,  d,  e,  and  f  eiercise  their 
pressure.  This  endless  felt  is  passed  over  a  set  of  rollers  at  a  certain  distance  from  the 
machine,  to  give  opportunity  for  the  drying  up  of  any  coloring  paste  which  it  may 
have  imbibed  from  the  calico  in  the  course  of  the  impressions.  In  its  return  to  the  ma- 
chine in  the  direction  of  the  arrow,  it  is  led  over  a  guide  roller  o,  which  is  thereby  made 
to  revolve.  Upon  the  two  ends  of  this,  and  outside  ofthe  bearings  which  are  fixed  upon 
the  tops  ofthe  frame  a,  are  two  eccentrics,  one  of  which  serves  to  give  a  vibratory  tra- 
verse movement  lo  the  color  doctors  >',  h',  and  r'  of  the  three  cylinders,  c,  c,  and  t, 
whilst  the  other  causes  the  color  doctor  y'  ot  the  cylinder  f,  to  Biake  lateral  vibra- 

Q  is  one  of  a  pair  of  cast.iron  brackets,  screwed  on  at  the  back  of  the  side-frames  or 
cheeks  A  A,  to  carry  the  roUer  filled  wilh  white  calico  a,  ready  for  the  printing  operations. 
Upon  the  end  of  the  shaft  whereon  the  calico  is  coiled,  a  pulley  is  fixed,  over  which  a 
rope  passes  suspending  a  weiahl  in  order  to  produce  friction,  and  thereby  resistance  to 
the  action  which  tends  to  unwind  the  calico.  In  winding  it  upon  that  and  similar 
rollers,  the  calico  is  smoothed  and  expanded  in  breadth  by  being  passed  over  one  or 
more  grooved  rwls,or  overawooden  bars,/g.  398, Ihe  surface 
WXWW  I  S I S  S  S  f  "'"  which  is  covered  with  wire,  so  as  to  have  the  appearance  of  a 
\\\\\W//////  "n't<^  r'Sht  =n<l  left-handed  screw.  By  this  device,  the  calico, 
XXXWy  S § S I  f i  folded  or  creased  at  any  part,  is  stretched  lateraUy  from  (he 
29S  s  centre,  and  made  level.    It  (hen  passes  over  the  guide-roller 

0,  where  it  comes  upon  the  surface  oflhe  felt  e"  e",  and  thence  proceeds  under  lis  guid- 
ance lo  the  series  of  printing  cylinders. 

Three  and  four  color  machines,  similar  to  the  above,  are  now  at  work  in  many  es- 
tablishments in  I^ncashire,  which  will  turn  off  a  piece  of  28  yards  per  minute,  each  of 
(he  ihree  or  foar  cylinders  applying  its  peculiar  part  of  llie  pattern  to  the  cloth  as  it 
passes  along,  by  ceaseless  rotation  of  llie  unwearied  wheels.    At  this  rate,  theaslonistiinj 


CALICO-FEINTING 


an 


i;-colored  web  is  printed  wiln  elcsant  Bowers  ana  olhei 
ve  call  to  mind  how  much  knowledee  and  skill  ale  involved 
in  lliis  process,  we  may  fniily  consider  it  as  the  greatest  achipvement  of  chemical  and 
mechanical  science. 

Before  entering  upon  the  different  slj'Ies  of  worlc  which  constitnle  cali co-print ing,  1 
shall  treatj  in  the  first  place,  of  what  is  common  to  Ihem  all,  namely,  the  thickening  ol 
the  mordants  and  colors.  This  is  an  operation  of  the  greatest  inporlanee  towards  the 
successful  practice  of  the  art.  Several  circumstances  may  require  the  consistence  of  Uie 
thickennp  to  be  varied  ;  such  as  the  nature  of  the  mordant,  its  density,  and  its  acidity. 
A  strong  acid  mordant  cannot. be  easily  thickened  with  starch ;  but  it  may  be  by  roasted 
starch,  vulgarly  called  Brillsh  gum,  and  by  gum  arabic  or  Senegal.  Some  mordants 
which  seem  Eufflciently  inspissaled  with  starch,  linoefy  in  the  course  of  a  few  dajs,  aodj 
Irein^  apt  to  run  in  the  priniing-on,  make  blotted  work.  In  Fritnce,  this  evil  Is  readil> 
obviated  by  adding  one  ounce  of  spiiils  of  wine  to  hajr  a  gallon  of  color — a  remedy 
■which  the  English  uicise  duties  render  too  costly. 

Tiie  very  same  mordant,  when  inspissated  to  different  degrees,  produces  diifereiit  lints 
in  the  dye-copper — a  diBerence  due  lo  the  increased  bulk  from  the  thickening  substnrce ; 
thus,  the  same  mordant,  thickened  with  staich,  fiirnishes  a  darker  shade  than'when 
thickened  with  gum.  Yet  there  are  circumstances  in  which  the  latter  is  preferred,  be- 
cause it  communicates  more  transparency  to  the  dyes,  and  becauEe,  in  spile  of  the  wash- 
inj;,  more  or  less  of  the  starch  always  sticks  to  the  mordant.  The  gum  has  the 
inconvenience,  however,  of  drying  t(o  speedily,  and  of  also  increasing  too  much  the 
Volume  of  the  mordants;  by  both  of  which  causes  It  obstnicts  their  combination  with  the 
Bluff,  and  the  lints  become  thin  or  seratchy. 

The  substances  generally  employed  as  thickeners  are  the  following : — 

1.  'Wheat  etftrch. 

2.  riour. 

3.  fioasted  starch. 

4.  Gum  Senegal. 

5.  Gum  tt^acanth. 

7.  Pipe-clay,  mixed  with  gum  Senegal. 

8.  Sulphate  of  lead. 

.10.  Mtdasses. 
11.  Glue. 

Allcr  thickening  with  gnm,  we  ought  to  avoid  adding  metallic  solutions  in  the  liiuid 
state !  such  as  nitrate  of  iron,  of  crpper,  solutions  of  tin,  of  suliacetale  of  lead,  &c. ; 
■e  they  possess  the  property  of  coagulating  gum.  I  shall  take  care  to  specify  the  nature 
nnd  proportion  of  thickening  to  be  employed  for  each  color;  a  most  important  matter, 
hitheito  neglected  by  English  writers  upon  calico-printing. 

The  atmosphere  of  the  printing  shops  should  never  be  allowed  to  cool  under  65"  or 
TIP  F. !  and  it  should  be  heated  by  iiroper  stoves  in  cold  weather,  but  not  rendered  too 
dry.  The  temperature  and  moisture  should  therefore  both  be  regulated  with  the  aid  ol 
Ihermometers  and  hydrometers,  as  they  exercise  a  ^reat  influence  upon  all  the  printing 
processes,  and  especially  upon  the  combination  of  the  mordant  with  the  clolh.  In  the 
course  of  the  desiccation,  a  portion  of  the  acetic  acid  evaporates  with  the  water,  and  sub- 
acetates  are  formed,  which  combine  with  the  stuff  in  proportion  as  the  solvent  principle 
escapes ;  the  water,  as  it  evaporates,  carries  off  acetic  acid  with  it,  and  thereby  aids  the 
fixation  of  bases.  These  remaiks  are  peculiarly  appropriate  to  delicate  impressions  by 
the  cylinder  machine,  where  the  printing  and  drying  are  both  rapidly  effected.  In  the 
lapis  lazuli  style,  the  stton:  mordants  are  apt  to  produce  patches,  being  thickened  with 
pipe-clay  and  gum,  which  obstruct  the  evaporation  of  the  acids.  They  are  therefore  apt 
lo  remain,  and  to  dissolve  a  portion  of  the  mordants  al  their  immersion  in  the  blue  vat, 
or  at  any  rate  in  the  dui^  Irath.  In  such  a  case,  a  hoi  and  humid  air  is  indispensable, 
after  the  application  of  the  mordants,  and  sometimes  the  stuffs  so  impregnated  must  be 
suspended  in  a  damp  chamber.  To  prevent  the  lesist  pastes  becoming  rapidly  crusty, 
substances  apparently  useless  are  mixed  with  them,  but  which  act  beneficially  by  their 
hygrometric  qaalilies,  in  retarding  the  desiccation.  Oil  also  is  sometimes  added  with 
that  view. 

It  is  often  observed  that  goods  printed  npon  the  same  day,  and  with  the  same  mordant, 
exhibit  ineqnalilies  in  their  tints.  Sometimes  the  color  is  strong  and  decided  in  one 
part  of  the  piece,  while  jt  is  dull  and  meager  in  another.  The  latter  has  been  printed 
in  too  dry  on  atmosphere.  In  such  circumstances  a  neutral  mordant  answeis  best,  espe- 
Bally  if  the  goods  be  dried  in  a  hot  flue,  through  which  huniid  vapors  are  in  constant 
sirculatim. 

In  paddmg,  where  the  whole  surface  of  the  calico  is  imbued  with  mordant,  the  drjing 
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apnrl:ne;.l  it  flue,  in  whicli  a  sreat  manj'  pieces  are  exposed  at  once,  jhovl  I  be  so  eon. 
stnicled  as  lo  ftfinrd  a  reaJy  onllel  to  the  aqueons  and  aciit  exhalations.  Tlie  cloth  o-i^M 
to  be  introduced  intn  it  in  a  distended  slate;  becajise  tlie  acelic  acid  ma/  accumulate  in 
the  foldings,  and  dissolve  oul  the  eai'lhy  or  metallic  base  of  the  mordant,  cani^iiig  white 
and  smy  spols  in  such  parts  o[  the  printed  goods.  Fans  may  be  employed  n-iih  greai  ad- 
yantagi',  combined  with  Hot  Flues.     (See  this  ariicle.) 

In  Ihe  color  laboratory,  all  the  decoelions  requisite  for  the  print  work  should  be  ready 
■jrepared.  They  are  best  made  hy  a  steam  heat,  by  means  of  copper  boilers  of  a  eylirv 
dric  form,  ronaded  at  (he  botlom,  and  incased  within  a  east-iron  cylinder,  the  steam  being 
supplied  to  the  space  between  the  two  vessels,  and  the  dye-stuff  and  water  being  intii>- 
duced  into  the  interior  one,  which  for  some  delicate  purposes  may  be  made  of  tin,  or  cop- 
per tinned  inside.  A  rani^e  o(  such  steam  apparatns  should  be  placed  either  along  one  ol 
the  siile  walls,  or  in  the  middle  line  of  Ihe  laboratory.  Proper  tables,  diawers,  vials, 
with  chemical  reagents,  measures,  balances,  &c.,  should  also  be  proviiled.  The  most  use- 
ful dye-extrncls  are  the  folio  wini?  ;— 

D'Cijction  of  logwood,  of  Brazil-wooil,  of  Persian  berrie?s,  of  quercitron  bark,  of  nut- 
Rails,  of  old  fustic,  of  archil  or  cuLbear,  of  cochineal,  of  cochineal  with  ammonia,  of 
catechu. 

The  following  mordants  should  also  be  kept  ready  nrenarcd  ■— 

Take  50  gallons  of  boiling  water. 

100  lbs,  of  alum. 

10  lbs.  of  soda  crystals. 

75  lbs.  of  acetate  of  lead. 
The  soda  should  be  added  slowly  to  the  solution  of  the  alum  [n  the  water.  End  when 
the  elfervescence  is  finished,  the  pulverized  acetate  of  lead  is  put  in  and  well  stirred  about 
till  it  be  ail  dissolved  and  decomposed.  During  the  cooling,  Ihe  mixture  should  be  raked 
on  a  few  times,  and  then  allowed  tosctlJe.  The stipimatanl  liquor  is  the  mordant;  il  has 
aaensity  of  11°  or  1 1  J"  Baume.  It  serves  for  reds  and  pinks,  and  enters  into  the  com 
position  of  puce  and  lilach. 

2.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  lbs.  of  alum. 
10  lbs.  of  soda  crystals. 

100  lbs.  of  acetate  of  lead; — operate  as  above  directed. 
The  supernatant  liquor  here  has  a  density  of  !2°  Baumo ;  it  is  employed  for  lapis  resists 
or  reserves,  and  Ihe  cylinder  printing  of  madder  reds, 

3.  Aluminous  mordant- 
Take  SO  gallons  of  water. 

100  lbs  of  alum. 
6  lbs.  of  soda  crystals. 

50  lbs.  of  acetate  of  lead  ; — operate  as  above  directed. 
This  mordant  is  employed  for  uniform  yellow  grounds. 

4.  Aluminous  mordant. 

This  is  made  by  adding  potash  to  a  solnfion  of  alnm,  till  its  earth  begins  to  be  sepani 
led,  then  boiling;  the  mixture  to  precipitate  the  subsulphate  of  alumina,  which  is  to  be 
strained  upon  a  filter,  and  dissolved  in  acetic  acid  of  moderate  slrength  with  the  aid  of 
beat.    This  mordant  is  very  rich  in  alumina,  and  marks  20°  B. 

5.  Aluminous  mordant. 
Take  I2§  gallons  of  water, 

100  lbs.  of  altim. 

150  lbs,  of  liquid  pyrolignite  of  lime  at  llj"  Baume. 
This  mordanl  is  made  with  heat  liVe  the  first ;  after  cooling,  some  alum  crystallizes, 
and  it  marks  only  12^°  G. 
A  mordant  is  made  by  solution  of  alnm  in  potash,  commonly  called — 

6.  Aluminale  of  potash.  The  caustic  ley  is  prepared  by  boiling  together  fQr  an  hour 
100  Ea^jns  of  water,  200  lbs.  of  potash,  and  80  lbs.  of  quicklime;  the  mixture  is  then 
allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  evaporated  till  itsdensitybe  38" 
B.  In  30  gallons  of  that  ley  at  a  boiling  heal,  100  lbs.  of  ground  alum  are  to  be  dissolved. 
On  cooling,  crystals  of  sulphate  of  potash  separate.  The  clear  liquor  is  to  be  decanted  olF, 
and  the  erj-stals  being:  washed  with  a  iitlle  water,  this  is  to  be  added  to  the  ley.  About 
.^3  gatluns  of  mordant  shonld  be  obtained. 

Mordant  for  Black. 
The  pyrolignite  of  iron,  called  iron  liquor  in  this  country,  is  the  only  mordant  used  in 
calico-printing  for  black,  viidet,  puce,  and  brown  colors.    The  acetate  of  alumina,  pre- 
pared from  pyroli^neous  acid,  is  much  used  by  the  calico-printers  under  the  name  of  red  oi 
vellow  liquor,  being  employed  for  these  dyes. 
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We  may  ohserve  that  e  slron?  mordtinl,  lite  No.  2,  does  not  beep  so  well  as  one  c( 
Dipnn  densily,  such  as  Ko,  (.  Too  much  mordant  relntivcly  to  the  demands  ofliie  worki 
shoiilii  llierefore  not  be  made  at  a  lime. 

There  are  eigUt  different  Elyles  of  calico-printing,  each  requiring  different  methods  of 
manipulation,  and  peculiar  [trncesties. 

1.  The  madder  style,  lo  which  the  heat  chinltes  belons,  in  which  the  morilants  are  ap. 
plieil  III  the  white  cloth  wiih  many  precaulions,  and  Ihe  colors  are  aflerwarcli  broughi  up 
in  Ihe  dye-bath.    These  conslilule  permanent  prints. 

2.  The  padding  orplaqnage  slyle,  in  which  llie  whole  Burface  of  the  calico  is  imbued  with 
R  mordant,  upon  which  afterwards  dilferenl  colored  figures  may  be  raised,  by  the  lopieal 
ap|ilirniion  of  Other  mordants  joined  to  ihe  acliin  of  the  dye-bath. 

3.  The  reserve  style,  where  Ihe  white  dolli  is  impressed  with  figures  in  resist  paste, 
and  is  afterward  subjected  first  to  a  cold  dye,  as  the  indigo  vat,  and  (hen  to  a  hoi  dje- 
balh,  wilh  (he  efiecl  of  producine  while  or  colored  spots  upon  a  blue  ground. 

4.  The  discharge  or  rongean'  slyle,  in  which  tbicbened  acidulous  mailer,  either  pure  or 
mixed  (vilb  mordants,  is  impi-inted  in  cerlain  points  upon  the  clolh,  which  is  afterwards 
pailded  with  a  dark-colored  mordant,  and  then  dyed,  with  the  effect  of  showing  briglil 
fioures  o.T  a  darkish  Rroimd. 

5.  China  blues  i  a  slyle  resembling  blue  stone-ware,  which  requires  very  peculiar 
treat  niimt. 

6.  The  decoloring  or  mlevage  style;  bv  the  topical  application  of  chlorine  or  chromic 
acid  to  dyed  goods.    This  is  someijmes  called  a  discharge. 

7.  Sleam  colors;  a  style  in  which  a  mislure  of  dye  extraels  and  mordants  is  topical- 
ly applied  lo  calico,  while  Ihe  chemical  reaction  which  fixes  the  colors  lo  Ihe  fibre  is  pro. 
duced  by  steam. 

8.  Spirit  colors;  produced  by  a  mixture  of  dye  exiracts,  and  solution  of  lin,  vulgarly 
eall&f  spirit  by  dyers.    These  colors  are  brilliant  but  fugitive. 

I.  The  madder  style;  called  by  some  dip  colors.  The  true  chinls  patterns  belong  lo  it; 
they  have  from  5  to  7  eo!oi-s,  several  of  which  at;  gioiinded-in  after  the  first  dye  has 
been  ^iven  in  the  madder  bath. 

In  dyeing  witA  madder,  sumach,  fusiic,  or  quercitron,  is  sometimes  added  to  the  bath, 
in  oi-der  to  produce  a  variety  of  tints  wilh  the  various  mordants  at  one  operation. 

1.  Suppose  we  wish  to  produce  flowers  or  figures  of  atiy  kind  containing  red,  purple, 
and  black  colors,  we  may  apply  ihe  three  mordants  at  once,  by  the  three-color  cylindtr 
machine,  putting  into  (he  firpt  ti-oui-h  acetate  of  alumina  thickened;  into  the  second,  ate- 
tale  i.f  iron ;  and.  into  Uie  third,  a  mixture  of  the  two ;  then  drying  in  the  air  for  a  few 
days  to  fix  the  iron,  dunging  nnd  dyeing  up  in  a  bath  of  madder  and  sumach.  If  we  wish 
to  procure  the  finest  madder  r&ls  and  pinlis,  besides  the  purple  and  black,  we  must  apply 
at  first  only  the  acetate  of  alumina  of  two  densities,  by  two  cylinders,  dry,  duns,  and  dye 
up,  in  a  madder  balh.  The  mordants  of  iron  liijuor  for  the  black,  and  of  iron  liquor 
mixed  with  the  aluminous  for  purple,  must  be  now  grounded-in  by  blocks,  taking  care  lo 
insert  these  mordants  into  Iheir  precise  spots !  the  good?  being  then  dried  with  airing  for 
several  days,  and  next  dunged,  are  dyed  up  in  a  bath  of  madder  and  sumach.  They  must 
be  afierwards  cleared  by  brannini.    See  Bran,  Donging,  and  M*ddfii. 

2.  Suppose  we  wish  to  produce  yellow  wilh  red,  pink,  purple,  and  hinck ;  in  this  case 
Ihe  second  dye-bath  should  contain  quercilron  or  fusiic,  and  the  spots  intended  lo  be  yel- 
low should  receive  the  acelaie  of  alumina  mordant. 

3.  The  mordant  for  a  full  red  may  be  aceialeof  alumina,  of  spec.  grav.  1-055,  thickened 
wilh  starch,  and  tinged  wilh  Brazil-wnod  ;  that  for  a  pale  red  or  pink,  the  same  at  spec, 
gravity  1-014,  thickened  with  guir ;  that  for  a  middling  re),  the  same  at  spec,  giavily 
1-037,  thickened  with  Briii»h  gum;  and  for  distinction's  sake,  it  may  be  tinged  yellow 
with  Per-ian  berries.  The  mordant  (or  black  is  a  pyrolieneous  acetate  of  iron,  of  specific 
grevily  1-04;  for  purple  Ihe  same,  diluted  wilh  six  times  its  volume  of  water;  for 
ehocolale,  that  iron  liqnor  mixed  wilh  acetate  of  alumina,  in  various  proportions  accoid- 
ini;  to  the  shade  wanted.  Sumach  is  mixed  with  ihe  madder  for  all  ihese  colors  except  for 
Ihe  pmple.  The  quantity  of  madder  required  varies  according  to  the  body  nf  color  to  be 
put  upon  the  clotli,  being  from  one  pound  per  piece  to  three  or  even  four.  The  goods 
must  be  entered  when  the  copper  is  cool,  be  gradually  healed  during  two  or  three  hours, 
np  lo  ebullilion,  and  sometimes  boiled  for  a  quarter  of  an  hour;  the  pieces  being  all  the 
white  turned  with  a  wince  fiom  the  one  siile  of  the  copper  to  the  other.  (See  Wince.) 
They  are  then  washed  and  boiled  in  bran  and  water  for  ten  or  fifteen  minutes.  Whes 
tliei-e  is  much  while  ground  in  the  chinls,  they  must  he  branned  a  second  or  even  a  third 
liini',  wilh  alternate  washing  in  the  dash-wheel  To  complete  the  purilicalion  of  Die  while, 
they  are  spread  opon  the  grass  for  a  few  days;  or  what  is  more  expeditious,  and  cquaUy 
good  if  delicately  managed,  they  are  winced  for  a  few  minutes  in  a  weak  solution  ol 
chloride  of  lime. 

4.  In  the  grownding-in  for  yellow,  after  madder  reds,  the  aluminous  mordant  being 
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applied,  &c.,  the  piece  is  dypd,  for  abcnit  an  bonr,  wiOi  one  pound  of  quereilron  lnrlt, 
the  infusion  being  graiinally  Ijealed  to  150°  or  160°,  but  nol  hisher, 

5.  A  yellow  is  sometimes  applied  in  cliints  worh  afier  the  ether  colors  are  dyed,  bj 
means  of  a  decoction  of  Persian  beiries  niisfd  wiih  the  aluminous  mordant,  thickened 
wilh  flour  or  gum,  and  printed-on  with  the  block;  the  piece,  when  dry,  is  passed 
Ihniugli  a  weak  carbonated  alkaline  water,  or  lime  wafer,  then  washed  and  dried  for 
the  market. 

6.  Blarlc  mordani.— Take  half  a  cullon  of  ncelate  of  iron,  of  spec.  erav.  1-04,  4  ounces 
of  starch,  and  4  ounces  ot  flour.  The  starch  must  first  be  moistened  with  the  acetate, 
(bi-n  the  flour  most  be  added,  ihe  rest  of  the  acetate  well  mixed  with  both,  and  ihe 
whole  made  to  boil  over  a  brisk  fire  fur  five  minutes,  stirring  meanwhile  to  prevent  adhe- 
sion to  (he  bottom  of  the  put.  The  color  must  be  poured  into  an  earthen  pipkin,  and 
well  miied  with  half  an  ounce  of  aallipuli  oil.  In  general,  all  Ibe  mordants,  ihickentd 
with  starch  and  flour,  must  be  boiled  for  a  few  minutes.  With  British  cum  or  common 
Buni,  they  must  be  heated  to  160°  F.,  or  thereby,  for  the  purpose  merely  of  dissolving 
tnem.  The  latter  should  be  passed  through  a  sieve  to  separate  the  impurities  often 
present  in  common  gum. 

7.  Pnee  mtyrdanl. — Take  a  quart  of  ncelate  of  alumina  and  acetate  of  iron,  each  of 
sper.  prav,  I'04, mixed  and  thickened  like  the  black.  No.  6.  To  giie  the  puce  a  reddish 
tinst.  the  acetate  of  alumiaa  should  have  a  specific  gravitj  of  1-048,  and  the  iron  liquor 
only  1-007. 

lied  mordants  are  thickened  with  British  gum,  and  are  sufficiently  colored  with  the 
addition  of  any  linginf  decoction. 

8.  Violel  mordants. — These  consist  either  of  a  veiy  weak  solution  of  acetate  of  iron, 
of  specific  gravity  1-007,  for  example ;  or  of  a  little  of  the  EtrouRer  acetnte  of  1-04, 
miicd  witJl  acetate  of  alumina,  and  a  little  acetate  of  copper,  thickened  with  starch  or 
British  gum.    The  shades  may  be  indefinitely  varied  by  varying  the  proportions  of  the 

When  black  is  one  of  the  colors  wanted,  its  jnordant  is  very  commonly  prinled-on 
first,  and  the  goods  are  then  buns  upon  poles  in  the  drying-room,  where  they  are  aiied 
for  a  few  days,  in  order  to  fii  the  iron  by  its  peroxydizemenl ;  the  mordants  for  red, 
violet,  &c.,  are  then  g        d  d  '  1   th     p  cC  d    d    p     fl      dunging   and 

washing,  in  the  madd     b    h      t   nl    h  f  ta       had         m    h  calls,  or  fustic  is 

added.    The  goods  a      b     hi    ed  w  th      bo  I        soap  w  t        oc  as   nally  also  in  a 
bath,  containing  a  sm  11  q      t  [j     f     I  t         ft  mm       >ialt     The  following 

mode  of  brightening       mh      tlldbjlhF       h      h  lam        for  their  reds 

1.  A  soap  boil  of  fo  I)  m  1  rat  f  I  p  d  f  ry  2  p  eces.  Kinse  in 
dear  water. 

2.  Pass  thronph  chl  d  f  i  It  f  h  t  tl  th  l  tw  p  rts  of  it  decolor 
one  part  of  Gay  Lussac's  lest  liquor.  See  Chlohide  of  Lime  and  Ikpigo.  Wince  the 
pieces  through  it  for  40  minutes.     Rinse  asnio. 

?.  Pass  it  again  throtigh  the  soap  bath.  No.  I. 

4.  Brighten  it  in  a  large  balb  of  boiling  waler,  conlainins  4  pounds  of  soap,  and 
1  pound  of  a  cream-consistenced  salt  of  tin,  containing  neatly  half  its  weight  of  the 
muriate  of  tin,  combined  with  as  much  nilrie  acid  of  spec.  Rrav.  1-388.  TTiis  strong 
niiro-muiiale  having  been  diluted  with  a  little  water,  is  to  be  slowly  poured  mto  the  bath 
of  soap  waler,  and  well  p.ixed  by  stirring.  The  pieces  are  now  pat  in,  and  winced 
inrough  it  for  one  half  or  lli.~.'e  quarters  of  an  hour. 

5.  Repeat  the  soap  boil.  No.  1.     Rinse  and  drj-. 

9.  Gromtding-in  of  Ivdigo  blue. 

Take  half  a  gallon  of  water  of  120°  P.,  8  ounces  of  ground  indigo,  and  8  ounces 
of  red  sulphuret  of  arsenic  (orpiment),  8  ounces  gf  quicklime,  mix  together,  and  heat 
the  mixlure  to  the  boiling  point ;  withdraw  from  the  lire,  and  add,  when  it  is  lakewarm, 
6  onnces  of  carbonate  of  soda,  stir  and  leave  the  whole  at  rest  till  the  next  day.  Then 
decant  the  clear  liqnor,  and  Ihicken  every  quart  of  it  with  half  a  pound  of  gum.  This 
color  ought  to  be  green,  and  be  preservfd  in  a  close  vessel.  When  used,  it  is  put  into  a 
pot  with  a  narrow  orifice,  the  pencil  is  dipped  into  it,  wiped  on  the  edge  of  the  pot,  and 
immediately  applied  by  hand.  This  plan  is  tedious,  and  is  nearly  superseded  by  the  fol- 
luwin;^  grounding  blue. 

Take  half  a  gallon  of  caustic  soda  ley  of  spec.  grav.  M5,  healed  to  120°  F. 

12  ounces  of  hydrate  of  protosjde  of  lin,  obtained  by  precipitating  it  from  the  muriate 
of  lin  by  solution  of  potash. 

Bounces  of  ground  indigo ;  heal  these  mixed  ingredients  to  (he  boiling  point,  then 
move  the  pot  off  and  on  the  fire  two  or  three  limes  in  succession,  and  firally  thicken 
wilh  3  pounds  of  raw  sugar.  In  order  to  apply  this  by  the  block,  the  following  ap- 
paratus is  employed,  called  tlie  canvass  frame;  Jigs.   29S,31U.    It  is  formed  of  a  Copper 
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re|>resents  the  apparatus 
fixed   by  pin  pointa  ti     ' 
wooden  scraper  as  br 
beiD?  conwined  in  the  vessel  c 
IS  to  the  level  of  tl 


s  braail  as  tlie 


1  frame  b,  filled  with  pretty  sloul  canvass  The  boi 
■  ci.-tern  c,  moiiiiled  with  a  sli>p-cock  u.  Fig.  8U0 
1  jt,  the  box  ;  Bf  ihe  csnvssB,  niih  [is  cdses  a  a  a  a, 
The  color  is  leorid  (liri),  or  spread  even,  with  b 
canvass.  In  working  with  this  apparatas,  (he  color 
raivn  off  into  Ihe  ca»e  A,  by  opening  the  stop-cock  d, 
:  belbre  the  printer  daubs  the  block 


upon  ihe  canvass,  the  Uartr  (rircur),  boy  or  i"irl,  runs  (be  scraper  a 
sorfaeei  and  Ihe  piinter  iminediateiy  transfers  the  color  to  the  cloth.  In  this  kind  of 
printing  great  skiU  is  required  to  give  evenly  impressions.  As  the  blue  in  usually  applied 
to  somevrhat  large  designs,  it  is  very  apt  to  run ;  an  inconvenirnce  connleracletl  by  dust- 
ing line  dry  eand  upon  the  cloth  b$  soon  as  it  is  blocked.    The  goods  nlust  be  washed 


a  24  hot 


i  afier  I 


in'ed. 


If).  Topical  groviuting  bine  fur  Ihe  tylimter  press. 
Take  3|  gallons  of  cam-lie  soda  ley  of  spec.  grav.  J-l; 
aj  lbs.  of  ground  indigo. 

5  lbs.  of  precipitated  proloxyde  of  tin  (as  above). 

Boil  the  mixed  ingiedienls  for  ten  minutes,  take  tl 

3  ttf.  of  Venice  turpent' 

Put  this  mixture  into 

dash-wheel ;  then  pass  i 

blue,  and  Co  lake  uQ'  its 

The  ose  of  the  turppn 

1,  and  prevent  thi 


n  Ihe 


e,  and  add,  first. 


lbs.  of  gum. 
color  trough,  print  ^ 
nuiih  a  soap-bath,  al 

is  easily  explained;  it  serves  to  exclude  the  atmospheiica! 
of  Ihe  indigo  blue,  before  it  is  spread  upon  the 


Alter  the  application  to  white  calico  of  a  similar  blue,  into  which  a  little  acid  muriate 
of  tin  has  been  put,  the  goods  are  dipped  for  ten  minutes  in  thin  milk  of  lime,  shaking 
the  frame  all  the  lime.  They  are  then  washed,  and  cleared  with  a  soap  boil.  The  fol- 
lowing color  remains  long  in  the  deoxyuized  state  fi«m  its  containing  S  outices  of  indigo, 
10  ounces  of  hydrateil  protoxyde  of  tin,  and  l|  pounds  of  solution  of  muriate  of  lin,  to  2 
quarts  of  soda  ley  of  M5,  thickened  with  2i  pounds  of  gom.  This  blue  may  be  applied 
by  either  the  block  or  the  cylinder. 

1 1.  Topical  Prussian  bine  for  grounding. 

2  quarts  of  water  with  8  ounces  of  slarcb  are  to  be  mixed  and  boiled ;  add  SJ  ounces 
of  a  liquid  Prussian  blue  color,  prepared  by  triturating  three  quarters  of  an  ounce  of  that 
pigment  with  as  much  muriatic  acid,  leaving  the  ingredients  to  react  apon  each  other  for 
24  houi^,  and  then  odding  three  quarters  of  an  ounce  of  water. 

Ad  \  4  ounces  of  liqnid  perchloride  of  lin  (oxymnrintel. 

Mix  all  together,  and  pass  throngh  a  scarce.  This  color  is  not  very  fast ;  cloth  printed 
wilh  it  will  bear  only  rinsing. 

12.  Prussian  blue  figures  are  impressed  as  follows; — 

Dissolve  8  ounces  of  sulphate  of  iron,  and  as  much  acetate  of  lead,  separately  in  2 
quarts  of  boiling  water ;  mix  well,  an<i  settle.  Take  one  quart  of  ihis  clear  liquor  re- 
duced to  spec.  grav.  i'02,one  quart  of  mucilnge  containing  3  pounds  of  gum,  colored  with 
a  little  pmssiate  of  potash,  mix  into  a  mordant,  and  print  it  on  with  the  cylinder.  Two 
days  afterwards  wash  in  tepid  water  containing  a  little  chalk,  and  then  pass  the  cloth 
through  a  solnlioo  of  prussiate  of  potash  in  water,  sharpened  with  a  little  muriatic  acid, 
till  it  takes  the  desired  hue.  Finally  rinse. 
II.  The  padding  or  plaqvage  style,  called/oBlard  also  by  the  French.  See  P*edikg, 
Any  mordant  whatever,  such  as  the  acetates  of  alumina,  or  of  iron,  or  their  mixture, 
icay  be  applied  to  the  piece  by  the  padding  machine,  after  which  it  is  dried  in  Ihe  hot 
FLDc,  WRfhed,  dunged,  dyed,  washed,  and  brightened. 

Colors  from  metallic  oxydes  are  very  elegantly  applied  by  the  padding  process.  TliUI 
ie  iron  buff,  the  mangunese  bronze,  and  the  chrome  yellows  ami  greens  are  given. 

1.  Iron  buff  or  chamois. 
Take  SO  gallons  of  boiling  water  j 

150  pounds  of  sulphate  of  iron  ;  dissolve  slong  with 
10  ponnds  of  alum ;  which  partly  saturaie  by  the  gradual  addition  of 
6  pounds  of  crystals  of  soda;  and  in  this  mixture  dissolve 
22 


.C.oogic 


322  CALICO-PRINTING. 

50  pounds  of  pyraliifneous  acelale  of  lead.  AJluw  the  whole  to  settle,  and  diaw  oil' She 
clear  supernalanl  liquid. 

For  furniture  prims  this  balh  shoald  have  the  spec.  grav.  107. 

The  calico  bein°  padded  in  il,  is  to  be  dried  in  the  hol-Hue  ;  and  atler  4S  hours  suspf  n. 
sinn  is  lo  be  washed  in  water  al  !"0°  conlainine  some  cha!!.,  by  the  wince  apiiaratus.  Il 
in  then  waiihed.  hy  the  same  apiaratus,  In  hoi  water,  coatiiining  a  pailful  of  soda  ley  of 
SD'^".  grav.  1"04. 

For  light  tints  the  paddin?  liquor  should  be  reduced  to  the  spec.  grav.  I'Ol.  The 
■"ye  in  eilher  ease  may  he  brightened  by  wincing  thcougili  a  weak  solution  of  chloride  of 

Nitrate  of  iron  diffused  through  a  body  of  water  may  be  also  used  for  padding,  with 
alternate  washings  in  wafer,  and  a  6nal  wincing  in  a  weak  alkaline  ley. 
With  a  stronger  solution,  similar  lo  the  first,  the  boot-lup  color  is  given. 

2.  The  bronze  or  solitaire. 

The  goods  are  to  be  padded  in  a  solution  of  the  sulphate  or  muriate  of  manganese,  of 
a  strength  proporiional  lo  the  shade  desired,  dried  in  the  hol-flue,  and  then  raised  by 
wincing  them  in  a  boiling-hot  caustic  ley,  of  spec.  grav.  1-OS,  nnd  next  through  a  weak 
solution  of  chloride  of  time,  or  soda.  I'hey  are  afterwards  rinsed.  Instead  of  passing 
Iheni  through  the  chloride,  tliej  may  be  merely  exposed  to  the  air  till  .he  manganese  at- 
tracts oijgen,  then  rinsed  and  dried. 

When  the  manganese  satulion  has  the  density  of  1-027,  it  gives  a  light  shade;  at  the 
density  of  1'06,  a  shade  of  moderate  depih,  and  at  l-i2  a  dark  lint. 

The  texture  of  the  stnlf  is  apl  to  be  injured  during  the  oxyJatiun  of  the  manganese. 

3.  Carmeli-e  is  obtained  bypajidingin  a  mixture  of  muriate  or  sulphate  of  manganese 
and  acetate  of  iron,  then  proceeding  as  above. 

4.  Copper  grtxa  IS  given  by  padding  in  a  mixed  solulion  of  sulphate  and  acetate  of 
copper  with  a  little  clue,  drying  in  Ihe  bnt-llue,  and  next  day  padding  in  a  caustic  ky  of 
spec.  grar.  1'05.  The  gooi^  are  then  rinsed,  and  padded  through  a  solution  mode  with  S 
ounces  of  arsenions  acid  combined  wiih  4  ounces  of  potash  diluted  with  2  gallons  of  wa- 
ter.   They  are  finally  rinsed  and  dried. 

5.  Olive  and  cinnamon  colors  are  given  by  padding  through  mixed  solutions  of  the 
acetate  of  iron  and  sulphate  of  copper ;  diying,  and  padding  in  a  caustic  ley  of  spec 
grav.  I '05. 

6.  Great  and  solitaire  form  a  pleasing  umber,  or  hellebore  shade,  which  may  he  ob- 
tained by  padding  through  a  mixed  siilulinn  of  manganese  and  accto-sulphate  of  cojjper. 
and  raising  Ihe  shades  as  above  prescribed. 

7.  Chrome  yelloia. 

Pad  in  a  soiution  of  bichromate  of  polash  containins  8  ounces  of  il  to  the  gallon  of  wa- 
tcr;  then  dry  wiih  moderate  heat,  and  pad  ii  a  solution  of  acelate  or  nilrateof  lend,  con- 
taining 6  or  8  ounces  in  the  gallon  of  waters  wash,  and  dry.  Or  we  may  pad  lirsl  in  a 
solution  of  acetate  of  li^  containing  a  liitle  slue ;  dry,  and  pad  in  solution  r>(  bichro- 
male  of  potash.  Tlieii  rinse.  The  la^t  process  is  apt  la  occasion  clondiness.  To  idilain 
a  light  lemon  tint,  we  must  pad  in  n  solution  of  acelaie  of  lead  of  double  the  above 
Blrengih,  or  16  oinces  lo  the  gallon,  then  wince  the  pieces  tlirough  weak  milk  of  lime, 
rinse,  pad  through  bichromate  of  potash,  rinse  and  dry. 

B.  Chrome  orange. 

Pad  Ihrough  a  mixed  solntion  of  the  subacetate  and  acelale  of  lead,  three  times  in  sue 
cession,  and  dry  in  the  hot-flue;  then  wince  fur  ten  minutes  ihroui^h  weak  milk  of  liines 
rinse  ;  wince  for  a  quarter  of  an  hour  in  a  warm  soluii.n  of  bichiomate  of  potash  ;  and 
linally  raise  the  color  by  wincing  the  goods  through  hot  lime-water. 

9.  Prussian  bl<i£. 

Pad  in  Ihe  preceding  chamois  liquor  of  the  spec,  srav,  1'007;  dry  in  the  hot-flue; 
wince  well  in  chalky  water  al  16!l°  F.,  and  then  dje  by  wincing  in  Ihe  fullowmg 
liauor:— 

Dissolve  5  ounces  of  prassiate  of  potash,  in  93  gallons  of  v 
adding  2  ounces  uf  sulphuric  acid;  afterwards  rinse,  and  brigh 

10.  GrMu  is  given  by  padding  goods,  previously  dyed  in  the  indigo  vat,  in  a  solntion  of 
acetate  of  lead  containing  a  little  slue:  and  then  padding  them  in  a  warm  soluliim  d 
bictiromale  of  potash ;  finally  rinsing  and  drying. 

III.  Resist  pastes  or  reserves;  these  are  sabservienl  lo  Ihe  cold  indigo  vat,  and  Ihey 
may  be  distributed  nnder  four  heads;  I.  fat  reserves;  2.  reserves  with  bases  of  metallic 
salts ;  3.  colored  reserves  capable  of  assuming  different  lints  in  the  dyeing  j  4,  reaervel 
with  mordanis,  for  the  cloth  lo  be  afterwards  subjected  to  a  dyeing  bath,  whereby  variously 
colored  l^nres  are  broi^hl  up  on  a  blue  gi-ound,  so  as  to  resemble  the  mineral  called 
tat'uHle;  whence  the  name  lapis  or  lapis  lazuli. 

I,  The  fatty  rerisls  are  employed  in  the  printing  of  silk;  which  see/n/m. 
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3.  With  regard  to  reserves  Ihe  followins  genera]  ohservalions  msy  he  made.  Aflci 
printing-on  the  paste,  the  eouds  must  be  hungup  in  <i  chamber,  rather  humid  than  Inn  dry, 
■nd  Icrt  there  for  a  certain  time,  moie  or  less,  accunling  lo  the  nature  of  [he  reserve.  In 
dipping  Ihem  into  Ihe  blue  val,  if  the  re^rve  be  tiM>  dry,  it  is  apt  to  snrell,  scale  ofT,  and 
Tiliale  the  pattern.  'Ibis  acciJeat  is  liable  to  happen  also  when  the  val  is  deficient  in 
lime,  especially  with  deep  blues. 

J.  Simple  uAifB  nsUi  pus/e  for  a  full  body  of  blue. 
Tahe  I  gallon  of  water,  in  which  are  lo  be  dJsKilueJ, 

1  pound  of  binitcelale  of  copper  (dislilletl    verdigris),  and  3  lbs.    of  sulphate    ol 

This  solution  is  to  be  thickened  with 

2  lbs.  of  gum  seuKal,  I  lb.  of  Brilish  gum. 
wards,  2  ounces  of  uilraic  of  copper — as  t 

2.  White  reserve  fi/t  ligkl  bliies. 
Take  1  gallon  of  "Water,  in  which  dissolve 

4  ounces  of  biiiacetale  of  copper, 

1  lb.  of  sulphate  of  copper ;  and  thicken  this  solution  wilh 

2  lbs.  of  gum  senejtnl,  1  lb,  of  Brilish  guui,  and  4  ftis.  of  pipeclay. 

3.  While  reserve  far  llie  q/litukr  maehme. 
Take  1 1  gallons  of  water ;  tn  which  dissolve 

2§  lbs.  of  blnacelale  of  cop|)er, 
1(1  lbs.  of  sulphate  of  copper ;  and  add  to  the  soluiion 
C)  lbs.  of  acetate  of  leail ;  then  thicken  with 
in  lbs.  of  gum;  addin!  aflerwanls  10  lbs.  of  sulpliate  of  leail. 
Al^er  prinling-on  ibis  leserve,  the  goods  are  lo  be  hung  up  for  two  ra"'!,  then  d-'opetl 
till  the  proper  tiue  lint  heoblainwl.    Finally  ihej'  must  be  winced  through  dilate  sulphu- 
ric ncid  to  clear  up  the  white,  by  removing  Ihe  cupreous  tinge. 
3.  Colored  reserves. 
].  Chamois  reserte. 
Take  I  gallon  of  the  ehamois  balh  (No.  1,  page  321,  at  bottom)  ;  to  which  add 

5  ounces  of  nitrate  of  copper, 

24  ditto  of  muriate  of  zinci  thicken  with 

6  pounds  of  pipe-elay,  and  3  pounds  of  gum  Senegal. 

AfEer  prinllng-on  this  |<nste,  the  goods  must  be  hung  up  for  five  or  six  davs  in  a  some- 
what damp  room.  Then  atler  having  di|ipeil  Ihem  in  the  val,  thfy  are  to  "be  steeped  in 
wat-r  for  half  an  boor,  and  slightly  wnshetf.  Next  wince  for  half  an  hour,  through  water 
at  KHf  F.  containing  2  pounds  of  soda  crystals  per  30  gallons.    Itinse  and  dry. 

a.  Chrome  yellovi  reserve. 
Take  I  gallon  of  water;  in  which  dissolve 

!  lb.  of  binacelate  of  copper;  to  the  solution,  add 

J  lb.  of  subacetate  ol  lead  ;  and  thicken  the  mixed  solution  with 

3  lbs.  of  gum. 

fi  lbs.  of  pipe-clay.    Gilnd  all  the  ingredients  logelher,  and  pass  through  a  searte. 

Afier  treating  the  (foods  as  in  No.  I,  tliej'  must  be  winced  lor  half  an  hour  in  a  solution 
containing  5  ounces  of  bichromate  of  potash,  per  piece  of  calico,  and  also  in  a  dilute 
muriatic  bath,  till  Ihe  chrome  yellow  becomes  suSicienlly  brivht. 

A  chrome  orange  reserve  may  be  made  hj'  inlroducing  a  larger  proportion  of  subacetate 
of  lend,  and  passing  the  reserve  primed  iroods  through  weak  milk  of  lime,  as  already  pre- 
tcrihed  for  producing  an  orange  by  chrome. 

1'he  basis  of  the  resist  pastes  used  at  Manchester  is  sometimes  of  more  complex  com. 
position  than  the  above  ;  since,  according  to  Ihe  private  informalion  I  received  from  an 
extensive  calico  printer,  they  contain  china  clay  (instead  of  pi])e-clay,  which  often  con- 
}n),  strong  solution  of  sulphate  of  copper,  oil,  tallow,  and  soap;  the  whole  incorpo- 
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s  added  to  the  nitrate  of  lead. 


In  the  Lancashire  prini-worlts,  a  little  tartaric 
which  prevents  the  color  from  taking  a  dingy  cast. 
1 .  Reserves  v>ilk  mordn  ri/j,  or  ihe  lazulite  style. 
1 .  Black  upon  a  Mtie  grounij. 

Al  Manchester  tlie  black  pattern  is  prinled-on  with  a  mixture  of  iron  liquor  and 
of  logwood,  and  the  resist  paste  by  the  cylinder  machine ;  in  France  the  black  i; 
by  Ihe  following  recipe : — 

take  I  gallon  of  decoction  of  galls  of  spec.  grav.  J-04,  mixed  and  boiled  jnloapai 
14  ounces  of  flour;  into  the  paste,  when  nearly  cold,  there  are  added, 
8  ounces  of  an  acetated  peroxyde  of  iron,  made  by  adding  1  lb.  acetate  of  le 

lbs,  of  nitrate  of  iron,  spec.  grav.  i-56. 
i  ounce  of  gallipoli  oil. 
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This  topical  blaelf  ftirms  a  fast  color,  and  resists  the  fine  blue  vaX,  weal;  polash  Itf 
nichromate  of  potash,  boiling  milk  of  lime,  dunging,  aiul  madJering. 

Tlie  preceding  answers  best  far  the  black  ;  the  following  for  the  cylinder, — 

3.  Take  1  sallun  decoction  of  galls  of  spec,  grav.  1-056, 

18  ounces  of  flour,  mix,  boil  into  a  paste,  to  vliich,  when  cool,  add 
8  ounces  of  the  aceto-nitrate  ofiron  of  the  preceding  formula,  and 

1  quart  ofiron  liquor  of  spec,  gras.  I-IIO. 

In  Lancashire  a  Utile  prnssiate  oT  potash  is  sometimes  added  to  nitrate  of  iron  anil 
iecoction  of  logwooJ;  and  the  goods  are  after  washing,  &c.  finished  by  passing  through 
a  weak  snlulion  of  bichromate  of  potash.  The  chromic  acid  gives  depth  and  permanenca 
to  the  black  dye,  being  supposed  to  impart  oxygen  to  the  iron,  while  it  does  not  atfecl 
any  of  the  other  colors  thai  may  happen  to  be  impressed  upon  the  dotli,  as  solution  of 
chloride  of  lime  would  be  apt  to  do.  The  solution  of  the  bichromate  deepens  the  spirit 
purples  into  blacks,  and  therefore  with  such  delicate  dyes  becomes  a  veryyaluable  appti- 
calion.  This  interesting  fact  was  communicated  to  me  by  an  eminent  calico-printer  in 
Lancashire- 
Having  premised  the  composition  of  (be  topical  black  dye,  we  are  now  prepared  to 
apply  it  in  the  lazulite  style. 

1.  Black  reaisl. 

Take  I  gallon  of  the  above  black  without  the  llour, 

2  ounces  of  sulphate  of  copper, 

1  ounce  of  muriate  of  ammonia,  dissolve  and  thitktn  wiih 
4  pounds  of  pipe-clay  and  2  pounds  of  gum. 

Another  good  formula  is  the  following  i— 
Take  1  gallon  of  iron  liquor  of  l-0a6  spec.  gray. ;  dissolve  in  it, 

2  ounces  of  binncetate  of  copper, 

8  ounces  of  sulphate  of  copper;  and  thicken  as  just  described. 

2.  Puce  Tcseriie  paste,  contains  acetate  of  alumina  mixed  with  the  iron  liquor. 

3.  F«H  red  rewrve. 

Take  1  gaUon  of  acetate  of  alumina,  {made  with  50  gallons  water,  100  lbs.  alum,  10  lb*, 
soda  crystals,  and  100  lbs.  acetate  of  lead;   the  supernatant  liquid  being  of  spec 
grav.  l'085i)dissolvein  it 
4  ounces  of  corrosive  sublimate;  thicken  with 

2  pounds  of  gum  Senegal, 

4  pounds  of  pipe-clay,  and  mix  in  8  ounces  of  gallipoli  oil. 

4.  Reiterve  paste  for  a  light  red. 

Take  1  gallon  of  the  weaker  sulpho-acetate  of  alumina  formerly  prescribed ;  dissolve  inil 
4  ounces  of  corrosive  sublimate ;  and  thicken  with 
4  pounds  of  pipe-clay,  aad  2  pounds  of  gum ;  adding  to  the  mixture 
8  ounces  of  oil, 

5.  Nettlral  reiist  paste. 

Take  1  gallon  of  water ;  in  which  dissolve, 
3^  lbs.  of  binarseniate  of  potash,  and 
12  ounces  of  corrosive  sublimate ;  thicken  with 

3  lbs.  of  gum,  aad  6  lbs.  of  pipe-clay,  adding  to  the  paste  16  ounces  of  oil, 

6.  CarmetUe  reierve  paste. 

Take  1  half  gallon  of  acetate  of  alumina,  spec.  grav.  l-OH}  (see  second  aluminous  mor- 
dant, p.  818.) 

1  half  gallon  iron  liquor  of  spec.  grav.  1*027  i  dissolve  in  them 

4  ounces  of  sulphate  of  copper,  4  ounces  of  verdigris,  and  1  ounce  of  nitrate  of  co^ 
per;  thicken  with 

2  lbs.  of^um, 

4  lbs.  of  pipe-clay. 

7.  Neatral  referee  paste . 

Take  1  gallon  of  water ;  dissolve  in  il, 

44  ounces  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  sublinialei  thicken  with 

3  lbs.  of  gam, 

6  lbs.  of  pipe-clay, 
16  oz.  of  oil. 
To  explain  fully  the  manipulation  of  the  lazulite  style,  we  shaU  snppose  thai  tM  c«t" 
toes  are  printed  with  the  following  reserves,  taken  in  their  order  : — 

1.  Black  reserve,  Ko.  1.  above. 

2.  FuU  red  reserve,      Ko.  3. 

3.  Light  red  reserve,    No.  4. 

4.  Neutral  reserve,  ,    No.  7. 

Foat  days  after  printing-on  these  reserves,  the  goods  must  be  twice  dipped  in  thf  Uh 
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vat,  ten  minutes  in  and  ten  minutes  ont  each  time  i  but  more  dips  may  be  piven  acrorrt 
ing  to  the  desired  depth  nf  the  shade.  Tht  cloth  must  be  afterwards  rinsed  in  rnnning 
water  Tor  halfan  hour.  The  next  process  is  to  remove  the  paste;  which  is  done  by  winc- 
ing the  goods  in  a  bran  bath,  lowered  lo  150°,  during  twenty  ininntes.  They  are  then 
winced  for  five  minutes  in  a  bath  of  water  slightly  sharpened  with  vinegar.  When  well 
cleansed  they  ace  ready  for  the  madder  bath.  The  lapis  goods  are  finally  cleared  in  a 
bran  bath,  by  exposure  on  the  erass,  aftd  a  soap  boil. 
The  laznlite  style  is  susceptible  of  many  modifications. 

8.  Deep  blae  ground,  wilh  light  blue,  Carmelite,  and  white  fignres. 

1.  Prinl-on  Me  wAiie  reserve,  No.  1. 

2.  Dip  in  the  strongest  blue  vatj  rinse  and  dry. 

3.  Ground-in  with  the  block,  the  caimelite  reserve  (containing  the  mixed  acetalea 
of  iron  and  alumina.) 

4.  Ground-in  the  neutral  reserve. 
*>■  Dip  for  the  light  blue;  rinse. 
6.  Dung,  dye,  and  clear,  as  above. 

B/  varying  the  proportions  of  the  reserve  mordants,  and  the  dye-stuffs,  as  maiidar, 
quercitron,  &c.  a  great  variety  of  effects  may  be  produced. 

9.  Deep  green  ground,  with  buff  and  white  figures. 

1.  Prinl-on  the  white  reserve. 

2.  Dip  in  the  blue  vat ;  rinse  and  dry. 

3.  Pad  in  the  buff  liquor,  as  formerly  prescribed. 

4.  Ground  in  upon  the  buff  spots,  the  discharge  No.  2,  presently  .;  be  described. 

5.  Wash  away  the  paste  in  chalky  water. 

6.  Wince  throifgh  a  boiling  alkaline  ley,  to  raise  Ihe  buff  iron  color. 
IT.  The  DUckarge  style  i  fitd,  of  simple  discharges. 

1.  Discharge  for  block  printing. 

Take  1  gallon  of  lemon  or  lime-juice,  of  spec,  grav.  1'09,  in  which  dissolve 
1  pound  of  tartaric  acid, 

1  pound  of  oxalic  acid,  and  thicken  the  solution  with 

4  pounds  of  pipe  or  china  day,  and  2  pounds  of  pulverized  gum ;  as  soon  as  the 
gum  is  dissolved,  the  mixture  must  be  put  through  a  scarce. 

2.  Another  discharge  is  made  of  half  the  above  acid  strength. 

3.  A  third  with  one  half  of  the  solid  acids  of  (he  second. 

4.  Take  1  gallon  of  water,  in  which  dissolve  with  heat 

1  pound  of  cream  of  tartar,  adding,  to  facilitate  (he  solution, 

1  pound  of  warm  sulphuric  acid  of  spec.  grav.  1-7674 ;  after  24  hours  mix 

4  lbs.  of  pipe  or  China  clay,  and  three  lbs.  of  pom,  with  the  decanted  clear  liquoi. 

In  some  cases  British  sum  is  used  alone,  as  a  thickener. 

5.  Discharge  for  the  cylinder  machine. 

Take  1  gallon  of  lime-juice,  of  spec.  grav.  1"085 ;  dissolve  in  it 

3  pounds  of  tartaric  acid,  and  one  pound  of  oxalic  acid ;  thicken  with 
6  pounds  of  gum  Senegal,  or  5  pounds  of  British  gum. 

6.  7.  A  stronger  and  weaker  discharge  is  made  of  the  same  materials;  and  one  is  made 

without  the  tartaric  acid. 

Second;  combination  of  discharges  with  mordants. 

I.  Black,  red,  lilack,  and  white  figures  upon  an  oHre  ground. 

The  olive  being  aiven  in  a  madder  bath,  and  the  ground  well  whitened  (see  Madder), 
Iheclfilhis  padded  in  a  weak  bnfF  mordant;  and  upon  the  parts  that  are  to  remain  white, 
the  weakest  simple  discbarse  No.  3  is  printed-on  by  the  cj'.inder;  (in  some  works  the  dis- 
charge paste  is  applied  and  made  dry  before  padding  through  the  iron  liquor;)  the  goods 
are  cleared  of  the  paste  in  a  (eprd  choiby  water,  then  dyed  in  a  quercitron  bath,  contain- 
ing a  little  glue,  and  cleared  in  a  bran  bath. 

Discharge  mordants  apmi  mordants  may  be  regarded  as  a  beautiful  modification  of  the 
preceding  style.    Example. 

J>  violet  ground  or  impresnion,  with  red  and  vthile. 

1.  Pad  with  nn  acetate  of  iron  of  1-004 ;  or  print-on  with  the  cylinder,  iron  liquor  of 
027  thickened  with  British  etim. 

2.  Print-on  a  red  mordant,  strongly  acidulated  with  lime-juice  of  1-226. 

3.  Ground  in  the  discharge  No.  2;  dry. 

4.  Clear  off  the  paste  in  chalky  water. 
6.  Dung,  madder,  and  brighten. 

6.  Ground-in  the  topical  colors  at  pleasure. 

V.  China  blues. 

Take  16  pounds  of  coarsely  ground  indigo,  and 

4  pounds  of  sulphurel  of  arsenic;  dissotve  22  pounds  of  sulphate  of  iron  in  S 
gallons  of  water ;  introduce  these  three  matters  into  the  indigo  mill,  and  grind  ttiem  fo 
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Ihree  days.  If  [l  be  wished  k 
gum  added  lo  il)  but  if  not,  5 
blue  No.  1. 

The  following  table  exhibits  the  different  gradations  of  China  blue : 


Co„™. 

,..„„y,  .,....,.., 

'^°Z\'^'^?Z'S'"il''' 

No.  1 
2 
3 
4 
5 

7 

9 
10 

12 

10 
8 
G 
4 
2 

2 
2 

0 

2 
4 

8 
10 
12 

IS 
IS 
20 

e  block  and  cylinder:— 


I  shall  now  give  evftinples  of  worhiiig  this  style  by  tl 

tmpresslon  of  a  single  bine  witb  small  dols. 

For  the  block,  blue  No.  5,  thiclieneil  with  Elorch. 

Foi  the  cylinder,  No.  4,  Itiickenetl  with  ^um. 

Impreasioi,  of  liw  different  bbiea  with  the  block. 

First  blue,  No.  4,  with  slarrh. 

Second  blue.  No.  9,  with  gnm. 

Impression  of  Ihree  blues  v:i!h  Ike  block. 

First  bine,  No.  5,  with  starch. 

Second  blue.  No.  T,  with  slarcb. 

Third  blue.  No.  10,  with  gnm. 

Aller  prinling-on  the  bliieii,  Ihe  pieces  are  hung  up  for  two  days,  in 
place,  bnl  nol  too  dry  ;  then  ihey  are  dipped  as  follows  :— Three  vats  are 
nuy  be  distinguished  by  the  nnnibers  I,  2,  3. 

No.  1.  300  pounds  of  lime  lo  J,ROO  gallons  of  water. 

No.  2.  Soliition  of  sulphate  of  iron  of  spec.  prav.  1'048. 

3.  Solntion  of  caustic  soda  of  spec.  grav.  hOao  ;  made  from  soda  c 
and  water,  as  usual. 

The  pieces  being  stispended  on  tlie  frames,  are  to  be  dipped  in  the  first  v. 
in  it  ten  minutes;  then  withdrawn,  drnined  for  five  minutes;    next  plunged  into  the 
Epcond  vat  for  ten  minutes,  and  di'ained  also  for  five,  &.c.    These  operations  will  be 
mose  bleiligible  when  put  into  the  form  of  a  table  : — 

Dip  in  the  1st  vat.       During  10  minutes.         Drain  during  5  minutes. 


nolinted,  whidl 


crystals,  quicklime, 
ind  left 


In  the  dippine  of  China  blues,  care  should  be  taken  lo  swing  the  frames  during  the 
operalion;  and  when  the  last  dip  is  given,  the  piece  is  to  be  plunged  upon  its  fram.?  into 
a  fourth  vat,  containini;  dilute  sulphuric  acid  of  spec.  grav.  1-027.  This  immersion  is 
for  the  purpose  of  removing  the  oxyde  of  iron,  deposited  upon  llie  calico  in  the  alternate 
passages  Ibrough  the  sulphate  of  ifon  and  lime  vats.  They  are  then  rinsed  an  hour  in 
running  water,  and  finaUy  brizbtened  in  the  above  dilute  sulphuric  acid,  slightly  lepU. 
Sometimes  they  are  sobjecled  lo  a  soap  balb,  a)  the  temperature  of  120°.  By  the 
addition  of  nilrnte  of  lead  to  the  indigo  val,  the  blue  becomes  more  lively.  Some  nse 
Ihe  roller  dyeing  apparatus  for  running  the  pieces  throu°h  the  respeclive  baths  instead 
of  the  square  frames.  (See  Wincing.)  But  the  frame-dip  gives  the  most  evenly  dye% 
and  preserves  Ihe  vats  in  good  condition  for  a  much  longer  time. 
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Tht  vsrioos  phcnoniena  which  occur  in  the  dipping  of  China  braes  are  not  difficull  it 
jjplfiniifion  wilh  the  lisihls  of  modem  chemistry.  We  have,  on  the  one  hand,  indigc 
and  suiphete  of  iron  allernately  applied  to  the  cloth ;  h;  dipping  it  into  the  lime,  the 
blue  is  deoxydiied,  because  a  film  of  the  sulphate  of  iion  is  decomposed,  and  protoi^'de 
of  ir<jn  comes  forth  to  seize  the  oxygen  of  (he  indigo,  to  make  it  yellow-green,  and 
soluble,  at  the  same  lime,  in  lime-waler.  Then,  it  penetrates  into  the  heart  of  the 
fibres,  ard,  on  exposure  to  air,  absorbs  oiyj^n,  Eo  as  to  become  insoluble  and  fixed 
viihin  their  pores.  On  dipping  the  calico  into  the  second  vat  of  sulphate  of  iron,  a 
layer  of  ojyde  is  formed  upon  ifs  whole  surface,  which  oxyde  exercises  an  action  only 
upon  those  parts  that  are  coTered  with  indigo,  and  deoxydizes  a  porlion  of  it;  IhuE 
rendering  a  second  dose  soluble  by  the  intervention  of  the  second  dip  in  ihe  lime-bath. 
Hence  we  see  that  wliile  Ihese  alternale  transitions  go  on,  the  same  Eeries  of  deoxjdizc- 
ment,  solution,  and  rc-oxydizemenl  recurs ;  causing  a  progressively  ineressing  fnalion 
of  indigo  within  the  fibres  of  ihe  cotton.  A  deposiie  of  sulphate  of  lime  and  osyde  oi 
iron  necessarily  faUs  upon  the  cloth,  for  which  reason  the  Irame  should  be  shaken  in  1:.e 
time-water  vat,  to  detach  the  sulphate ;  but,  on  Ihe  contrary,  it  should  be  held  motionless 
in  the  copperas  halh,  lo  favor  the  dfposilion  of  as  much  pioloiyde  upon  il  as  possible. 
These  circumstances  serve  lo  account  for  Ihe  various  accidents  which  Eomelimas  befall 
the  China  blue  process.  Thus  the  blues  sometimes  scale  off,  which  niay  proceea  Tom  one 
of  two  causes  : — ].  If  the  goods  are  loo  dry  before  being  dipped,  Ihe  color  swells,  and 
comes  off  in  (he  vats,  carrying  along  wilh  il  more  or  less  of  indigo,  2,  If  the  quanlily 
of  sulphate  of  lime  formed  upon  the  cloih  be  considerable,  tlie  crust  will  fall  off,  nnd 
take  wilh  it  more  or  less  of  the  blue;  whence  arise  inequalities  in  the  impression.  The 
inlliienee  of  temperature  is  important;  when  it  falls  loo  low,  the  colors  take  a  gray  cast. 
In  this  case  it  should  be  raised  with  steam. 

VI.  The  decoloring  or  en^Eioge  style  j  not  by  the  removal  of  the  mordant,  but  the 
destmeiion  of  the  dye.  The  acid,  which  is  here  mixed  wilh  the  discharge  pusle,  is 
intended  lo  combine  wilh  the  base  of  the  chloride,  and  set  Ihe  chlorine  free  to  act  upon 
the  color.    Among  the  topical  colors,  for  this  stile  are  Ihe  following; — 

1.  Black. — Take  one  gallon  of  iron  liquor  of  spec.  grav.  I'086. 

One  pound  of  starch ;  boll  together,  and  while  the  paste  is  hot,  dissolve  in  it 
One  pound  of  Inrlafic  acid  in  powder  ;  and  when  cold,  add 
Two  pounds  of  Prussian  blue,  prepared  wilh  muriatic  acid,  see  p.  321. 
Two  ounces  of  lamp  black,  wilh  four  ounces  of  oil. 

2.  White  discharge.— TbVs  one  jjaUon  of  water,  in  which  dissolve 

One  pound  and  a  half  of  ojatic  acid. 

Three  pounds  of  tartaric  acid  ;  add 

One  gallon  of  lime-juice  of  spec.  grav.  1-22;  and  Ihieten  wilh 

Twelve  pounds  of  pipe  clay,  and  six  pounds  of  gum. 

3.  Clu  :me-grc'.ii  discharge, — 

Take  one  gallon  of  water,  thicken  with  18  ounces  of  starch  ; 

boil  and  dissolve  in  the  hot  paste; 
Two  pounds  and  a  half  of  powdered  nitrate  of  lead. 
One  pound  and  a  half  of  tartaric  acid. 
Two  pounds  of  Prussian  blue,  as  above. 

4.  £ltie  discharge.— Take  one  salion  of  water,  thicken  wilh 

18  ounces  of  gum  ;  while  Uic  boiled  paste  is  hot,  dissolve  in  it 
Two  pounds  of  tartaric  acid,  and  mix  one  pound  of  Prussian  blue. 
6.  Chromp-yellow  discharge. — This  is  the  same  as  the  chrome-green  given  above,  bul 
without  Ihe  Prussian  blue. 

6.  .S  vihiit  discharge  on  n  iiut  Krotmi  requires  the  above  while  discharge  to  be  strength 
■ned  wilh  8  ounces  of  strong  sulphuric  acid,  per  gallon. 

7.  White  discharge  /or  Turkey  red  needs  lo  be  very  stronR. 
Take  one  gallon  of  lime-juice  of  sp.  grav.  ]'086  j  dissolve  in  it 
Five  pounds  of  tartaric  acid  ;  thicken  with 

Eight  pounds  of  pipe-clay,  fonr  pounds  of  gum ;  then  dissolve  in  the  mixture 
Three  pounds  of  muriate  of  tin  in  crystals ;  and  add,  finall)", 
Twenly-fbur  ounces  of  sulphuric  acid. 
e.  Yellow  dheharge  for  Turkey  red. — 

Take  one  gallon  of  lime-juice  of  spec.  grav.  1-086  ;  in  which  dissolve 
Four  pounds  of  tartaric  acid. 

Four  pounds  of  nitrate  of  lead  ;  thicken  Ihe  Solution  wilh 
Six  pounds  of  pipe-clay,  and  three  pounds  of  gum. 
H.  For  greett  discharge,  add  lo  the  preceding  24  ounces  of  Prussiap  M\ie,  as  aljove. 
The  decoloring   or  ch!o-i.nc  Sali    Ls  tiijady  fcrnjed  ol    wood  lined  wi'Ji   lehd,  and 

■itn  a  litrizontal  scries  of  rullers  at  top  and  bollom,  may  be   let   down  by  cords,  al 
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^]easT..-e,  into  the  cistern.    The  pieces  are  introduced  and  guided  in  a  serpentine  patti, 
lonnd  llie  upper  and  lower  rollers  allernalelj',  by  a  cord. 

Tliis  balh  id  filled  with  a  soluiion  of  chloride  of  lime,  of  the  spec.  grav.  I-0J5,  wlifse 
ilecolorins  slreniith  is  65°  by  Gay  Lussacs  indigo  chloromeler.  It  ought  to  be  mad« 
turbid  by  Blirrine  before  pulling  in  the  goods,  which  should  occupy  three  minutes  in 
their  passage.  The  piece  is  drawn  through  by  r  pair  of  squeezer  cylinders  at  the  e»d  oi 
the  trough,  opposite  to  that  at  which  llie  piece  enters.  With  blaclt,  white,  and  bliie 
impressions  of  all  shades,  the  goods  are  floated  in  a  stream  of  water  for  an  hour;  then 
rinsed  and  dried.  When  there  is  yellow  or  green,  the  pieces  mnsl  be  steejted  in  water, 
then  merely  washed  by  the  wince,  and  passed  through  sohilion  of  bichroma  e  of  po  a  h 
containing  from  3  to  5  ounces  of  tlie  salt  per  pii'ce.  Here  the  pieces  are  w  need  du 
15  or  20  minutes,  rinsed,  and  next  passed  through  dilate  muriatic  acid  o  ir  he 
ground;  then  rinsed  and  dried. 

Discharge  by  the  inltrveaV.'yn  of  'he  chromic  add. 

Afier  bavins  dipped  the  p;«es  to  the  desired  shade,  llicy  are  padded  i    a 
bichromate  of  potash ;   dried  in  the   shade  wilhoBt  beat ;    end  then  pr  n   d  w        h 
following  mordant : — 

Take  I  gallon  of  water;  oissolve  in  it 

2  pounds  of  oxalic  and  1  pound  of  larlaric  acid  ;  thicken  with 

fi  pounds  of  pipe-ciay,  and  3  pounds  of  gum ;  lastly,  add 

After  the  impression,  the  pieces  are  winced  in  chalky  water,  at  120°  F.,  then  washed, 
and  passed  thronih  a  dilute  sulphuric  acid. 

M.  Daniel  Kcechlin,  of  Mulhansen,  the  author  of  this  very  ingenious  process,  con- 
siders the  action  of  the  bichromate  here  as  being  analogous  o  that  of  the  alkaline  chlo- 
rides.   At  the  moment  that  the  block  applies  the  preceding  Lischarge  to  the  bichromate 
dye,  there  is  a  sudden  decoloration,  and  a  pmduelion  of  a  peculiar  odor. 
tbed  cd  ■      .     ■ 


Wh  w  t  1  f   h    m  I     r  pot 

■  rvc!  t  k      pi        d       g  wh   h    h    m   t 


po        es  lb    p  w       1 

th      ff  rv 

II       y       lb      Idty   of 

pt   b)  th       hi     djes 
m  y  be  d   1  b  ted      d 


fid  wh  1  f       w  th  h  1       r     bo  t  th    f  h    pi      d 

bt       qrt       f  ba-d         A  Iplt       bl9       hesdim 

solledttbl  dflholmdtdip         lib         Iflbfm 

Idgdwfflb        Id        Til  dfth        imtemt  pp 

m      tdwlh       ip-cobfreltgCh      dm  f        mfmthm  m- 

boil       fthflylsom  hppfiidlhlw       urf        fthd 

mn  ie  tapering,  and  fits  into  a  conical  socket,  in  a  etron,  iron  or  copper  box,  fixed  to  a 
solid  pedestal ;  the  steam  pipe  enters  into  one  side  of  that  box,  and  is  provided,  of 
course,  with  a  stop-cock.  The  condensed  water  of  the  column  falls  down  into  thai 
chest,  and  may  be  let  ofi"  by  a  descending  lobe  and  a  stop-cock.  In  other  forms  of  the 
eolnmn  the  cnnicnl  junction  pipe  is  at  its  top,  and  fits  there  into  an  inverted  soctiet 
connected  with  a  steam  chest,  while  the  boLtom  baa  a  very  small  tubular  outlet,  so  thai 
Ihe  steam  may  be  exposed  to  i  certain  pressure  in  the  column,  when  it  is  incased 
with  cloth. 

The  pieces,  afler  being  printed  with  the  topical  colors  presently  to  be  described,  and 
dried,  are  lapped  round  this  cMumn,  hnt  not  in  immediate  contact  with  it ;  for  the  copper 
cylinder  is  first  enveloped  in  a  few  coils  of  blanket  stuff;  then  with  several  coils  o( 
white  calico;  riext  with  the  several  pieces  of  the  printed  goods,  stitched  endwise ;  and 
lastly,  wjth  an  outward  mantle  of  while  calico.  In  the  course  of  the  lapping  and 
unhpping  of  such  a  lensth  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  in  which 
It  IS  male  to  revolve.  "  In  the  act  of  steamina,  however,  it  is  fixed  upr^ht,  by  one  ol 
thp  methods  above  described.  The  steaming  lasts  for  20  or  30  minnies,  according  to 
Itie  nature  of  the  dyes;  those  which  contain  much  solution  of  tin  ailmit  of  less  steaming. 
Vt  benei  er  the  steam  is  shut  off,  the  goods  must  be  immediately  uncoiled,  to  prevent  the 
chance  of  any  aqueoas  condensatina.  I  was  mnch  awrprised,  at  first,  on  findinj  Ihe 
unrolled  pieces  to  be  free  from  damp,  and  reqairins  only  in  be  exposed  for  a  few  mlnulet 
in  the  air,  to  appear  perfectly  dry.  Weie  water  condensed  during  the  process,  it  would 
he  apt  to  make  the  colnrs  run. 

Sleam  C>.L'r5  aiO  ad.  lopua!,  Ihoash,  for   many  of  Ihes!,  the  pi^ctS   aia  jreV'aasi;' 
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n  the  goods  beicr 


jinililed  wiih  mordanls  of  various  kinds.    Sou.e  mo 

prinliri?  them  throush  a  weak  solution  of  the  perchloride  of  tin,  with  the  view  oi  Diisni- 
ening  all  the  colors  subsequently  applied  or  raise-l  upon  them.  I  shall  now  illustrate 
steam  calito-printinR  by  some  eiftmples,  kindly  furnished  me  by  a  practical  printur  near 
Mstichesler,  who  condocls  a  great  hnsiness  wilh  remarkable  success. 

Sleum  Wue. — Prussiale  of  potash,  tartaric  acid,  and  a  little  sulphttric  acid,  are  diE- 
tolved  in  water,  and  thickened  wilh  starch  j  then  applied  by  tbp  cylinder,  dried  nt  a 
moderale  heat,  and  steamed  for  25  minntes.  They  are  rinsed  and  dritd  after  the 
itt-amins.  The  tartaric  acid,  at  a  high  teinperalure,  decompose*  here  a  portion  of  the 
lerrocyanic  acid,  and  fixes  the  remaining  ferrocyannte  of  iron  (Prussian  blue)  in  the  fibre 
of  the  cloth.  The  ground  may  have  been  previously  padded  and  dyed  ;  the  acids  will 
remove  Ibe  mordant  from  the  points  lo  which  the  above  paste  has  been  applied,  and 
bring  out  a  bright  blue  upon  them. 

Sleam  puTple. — This  lopicnl  color  is  made  by  disesting  acelale  of  alumina  upon  ground 
logwood  with  heat ;  slraining,  thickening  with  gum  senega],  and  applying  the  paste  by 
the  cylinder  machine. 

S'fam  psiife. — A  decoction  of  Brazil-wood  with  a  small  qnanlily  of  the  solution  o( 
muriate  of  (in,  called,  at  Manchester,  new  tin  crystals,"  and  a  little  nitrale  of  copper  lo 
assist  in  finine  the  color;  properly  thickened,  dried,  and  Ele:.Lie<l  .'ir  not  more  than  20 
minutes,  on  account  of  the  corrosive  action  ofmiiriale  of  tin  when  the  heat  is  too  sliong, 

Cochaieal  pink. — Acetate  of  aliimina  is  mixed  wiih  decoction  of  cochineal,  a  little  tac- 
taj'ic  acid  and  solution  of  tin  ;  then  thickened  with  starch,  dried,  and  steamed. 

Sieom  brmmi. — A  miied  infusion  of  logwood,  ci'chineal,  and  Persian  berries,  wilh 
cieam  of  tartar,  alum  (oi  acelale  of  alumina),  and  a  little  toitaric  acid,  thickened,  dried, 
and  steamed. 

Grav,  fcfue,  ehocolafe,  mlh  tchile  gronnd,  by  jWotn. — Prussiate  of  potash  and  tartaric 
acid,  thickened,  for  the  blue;  the  same  mixture  wilh  berry-liquor  and  acetate  cf  alumina, 
thickened,  for  the  green ;  eitract  of  locwood  wilh  acetate  of  atiJlnina  and  crom  o( 
tartar,  thickened,  for  the  chocolate.  These  three  topical  colors  are  applied  at  once  by 
the  Ihree-color  cylinder  machine!  dried  and  steamed.  Thouch  greens  are  fixed  by  tlie 
steam,  their  color  is  much  improved  by  passing  the  cloth  through  solution  of  bichromate 
of  potash. 

In  Fiance,  solution  of  tin  is  much  used  for  steam  colors. 

VIII.  Spirit  or  /ana/  colors. — These  all  owe  ihetr  vivacity,  as  well  as  the  moderate 
deeree  of  permanfucy  they  possess,  to  Iheir  tin  mordant.  After  printing-on  tlie  topical 
color,  the  goods  must  be  dried  at  a  gentle  heat,  and  passed  merely  through  the  rinsing 
machine.  Pnrple,  brown,  or  chocolate,  red,  green,  yellow,  blue,  and  white  discharRe; 
any  five  of  these  are  printed  on  at  once  by  the  five-color  cylinder  machine.  See  Riksinq 
Machine. 

CAofolore  is  given  by  extract  of  Brazil-n-ood,  extract  of  loswood,  nilro-muriate  of  tin, 
wilh  a  little  nitrate  of  copper:  all  mixed,  thickened,  and  merely  printed-on. 

Red,  by  eitract  of  Brazil-wood  and  lin,  with  a  little  nitrate  of  copper. 

Green,  by  prossiate  of  potash,  with  muriate  of  tin  and  acetate  of  lead,  dissolved, 
thickened,  and  printed-on. 

The  goods  after  rinsing  must  be  passed  throtitth  solotion  of  bichromate  of  potash,  lo 
convert  the  Prussian  blue  color  into  green,  by  the  formalion  of  chrome  yellow  upon  it. 

Slue. — Prussian  blue  ground  np  with  solulion  (nilromuriate)  of  tin;  thickened,  &c. 

YelUru}. — Nitrate  of  lead  di'solved  in  solulion  of  tartaric  acid,  thickened,  tenderly 
dried,  passed  through  the  bichromate  vat  or  padding  machine,  washed  and  dried. 

This  yellow  is  pretty  fast ;  (hough  topical,  it  can  hardly,  therefore,  be  called  a  fancy 

When  pytrpk  is  to  be  inserted  instead  of  (he  abov 
is  used  in  the  place  of  Ihe  Piussian  blue.  Tartaric 
brightening  fancy  colors. 

Chocotale. — A  good  topical  chocolate  is  made  by  digesting  logwood  with  lit]uid  acetate 
of  alumina,  adding  a  little  cream  of  lartar  to  the  infusion  ;  thickening,  applying  by  ihe 
cylinder,  drying,  washing,  then  passing  Ihrough  solution  of  bichromate  of  potash,  which 
serves  to  darken  and  fix  the  color. 

I  shall  conclude  my  account  of  the  printing  of  cotton  goods  with  some  miscellaneous 
formulie,  which  were  ^ven  me  by  skilftd  calico-printers  in  Lancashire. 

Fraisian  blmi  is  prepared  for  topical  printing  by  grinding  it  in  a  bandmill,  like  that  for 
grinding  pepper  or  coflee,  and  tritaraling  Ihe  powder  with  solulion  of  muriate  of  tin. 

Green. — The  deoxydined  indigo  vat  liquor  is  mixed  with  a  little  pearlash,  and 
thickened  with  gum.    This  is  applied   by  the   cylinder  or  block  lo  goods  previously 

•ThilprcparaTinr  it   mid.  by  adrtmE  3  lIiB.  of  ml  mnmnnisc  lo  1    gallon  of  aolulinn  of  tin  (jh  Scmi.Bt 
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pajded  with  nitrate  of  lead ;  llie  goods,  after  being  dried,  are  passed  through  milky  lime 
water,  rinsed,  nnJ  then  winced  or  padded  through  the  bichromale  of  polash  balh, 

Another  green. — Nitrate  tif  lead,  pnissiate  of  polash,  and  tartaric  acid,  dissulveil,  and 
niii<>d  wi'h  a  little  sulphate,  nilrnte,  and  muriate  of  iron;  this  mixture  is  either  thiclicned 
for  cylinder  printing,  or  useil  in  its  liquid  stale  in  the  paddins  trough.  Tlie  eooJs  sub- 
jected to  one  of  these  two  processes  are  dried,  padded  ia  weak  sr.lution  of  carbonate  of 
potash,  which  serves  to  precipitate  the  oxyde  of  lead  from  the  nitrate;  they  are  finally 
padded  witli  bichromate  of  polash,  ivhich  induces  a  yellow  upon  the  blue,  constilutLig  a 
green  color  of  any  desired  tint,  accoru.nj  to  ibe  proportion  of  the  malerinls. 

Chotolale  ntid  black,  with  -wkile  discharge  ;  a  foal  color. — The  cloth  is  padded  with  ace- 
tate of  alumina,  and  dried  in  the  hot-Hue;  it  is  then  passed  through  a  iwo-color  machine, 
the  one  cylinder  of  which  print=-on  liine-jnice  discharge,  thickened  with  gum  seneeal; 
the  other  a  black  topical  dye  (made  with  logwood  extract  and  iron  liquor).  The  cloths 
are  now  hung  up  to  be  aired  during  a  week,  after  which  they  are  dunged,  and  dyed  up 
with  madder,  fustic,  and  quercitron  barii,  healed  with  sleam  in  the  balh. 

Blie,  while,  and  olice  or  chocolaie. — 1.  Pad  with  the  aluminous  mordant;  2.  Ipply 
thickened  lemon-juice  for  discharge  by  the  cylinder;  3.  Dun?  the  goods  afier  they 
are  thoroughly  dried;  4.  Pass  them  thrnngh  the  bath  of  madiler,  fustic,  and  quercitron, 
which  dye  a  brown  ground,  and  leave  the  discharge  points  while;  then  print-on  a  reserve 
paste  of  China  clay  and  gum  with  sulphate  of  copper ;  dry,  dip  in  the  blue  vat,  which 
will  commnoicale  an  olive  tint  to  the  brown  ground;  or  a  chocolate,  if  madder  alone  had 
been  used. 

When  a  black  ground  is  desired,  with  white  figitres,  the  acid  discharge  paste  should  be 
prinlerl-on  by  the  cylinder,  and  dried  befijre  the  piece  is  padded  in  the  iron  liiuor.  By 
Ibtlowing  this  plan  the  whites  are  much  parer  than  vhen  the  iron  is  first  applied. 

Greea,  black,  while. — The  black  is  first  printed.on  b/  a  loi^t^^e  of  iron  liquor,  and  in- 
fusion (not  decocliiin)  of  It^wood;  then  resist  or  reserve  paste  is  applied  by  the  hluck, 
and  dried;  aficr  wfcich  the  goods  are  bhied  in  the  indigo  vat,  rinsed.dried,  passed  tliroiiah 
solution  of  acetate  of  lead;  neit,  through  milky  lime-water;  lastly,  through  a  very  strong 
Boli>tion  of  bichromate  of  potash. 

Turkey  red,  black,  yelloiB. — Upon  Turkey  red  cloth,  print  with  a  strong  solution  of  tar- 
taric acid,  milted  with  solution  of  nitrate  of  lead,  thickened  with  gum;  dry.  The  cloth 
is  now  passed  through  the  chloride  of  lime  hath,  washed,  and  chromed.  Lastly,  the  blacli 
is  printed-on  by  the  block  as  above,  with  iron  liquor  and  toiwood. 

Black  groiiHd  dolled  while,  wilh  red  or  pink  and  black  figures. — 1.  Print-on  the 
lime-juice  discharge-psste  by  the  cylinder;  dry;  2.  Then  prid  with  iron  liquor,  cun- 
Iflining  a  little  acetate  of  alumina,  and  hang  op  the  goods  for  a  few  dap  lu  fix 
the  iron;  3.  Dye  in  a  logwood  bath  to  which  a  little  madder  has  been  added;  clear 
with  hran.  The  red  or  pink  is  now  put  in  by  the  block,  with  a  mixture  of  extract  of 
Brazil-wood,  nilromuriate  of  tin,  and  nitrate  of  copper,  as  prescribed  in  a  preceding 

Orange  or  brown  ;  black ;  while  ;  piak. — The  black  is  topicil,  as  above ;  it  is  printed- 
on,  as  also  the  lemon-jaiee  discharge  and  red  mordant,  wilh  muriate  of  tin  (both 
Ihickeneil),  by  the  three-color  machine.  Then,  aner  drying  the  cloth,  a  single-cyliniler 
machine  is  mitde  to  apply  in  diagonal  lines  10  it  a  mixture  of  acetate  of  iron  and  alumina. 
The  cloth,  being  dried  and  duuged,  is  next  dyed  in  a  balh  of  quercitron,  madder,  and 

Here  the  orange  is  the  result  of  the  mordant  of  tin  and  alumina ;  the  brown,  of  the 
alumina  ani  iron  ;  white,  of  the  citric  acid  dischari^e.  The  tin  mordant,  wherever  it  has 
been  applied,  resists  the  weaker  mordant  impressed  in  the  diagonal  lines.  The  pink  ia 
blocked-on  at  the  end. 

Orange  broum,  or  avevturiiaj  black  and  trhile. — The  topical  black  (as  above)  and 
discharge  lemon-juice,  are  printed.on  by  the  two-color  machine ;  then  the  cloth  is  aub- 
iecled  to  the  diagonal  line  cylinder,  supplied  wilh  the  alumino-iron  mordant.  The  cloth 
l^  dried,  dunged,  and  dyed  in  a  bath  of  bark,  madder,  and  fustic. 

The  manganese  or  soliiaire  groand  admits  of  a  great  variety  of  figures  being  easily 
bi'oughl  upon  it,  because  almost  every  acidulous  mordant  will  dissolve  the  oiyde  of 
manganese  from  the  spnt  to  which  il  ts  applieil,  and  insert  its  own  base  in  its  plnce ;  and 
of  course,  bj  dyeing  such  mordantel  goo  Is  in  various  baths,  any  variety  of  colureil  tle- 
Sfns  may  be  produced  Thus,  if  the  past*  ot  nitrate  of  leal  and  tartaric  acid  solulinn 
be  applied,  and  the  goods  ifter  drying  be  pas-ied  fi  si  through  lime-water,  and  then 
'hmush  a  ch'-ome  balh,  bright  jellow  spots  will  he  made  to  appear  upon  the  brouM 
ground 

Mangincie  bronze,  buff  ani  green  all  melrlhc  colors  — PaJ-on  the  mansrancse 
sol  ilinn  and  drv  apply  the  acelo  sulphate  of  i  on,  of  spec,  grnv,  1-02,  and  Scliccle'i 
green  (both  properly  thickened)  bv  the  iwt  color  machine.  The  goods  are  nest  tn 
be  dried,  and  padded  through  a  colj  caust  c  ley  of  =pec   grav.  1-086.    They  are  then 
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riTi!!ed,  nnd  ]iDEScd  tl^rough  a  wpak  solution  of  chloride  of  lime,  to  Tiiise  the  bronze,  agKin 
rinswl,  and  passed  tlirougb  a  5olution  of  nrsenious  acid  to  raise  llie  gret n. 

Sclieele's  green  fur  the  calico-printer  is  made  as  fullows  : — 

I'ake  I  Rallon  of  water,  in  wliicli  dissolve  with  heK.t, 

ft  piiunJs  of  sulphate  of  copper,  and  1  pound  of  verdigris.  When  the  two  salts  are  diB- 
sali«(,  remove  the  kettle  from  Die  fire,  and  pot  inio  it  1  quart  of  solution  of  nitrate  of 
copper,  and  5  ponnds  of  acetate  of  lead.  Stir  ihe  mixture  to  facilitate  tlie  decomposilion, 
intl  allow  the  pigment  to  subside. 

It  must  be  thickened  with  2^  lbs.  of  ?um  per  gaflon,  for  pencilling;  or  12  oz.  of  starch 
foi  the  block.  The  goods  printed  with  ibis  paste  are  lo  be  winced  through  a  caustic  ley, 
till  a  fine  shy-btue  be  produced ;  then  washed  well  and  rinsed.  They  are  now  to  ije 
pB.i^eil  Ihraugh  water,  containing  from  half  an  ounce  Co  an  ounce  of  ivliile  ar^euic  per 
piece;  4  turns  are  sufficient;  if  it  be  loo  long:  immersed  it  will  lake  a  yellow  tint. 

Cnlechu  has  been  considerablj  empli>yed  by  calico-printers  of  late  years,  as  il  alfords  a 
fine  permanent  substantive  brown,  ul  (he  shade  called  Carmelite  by  the  French.  The  fol- 
lowina  foimula  will  exemplify  lis  mode  of  application; — 

Take  1  gallon  of  water; 

1  |Kumd  of  catechu  in  fine  iwwder;  reduce  by  boiling  to  half  a  gallon,  pass  the  decne- 
tion  Ibrough  a  fine  sieve,  aNd  dissolve  in  it  4  ounces  of  verdigris ;  allow  il  then  lo  cool, 
and  thicken  (he  solution  with  5  ounces  of  starch;  while  the  paste  is  hot,  dissolve  in  il  9 
ounces  of  pulverized  muriate  of  ammonia. 

Prinl-<in  (bis  paste,  dry,  and  wash.    It  is  a  fast  color. 

I  sliall  subjoin  the  prescripiions  for  two  fancy  cochineal  printing  color! 


Jm, 


fanlh  by  cochaieal, — Fad  (he  pieces  in  (lie  aluminous  m 


if  spec.  grav.  1-027, 
days,  wince  well  tliruugh 


Dry  in  Ihe  hol  flue ;  and  aAer  bangii^  up  the  goads  during  3 
chalky  water,  and  (hen  dye,  ns  (i^llows  i — 

For  each  piece  of  28  or  30  yards,  8  ounces  of  cochineal  are  to  be  made  into  a  decoc- 
tion of  2  gallons  in  bult,  which  is  to  be  poured  into  a  kettle  with  a  decoction  of  3  ounces 
of  gnlls,  and  with  two  ounces  of  bran.  The  pieces  are  to  he  entered  and  winced  as  in 
the  madder  ba(h,  during  two  hours  and  a  half',  (ben  washed  in  thedasb  wheel.  On  mix- 
ing with  the  amaranth  bath  a  ceitain  quanlily  of  logwood,  very  beautiful  lilachs  and  vio- 
lets may  be  oblaincd. 

Miilure  of  jiMrri'rOB  and  corhiveal. — Pad  in  the  aluminous  mordant,  and  dye  with  2 
lbs.  of  rjnercitron,  and  4  ounces  of  cochineal,  when  a  capuchin  color  will  be  obtained.  If 
we  pad  with  the  following  mordant,  viz.,  1  gallon  of  aceiale  of  alumina  of  l-ObS  spec, 
grav.,  and  I  of  iron  liquor  of  1-02  S[iec.  grav.,  and  dye  with  I  pound  of  quercitron,  and 
1  ounce  of  cochineal,  we  shall  obtain  a  shade  like  boot  tops,  of  extreme  vivacity. 

Two  ounces  of  cochineal  will  print  a  long  piece  of  calico  with  rich  pink  figures,  having 
acetate  of  alumina  for  a  mordanl.  As  the  ground  is  hajiily  tinged  by  Ihe  dye,  il  neither 
needs  nor  admits  of  much  clearing. 

1  have  already  mentioned  (bat  goods  are  sometimes  padded  with  solatlon  of  perchloride 
of  tin  before  printing-ou  them  the  steam  colors,  whereby  they  acquire  both  permanence 
and  vivacity.  I  have  also  staled  thai  (be  salts  of  tin  at  a  high  temperature  are  apt  lo 
corrode  ihe  fibre  of  ihe  stuff,  and  therefore  musl  be  usfd  with  discretion.  This  danger 
is  Greatly  lessened  by  adding  to  the  perchloride  of  tin  a  sufficient  quantity  of  caustic 
potash  ley  to  form  a  slannate  of  pnlasb.  The  goods  are  padded  through  this  substance, 
diluted  wiih  water,  dried  with  a  moderate  heal,  and  then  immersed  in  very  dilute  sul- 
phuric acid,  which  saturates  (he  polash,  and  precipilales  the  (in  oxyde  within  the  pores  of 
(he  cloth.  Calico  thus  pTepared  affords  brilliant  and  permanent  colors  by  the  steam  pro- 
cess, above  described. 

Priiiling  of  lilka  or  woollen  a'nfft,  suck  aa  merinoet  atidmovsielin  delaine,  a)  aim  of  mix- 
ed alnffn  of  silk  and  tcoot,  snch  a.t  chitlyt. — All  these  prims  are  applied,  not  by  Ihe  cjlin- 
der  bot  the  block,  and  are  fixed  bv  ihe  application  of  sleam  in  one  of  four  ways  j  1.  By 
the  la^item ;  2.  By  the  cask ;  3.   By  the  ckeit ;  or,  4.  By  (he  chamber. 

1.  By  Ihe  lanlera. — In  this  mode  of  exposure  to  steam,  (he  goods  are  stretched  upon 
a  frame  j  and  Iherefore  the  apparatus  may  be  described  under  two  beads ;  the  lantern  and 
Ihe  frame.  The  former  is  made  of  copper,  in  the  shape  of  a  box  a  e  c  d  E,fig.  301,  open 
below,  and  with  a  sloping  roof  above,  to  facilitate  (he  trickling  down  of  the  water  eon- 
ilensed  upon  ihe  walls.  The  sides  b  c  r>  E  are  44  feet  high,  6  feet  long,  and  4  feet  wide. 
The  distance  of  the  point  a  fiom  the  line  e  »  is  2  feet.  At  f  is  a  brass  socket,  which 
may  be  slopped  with  a  cork ;  and  there  is  a  similar  one  al  the  other  side.  This  kind 
of  penlhonsu  may  be  raised  by  means  of  a  pulley  wilh  cords  fixed  to  the  four  angles 
of  the  roof  e  b;  and  it  rests  upon  the  table  g  h,  a  little  larger  than  the  area  of  Ihe  box, 
which  stands  upon  the  four  feel  t  k.  Round  ibe  borders  of  Ihe  table  there  is  a 
triangular  groove  a  b,  for  receiving  the  lower  ed^es  of  the  boi,  and  it  is  stufled  stcam- 
l^ht  wilh  lists  of  cloth.    Through  the  centre  of  the  table,  the  two-inch  steam  pipe  M 
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0  n  ed  w  h  a  hemispherical  rose  pierced  with  nnmerous  holes  foi 
n  of  h  sleain.  Riglit  above  it,  a  disc  n  is  placed  uiwn  jbiit  feel 
1  e  tube  L  communlcales  with  a  box  p,  which  has  a  syphon  q 
0  el  off  the  condensed  water.  At  the  upper  part  of  this  bo» 
h  lube  L  tfrminates  which  brings  the  steam.  The  litlie  liible 
G  H  slopes  towards  ihe  pan  g,  where  the  syphon  h  is  plaoci' 
fur  drawing  olf  the  water, 

The/rame  has  such  dimensions,  that  it  may  tland  in  the  foui 
coriier!  of  the  table  at  s  s,  as  pointed  oot  by  the  dolled  lines. 
The  second  pari  embraces  an  open  square  frame,  which  19 
formed  hy  spars  of  wood  2  inches  square  moniseil  togeiher  [ 
and  is  3  feet  S  inches  wide,  5  feel  S  inches  loog,  and  4  feel  3 
inches  hizh  i  it  is  strengthened  with  cross  bars.  Upon  Ihe  two 
sides  of  its  breadlh,  two  rows  of  round  brass  hoolcs  are  placed, 
abcml  half  an  inch  apart ;  they  are  soldered  to  a  copper  plate 
ilxed  to  uprii;ht8  by  means  of  screws. 

Before  hanging  up  the  gcnds,  a  piece  of  doth  3  feet  8  inches 
Ions,  and  <1  feet  wide,  is  pbced  upon  the  row  of  hooks  ,■  and  3 
feet  of  it  are  leil  hailing  out. 
One  foot  within,  the  hooks  pass  through  Ihe  cloth.  A  similar  one  is  filled  to  ihe  othei 
lide.  This  clolh  is  intended  to  cover  Ihe  goods  hnng  upon  the  hooks;  and  it  is  kept 
slraisht  by  resting  upon  strings.  The  pieces  are  ailached  zig-zag  from  one  hook  to 
anoiher.  When  the  frame  is  filled,  the  bag  is  put  within.the  ck>ths;  it  has  lb:-  same  rec- 
tangular shape  as  the  frame.  The  pieces  are  in  this  way  all  incased  in  the  cl;i.h ;  a  bit 
of  it  beinz  also  put  beneath  to  prevent  moisture  atfcclini;  that  part- 
When  shawls  are  framed,  they  are  altaehed  wilh  pins  j  and  if  Ihey  be  too  lat^e,  they 
are  diiuided  back  to  hack,  with  the  frinses  at  lop. 

These  arrangements  being  made,  the  fiame  is  set  opon  the  table,  the  penthouse  is  pla- 
ced over  il,  and  the  steam  is  admitted  during  from  35  to  45  minntes,  according  10  circum- 
stances. The  orifice  P  is  opened  at  first  to  let  the  air  escape,  and  when  it  b-gins  lo  dis- 
charge steam  it  is  slopped.  The  frame  b  takea  cut  at  the  proper  lime,  the  bag  is  re- 
mnve-l,  Ihe  cloths  are  lified  off,  and  the  goods  are  spread  ont  for  airing.  Three  frame* 
and  sii  bags  are  required  for  a  constant  succession  of  work.  The  above  apparatus  is  pair- 
tieulorly  suitable  for  silks, 

2-  Tfe  dram.— This  U  the  roost  simple  mode  of  steaming.  The  apparatus  is  a  drum 
of  while  wood,  2  inches  thick,  ^g.  303 ;  Ihe  bottom  is  pierced  with  a  hole  whjdh  admits 
the  steam-pipe  r,  leiminatins  in  a  perforated  rose.  Four  inches  from  the  botu>m  there 
is  a  canvass  partition  E,  intended  lo  stop  any  drops  of  water  projected  fiom  the  lube  f, 
and  also  lo  separate  the  condensed  water  from  the  body  of  the  apparatus.  The  drum  is 
EovereJ  in  by  a  wooden  head  h,  under  which  the  goods  are  placed.  Il  is  made  fast  either 
by  bolts,  or  by  hooks,  a  g,  thus  m ,  to  which  weighted  cords  are 
;.  The  frame  I,  jig.  302,  rests  upon  a  hoop,  a  a,  a  few  incites 
from  the  edge.  The  goods  are  hnng  upon  the  frame  in  the  or- 
dinary way,  and  then  wrapped  round  with  flannel.    The  fraroe  a 

-j^j- studded  with  pin  poinis,  like  Ihat  of  the  indigo  Tat,  fixed  about 

^^^^  B  inches  asunder.    From  20  to  30  minntes  suffice  for  one  steam- 

^    I     ^^  ins  operation.     The  upper    part  of  the  frame  most  be  covered 

I  also  wilh  flannels  to  prevent  Ihe  deposition  of  moisture  upon  it. 

,•    S02  G       At  liie  hotlom  of  the  drum  there  is  a  stopcock  to  let  off  Ihe  con- 

n  ^ n       densed  wnter.     According  to  the  size  of  the  figure,  which  is  3  feet 

s,  50  yards  may  be  bung  up  single ;  but  they  may  be  doubled 

3.  The  Jot.— This  steaming 
apparatus  ia  convenient  from  ihe 
large  quanlily  of  goods  admis- 
sible at  a  time :  il  answers  best 
for  woollen  stuffs.    From  12  lo 
16  pieces,  of  36  yards  each,  majr 
be  operated  upon  at  once ;  and 
from  240  10  260  shawls.    Il  it 
formed  ofadeal  boj,  a  a  c  d.  Jig. 
304,  4  feet  wide,  6  Ions,  and  3 
is  closed  hy  a  cover  of  the  same  substance,  r, 
y  a  list  of  felt.    The  lid  is  fastened  down  by  9 
■cured  by  screws,  e  c  c  c  c,  ^g.  806.  The  ends  of 
)  6  4  (j  6,  on  the  edEe  of  the  box.    The  rafetj 
For  taking  off  the  lid,  there  are  rings  at  tie  foul 
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Weh  ;  the  wuod  bein?  4  inches  thick, 
•fhich  is  made  steam-tight  at  the  edges 
cross  bars  of  iron,  a  a  a  a  a,  which  are 
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.and  the  box, as 
Tsda  e  b  :  the  end  d  is  shut ; 
p  are  perforated  with  many 
towards  the  cenire  of  the  boi. 
rrangemenl  of  ihe  Iowit  set 
he  upper  set  is  shown  by  the 


obcin 


n  altern: 


cd 


n  two  others.    They  are 

deal  4  inches  broad,  1  inch 

h  eqnal  lo  the  widlh  of  the 

wrapped  round  with  5  or  6 

I  nnel  or  calico  :  the  piece  of 

t  upon   a   table,  abd   Then 

he  end  of  the  piece,  several 

must  be  pul,  as  also  a  roll 

fl  To  ends  must  be  sligliljy  lied 

w  d      When  these  flat  bobbins  are 

arranged  in  a  box,  the  stenm  is  let  on  them,  and 

continued  about  45  minutes;  it  is  then  shot  off, 

the  lid  is  removed,  and  ihe  pieces  are  unrolled. 

4.  The  chamber.— Tbe  interior  beishl  of  the 
chamber,  A  B  cd,_^;.  SOS,  is  nine  feet,  the  length 
12  feet,  and  the  breadth  9  feet.  The  steam  is  in- 
troduced into  it  by  two  pipes,  a  b  c,  d  tf.  Then 
two  ends,  rf  c,  are  shat;  biit  their  sides  are  all 
along  perforated  with  small  holes.  The  frames 
E  F  a  H,  E  F  G  II,  are  moveable,  and  run  upon 
rollers  :  they  are  taken  out  by  front  doors,  which 
are  mode  of  stronR  i)lnnl(S,  shut  by  sliding  in 
slots,  and  are  pecured  by  strong  iron  bars  and 
pressure  screws,  Tbe  cross  rods,  ■  p  G  H,  are  provided  with  hooks  for  bangini:  up  Ihr 
pieces.  There  is  a  safety-valve  in  the  top  of  ibis  larse  chamber.  The  dimensions  of  the 
frame  are  ten  feet  long,  3  fett  wide,  and  7  high.  Three  feel  and  a  half  from  the  opper 
pni-l  of  the  frame,  a  row  of  hooks  is  filed  for  hanging  on  a  double  row  of  pieces,  as  show* 
ia  the  figure.  Over  the  frame,  woidlen  blankets  are  laid  lo  protect  it  from  drops  of  wa- 
ter thai  might  fall  from  the  roof  of  the  chamber.  When  the  boobs  are  two  thirds  of  an 
inch  apart,  24  pieces,  of  28  yards  each,  may  be  suspended  at  once.  The  period  of  steam. 
'!^«  is  from  45  to  60  minutes. 

Muslins  and  sillis  do  not  ceqnire  so  high  a  temperature  as  woollen  goods.  When  th» 
Muffs  are  padded  with  color,  like  merinoes  and  chalys,  they  must  not  be  folded  If^etber,  for 
fear  of  stains,  which  are  sometimes  t>ccasioned  bj  the  column  in  steam  calico-printing, 
where  the  end  which  receives  tlie  first  impression  of  the  steam  is  seldom  of  the  same 
shade  as  Ihe  rest  of  the  roll  of  goods.  The  duration  of  the  steaming  depends  upon  the 
quantity  of  acid  in  the  mordant,  and  of  saline  solution  in  the  topical  color;  the  more  of 
which  are  present  the  shorter  shouki  he  the  steaming  period.  A  dry  vapor  is  requisite  in 
til  cases !  for  when  it  becomes  moist,  from  a  feeble  supply  or  external  condensation,  the 
foods  become  streaky  or  stained  by  the  spreading  of  the  colors. 

1.  B/ocfe  figures  are  given  by  decoction  of  logwood  thickened  with  starch,  lo  which 
a  little  oxalic  acid  is  added  while  hot,  and,  after  il  is  cold,  neotralized  solution  of  nitrate 
(Tiron. 

2.  Dark  hint  far  a  groHTirf.— Decpcl 
to  which,  while  the  paste  is  hi 
told,  neutralized  nitrate  of  iro 
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3.  D/ip  jmpjn/  or  pomxitn  «)tor.— Cochineal  boiled  ia  starch  Ufatcr,  willi  caalie  add 
(or  (artaric),  ami  perchloride  iX  lin. 

4.  ftn.«.— Cochineal  infusion  ;  oialicacid;  pcrciilnride  of  lin;  [hiclfened  with  gum. 

5.  DiitK  amaranth, — Decoctions  of  archil  and  cociiineol,  thickened  with  staieh  :  to 
Uic  paste,  alnm  and  perchloridc  of  tin  are  added. 

«.  Cajmchia  color. — Quprcilron  and  cochineal  thickened  with  starch  ;  to  the  paste  add 
ixalu:  acu!  and  perchloride  of  tin. 

7,  Aiaiolio  orange. — DJBSolve  the  annolto  in  soda  ley.  of  spec.  grav.  1-07,  at  a  hoiling 
heat ;  add  Hlnininate  of  soda,  and  thicken  with  gum. 

8.  Golden  yeltou;, — Decoction  of  Persian  hemes  thichened  with  starch  ;  to  which  some 
alum  and  muriate  of  lin  are  added,  with  a  little  perchloride  of  tin  and  oxalic  acid. 

II.  Lernon  yfllou:, — Persian  berries;  starch ;  alnm. 

10.  An  ommoniacal  solution  of  cochineal  is  nsed  for  makin?  many  violet  and  mallow 
colors.  It  is  prepared  by  infusins  cochinpiil  in  water  of  ammonia  for  24  hours  \  then 
diluting  with  water,  heatins  lo  cbnllilion,  and  Elrainin°:. 

1 1.  Fiiic  vMet  is  given  by  ammoniacal  cochineal,  with  aium  and  oxalic  acid ;  lo  which 
a  lillie  acelo-sniphnle  of  indisri  is  adiJed,  and  gum  for  thickening.  The  following  blue 
may  be  used  instead  of  llie  solotioti  of  indigo.  The  mallow  tint  is  given  by  addit^  a 
little  perchloride  of  lin  lo  the  above  formala,  and  leaving  oul  the  blue. 

12.  i>((rfrWiie.— Soluble  Pmstian  blue;  tartaric  acid ;  alum;  thicken  with  gum. 

la.  Emerald  great. — One  quart  of  decoction,  eqaivalenl  lo  1  pound  of  Persian  ber- 
ries; I  quart  of  infusioji  of  quercitron,  of  spec.  grav.  l-OST  ;  in  which  dissolve  12  ounces 
of  alum  in  powder ;  and  add  6  ounces  of  the  following  blo'e  bath  f>.r  greens ;  thicken 
with  20  ounces  of  gum. 

11.  Blue  bath  for  greens.  Half  a  gallon  of  waler  at  140°  F.,  one  pound  of  soluble 
Prussian  blue,  3  ounces  of  tartaric  acid,  and  3  ounces  of  alum. 

r.  Prii,H«g  of  SUk>.—l.  Of  Ihe  madder  aiyU.  This  is  one  of  the  most  difficnl!  to  eie- 
cule,  requirine  both  much  skill  and  enpetience.  The  first  step  is  the  removal  of  the  gum. 
A  copper  beine  nearly  filled  with  waler,  the  pieces,  tied  np  in  a  linen  bng,  are  put  into 
it,  with  a  quarter  of  a  pound  of  soap  for  every  pound  of  silk,  and  are  boiled  for  3  hours. 
If  the  silk  be  Indian,  half  an  ounce  of  soda  crystals  must  he  added.  When  Ihe  goods 
are  taken  oul,  they  are  rinsed  in  the  river,  then  passed  through  water  at  140°  F.,  holding 
S  ounces  of  crystallized  soda  in  solution,  as  a  scourer.  They  are  next  rinsed  in  cold 
water,  and  steeped  in  waler  very  fainlly  acidulated  with  sulphuric  acid,  during  4  hours, 
then  rinsed,  and  dried. 

PreparaiioH  of  Mordants. — 1  gallon  of  boiling  waler ;  2  pounds  of  alum;  dissolve; 

l.pnund  of  acetate  oflead;  4  ounces  of  sal-ammoniac;  lofchali;  mix  well  together ; 
afier  dpcomposilion  and  subsidence,  draw  ofi'  clear. 

1.  Red. —  1  gallon  of  the  above  mordant,  thickened  with  14  ounces  of  starch,  and 
tinged  wiih  decoction  of  Brazil-wood.  If  dark  red  .he  wanted,  dissolve,  in  a  gallon  of 
Ibe  abnve  red,  4  ounces  of  sulphate  of  copper. 

2.  Black. — 1  gallon  of  iron  liquor,  of  1*056  spec.  Rrav, ;  thicken  with  14  ounces  of 
starch ;  and  dissolve  in  Ibe  hot  paste  2  ounces  of  sulphate  of  copper. 

3.  Fioied— Take  1  gallon  of  iron  liquor  of  1-04  spec.  grav. ; 

2oancesof  creEunof  tar»r;  2  ounces  of  nitre ;  2  ounces  of  copperas; 
1  ounce  of  alum:  dissolve,  and  mil  ihe  sidution  wilh 
I  gallon  of  gum  water,  containing  6  lbs.  of  gum. 

4.  Pk«.— Half  a  gallon  of  red  mordant;  half  a  gallon  of  iron  liquor  of  1-07; 
:s  of  starch  for  thickening ;  color  with  logwood. 
he  above  colors. — Print-on  the  black,  ihen  the  pu 
Dry  in  the  hoi  flue,  and  48  hours  after  the  imp 

the  paste.  The  copper  employeil  for  dyeing  is  of  a  square  formi  a  boil  is  given  w 
bran,  at  the  rate  of  4  lbs.  per  pieca  of  the  fovXarda  .-  cold  waler  is  added  lo  lower  Ihe 
temperature  to  130°  F.  The  pieces  must  be  entered  with  the  primed  surface  under- 
most, and  winced  for  half  an  honr,  taking  care  to  keep  them  expanded  and  well  covered 
wilh  ihe  liquorr  they  are  then  taken  out  and  rinsed.  When  grounds  are  to  he  made  on 
the  foulards,  2  ounces  of  snmach  must  be  added  per  piece. 

Madderiug. — Suppose  48  pieces  are  to  be  grounded  wilh  madder.  12  pounds  of  mad- 
der tnusl  be  pnt  into  the  copper,  1  pound  of  sumach,  and  6  pounds  of  bran;  the  bath 
mitsi  be  tepid  When  the  pieces  are  entered ;  it  roust  be  heated  to  104°  F.  in  20  minutes, 
and  to  the  bniling  point  in  an  hour  and  a  half.  The  goods  must  be  briskly  winced  all 
the  time,  and  finally  turned  oul  inio  cold  water. 

When  Ihey  come  oat  of  the  madder  bath  they  are  much  loaded  with  color.  They  are 
cleared  by  a  boil  oC  half  an  hour  in  bran,  then  turned  out  into  cold  waler,  end  rinsed.  A 
copiier  must  be  now  mounted  with  3  pounds  of  soap,  1  ounce  of  solution  of  tin,  and  2 
pailsful  of  bran,  in  which  the  goods  are  to  be  boiled  for  half  an  hour,  then  rinsed,  and 
passed  ihroii'h  a  very  dilute  sulphuric  acid  bath.  Then  rinse,  and  dry.  By  following 
Jiis  process,  a  light  salmon  ground  is  obtained. 
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II.  Sliam  colors  upon  sUk. — The  same  pliin  of  operations  may  be  aiicpted  here  as  n 
denaribeii  for  cnlico-pr inline  \  the  main  dilfereiice  bfin^  in  Ihc  method  of  inordnnline  the 
Eliiirs.  After  boiling  in  soap  water,  in  the  pmportion  of  4  ounces  per  pound  of  si!k,  the 
goods  are  washed  in  cold  water,  and  (hen  in  hut  water  at  140°;  Ihej  are  next  I'ln^ed, 
p»F<ed  through  weak  sulphuric  acid,  rinsed,  squtezed  between  rollers,  and  aflerwaiils 
sleepeJ  iJ  a  bath  conlainins  8  ounces  of  alum  per  gallon,  where  they  remain  for  fi>ur 
hours,  with  occasionally  wincing.  They  are  now  rinsed  nnd  dried.  The  subsequent 
treatment  resembles  thai  of  sieam-color  printed  cottons. 

Fi'iirJc. — Take  a  gallon  of  decociion,  made  with  4  lbs.  of  logwood,  with  mliich 
14  ounces  of  starch  are  (o  be  combineJ  ■  mix  in 
2  ounces  of  powdered  nut-galls :  buil,  a.id  pour  the  color  into  a  pipkin  con 

a  ounces  of  larlaric  acid  ;  2  ounces  of  oxalic,  both  in  powder,  and 
2  ounces  of  olive  oil.    Stir  the  color  till  it  i<  cold,  and  add 
8  ounces  of  nitrate  of  iron,  and  4  ounces  of  nitrate  of  copper. 
The  red,  violet,  lilaeh, yellow  colors,  &c.  are  the  same  as  for  steam  colors  upon  cotton. 
Toiiical  colors  are  also  applied  without  mordanting  the  silk  beforehand.     In  this  case  a 
lillle  muriate  of  (in  is  introduced.    Thus,  for 

ydlou.: — Take  1  gallon  of  a  decoction,  made  with  4  lbs.  of  Persian  bei.ies  :  di?snlre 

in  it  8  ounces  of  sail  of  tin  (moriate),  and  4  ounces  of  the  nttro-muriaue 

solution  of  tin.    Thicken  with  2  pounds  of  gum. 

Prlnling  o/fmlard  pifcej.     The  tables  which  serve  for  the  impression  of  silk  goods  are 

so  constructed  as  to  receive  Ihem  in  Iheir  full  breadth.    Towards  the  part  between  (be 

>  and  the  labl'-,  the  roller  is  mounted  upon  which  the  piece  is  wound. 

This  roller,  a  b.  Jig.  SOB,  has  a  groove,  c,  cut  out  parallel 

lo  its  axis.    lato  this  a  bar  is  pressed,  which  fixes  the  end 

of  the  piece.    The  head,  e,  of  the  roller  is  pifrced  with 

several  holes.  In  which  an  Iron  pin  passes  for  slopping  its 

rotation  at  any  point,  as  is  shown  al  B.    At  the  other  end 

°  of  the  table  there  is  placed  a  comb.  Jig.  310,  which  is 

its  ends.    The  teeth  of  the  comb  are  on  a  level  with  the 
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The  piece  is  arranged  for  printing  as  follows : — It  is  unwound,  and  its  end  is  hronsihl 
upon  the  teeth  of  the  comb,  and  made  to  pass  into  them  by  sliEht  top?  with  a  brush. 
It  is  now  stretched,  by  turning  round  the  roller,  and  fixing  it  by  the  pin-handle. 
After  tracing  the  outline,  the  printing  blocks  are  applied.  Care  should  be  taken,  in 
the  course  of  printing,  always  to  fix  the  teeth  of  the  comb  in  the  middle  line  bclween 
two  handkerchiefs.    The  operation  of  grounding-iii  is  mucfi  facilitated  by  this  plan  of 

The  pieces  are  washed  in  running  water,  and  must  be  rapidly  dried.  The  subse-^uent 
dressing  is  given  by  gum  tragacanth :  they  are  dried  upon  a  stretching  frame,  and  then 
fokled  np  for  the  market. 

III.  Mandarimng  of  sillt  itvffs  and  ckalya. — This  style  ot  printing  depends  upon  the 
properly  which  nitric  acid  possesses  of  giving  to  silit  and  woollen  stuffs  a  yellow  color. 
The  first  step  i-.  the  'couring  with  a  soap  boil,  as  already  described. 
The  desiana  are  printel-on  as  also  above  descubed. 

The  snimming  or  color  tub  is  usuallj  double,  and  serves  for  two  tables;  instead  of 
being  placed    therelore,  at   the  end  ol   the  table,  it  is  put  between   two,  and,  wmse- 
qnentlj,  behind   the  printer.     It   is  formed  of  a 
copper  chest,  fig.  311,  A  E  C  P,  in    which  steam 
maj  cu^ali(e,  introduced  by  the  pipe  i ;  the  ex- 
bemg  allowed  to  escape  by  the  tnbe  ),  as  also 
naler  of  condensation.    The  frame  is  placed 
in  (he  hollow  box  k  k.    Between  two  such  fVames 
e  IS  a  plate  of  copper,  i,  which  closes  the  box  j 
nes  for  laying  the  plates  in  order  to  keep  Ihpm 
e  prolongations  of  the  bffv,  m  which  are  set  the  vessels  f  g  for  hoid- 
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tEttn  out  of  the  slrelch  till  it  is  luite  dry,  which  requires  nsnally  6  hours.  Let  us  eon 
sider  first  the  most  common  case,  that  of  a  white  upon  sn  orange  ground.  We  shaL 
afterwards  describe  llie  other  styles,  which  may  be  obtained  by  this  process.  The  piei.'e, 
being  printed  and  dry,  must  neit  be  subjected  lo  the  jjionduriiiiiig  operation. 

gj2  l^he  apparalDS  here  employed  consists  of  a  simdstone  IrousI 

"    ^  "  BCD,  Jig.  815.    Upon  the  two  sitiss,  a  c,  b  c,  of  this  tiouah 

e  filed  Iwo  wooden  planks,  pierced  with  a  bole  an  inch  from 
the  bottom  lo. receive  Ibe  rtdler  e,  under  which  the  piece  passes. 
[n  this  trough  the  Held  mixture  is  put.    That  trough  is  put  in- 
;o  B  wooden  or  copper  tiough,  f  o  H  I.    Into  the  latter,  water 
is  put,  which  is  heated  by  means  of  steatn,  or  a  conventeul  fur- 
lace.    Before  and  behind  are  placed  two  winiss,  or  reek,  k  l  ; 
jne  serves  to  gnide  the  piece  in  enterina  into  ihe  troiii-h,  and 
the  other  in  its  leiiving  it.    The  piece  falls  immediately  into  a 
am  of  cold  water,  or,  failing  thai,  jilo  a  large  back,  con- 
tainin?  a  misiare  of  chalk  and  water.     The  two  winces  are 
moved  by  h;indle3 :  the  Telocity  is  pi-oportionfd  lo  the  action  of 
the  acid.    The  wini-e  i.  on?ht  to  be  higher  than  b,  to  allow  ihe 
acirl  to  drain  uIT.     Jip,  SIR  shows  a  section  of  the  apparatus. 
The  lem|)eralore  of  the  acid  miiture  onghl  to  he  maintained 
K..'   between  95°  and  100°  P. ;  for  if  it  be  raised  higbet,  the  rpsisl 
iv   would  run  the  risk  of  melting,  and  ttie  impression  would  be- 
come u'resnlar  and  blotty. 

The  proportions  of  the  acid  mixture  are  the  following  :— 
I  gallon  of  water;  and  1  Ralbm  of  nitric  aciJ,  of  spec.  grav. 
1-288,  which  may  be  increased  with  the  strength  of  the  silk.  It  should  be  a  little  weaker 
for  chalys.  For  the  stroi^  greens  it  may  be  2  measures  of  acid  of  1'288  i 
water.  The  duration  o(  the  passage  through  the  acid  should  be  1  minult 
Mixiwrt  of  orange  folar,  and  ciearitig  a-aay  of  Ihe  raisl.— The  Roods, 
of  the  mandarining  apparatus,  are  rinsed  in  running  water;  then  boiled  in  sunji  imic 
quickened  with  a  little  soda,  at  the  rate  of  2  lbs,  of  the  former  e.nd  4  oz.  of  the  Intli 
for  a  piece  of  30  yards.  They  must  be  vrorted  by  the  wince  for  half  an  hour.  Tht 
Bie  now  rinsed  in  cold  water,  then  passed  Ibrongh  hot,  asain  rinsed,  and  dried.  I  sha 
give  some  examples  of  Ihe  mode  of  manufacture,  which  is  undoubtedly  fine  of  the  mo: 
curious  applications  of  chemical  ingenuity. 

1,  Orange  ground  viilh  uliire  Jigiires. 

(1.)  Print-on  the  fat  reserve  (  (2.)  mandarine;  (3.)  brighten  the  orange,  and  clear. 

2,  Orange  grotmd  viilh  bluejlgvre!. 
(1.)  Dip  in  the  indigo  Tat  as  for  calico  i  (2.)  print-on  the  fat  resist 

blue  ;  (3.)  mandarine  j  (4.)  clear,  and  brighten  the  orange  by  the  boil. 

3.  Orange  gTOKvd,-U!iili.blve  and  Khiit  Jigares. 
(I.)  Print^n  the  resist  to  preserve  the  white;  (2.)  dip  in  the  vflt,  rinse,  and  dry  ;  (3.) 

ground-in  Ihe  fal  resist  to  preserve  thebiuei  (4.)  mandarinei  (5.)  cleanse,  and  brighten. 

4.  Fjill  green  gromid,  and  vihile  Jignres. 
(I.)  Print-on  the  resist;  <2.)  mandBriae,and  ri 

vat ;  (4,)  cleanse,  and  brignten. 

6,  Full  green  ground,  and  bine  figurfa. 

{!.)  Dip  a  pale  blue,  rinse,  and  drj;  (2.)  print-on  the  fat  ri 
and  dry;  (4.)  dip  foil  blue;  (5.)  clean,  and  briKhlcn. 

6.  Frill  green  ground,  vtilh  itkile  and  blue  figures. 

(1.)  Print  on  Iheresist;  (2.)  dip  a  pale  blue,  and  dry;  (3.)  ground-in  the  fat  resist) 
(4.)  mandarine  and  rinse;  (5.)  dip  a  full  blue;  (6.)  clean,  and  brighten. 

7.  Full  green  ground,  tHih  while,  blue,  and  orange  figures. 

(i.)  Print-on  the  fat  reserve ;  <2.)  dip  a  pale  blue,  and  diy;  (3.)  ground-in  the  re 
lervei  (4.)  mandorine,  rinse,  and  dry;  (5.)  ground-in  the  reserve;  (6.)  dip  a  full 
bluoj  (7.)  clean,  and  brighten. 

If  blue  grounds  with  white  figures  be  wanted,  the  resist  must  be  applied,  and  then 
(he  goods  must  be  dipped  in  the  blue  vat:  the  resist  is  aflerwards  removed  by  a  boil  in 

The  above  processes  are  applicable  (o  clhalys. 

The  property  which  nitric  aciJ  possesses  of  staining  animal  matters  yellow,  such  as 
\ie  skin,  wool,  and  silk,  is  here  applied  to  a  very  elegant  ptirpuse. 

0/  (^  brome.  or  solitaire  s/yle  by  mandarining. — The  mandarining  mixture  is 

1  gallon  of  nitric  acid,  of  M7  spec.  srav. ;  mixed  with  3  pints  of  solution  of  nitrate 
of  iron,  of  spec.  grav.  J-PS.  If  Ihe  qnantily  of  nilrale  of  iron  be  increased,  a  darker 
lint  will  be  obtained.  The  temperature  of  the  mixture  EhouU  be  94°  F.  The  piecei, 
■Her  mandarining,  are  let  fall  int!;  water,  anu  steeped  for  an  hour. 


n  coming  o 


0  preserve  the 


sewiihout  drying;  (3.)  dip  in  the  blue 
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In  order  lo  raise  the  bronze,  and  dear  aivay  Ihe  fat  res^ist,  the  goods  mujt  be  boileJ  in 
R  balh  (if  soap  and  soda,  as  described  fur  omii^e. 

1.  Bnnne  ground, leillt  ititileJigiiTes. 

(].)  Print-on  the  Talcesiel;  (2.)  dip  in  the  blue  val,  and  dry;  (3.)  pad  in  a  decselion 
of  logwood,  of  4  lbs.  per  gallon  ;  dry,  taking  care  (o  turn  over  Ihe  selvages  ;  (4.)  loai-ila- 
rinc,  and  steep  in  waler  for  an  honr;  (B.)  cleanse,  and  pass  through  soap. 

2.  Bnmte  groujid,  irilh  ttne  figures. 

(J.)  Bipin  the  blue  ynt,  and  dry j  (2.)  print-on  Ihe  fal  resist!  (3.)  pad  in  ihe  abov* 
decoction  of  logwood,  and  dry;   (4.)  mandarine,  and  sleep  an  hour^  (5.)  ctiensr,  and 

3.  Bronze  ground,  -wilk  Tchile  and  blue. 

(i.)  Print-on  the  fal  refisl;  (2.)  dip  in  the  blue  i-al.  and  dry  ;  (3.)  ground-in  the  fat  re- 
sist i  (4.)  pad  in  the  logwood  liquor,  and  dry ;  (5.)  n,undarine,  and  steep  for  an  hoar ; 
(6.)  cleanse,  and  give  the  brightening  boil  niih  soap. 

This  style  of  manafacture  may  be  execuled  on  chalyn;  and  is  capable  of  producing 
beauliful  efTcctSf  which  wiU  in  vain  be  ^UEht  for  by  other  means. 

Wilh  silks,  adTttnlage  may  be  derived  fiom  varinus  metallic  solutions  which  possess 
(lie  properly  of  staining  Hniinal  substances;  among  which  are  nitrate  of  silver,  nitrate  of 
mercury,  and  muriate  of  iron.  The  solutions  of  these  salts  may  be  thickened  wilh  gum, 
and  printed-on. 

.^H  oravge  Kpon  on  indigo  vat  ground. — Aftei  the  blue  ground  has  been  dyed,  orange 
(igurei  may  be  produced  by  prinling-on  the  llillowing  discharge  paste: — 

I  gallon  of  water,  made  inla  a  paste  wilh  I  pound  of  starch  ;  when  cold,  add  lo  it  from 
16  to  24  ounces  of  nitric  acid,  of  spec.  grav.  1-28S.  Afler  fixing  the  color  by  steam, 
ttie  oranee  is  brightened  wilh  a  soap  boil. 

A  orange  upon  a  PmasianHue  gronvd. — The  dye  is  first  given  by  Prussian  blue  is 
the  ordinary  way,  and  then  the  following  discharge  is  prinled-nn  : — 

A  caustic  ley  being  prepared,  of  l-((86  specifie  grayiiy,  dissolve  in  a  eallon  of  it  2 
pounds  of  annolto,  and  thicken  with  3  pounds  and  a  quarter  of  gum.  Two  days  sAer 
the  impression  of  Ibis  paste,  pass  the  goods  throi^h  steam,  and  wash  tbeni  in  running 
water.  Wilh  these  two  designs,  the  logwood  and  gall-black,  formerly  described,  may  be 
nsfocialed,  to  produce  a  rich  effect. 

To  the  preceding  practical  instructions  for  printing  calicoes,  silks,  woollens,  and  mixed 
fabrics,  made  of  the  two  latter,  a  few  annotations  may  be  added. 

When  a  uniform  color  is  to  be  applied  tobolh  sides  of  the  clolh,  the  padding  process  is 
employed ;  but,  when  only  one  side  is  to  be  tlius  colored,  diagonal  lines  are  cut  very.clnse- 
ly  to  each  other  upon  the  cylinder,  which  transfer  so  much  color  from  the  trough  to  the 
cloth  passed  under  it  as  to  make  the  surface  appear  uniformly  staineil.  This  process  is 
called  mallage  by  the  French.  Mordants  or  topical  dyes,  to  be  applied  in  this  way, 
siitiuld  not  be  much  thickened. 

The  dtnihkr  is  Ihe  pit ce  of  fell  or  blanket  staff  placed  between  the  cloth  to  be  printed, 
and  the  block  printtng-lable,  or  the  cylinders.  It  should  be  kept  very  clean;  because, 
were  it  soiled  with  acetate  of  iton,  it  would  spoil  all  the  light  shades  made  wilh  acetate 
of  alumina. 

Filters  for  the  color  shop  of  a  print-house  are  best  made  of  wool,  formed  into  a  sub- 
stantial conical  cap  by  feltinir.    A  filter  ought  to  beset  apart  for  each  difl~ercnl  dye-stuif. 
When  ihe  goods  after  dyeing  are  washed,  by  being  held  by  the  selvage,  dipped,  and 
sbaken  in  a  stream  of  water,  the  process  Is  called  giving  a  list  by  the  French  {dmaier  unt 
lisilrc).    The  piece  is  transferred  alternately  from  one  hand  to  another. 

Stains.  When  we  observe  slains  produced  by  mordants  upon  spots  where  no  color  is 
to  come,  we  must,  before  dunging  ttie  goods,  apply  b  little  of  the  lime-juice,  or  tartaro- 
oxnlic  acid  dlschai^e  paste,  to  the  place.  11^  on  the  contraiy,  Ihe  stains  are  not  perceived 
til)  after  the  maddering,  we  must  then  apply  to  il  first  a  strong  solutionof  chloride  of  lime 
wilh  a  pencil,  next  a  solution  of  oxalic  acid  mixed  with  a  liltle  muriatic  with  anothei 
pencil,  and  immediately  afterward  wash  with  water.    Every  madder  si.aia  will  be  eUaced 

liust  stains  are  removeable  by  a  mixture  of  osalic  and  muriatic  acids. 

Indigo  slains  by  the  combined  action  of  chloride  of  lime  and  muriatic  acid. 

Topical  yellow  stains,  or  yellow  dyes,  by  the  same  combination. 

Metallic  greens  and  Scheele's  green  by  the  acid  alone. 

Chrome  green,  and  Prussian  blue.  The  blue  may  be  taken  out  by  a  causlic  alkali; 
nftcr  which  the  goods  must  be  washed  :  the  residuary  rust  slain  may  he  renioved  by  the 
mixture  of  oxalic  and  muriatic  acids.  The  above  methods  refer  to  collon  and  linen. 
The  slains  on  silk  and  woollen  stuffs  should  be  removed  belbre  fising  the  colors  by  the 
loil  (  which  may  generally  be  done  by  scratching  with  the  finger,  wilh  Ihe  aid  of  x 
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Mr.  Hudson,  of  Rale,  near  Eodidak,  oblaineU  a  patent,  in  December,  1834,  fo»  a  me 
ehanism  wliicli  rurni-hes  a  eonlinual  and  regular  supply  of  color  lo  the  sieve  or  leai 
{Im,  Fr,),  into  whicLi  the  primer  has  lo  clip  his  blocli,  for  the  purpose  of  receiving  Iha 
color  aboul  to  be  li-aiisferreJ  to  Ihe  fabric  in  the  operations  of  prinlini;  calicoes  or  jiaper 
hangings.  The  contrivance  consists  in  a  travelling  endless  web,  moved  by  power,  which, 
by  passing  pro£;feEfive]y  from  the  color  val  over  (he  diapliragm,  brings  foi-ward  conlinu- 
nugly  an  equable  sujiply  of  the  colored  paste  for  the  workman's  blocli. 

Fig,  814  represents  the 
eonslruclioD  of  this  Inge- 
n  ous     apparatus      f^hown 

TCB'el  of  iron  supported 
upon  wooden  Eianctards  b  b, 

0  er  the  pper  surface  of 
wh  ch  vessel  a  sheet  or 
d  apl  ragm  c  c  of  o  led 
cl  1  or  other  i  table 
el»..l  c  maler  al  is  d  s- 
tended    and    made  fast  at 

1  ■:  ed^es  by  be  ne  bent 
over  a  fiance  and  picked 
;  d  1  inte  ded  to  conduct 
n  ol  tie  c(l  mn     o  create 

such  upward  pressure  as  shall  give  to  the  d  aphra"iii  a  si    1 1  bul  e  Lke  Ihe  s  v  mm  ig 
tub. 

An  endless  web,  e  e  p,  passing  over  Ihe  surface  of  the  d  .p  rainn  sd  s  ended  over  three 
rollers,/gA,  the  lower  of  which,/,  is  in  conlacl  With  Ihe  color-roller  i  in  the  color- 
trougli  K.  On  Ihe  axle  of  the  roller  i  a  pulley  wheel  is  faed,  which  allows  the  roller  to 
be  turned  by  a  band  from  any  first  mover;  or  Ihe  toller  may  receive  rotatory  motion  by  a 
winch  fixed  on  its  axle.  On  this  said  axle  there  is  also  a  toothed  wheel,  taking  inlo  a 
another  loolhed  wheel  on  the  axle  of  the  roller/;  hence,  tiie  rotation  of  the  color-roller 
i  in  Ihe  one  direction  will  cause  the  roller  /  to  revolve  in  the  opposite,  and  lo,  carry  for- 
ward the  endless  web  e  e  e,  over  ihe  elaslic  diaphragm,  Ihe  web  labing  with  it  a  stratum 
uf  color  received  from  the  roller  i,  evenly  dislrihuted  over  its  surface,  and  ready  for  the 
printer  to  dip  his  block  into. 

The  axles  of  (he  rollers/ and  ?  turn  in  stationary  bearings ;  huttbeasleofS  is  mounted 
in  sliding  nuls,  which  mav  be  moved  by  lurnii^  Ihe  screws  in,  for  the  parpose  of  tight- 
ening the  endless  web.  The  asleofthe  color-roller  t  turns  in  mortises,  ami  may  be  rais- 
ed by  screws  n  in  order  to  bring  its  surface  into  contact  with  ihe  endless  web.  To  pre- 
vent too  great  a  quantity  of  color  being  token  ap,  the  endless  web  passes  through  a  long 
slit,  or  parallel  aperture,  in  a  frame  o,  which  acis  as  a  sciaper  or  doctor,  and  is  adjnsla- 
ble  by  a  screw  p,  to  regulate  the  quantily  of  color  carried  up.  The  contents  of  the  vessel 
a,  and  of  the  color-trough  fc,  may  be  discharged  when  required  by  a  cock  in  Ihe  bottom 
ofeacn.    See  Paper  Hancings,  for  the  fonrfu  style. 

Toe  outside  working  gear  of  the  four^Kilouf  calico  printing  machine,  is  shown  in/ji. 
815.,  where  A,  A  is  a  part  of  the  two  strong  iron  frames  or  cheeks  in  which  the  vai'ious 
rollers  are  mounted.  They  are  botmd  together  by  the  rods  and  bolts  a,  a,  a.  e  is  the 
large  iron  presaure  cylinder,  which  rests  with  its  gudgeons  in  bearings  or  bushes,  which 
can  be  shitted  up  and  down  iik  slots  of  the  side  cheeks  a,  a.  These  bushes  ai^ 
sospended  from  powerful  screws,  i,  which  turn  in  brass  nuts,  made  fast  to  the  top  of  the 
frame  *,  as  is  plainly  shown  in  tlie  figure.  These  screws  serve  to  counteract  the  strong 
pressure  applied  beneatli  that  cylinder  by  the  engraved  cylinders  n,  e. 

c,  D,  E,  F.  (seejf^.  297, )are  four  printing  cylinders; named  in  the  order  of  their  opera- 
tion. '  They  consist  of  strong  tnbes  of  copper  or  gun  metal,  forciblvthmst  by  a  screw 
press  upon  tJie  iron  mandrels,  round  which,  as  sbafte,  they  revolve.  The  first  and  last  oy- 
lindora,  o  and  r,  are  mounted  in  brass  bearings,  which  may  be  shifted  in  horizontal  slots 
of  the  frame  a.  The  pressure  roller  e,  against  whose  sucfece  they  bear  with  a  very 
little  obliquity  downwards,  may  be  nicely  adjusted  to  tliat  pressure  by  its  elevatmg  and 
depresMng  sorews.  By  this  means  c  and  f  can  be  adjusted  to  b  with  geometrical 
precision,  and  made  to  press  it  in  truly  opposite  directions. 

The  bearings  of  the  cylinders  n  and  e  are  lodged  also  in  slots  of  the  frame  a, 
which  point  obliquely  upwards  towards  the  cenfM  of  b.  The  pressure  of  these  two 
ftrint  cylinders,  c  and  f,  is  produced  by  two  screws,  c  and  d,  which  work  in  brass  nuts 
made  fast  to  the  frame,  and  very  visible  in  the  figure.  The  framework  in  which  these 
bearings  and  screwa  are  placed  has  a  curvilinear  form,  in  order  to  permit  the  cylindera 
to  be  readily  removed  and  replaced,  and  also  to  introduce  a  certain  degree  of  elasticity. 
Honae  the  pn^'we  applied  to  the  cylinders  o  and  f  partakes  of  the  nature  of  a  spring, 
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>  cirtjumstance  essential  to  their  wovking  smoothly,  notwitlistaiiding  the 
iiieijnalitics  !□  tlie  thickness  of  the  felt  web  atid  the  calico. 

The  pressure  upon  tJie  other  two  print  cylindera,  d  and  E,  is  produced  by  weigliU 
acting  with  levers  against  the  bearings.  Tha  bearinga  of  d  are.  at  each  of  their  ends, 
acted  upon  by  cjlindrical  rods,  which  slide  in  long  tubular  basses  of  the  frame,  and 
press  with  their  nuta  g.  at  their  under  end  apoH  the  smallar  arras  of  two  strong  levers 
a,  which  lie  on  each  side  of  the  machioe,  and  whose  tulcrum  is  at  h  (in  the  lower 
corner  at  the  left  hand).  The  longer  arms  of  these  levera,  q,  are  loaded  with  weights, 
H,  whereby  tliey  are  made  to  press  np  against  the  bearings  of  the  roller  d,  with  any 
desired  degree  of  force,  by  screwing  up  the  nut  g,  ana  hanging  on  the  requisite 
weights. 

The  manner  in  which  the  eylindor  e  is  pressed  up  against  b  is  by  a  similar  con- 
struction to  that  just  deaoL'ibed.  With  each  of  its  beanugs  there  is  connected,  by 
the  link  h,  a  carved  lever  i,  whose  fulcrum  or  centre  of  motion  is  at  o.  By  turning, 
therefore,  the  seiew  m,  tJie  weight  i,  laid  upon  the  end  of  the  longer  arm  of  the  lever  k 
(of  which  there  ia  one  on  each  side  of  the  machine),  may  be  made  to  act  or  not  at  plea- 
sure upon  the  bearings  of  the  cylinder  b,  Tha  operation  of  this  esquisite  machine 
-  —  --lately  described  in  pp.  315,  "'"' 
patent  was  obtained  in  Augi 


August,  iRSq,  by  Mr.  J.  C  Miller  of  Manchester,  for  cer 
improvements  in  prit,.iug  ualicocs,  consisting  of  a  modified  mechanism,  by  which 
the  same  effect  can  be  produced  as  by  block  printing. 

Figs.  S16,  SIT,  31S,  are  several  views  of  thiS'juaehine,  calculated  to  print  two  pieces, 
or  two  different  patterns  (on  the  same  block)  of  calico,  aide  by  side,  or  four  pieces,  tlie 
carrln^e  printjag  both  ways,  the  intended  device  consisting  of  four  colours  to  be  priuted 
from  wocts. 

J%.  31fi-  represents  a  side  elevation,  Ji^.  S17.  a  front  view,  and  fig.  318.  a  trans' 
Terse  section,  taken  nearly  through  the  middle  of  the  machine. 

The  aide  or  main  framing  is  shown  ato,  a,  supporting  the  colour  boxea  b,  b,  b,  with 
llleir  doctora ;  the  furnishing  tables  or  beds,  c,c,c,  (sQbBtitutcs  for  theaievee  inordinary 
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block  printing)  ;   the  printing  table,  d,  d 
rollwa,//,  jf,if,  A,  A. 


and  the  feeding,  drying,  and  colourini 


The  I 


This  carriage,  t,  i,  traveU  in  ai 
Ihe  main  framing. 

The  operation  of  the  machine  is  effected  by  passing  a  driving  Etrap,  t,  round  the 
driving  pulley  m,  fixed  at  the  extremity  of  the  main  driving  shaft,  n,  b.  At  the  other 
end  of  this  shafl,  Ihe  hevil  pinion,  o,  i\i  keyed,  gearing  at  suitable  intervals  with  the  bevil 
wheel  p,wbich  is  monnted  upon  Ihe  end  of  the  cross  shaft  5 ;  nt  about  the  middle  o( 
this  shaft,  llie  mitre  wheels  r,  r,  driving  the  npiight  shaft  s,  s,  and  mitre  wheels  /,  (, 
above,  actuate,  by  meansof  the  spur  pinions  «,b,  the  feeding  roilers/,/,  and  thus  draw 
Ihe  pieces  of  goods  into  the  machine. 

Simnltaneousty  with  the  progress  of  the  cloth,  the  mitre  wheels  v,  v,  at  the  other 
end  of  the  cross  shaft  5,  drive  the  furnishing  rollers  w,  w,  vi,  by  means  of  the  spur  gear- 
ing X,  X,  X.  The  furnishing  rollers,  revolving  in  their  respective  color-boxes,  spread  or 
apply  the  colors  upon  the  travelling  endless  blankets,  y,  y,  y,  which  pass  round  the  top 
roller  and  the  fnmishii^  tables  or  beds,  e,  c,  c,  in  order  to  supply  the  colors  to  the 
surfaces  of  the  printing  blocks,  j,  y,  j.  Either  l>eds  or  the  backs  of  the  printing  blockj 
may  be  made  slightly  elastic,  (0  insure  the  perfect  taking  up  of  the  colors- 
Supposing  the  carriage,  1,  i,  to  be  run  out  upon  its  railways,  at  the  farthest  point  fron: 
the  beds  c,  c,  it  is  drawn  inward  toward  the  furnishing  beds  q,  c,  by  means  of  tli€ 
spur-wheel  x,  upon  the  driving-shaft  b,  fating  into  a  small  pinion,  1  (shown  by  dots 
in  fig,  17),  upon  Ihe  shaft,  2.  On  the  end  of  this  shaft  is  also  keyed  the  mangle 
pinion,  3,  gearing  in  the  mangle  wheel,  4,  which  is  keyed  upon  Ihe  end  of  Uie  shaft,  S 
This  shaft  drives  the  spur-wheel,  6,  in  gear  with  the  pinion,  7,  made  fast  to  the  shaft, 
ieeefig.  19). 

Upon  either  end  of  the  sliafl,  5,  is  a  rack  pinion,  9,  taking  into  the  horizontal  rack  IQ. 
made  fast  to  the  carriage-frame,  it;  and  thus  the  blocks  j,j,  are  presented  to  the  fiir- 
nishing  blankets  y,  j,  y,  and  take  a  supply  of  colour  ready  for  printing.  The  travelling- 
cairiaga  and  blocks  now  retire,  by  the  agency  of  the  mangle-wlieel  and  pinion,  3  and  i, 
the  pinion  being  fixed  upon  the  end  of  the  ^aft,  2,  and  the  wheel  upon  the  other  shaft 
in  a  line  with  the  sbaft  3.    At  this  time  another  operation  of  the  machme  takea 
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drives  the  purwlel  In  liich  cdrrespoiide  to  tlie  n  heel  IJ  ou  the  othci' side  &f  thi 
maoUine.  To  one  of  these  epur-wbeels  are  attached  by  bolts  tw  o  quadrant  levers,  ll,  IT  ; 
and  as  these  wheels  revolve  by  means  of  the  gearing  just  described,  the  levera,  17,  17, 
drawdown  the  chains,  18, 18,  actuate  the  levers,  19  and  20,  and  thus  elevate  the  whole 
series  of  printing  bloelEa  in  the  parallel  grooves,  21,  21 ;  at  the  same  time  pressing  or 
closing  them  into  one  mass  or  block  by  expanding  the  springe,  22,  22 ;  and  at  tiie  nest 
of  the  carriage  caused  at  a  proper  interval  by  Ute  agency  of  the  mangle-wheel,  the 
blocks  are  made  to  impress  the  patterns  upon  the  surface  of  the  goods  at  ono^  in  four 
01'  more  different  colours,  and  in  one,  two,  or  more  widths  of  cloth  at  one  operation. 

The  cloth  is  now  drawn  forward  for  the  space  of  the  exact  width  of  one  of  the  blodi^ 
or  sketch  of  the  desigu,  by  means  of  the  apar-wheels  and  pinion^  28,  23,  and  passed 
"Miucd  heated  cylinders,  jij,  if  necessary,  and  between  the  delivering  rollers  out  of  the 
111  ithine.  These  operations  are  to  be  repeated  by  the  ooutinnous  rotation  of  the  main 
.!ii vine-shaft,  until  the  printing  is  completed ;  the  colours  making  a  single  advance 
ii;nm  the  pattern  at  every  presentation  of  the  blocks,  until  the  whole  number  of  blocks 
has  been  presented  to  the  satue  space  or  portion  of  the  goods  sueecssively. 

The  steam  pipes,  24,  are  to  be  in  eoanection  with  the  printing  table  and  drying 
ojliiiders,  iu  order  to  supply  a  degree  of  heat  during  the  operation,  which  may  hi 
regulated  at  pleasure. 

To  give  suitable  intervals  of  rest  and  motion  to  the  Tarioaa  parts  of  the  driving- 
gear,  an  ordinary  clutched  bos;  25  (shown  in  fig.  316.  )i  and  regulated  by  suitable  stops 
fixed  to  the  travelling  carriage,  is  used  for  throwing  the  wheel  p,  in  and  out  of  gear 
with  the  pinion,  o;  this  is  to  prevent  clots  of  colour  from  being  draped  upon  the 
blocks  or  clotk — Seicton'a  Journal,  xxL  C.  8.  p.  842. 

General  Obsemaiiotis. — The  cotton  of  Pemarabuco  takes  a  more  lively  Turkey  red 
dye  than  that  of  Georgia,  and  both  are  preferable  to  the  Macedonian  cotton.  Goods 
woven  of  dead  wool  cannot  bo  well  dyed.  Cloth  of  raised  cotton  and  wool  yams  re- 
quire a  peeuhar  treatment  from  the  calico  printer.  Blues  do  not  take  well  on  cotton, 

Indigotine,  earthamiue,  curcnmjne,  oxide  of  iron,  oxide  of  chrome,  arseniuret  of  stil- 
phiir  and  of  antimony,  arc  all  substantive  colours,  and  need  no  mordant  to  fix  them 
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thej  must  be  presented  tii  tlie  Btuff  in  a  soluble  state,  or  reuilcrea  sc 
Tiiia  pcopoaition  is  well  illustrated  in  tlie  indigo  dye. 


The  ferruginous  mordants  for  good  dyes,  applied  by  the  plate,  liave  almost  always  a 
little  of  a  copper  eait  added  to  iacilitate  the  perosidation  of  the  iron,  and  its  combina- 
tion with  the  stoS.  The  empyreumatieal  oil  of  pjrolignous  acid  has  the  power  of 
retarding  the  nidation,  and  preventing  the  eorrosire  acUon  of  the  ferric  acid  upon  the 
fibres.  The  arseiiioos  acid  is  employed  for  the  riulets  and  lilacs ;  it  combines  with  the 
iron-oside  in  its  normal  stat^  and  stops  its  peroiidation.  The  chlor-aino  used  in  the 
blaek  mordant  has  no  tinctorial  operation,  but  it  counteracts  the  tendency  of  the  starch 
thickeners  to  coagulate,  Sal-ammoniac  and  nitre  are  also  in  inaoy  cases  of  great  ser- 
vice in  mordants;  as  well  as  the  muriates  of  potash  and  soda.  When  pyroligDite  of 
iron  alone  is  used,  the  dyes  are  not  so  rich  as  when  some  purer  acetate  ot^ iron  la  added 
to  it;  to  favonr  the  more  ready  oxidizementof  the  metal,  which  should  be  always  intro- 
duced into  the  stuff  in  the  state  of  black  oxide.  The  basic  pyrophospliate  of  iron  being 
BOlnbte  in  alkalis  makes  thus  an  excellent  mordant,  especially  with  ammonia,  which 
may  be  dyed  immediately  after  impression.  When  a  solution  of  sulphate  of  iron  is 
mixed  with  one  of  pyrophosphate  of  soda,  the  whitish  precipitate  may  be  dissolved 
{after  being  washe<^  in  water  of  ammonia.  Such  a  mordant  serves  well  for  a  madder 
bath,  and  also  for  many  others. 

Tin  crystals  (chloretin)  dissolved  in  the  sulphuric  oeid  of  Nordhausen  to  saturation, 
have  ot  first  the  consiatence  of  syrup,  but  become  afterwards  solid ;  and  being  kept  out 
of  contact  of  air,  make  the  best  of  all  IJn  mordants.  Por  some  purposes,  however,  the 
peroxide  ot  tin  is  preferable. 

GeneralUiei  of  Valka  Frinlitiff. — I.  Of  the  colours  fixed  in  the  humid  way,  or  in  the 
water-bath,  and  with  concourse  of  mordants;  the  simple  jenera  are  derived  from  the 
application  ot  indigo,  carthamus,  curcuma,  catechu,  and  tiie  oxides  of  iron  and  chrome ; 
tiic  peroxides  of  manganese,  and  lead ;  with  the  sulphide  ot  antimony. 

1,  From  iadigo,  there  are  the  following  species: — 

(1,)  The  blue  vat  or  blue  ground;  such  as  pencil  blue,  china  blue,  blue  of  solid  appli- 
cation. Indigo  is  reduced  into  a  soluble  state  by  grinding  in  the  moist  condition  and 
mixing  100  parts  of  it  with  from  75  to  95  parts  of  green  sulphate  of  iron,  and  100  of 
quicklime,  in  the  vat  along  with  8000  parts  of  water,  and  stirring  vigorously  from  time 
to  time.  The  vat  is  best  heated  by  transmitting  steam  into  it  through  pipes.  By  this 
means  the  indigo  vat  may  be  prepared  for  action  in  the  coui'se  of  12  hours.    The  fnjuid 
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ehoTilii  be  transparent  and  of  a  £ne  yellow  hue ;  and  ehould  have  e,  coppery  looking 
pellicle  on  its  surface. 

To  insure  complete  oxidizement  to  the  indigo  in  the  substance  of  the  stuff,  it  may  bo 
pndded  through  a  weak  solution  of  sulphate  of  copper,  mixed  vith  a  little  boUed  atiircli 
and  glne.     See  Imdioo. 

Resist  pastes  for  indigo  nmy  consist  of  solutions  of  the  copper  salts,  which  act  on  che- 
mieal  principles  by  furnishing  oxygen  to  the  indigo  and  thus  rendeviu^  it  insoluble  and 
inoapftble  of  entering  tlie  fibres  ot  the  stuff;  or  they  are  composed  of  pipe  clay,  sulphate 
of  lead,  and  such  articles  as  act  mechanieally.  A  resist  paste  with  sulphate  of  zinc  and 
aluni  answers  well  for  brief  immersions  in  the  vat,  and  it  washes  easily  away.  The 
arseniates  and  phosphates  are  sometimes  used  along  with  the  salts  of  copper  to  preven' 
the  fixation  of  this  metal  reduced  upon  the  cloth. 

The  following  are  some  receipts  for  reserve  pastes. 

No.  I.  For  deep  blues.    In  9  quarts  of  water  dissolTc, 
12  pounds  of  sulphate  of  copper 

5        —        acetate  of  copper 

e        —        nitrate  of  copper,  at  15'  B. 

5        —        gura  arable 

2        —        pipe  clay;  the  latter  two  biiug  thiokenere. 
Ko.  2.  In  9  quarts  of  water  dissolve, 

8  pounds  of  sulphate  of  copper 

4        —        acetate  of  copper 

OJ       —         nitrate  of  copper,  at  55°  B.  thietened  TV  th 

4         —         gum  arable 

8        —        pipe  clay 
No.  3.  For  cravats.     In  9  quarts  of  water  dissolve 

8  pounds  of  sulphate  of  copper 

4        —        acetate  of  copper 

4        —        nitrate  of  copper,  at  55°  B.,  thickened  with 

4        —        of  gum  arable 

8        —        of  pipe  day. 


In  other  forrai 
»ddcd  t«  the  niij 
quantity  of  sulphur 


9,  little  alum  is  used ;  in  others,  verdigris  dissolved  in  vinegar  is 
;  in  some  a  little  creara  of  tartar  is  intraduced,  also  a  very  small 
:  acid  for  handkerchief  to  be  printed  on  both  sides.     In  9  quarts 


pound  of  starch  and  7  pounds  of  gum,  61  pounds  of  pipeclay;  the  whole  being  coloured 
with  I  poiind  of  acetate  of  indigo. 

By  another  formula  a  resist  paste  is  made  by  dissolving  in  8  pints  of  water,  20  pounds 
of  sulphate  of  zinc,  incorporated  with 

ii  pounds  of  pipe  clay 
5  —  of  soft  soap 
H      —         of  lard 


U 


'eoii 


elotli 


of  mucilage  at  2  pounds  per  quar' 

All  the  above  pastes  should  not  be  thicker  than  wliat  Is  absolutely  i 
'   ■    '     priotid  should  he  highly  calendered ;  in  printing  w "  " 


Bliould  strike  fhem  with  their  hand  and  not  wilii  a  mallet  It  is  advisable  t«  dip  thi 
frame  with  its  stretched  piece  of  cioth  in  milk  of  lime  before  plunging  it  in  the  vat ;  in 
which  it  should  receive  4  or  more  immersions,  with  ailing  intervals  for  the  oxidizement 
of  the  indigo. 

Peiitit  blue,  as  applied  bi/  hand. — To  35  quarts  of  water,  add  12  pounds  of  car- 
bonate of  potash,  10  of  quicklime,  10  of  indigo,  12  of  realgar.  This  mixture  is  to  be 
boiled  for  2.  hours,  (hen  poured  into  a  tub  to  settle,  when  the  clear  part  is  to  be 
tliickened  with  gum  arable  in  tlie  proportion  of  1  [>ound  to  4.  The  insoluble  matter 
istreatedwithafi'eshquantity  of  water,  and  boiled  repeatedly  till  it  be  quite  exhausted, 
and  it  then  serves  ulterior  purposes.  For  this  prescription  may  be  eubstituled  with 
advantage  a  solution  of  the  realgar  in  caustic  potash,  so  as  te  avoid  the  annoyance  in 


duced  hy  the  lime.  This  pencil  blue  has  been  of  late  successfully  applied  by  the  cylinder 
pi'ess,  workii^in  an  atmosphere  of  coal  gas,  te  pi'e vent  the  oxidizement  by  "-"  *'■•"- 
splieric  oxygen,  til!  the  web  was  all  uniformly  printed. 
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ihoulil  in  no  case  excised  tliat  of  the  eafflower;  for  an  excess  uf  it,  or  too  long  digestjoj 
or  at  too  lil^h  a  temperature,  laasi  be  avoided.  The  alkaline  compound,  called  eartha 
mate  of  soda,  in  to  be  poared  into  aa  oval  tnb,  having  a  dieeharge  pipe  at  its  bottoni 
and  two  eapports  at  each  end  of  the  tub,  for  bearing  the  pivots  of  the  reel  round  wliieli 
tlie  clotb  is  coiied,  and  which  is  turned  by  means  of  a  lutudle.  The  liqaid  being  slightly 
siiper-sftturalcd  witlilemoajutce,  passes  nvm  orange  to  a  lively  pink  hue,  nud  becoming 
carthainins  is  ready  ta  be  deposited  upon  the  cloth  as  it  revolves  in  the  tub.  Silk^ 
which  have  been  flulphnred,  are  to  be  previouflly  passed  through  a  soda  bath,  lint 
brighter  colours  are  ootained  npon  cotton. 

Of  the  tlylei  of  colour  doived  from  eureuma  {tunmric).  This  drug  is  emjiloyed 
chiefly  to  modify  the  (ante  produced  by  other  dyes :  into  a  decoction  of  it  any  bind  of 
goods,  cotton,  sillc,  wool,  or  linen,  being  immersed,  take  a  yellow  stain  witUont  any 
mordant  This  snbstance  bos  been  associated  with  Bra^l-wood  for  printing  certain 
kiads  of  silk  handkerehiejs  with  a  mordant  of  iron  and  E''iinina. 

The  eolours  derived  from  annollo. — To  dye  cloth  with  ant.  tto,  an  alkaline  decoction  is 
to  be  made  of  it,  along  with  a  solution  of  dextrine,  into  which  the  cloth  is  to  be  plunged. 
It  needs  no  mordant^  and  aHords  an  orange  browE  ,^ye,  after  the  alkali  has  been  neu- 
tralized by  an  acid  bath.    A  aolntion  of  peroside  ct  tin  jrighteDS  tJie  dye. 

Of  the  sti/lei  of  printing  by  meant  of  catechu. — 1.  This  dye  stuff,  combined  with  (he 
blue  vat,  produces  very  fine  blacks.  Catechn  b  prepared  fur  dyeing  by  dissolving  in  9 
quarts  of  water,  74-  pounds  of  it  along  with  1  pound  of  acetate  of  copper,  2  pouuda  of 
sal  ammoDiae,  and  10  pounds  of  gum  arable. 

2.  To  9  quarts  of  pj-rolignons  acid,  put  three  pounds  of  catechu  in  fine  powder,  which 
has  been  steeped  in  ]2  quarts  of  water.  The  mixture  is  to  be  evaporated  at  a  gentle 
lieat  till  it  be  reduced  by  one  tenth,  allowed  to  settle,  and  set  aside  for  use. 

To  9  quarts  of  the  above  prepared  catechu,  there  are  to  be  added  2i  pounds  of  sal 
ammoniac,  4  of  gnm  arable,  5  of  pipe  clay,  and  1  of  nitrate  of  copper. 

Introducing  into  this  preparation  salts  which  promote  oxidation,  the  shade  may  be 
modified,  and  other  colours  produced.  Thus,  in  adding  to  6  quarts  of  the  above  ti 
quarts  of  acetate  of  protoxide  of  iron,  at  12°  B.  and  0  pounds  of  gum  arable ;  or  adding 
to  9  quarts  of  the  above  catechn  preparation,  14  quaits  of  water,  18  of  mucilage,  con- 
taining 2  pounds  of  gnm  per  quai't,  and  9  of  protacetate  of  iron  of  9°  B. 

This  colour,  which  is  employed  for  cylinder  printing  may  be  estcnsively  modified ; 
the  acetate  of  iron  may  be  replaced  by  a  mixture  of  acetate  and  sulphate,  or  even  by 
the  nitrate,  if  the  proportions  of  the  other  soluble  matters  be  changed.  If  tlie  prepnia- 
tions  are  to  be  rendered  more  oxidable,  a  little  corrosive  snblima^  or  chloride  of  tin 
may  he  added. 

Catechu  with  manganese  (acetate  of)  either  alone,  or  with  acetate  of  copper,  forma 
an  excellent  dye.  Catechu  is  also  united  with  alkalis,  and  with  sulphate  of  chrome,  oi 
tortaro-acetate  of  copper;  chlor-ealcium  and  acetate  of  Ume  are  likewise  introduced 
into  the  forrauha  by  some  printers,  for  the  purpose  of  keeping  the  mordants  moist,  as 
tlie  colours  of  catechu  are  thereby  rendered  richer. 

After  having  exposed  the  goods  printed  witli  one  or  other  of  the  mixtures  for  some 

da     to  a  humid  atmosphere,  from  a  liazel  nut  tint  they  become  of  a  marron  hue.   The 

a  e  then  fixed  by  steaming  or  by  means  of  a  chromate  or  of  lime,  as  a  milk  or 

A  la  ne  iMiecAu  gives  a  brown  red  impression.  9  quarts  of  the  decoction  of  catechu, 
und  per  quart,  are  to  be  tliickened  with  '2^  pounds  of  flour,  and  when  it  is 


i  p  un 
.      d  i\ 


,  quarts  of  solution  of  caustic  soda  at  a  density  of  10"  B.    By  varying  tl 

rop  rt    n  of  catechu  without  chatging  the  ratios  wliich  exist  among  wie  ofJiec  sub- 

s,  stronger  or  fainter  sliades  may  De  obtained,  but  only  after  several  days'  diges- 

Linie  is  used  for  fixing  such  colours. 

Of  he  colourt  derived  fraia  the  aB^licaiioa  of  the  peroxide  of  iron. — One  of  the  ferru. 

g     up  eparatious  here  employed  is  the  mtro^nlphate  of  iron  (protoxide).   It  is  made 

hy  add  n    to  IQ  quarts  of  nitric  acid,  about  three  times  its  weight  of  sulphate  of  iron  by 

y      w  degrees  in  alarge  vitriol  bottle;  andhy  the  mutual  action  of  these  ingredients 

a  portion  of  ammonia  is  formed.    Six  days  are  required  to  complete  this  compound. 

Towards  the  conclusion  the  sulphate  must  be  added  very  slowly,  otherwise  frothiujr  will 

ensue  in  the  thickening  liquor.    It  is  liquid  at  the  temperature  of  69°  Fahr.  and  noa  a 

densitvof  56°  to  67°  B.   When  cooled  below  that  point  it  has  a  tendency  to  crystallize. 

It  should  always  be  diluted  to  a  strength  of  from  18°  to  22°  B.  before  hemg  used. 

To  dye  with  this  preparation  it  is  to  be  diluted  to  the  desired  degree,  and  put  into  the 

padmog  trongh,  where  it  serves  to  impregnate  the  goods  uniformly.    They  arc  then 

transferred  to  the  stove,  where  they  are  to  be  dried,  but  not  to  Imrdness,  for  fear  of 

corroding  the  fibres  by  the  red  oxide  of  iron  ;  they  are  next  passed  through  a  peculiar 

jadding  machine  containing  a  weak  solution  of  carbonate  of  soda  mixed  with  a  litfla 

quicklime.   In  propoi-tit  n  as  the  clotb  is  passed  through  the  bath,  and  its  alkaline  mattet 
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gets  neutralized,  it  nmst  be  refraslieii  witli  freali  solution  of  soda.  The  cloth  may  bt 
supplied  by  a  soap-ba,tb  ;  ncd  lustly  by  the  dasli-wlieel.  If  tlie  iron  orange  tint  ia  not 
BoMeienfly  deep  by  one  operation,  it  may  be  increased  by  another,  and  also  rendered 
mora  uniform.  A  mixture  of  red  muriate  of  iron  and  bj3  ammonia  gives  a  good  iron 
dye,  and  with  perfect  safety ;  or  one  of  red  sol ph ate  and  sal  ammoniac.  Goods  padded 
in  iron  liquor,  dried,  and  then  padded  in  a  eomtion  of  chlorine  containing  a  little  free- 
lime,  acquire  a  good  Tott  ground.  T)ie  following  pi'escriptions  serre  as  resiat  paetee 
for  these  dyes.  In  9  quarts  of  hot  water  dissolve  5  lbs  of  the  biarsenat*  of  potaab,  and 
add  Ut  the  solution  as  much  carbonate  of  potash  as  to  give  it  a  slight  alkaline  reaction. 
Dividing  this  liquor  into  two  equal  parts,  there  is  to  be  incorporated  with  the  firsts  10 
lbs.  of  pipe-clay,  and  to  be  dissolved  in  the  second  4|  lbs.  of  gum  Senegal,  with  j  of  a 
pound  of  soft  soap ;  the  two  are  to  be  united.  This  resist  is  to  a  certain  degree  of  a 
roeclianica]  quality,  for  the  feiniginona  preparation  cannot  touch  i^  without  setting 
tlie  fat  acid  of  the  soap  at  liberty  and  preventing  the  entrance  of  the  liquor  into  the 
pores  of  the  web. 

\Vhit«  resuats  on  rust  groupds  are  also  made  with  a  mixture  of  tartario  and  osalio 
acids ;  as  also  of  lime  juice.  When  the  iron  oxide  is  fised,  as  in  the  genus  avanturinc, 
mariate  ot  tin  is  a  preferable  dischai^e ;  as  for  example  r 

In  fl  quarts  of  water  diffuse  3J  lbs.  of  flour,  1  lb.  of  starch,  and  boil  into  a  paste ; 
and  add  to  2  Iba.  of  this  paste,  2  lbs.  of  acid  muriate  of  tin  at  H6°  R  (solution  of  salt 
of  tin  in  muriatie  acid.)  This  for  pristing  with  the  bloilc  For  printing  on  the  die- 
chai^e  paste  by  the  cyhnder,  to  2  lbs.  of  the  paste  are  to  be  added  4  lbs.  of  the  acid 
munata  of  tin  at  65"  B.  In  these  preparations  the  combined  action  of  the  muriatio 
acid  and  muriate  of  tin  is  sufiicient  to  displace  the  oxide  of  iron ;  but  the  paste  must 
not  be  left  long  exposed  to  the  air,  otherwise  the  iron  may  become  fixed  by  peroxi- 
dizement.  White  discharge  upon  ohamois  (a  faint  met  colour)  is  produced  by  11  lbs. 
of  gum  arabio,  2i  lbs.  of  oxalic  acid,  2  lbs.  of  tartaric  acid,  ^Va.  of  oil  of  vitriol  After 
applying  this  discbarge  the  goods  should  not  be  exposed  to  a  high  heat  to  dry  them. 
The  hrst  of  these  two  receipts  tends  to  crystallize,  the  second  to  deliquesce.  It  deserves 
to  be  remarked,  that  when  soda  is  employed  to  precipitate  rust  of  iron  upon  goods, 
the  tint  is  much  deeper  than  it  is  by  hme. 

Of  tlie  eoiours  produced  by  Ihe  ande  of  chrome, — A  preparation  for  this  purpose  ia 
made  by  boiling  tt^ether  2  lbs.  of  bichromate  of  potash,  and  4  lbs  of  muriatic  acid. 
Tlie  muriatio  acid  excess  is  to  be  evaporated  off  For  obtaining  deeper  ahades,  arsenie 
acid  ia  introduced  in  determinate  proportions;  as  for  example: 

To  U  quarts  of  water,  there  are  added  9  lbs.  of  bichromate  of  potash,  12  of  arsenioos 
acid,  and  20  or  22  lbs.  of  muriatic  acid,  in  order  to  destroy  ail  the  chromic  acid,  and 
that  the  chlorine  set  at  liberty  in  contact  with  tiie  water  and  the  araenious  acid  may 
transform  the  last  into  arsenic  acid  by  the  oxygen  of  tlie  decomposed  water.  When 
the  reaction  has  ceased,  a  fine  green  Hquor  results,  -which  is  to  be  evaporated  to  tlia 
density  of  60°  or  65°  B.  to  dissipate  the  free  acid ;  care  should  be  taken  to  get  rid  of 
tlie  acid  excess  either  by  a  regulated  heat  or  by  soda.  Many  pieces  of  calico  are  dyed 
a  fine  green  by  the  oxide  of  chrome,  and  are  varj  fast 

The  solution  of  muriate  of  chrome,  jnst  described,  at  a  density  of  45°  B.,  is  to  be 
thickened  slightly  witii  gum,  ponred  into  a  padding  machine,  then  dried  carefully  to  aid 
the  fixation  of  the  colour,  and  finally  passed  through  a  weak  bath  of  soda:  to  complete 
tiie  deposition  of  the  oxide  of  cEirome,  ammonia  may  be  substituted  for  the  carbonate 
of  aoda.    The  colours  thus  produced  are  pale  creen,  or  grey,  but  may  be  deepened  by 

Eassing  the  cloth  through  a  weak  bath  olBuIpbate  of  copper;  it  maybe  deepened  alao 
y  mixing  with  arsenie  acid,  and  after  some  days'  repose,  precipitating  the  arseniate 
ol  chrome  on  the  stuff  by  pasaiiig  it  throngh  a  bath  of  carbonate  of  soda, 

0/tlie  gimpie  genera  dai-'edfrom  oxide  nfinanganete. — This  colour  is  generally  known 
by  the  name  of  toiilaire  bistre,  and  sometimes  turka-head.  By  impregnating  the  cloth 
with  a  neutral  solution  of  acetate  of  manganese,  then  precipitating  the  oxide  with  an 
alkali,  espoaing  the  goods  to  tlie  air  to  favour  the  oxidation,  or  passing  them  through 
a  bath  ofchiorite  of  lime,  the  process  of  tlie  manganese  dye  may  be  executed.  After 
passing  Uie  goods  through  the  manganese  bath  over  8  rollers,  to  secure  uniformity  of 
impression,  they  should  be  dried  immediately  in  a  stove.  The  dye-bath  should  contain 
a  small  quantity  ot  muialage  of  gum  arable  Tlie  alkali  for  precipitating  the  oxide  of 
manganese  in  the  padding  machine  should  be  caustic,  strong  and  heated  by  a  steam  pipe 
to  the  boiling  point  The  strengtli  ot  the  alkaline  solution  should  in  all  oases  be  14* 
B.  r  and  for  some  purposes  even  22°  B.  This  alkaline  strength  is  requisite  to  seize  the 
fibre  the  instant  of  the  tisane  entering  the  alkaline  bath,  and  to  force,  by  the  contraction 
which  it  causes,  the  oxide  of  manganese  to  remain  within  it  till  the  oxidation  is  com- 
pleted. It  ia  obvious  that  the  bati  must  be  kept  up  by  freeh  alkali.  The  two  laat 
cylinders  of  the  frame  ^liould  be  heavily  loaded,  so  aa  to  reader  the  goods  as  dry  as  pos- 
sible.  A  passage  tlirough  solution  of  chlorine  is  in  general  advant^eous  to  complete  tht 
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lent  uf  Eol  ammoniao  to  an  equira 
alkaline  with  a  little  ammonia.  The  goods  padded  in  this  liquor  might  be  dried  with- 
out risk  of  injury,  aad  be  then  finislied  in  the  baths,  first,  of  milk  of  lime,  and  next  oi 
fihlorine ;  or  at  onee  in  a  mixture  of  the  two. 

The  shades  with  a  foundation  of  manganese  are  often  modified  in  Tarious  ways ;  as 
by  adding  to  the  mixture  a  uertain  quantity  of  acetate  of  lead,  whence  results  ehlorlead  ; 
while  in  paaaiog  into  the  solution  of  ehlorlime,  the  lead  is  transformed  into  peroxide, 
whose  brownish  yellow  added  to  the  tint  of  the  manganese  produces  a  yellawisli  cast 
and  a  velvety  aspect.  Sometimes  some  salts  of  iron  are  added,  which  decomposed  and 
peroxidized  along  with  the  salta  of  manganese  give  shades  which  resemble  aventuriiie, 
the  more  closely  the  larger  the  proportion  of  iron. 

Frussiim  blue. — Its  white  discharge  is  effected  ujion  calico,  by  preparing  a  rust 
grauad  of  a  proper  tint  for  producing  with  acidulated  ferrooyanure  of  potash  the  desired 
blue  shade.  Into  either  the  mordant  or  into  the  ferrocyanide  put  the  quantity  of  muriate 
of  tin  necessary  t«  give  the  blue  its  purest  tint.  The  discharge  is  performed  usually  at 
two  operations,  by  the  first  the  ferroeyanure  is  decomposed  by  a  powerful  base  (potasli), 
which  forma  a  ydlow  cyanure,  and  liberates  the  iron  oside ;  by  the  second,  we  remove 
the  iron,  by  the  uiterventionof  anacid.  But  the  success  of  this  second  operation  depends 
on  the  energy  of  the  first,  and  especially  upon  the  wasliings  which  fallow  it,  and  which 
ought  to  have  carried  off  the  whole  of  the  ferroeyanure;  otherwise  the  presence  of  the 
acid  would  regenerate  the  blue  upon  the  points  which  ^onld  remain  clear  of  it.    The 

Jiieces,  after  being  dried  and  calendered,  receive  an  impression  with  caustic-potash  ley 
thickened  with  gum),  and  whiuh  in  every  case  should  mai'k  at  least  14°  B.,ia  order  to 
make  the  texture  contract  or  shrink  suitably,  and  furnish  a  precise  or  sharp  print.  It 
is  then  to  be  rinsed  and  washed  in  the  dash-wheel  so  as  to  clear  away  every  thing  but 
the  oxide  of  iron  from  the  cloth  upon  all  points  touched  by  the  alkdi.  The  piece  is 
then  immersed  io  water  acidulated  with  muriatic  or  sulphuric  acid,  till  the  oxide  of 
iron  has  entirely  disappeared.  By  adding  to  the  potash  a  little  tartrate  of  potash,  the 
oxide  of  iron  from  the  ^Prussian  blue  enters  into  combination  with  the  tartavlo  acid, 
and  jTues  off  in  a  great  measure  with  the  subsequent  washings. 
This  style  may  also  be  executed  tipoD  silk  and  woollea  goods,  but  great  precaution 
'  ':o  avoid  injuring  the  texture  by  the  strong  alkaline  ley.  Silk  handker- 
'      ■" '         '  abathof nitrateofironof4°]S., 


chiefs  aro  first  passed  for  about  thirty  minutes  through  a  . _.., 

then  through  running  water,  next  through  the  dash-wheels.  They  are  next  put  in  a  bath 
of  clear  and  cold  lime  water,  in  order  to  decompose  the  salt  of  iran,  and  to  fix  the  oxide 
upon  tiie  stuk  It  is  now  rmsed,  and  sent  through  the  dash-wheel  before  proceeding 
to  dye  it;  which  is  done  by  passing  it  through  a  tub  sharpened  with  a  little  sulphur' 


time  is  usually  sufficieut  to  produce  the  desired  tint.  It  might  be  better  to  decompose 
previously  in  a  separate  vessel  the  ferroeyanure  by  adding  to  one  equivalent  of  it  in  so- 
lution two  equivalents  of  sulphuric  acid.  The  mixture  of  sntphate  of  potash  and  fer- 
mcyanie  acid  thence  resulting,  should  he  poured  by  degrees  into  the  dyeing  bath,  till 
the  due  tint  is  produced,  or  the  oxide  of  iron  on  the  oloth-becomes  saturated.  When 
tlie  ground  has  been  tlius  dyed,  the  disehai^e-prinlia^  may  be  proceeded  with  as  already 
directed.  Muriate  of  tin  may  sometimes  be  substituted  for  acid,  for  acidifying  tlie 
feiTooyanure  of  potash  in  the  act  of  dyeing. 

By  substituting  oxide  of  copper  for  oxide  of  iron,  a  crimson  colour  is  obtained  with 
the  ferroeyanure. 

Saxon  hlae  ;  sohaiojt  of  indigo  i»  rulphuri''  '^'•1- 

Tliis  blue  dye  is  given  by  passing  the  clotli  mordanted  wit) 
ihe  indigo  solution  of  a  proper  degree  of  strength.  It  ante 
lertain  pistachio  green  dyes. 

The  genera  of  sir/lei  derived  from  madder  are  numerous. 

riisre  are,  1.     I'lain  grounds  upon  ordinary  cloth;  albuniiiious  morllant. 

5.  do.  ;  mordant  of  alumina  and  iran, 
i.                              do.                                  ;  mordant  of  chrome, 

6,  Plain  printing;  white  reserve  with  mordants  of  alumina,  iron,  oi 

chrome, 
e.  do.  white  discharge  upon  common  madder  dye. 

"l.  do,  white  dischai-ge  on  oiled  cloth,  with  madder  dye 

mordants  of  iron  (violet  and  lilac)  upon  tJie  cj 
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White  grmind;  printing  with  alumina  mordant  for  red  and  pint  apon  tlie  cylinder 

While  ground;  printing  oa  mordants  of  alamina  and  iron. 

White  ffroaiid ;  priuting  on  mordnnte  ;  for  red,  viole^  puce,  black;  a  binary,  tlire»' 
fold,  and  fourfold  nnioQ  of  tliese  colouj's. 

WhiUgrmmd;  piinUng  on  mordants,  for  red, 
by  tlia  block  or  Perrotine.  Plain  ground  upon  ■ 
OP  iron,    Turkey  red,  or  violet  oiled. 

White  ground:  pnating  with  mordant  of  iron  and  alumina  upon  oiled  doth. 
The  colours  obtained  directly  by  madder  are  rei  and  ita  gradations,  pais  r«i  and  pJBifc, 
which  haveolwnyBan  aluminous  mordant  for  their  base  ;  Ma^^i  and  its  gradations :  dee^ 
violet,  light  violet,  and  lilae,  of  which  the  base  is  pjrolignite  of  iron,  or  the  common 
acetate  ;  red  and  deep  puce,  whose  mordant  is  a  taiMora  of  aluminons  and  iron  liquora; 
lastly,  the  ventre  de  iiefts  fixed  by  means  of  the  oside  of  ehrcme. 

In  ei'ery  print  wort,  three  principal  mordants  are  prepared  beforehaad  in  a  certain 
state  of  conenatration,  which  are  diluted  when  wanted  with  water,  but  more  freq^uently 
with  gum-nater,  and  vinegar. 

A.  Mord  int  for  red  b  made  with  100  quarts  of  boiling  water  inwlitch  are  dissolved 
150  poundjof  alum;  and  then  150  pounds  of  pyrolignite  of  lead  added. 

E.  Mordant  for  red, 

100  quarts  of  water,  ia  which  are  dissolved, 

'10  ()uunds  of  alum,  48  pounds  of  acetate  or  pyrolignite  of  lead,  2i  pounds  of  cap- 
bonat«  of  soda  (erystala),  1  pounds  of  mm'iate  of  soda. 
C.  llordaut  for  red. 
In  100  quarts  of  boiling  water  are  to  be  dissolved, 
6t>  pounds  of  alum ;  aiid  then  to  be  added, 
53  pounds  of  pyrol^nite  of  lime,  and 
5  pounds  of  soda  carbonate  in  crystals. 
Red  Mordant. 
To  60  quarts  of  decoction  of  logwood,  add  100  quarts  of  boiling  water;  and  dissolvl 
ill  this  mixture  61  pounds  of  alum,  56  pounds  of  pyrolignite  of  lead,  and  6  pounds  td 

Other  mordants  are  made  of  like  quantity  in  which  decoction  of  quercitron  is  pnl 
along  with  clilorzinc;  some  into  which  an  admixture  of  chalk  is  made,  others  with  an 
admixture  of  acetate  of  lend,  and  some  chalk. 

The  blacks  are  made  by  strong  mordants,  with  some  salt  of  copper. 

Cochineal  is  used  much  in  tho  same  way  as  for  the  madder  printing  and  discharges, 
and  the  mordants  are  much  the  same ;  Brazil  wood  printing  is  of  like  natui'e  :  as  also 
logwood  dyes.  Tlie  styles  of  printing  derivedfrom  mixed  colours  areinnumerable  ;  but 
ali  proceed  on  the  principles  already  laid  down. 

Calico  Priiitinff  by  Steam. — All  textile  fibres  do  not  attract  colouring  matters  to  them 
with  an  equal  power,  but  they  may  be  rendered  capable  of  acting  with  more  or  less  force 
by  adventitious  aids,  of  whiiSi  the  use  of  steam  conjoined  with  iJie  salts  or  oxides  of  tin 
forms  two  of  tlie  most  remarkable.  The  muriate  or  chloride  of  tin  is  decomposed  by  tba 
action  of  water  into  muriatic  acid  and  oxide  of  tin,  the  first  of  which  is  expelled  by  the 
heat  of  steam,  or  it.may  be  neutralized  by  the  intervention  of  a  saturating  substance ; 
while  the  second  is  never  set  at  liberty  in  presence  of  cloth  without  making  such  abody 
with  it,  as  Ia  resist  all  the  means  of  discliarge  employed  tor  tbe  removal  of  the  other 
substances,  and  witliout  fixing  at  the  same  time  on  the  fibres  the  colouring  matter  pre- 
viously mised  with  it.  The  same  reasoning  may  be  applied  to  the  muriate  of  alumina, 
Oialie  acid  fulfils  at  once  the  functions  of  these  two  saline  compounds.  It  is  an  agent 
employed  W  remove  theoxides  or  the  mordants;  and  this  application  is  based  upon  tbe 
affinity  which  it  has  for  alumina  and  iron.  When  deporited  upon  a  mordanted  doth, 
it  may  either  make  the  whole  of  the  oxide  disappear,  if  used  in  sufficient  quantity,  or  it 
may  restore  it  in  whole  or  in  part  Bventually,  if  the  contact  be  prolonged  at  tbe  ordinary 
temperature,  or  immediately  when  exposed  to  steam.  It  is  thereby  easy  to  explain 
certain  phenomena,  since  by  its  energetically  dissolving  the  oxides,  it  preserves  them 
iu  solution  during  the  whole  period  o(  printing  them,  and  then  quits  them  under  the  in- 
fluence of  a  steam  heat;  aiidleavesthemontheciothinall  their  properties  when  alone. 
U  is  to  tills  peculiar  property  of  tiie  oxalic  acid  that  we  must  ascribe  the  solidity  of 
oartain  topical  blacks,  for  which  it  lios  been  long  employed. 

The  tartrates  and  tartaric  acid  concur  also  to  the  same  end;  bat  the  affinity  of  this 
acid  for  tile  bases,  and  the  force  with  which  it  masks  them,  render  its  applioataon  more 
limited  than  the  oxalic  acid.  It  is  useful  for  effecting  displacements,  ondfor  preserving 
oxides  in  solution,  so  as  to  insure  homogeneity  to  colours. 

Acetic  acid  entera  also  as  an  ingredient  into  steam  printing ;  possessing  a  solvent 
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eida,  ami  being  sjiplIcaMo  in  a  etal 
t  is  Applied  in  cireumstancea  wtiere  Eubstances  uf  a 
1  to  be  kept  in  eotvition  in  order  to  being  printed  od  ; 
wliilet  quitting  under  tlie  iniluenee  of  heat  tJie  ba^es  trith  which  it  19  assoeiated,  it  allona 
tliem  to  contract  an  intimate  union  with  tlie  stuHa.  The  suits  of  copper  andchromale 
of  potash  are  employed  to  perform  the  oxidizing  power  of  the  absent  air. 

The  colonrs  Gxuble  by  steam,  after  having  been  suitably  thiokeoed,  are  to  be  printed 
with  the  nicety  appropi'iate  to  each,  and  tJie  goods  covered  with  them  should  be  previ- 
ously exposed  for  some  time  to  a  damp  atmosphere.  In  the  steaming  process,  the  gooda 
are  coiled  round  a  perforated  hoUoiv  cylinder  chained  with  steam  by  a  central  pipe,  or 
tliey  are  exposed  on  frames  in  single  pieces  wil^oat  mutual  contact  in  wooden  cases  filled 
with  steam.  Care  must  be  had  to  prevent  the  dropping  down  of  eondensed  steam  upon 
tlie^oods.  When  rolled  up  in  a  cyhndrioal  form,  they  are  wrapped  in  blanket  staff.  01 
late  years  contrivanees  have  been  made  to  keep  the  oloth  moving  in  the  steam  so  as  to 
receive  the  equal  benefit  of  its  acticfn.  A  great  variety  of  other  forms  of  this  steam-bath 
are  in  use,  according  to  the  fancy  of  the  operators.  But  in  all  cases  there  should  be  a 
redundance  of  highly  elastic  steam,  of  vesicular  quality,  which  is  secured  by  causing 
il  to  bubble  up  tltrough  a  stratum  of  water  lying  on  the  bottom  of  the  case- 

CALOMEL.  {ChEnvre  de  Mereare,  Fr.;  Verfomtfa  Queektilber,  Germ.)  The 
mild  protochloride  of  mercury.  The  manufocttire  of  this  substance  upon  the  great  scale 
may  be  performed  in  two  ways.  The  cheapest  and  most  direct  aonsists  in  mixmg 
\\  part  of  pure  quicksilver  with  1  part  of  pure  nitric  acid,  of  sp.  grav.  from 
1-2  t«  r23;  and  in  discsUng  the  mixture  till  no  more  metal  can  be  dissolved,  or  till 
the  liquid  has  afsumed  a  yellow  colour.  At  the  same  time  a  solution  of  1  part  of 
common  salt  is  made  in  83  parts  of  distilled  water,  to  which  a  httle  muriatic  acid  is 
added:  and,  when  heated  to  nearlythe  boiling  point,  it  is  mixed  with  the  mereurial  sola- 
tion.  The  two  salts  exchange  bases,  and  a  protochloride  of  .mercnir  precipitates  iu  a 
white  powder,  which  after  being  digested  for  some  time  in  the  aeidtuous  supematan' 
liquor,  is  to  be  waslied  with  the  greatest  care  in  boilina;  water.  The  eiroumstanoes  which 
may  injure  the  process  are  the  following: — 1.  When  leas  mercury  is  employed  than  the 
acid  can  dissolve,  thei'C  is  formed  a  deuto-nitrate  of  mercury,  whii:b  forma  some  corrosive 
qublimate  with  the  common  salt,  and  causes  aproportionol  defalcation  of  calomel.  %  If 
the  liquors  are  perfectly  neutral  at  the  moment  of  mixing  them,  some  sabnitrate  of  mer- 
cury is  thrown  down,  which  cannot  be  removed  by  washing,  and  which  gives  a  noxious 
coniamination  to  the  bland  calomel.  The  acid  prescribed  in  the  above  formula  obvi- 
ates this  danger. 

The  second  manner  of  manufacturing  calomel  b  to  grind  very  carefully  4  parts  of 
corroaive  sublimate  (bichloride  of  mercuiy)  with  3  parts  of  qnicksilver.  aading  a  little 
water  or  spirits  to  repress  the  noxious  dust  during  the  trituration.  The  mass  is  then 
introduced  into  a  glass  globe,  and  sublimed  at  a  temperature  gradually  raised.  The 
quicksilver  combines  with  thedentochloride,  and  converts  it  into  the  protochloride.  or 
calomel.  The  following  formula,  upon  the  same  principle,  was  recommended  to  the 
chemical  manufacturer  in  Brande's  Journal,  for  July,  1818: — 

"  Prepare  an  oxysulphate  of  mercury,  by  boiling  25  pounds  of  mercury  with  35  pounds 
of  sulphuric  acid  to  diyness.  Triturate  Gl  pounds  of  this  dry  salt  with  SO  pounds  4 
ounces  of  mercury,  until  the  globules  disappear,  and  then  add  17  pounds  of  common 
salt.  The  whole  is  to  be  thoroughly  misei^  and  sublimed  in  earthen  vessels.  Between 
46  and  4S  pounds  of  pure  calomel  are  thus  produced:  it  is  to  be  washed  and  levigated 
in  ttie  usual  way."  The  above  is  the  process  used  at  Apothecaries'  Hall,  Iiondon.  The 
oxysulphate  is  made  in  an  iron  pot ;  and  the  sublimation  is  performed  in  earthen  ves- 
sels. The  crystalline  crust  or  cake  of  calomel  aliould  be  separated  from  the  accompany- 
ing grey  powder,  which  is  nearest  the  glass,  and  consists  of  mercury  mixed  witii  coi*- 

An  ingenioua  modification  of  tJie  latter  process,  for  which  a  patent,  now  eipired,  was 
obtained  by  Mr.  Jewel!,  consiata  in  conducting  the  sublimed  vapours  over  an  extensive 
surface  of  water  contained  in  a  covered  oistern.  The  calomel  thus  obtained  ia  a  supe 
rior  article,  in  an  impalpable  powder,  propitious  to  its  medical  efficacy. 

Tliepceaeace  of  corrosive  sublimate  in  calomel  is  easily  detected  by  digesting  alcohol 
upon  it,  and  testing  the  decanted  alcohol  with  a  drop  of  caustio  potash,  when  the  ciia- 
racteristic  brick-coloured  precipitate  will  fall,  if  any  of  the  poisonous  salt  be  present. 
To  detect  snbnitrate  of  mercury  in  calomel,  digest  mlute  nlti'ic  acid  on  it,  and  t^at  tlie 
acid  with  potash,  when  a  precipitate  will  fall  in  case  of  that  contamination.  As  it  is 
i  medicine  so  extenMvelj  adminiatered  to  children  at  a  very  tender  age,  ila  purity  onghl 
'o  be  Bcrnpnloualy  watched. 

118  parts  of  calomel  contain  TOO  of  quicksilver 

A  patent  was  obtained  in  September,  1841,  by  Anthony  Todd  Thomson,  3L  D., 
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improTed  mttliod   of  manotiieturiiig  cftlomcl  and  t 
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mention  conaiste  in  onmbiaing  clilorine  in  tlie  state  of  gas  with  Oia  vapour  of 
mei'tury  or  quicksilver,  in  order  to  produce  calomel  and  c:orrasive  sublimate. 

The  apparatus  emplojed  consists  of  a  glass,  earthenware,  or  other  suitable  vessel, 
mounted  in  hriek-wock,  and  eomniunicafing  at  one  end  with  a  large  air-tight  ehumber, 
and  at  the  otber  end,  by  means  of  a  bent  tube,  with  an  alembie,  Buch  as  is  generally 
UEed  it)  generating  chlorine  gas.  The  alembic  is  clinrged  with  a  mixture  of  common 
salt,  biiioidde  of  manganese  and  sulphuric  acid,  or  of  binoxide  of  manganese  and  mu- 
riatic add,  in  order  to  produce  chlorine  gas. 

The  mode  of  operating  with  this  appai-atus  is  ae  follows : — A  quantity  of  mercury 
or  quietsilrer  is  placed  in  the  glass  vessel,  and  the  temperature  of^the  same  is  raised  tj] 
between  350°  and  660°  Fahr.,  by  means  of  an  open  fire  beneath.  The  clilorine  ana,  as 
il;  is  generated,  pofsesfrom  the  alembie  through  the  bent  tube  into  the  glass  vess^,  and 
tliere  oombinbg  with  Hie  vapoar  ot  the  mercury,  forms  either  ooiroaive  sublimate  or 
aalomel,  accor^ng  to  the  quantity  of  ehloriue  gas  employed. 

The  product  ia  found  at  the  bottom  of  the  air-tight  clmmber,  and  may  be  removed 
ii-ora  the  aame  through  a  door,  when  the  operation  is  fiubbed. 

According  to  the  patent  of  Mr.  Josiah  Jewell,  tlie  vapour  of  calomel  was  to  be 
transmitted  into  a  vessel  containing  water,  in  order  to  condense  it  at  once  into  an 
iuipalpaWe  powder.  But  this  process  was  beset  with  moEy  difficulties.  The  vapour 
of  the  calomel  was  afterwards  introduced  into  a  lai^e  receiver,  into  which  steam  was 
simultaneously  admitted  ;  but  this  plan  bos  also  been  found  to  be  precarious  in  tlie 
execution,  "uxt  best  way  is  to  sublime  the  calomel  into  a  very  largechamber  from  an 
iron  pot,  in  Hie  smoewayas  the  flowers  of  sulphur  are  formed.  The  great  body  of  cool 
air  serves  to  cause  the  precipitation  of  the  calomel  in  a  finely  commjnuted  state.  It  k 
afterwards  washed  with  water,  till  this  is  no  longer  coloured  by  sulphuretted  hydrogen. 
CALORIC.  The  chemical  name  of  the  power  or  matter  of  heat, 
CALORIFERE  OF  WATER.  iCalorffire  d'eau,  Fr.;  WaaHr-Beiizung,  Genn.) 
In  the  Diaiannaire  TeckiiologiqM,  vol.  iv.,  published  in  1823,  we  find  the  following  de- 
ECriplion  of  this  apparala?,  of  iate  years  so  much  employed  in  Great  Britain  for  healing 
conservatories,  &c.,  by  hoi  water  circntating  in  pipes  : — 

"This  mode  of  healing  is  analognus  to  that  by  stove-pipes :  it  is  effocled  by  the  cireu- 

lalion  of  waler,  wMch,  like  air,  is  a  bad  conductor,  bnt  may  serve  as  a  carrier  of  caloric 

by  ils  mobiJily.    We  msy  readily  form  an  idea  of  the  apparatus  which  has  been  employed 

fur  this  purpose.    We  adapt  lo  the  upper  pari  of  either  a  close  kettle,  or  of  an  ordinary 

cylindric  boiler  a.  Jig.  81»,  a  lube  a,  which  rises  lo  a  ccriain 

heighl,  then  descends,  making  several  sinuosities  with  a  eentle 

slope  lill  it  readies  the  level  of  Uie  bottom  of  the  boiler,  lo  whose 

lowest  pari,  as  that  which  is  least  heated,  it  is  fitted  at  c. 

At  the  hishesl  point  of  the  lube  F  we  aclapl  a  vertical  pipe,  des- 

lined  10  serve  as  an  outlet  to  the  steam  which  may  be  formed  if 

the  temperalure  be  loo  much  raised  ;  il  serves  also  for  Ibe  es. 

capeof  file  air  expelled  from  the  water  by  Ihe  heat:  and  ilper- 

mils  the  boiler  lo  he  replenished  from  lime  to  time  as  Ihe  water 

IS  dissipated  by  evaporation!  lastly,  il  is  a  lube  of  safety. 

"The  apparatus  being  thus  arranged,  and  all  the  tabes  as 
well  as  Ihe  boiler  filled  with  water,  if  we  kindle  fire  in  Ihe  grate 
D,  Ihe  first  portions  of  water  healed,  having  become  specifically 
liahter,  will  lend  to  rise  :  they  will  actually  mount  inio  the  up- 
per part  of  the  boiler,  and,  of  course,  enter  the  tube  b  r :  at 
I.  — -  I  Ihe  same  time  an  equivalentquanlilyof  walerwiD  re-entcrlhe 

I  I  boiler  by  (be  other  extremity  c  of  the  lube.    We  perceive  that 

L'.  -.  ^ — ~ 1  these  simultaneous  movemenis  will  delermine  a  circulation  in 

the  whole  ma-s  of  the  liquid,  which  will  conlinne  as  long  as  heat  is  generated  in  the  fire- 
place, andif  nesuppo'ie  that  the  tubes,  throngboul  theu- different  wmdings,  are  applied 
asainst  the  walls  of  a  chamber,  or  a  stove-room,  Ihe  air  will  get  warmed  by  contact  with 
Ibe  hot  surfaces ;  and  we  may  accelerate  Ihe  warming  by  mniaplying  these  contacts  in 
the  mode  indicated. 

"This  calori/ere  cannot  be  employed  so  usefully  as  those  with  healed  air,  when 
It  is  wished  lo  bcHt  large  apartments.  In  fact,  Ihe  passage  of  beat  ibrough  metallic 
plates  is  in  the  ratio  of  Ibe  diflerence  of  temperature  and  quantity  of  Iheheating  surfaces. 
En  Ihe  present  case,  the  temperature  of  the  water,  without  pressure,  in  the  lubes,  must  be 
always  nnder  100°  C.  {212°,F.),  even  in  those  points  where  il  is  most  heated,  and  less 
Blill  in  all  the  other  points,  while  the  temperature  of  Ihe  flues  in  air  slonea,  heated  directly 
by  the  products  of  combuslion,  may  be  greatly  higher.    In  these  stoves,  also,  Ihe  pipes 
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may  without  inconyenieace  have  o.  large  diameter,  and  present  coasequently  a  large  heab 
ir.g  Biirfacfl;  whereas,  with  the  water  calorifire,  the  preaaure  eieroieod  by  liyiiid  upon 
tlie  sides  of  the  tubes  being  in  the  ratio  of  the  svirfuees,  we  are  obliged,  in  order  to  avoid 
too  great  pressure,  to  employ  a  multitude  of  small  tubes,' which  la  expend ve.  Lastly,  it 
the  hot-water  circulation  is  to  be  carried  hi^h,  as  may  be  often  necessary  in  lull;  builil- 
11^,  llie  pressure  resulting  from  the  great  eleTation  wouiil  call  fur  proportional  Ihichncss 
in  the  lubes  and  the  boiler  i  for  these  reasons,  and  others  which  we  shall  sL«e  tn  ireating 
of  henting  by  steam,  it  appenrs  thai  water  cannot  be  atlvanlaseously  substituted  for  aii 
or  steKm  in  Ihe  applications  above  stated  ;  yet  (his  mnde  of  heating  presents  very  decided 
advanta°es  where  it  is  ns^fnl  to  raise  the  temperature  a  small  nuniber  of  degrees  in  u 
nniionn  manner."    See  iNcnBirioN,  ABTtwciAL, 

"  M.  Bonnemain  applied,  with  much  success,  these  in^enions  processes  of  heating 
by  the  circulalion  of  waler,  to  maintain  a  very  equal  lemperature  in  liol-houses  (serrej- 
ekaudea),  in  stoves  ndspted  to  ariificial  incubation,  and  in  preservii^  or  quickening  vege- 
tation within  hot-houses,  or  outside  of  iheir  walls,  during  seasons  unpropitious  lo  horti- 
culture. 

"  Since  the  capacity  of  water  for  heal  is  very  great,  if  the  moss  of  it  in  a  circulalion- 
appaiulus  be  very  considerahle,  and  the  circulation  he  accelerated  by  proper  arrangemenls, 
as  by  cooling  Ihe  descendiug  tube  exterior  to  the  stove- room,  we  may  easily  obtain  by  such 
means  a  moderately  high  and  uniform  temperature,  provided  the  heal  generated  in  the 
fire-place  be  tolerably  regular  We  may  easily  secure  this  essential  point  by  the  aid  of 
the  Jtre-regnhtlor,  an  instrument  invental  by  M.  Bonnemain,  and  which  is  described  un- 
der the  article  Incubation,  because  there  i^  use  seems  lo  be  indispensable." 

From  the  above  quotation,  and,  more  especially,  from  the  evidence  adduced  in  the  ar- 
ticle [scHBAnoN',  we  see  how  little  claim  the  Marquis  de  Chabannes,  or  any  of  his  fol- 
lowers, can  have  to  invenlion  in  their  arrangements  ibr  heating  apartments  by  the  calorific 
motions  of  the  parliclps  of'waier,  enc'osed  in  pines  of  any  kind. 

CALOTYPE  is  the  name  given  by  Mr.  Fox  Talbot  to  the  art  invented  by  him,  of 
making  pictures  on  paper  or  other  aueh  surfaces  by  the  agency  of  light.  It  la  merely 
a  modifled  kind  of  photoaraphy.  The  processs  is  as  follows: — Dissolve  100  grains 
of  crystallized  nitrafe  of  silver  in  8  ounces  of  distilled  water,  and  brnah  over  tiie  paper 
(Whatman's  sized  post  answers  well)  with  a  soft  bniBh  on  one  side  only  with  this 
solution,  and  umrk  the  side.  When  nearly  dry,  dip  it  into  the  solution  of  iodide  of 
potussium  (for  only  a  few  minntes)^  containing  500  grains  of  that  salt  dissolved  in  a 
pint  of  water.  As  soon  as  the  paper  is  completely  imbued  with  this  solution,  itdiould 
lie  immediately  washed  in  distilled  water,  drained,  and  hung  up  to  dry.  This  paper  is 
to  be  kept  for  subsequent  use  in  a  portfolio,  and  carefully  secluded  from  light. 

Next  dissolve  100  grains  of  silver-nitrate  in  2  ounces  of  distilled  water,  and  add  to 
the  solution  one-siiith  of  its  volume  of  stroi^  acetic  acid.  Keep  this  solution  in  the 
dark.  Make  a  saturated  solution  of  gallic  add  in  distilled  water.  When  it  is  re- 
quired to  make  a  calotype  picture,  the  two  liquids  last  described  are  to  be  mixed  is 
equal  quantities,  but  only  so  much  as  is  needed  for  the  operation.  With  this  gallo- 
nitrate  ot  silver  asheet  of  the  wlver  iodide  paper  is  to  be  washed  over  upon  its  mai'ked 
side  with  a  soft  brush,  an  operation  to  he  performed  by  candle-light  .After  half  a 
minute,  the  paper  being  dipped  in  water,  and  dried  lighfly  by  pressure  between  folds 
of  blotting  paper,  becomes  so  exceedingly  sensitive  to  light  as  to  take  a  pictorial  im- 
pression in  tlie  camera  in  a  space  varying  from  one  second  to  five  minutes,  according 
to  the  brightness  of  illumination.  TTie  camera  should  be  mounted  with  a  meniscus 
lens,  in  an  adjustable  tube,  sons  to  throw  the  image  of  the  object  to  be  calotyped  upon 
a  vertical  plate  of  roughened  glass,  in  the  posterior  side  or  wall  of  the  wooden  Iiok. 
Whenever  the  focus  is  correctly  adjusted,  the  gloss  is  withdrawn,  and  replaced  by 
sliding  in  a  groove  a  frame  with  the  prepared  sheet  of  paper  fixed  flat  upon  it,  the  pre- 
pared side  towards  the  lens,  but  screened  from  light  by  a  card  or  thin  board.  Tlia 
telescope,  which  has  been  invented  for  oalotype  purposes,  by  Dr.  Petz^-al  and  M. 
Voigtiander,  of  Vienna,  is  recommended,  in  pretersnee  to  all  others,  by  Mr.  Talbotj 
especially  for  taking  portraits. 

The  paper,  after  exposure  for  the  due  time  in  the  camera,  is  to  be  again  covered 
from  the  lights  taken  out,  and  subjected  to  another  process;  for  as  yet  it  has  no  piet«. 
rial  appearance.  To  bring  out  this  effect,  it  must  be  washed  with  the  gallo-nitrate  of 
silver,  and  then  be  gently  wanned.  In  a  few  seconds  the  portions  of  the  paper  upon 
which  the  light  has  acted  will  be^n  to  darken,  and  eventually  grow  quite  black, 
while  the  rest  of  the  paper  retains  its  original  hue.  Even  though  the  pictorial  im- 
oression  be  very  faint,  it  may  be  brought  out  by  a  second  application  of  the  same  solu- 
tion. The  operator  should  wat«h  the  gradual  development  of  the  tints ;  and  when 
it  is  sufficient,  he  should  fix  them  by  dipping  the  paper  in  water,  diying  it  slightly 
with  blotting  paper,  then  washing  it  over  with  a  solution  of  bromide  of  potassitiro 
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I'ontaining  100  g:"aiii3  of  that  salt,  dissolved  in  8  or  10  ounces  of  water.  Stiongbrine 
will  also  answer,  but  not  ao  well.  Sijiillur  calotjpe  pictures  may  be  made  by  uaiiig 
Ihe  bright  light  emitted  from  lime  ignited  bj  the  osy.lijdrogen  flame ;  ae  is  ppaetbed 
lu  making  the  Dagnerreotjpe  portraits  at  njglit. 

Ill  all  &e  photographic  mctaree  tlie  lights  and  shad^  of  the  object  are  reversed , 
but  they  may  be  made  eonlormable  to  nature  by  rendering  the  paper  tra'sparent  witb 
white  was  aeraped  npon  its  back,  malting  this  in  by  rnbbmg  it  with  a  hot  smoothing 
iron,  after  it  ij  placed  between  two  sheets  of  eommon  paper,  then  laying  it  upon  paper 
imbued  with  bromide  of  potaesiam,  and  exposing  it  to  sunehiue.  Portraits  are  beat 
taken  by  means  of  a  lees,  whose  focal  length  is  3  or  4  times  only  greater  than  the 
diameter  of  the  aperture.    (See  Puotoojufbv.) 

CAMBRIC.  (Hatiste,  Fr. ;  Kamnwrtuch,  Genu.)  A  sort  of  very  line  and  rather 
thin  linen  fabnc,  firat  made  at  Cambray.  Ad  excellent  imitation  of  this  fabric  is  made 
in  Lancashire,  woven  from  fine  cott«a  yam  hard  twisted.  Linen  cambriii  of  a.  good 
quality  is  also  now  laanufaeturad  iu  the  United  Kingdom  fimm  power^pun  flan. 

CAMLET,  or  OAMBLET.  A  light  stuff,  rauoli  used  for  female  appareL  It  ia 
made  of  long  wool  hard  spun,  sometimes  mixed  in  the  loom  with  cotton  or  linen  yarn. 

CAMPHOR,  OR  CAMPHIRE.  This  immediate  product  of  veaetation  was  known  u 
Ihe  Arabs  under  the  names  of  kamphur  and  kapkur,  whence  the  Greek  and  Lalin  naml 
camphora.  It  is  found  in  a  great  many  plants,  and  is  secreted,  in  purity,  by  several  lau- 
rels i  it  occurs  combined  with  the  essential  oils  of  many  of  iHfe  labiacte  ;  but  it  is  extract- 
ed, li>r  inannracCnrin^  purposes  onlf,  from  the  Lauras  campkora,  which  abounds  in  China 
anif  Japan,  as  well  as  from  a  tree  which  grows  in  Sumatra  and  Borneo,  called,  in  the 
country,  Kipour  barroa,  from  Ihe  name  of  the  place  where  i(  is  most  common.  The  cam- 
phor PKisls,  ready  formed,  in  these  vegetables,  between  the  wood  and  the  bark;  but  it 
does  nol  exnde  spontaneously.  On  cleaving  the  tree  Zauraj  mmmretiiis,  masses  of  pure 
camphor  are  found  in  the  pith. 

The  wood  of  the  laurus  is  cut  into  small  pieces,  and  put,  with  plenty  of  water,  into 
lar^e  iron  boilers,  which  are  covered  with  an  earthen  capital  or  dome,  lined  within  with 
rice  straw.  As  the  water  boils,  the  camphor  rises  with  [he  steam,  and  attaches  itself  as 
a  sublimate  lo  the  stalks,  under  the  form  of  granulations  of  a  gray  color.  In  this  slate, 
it  if  picked  off  the  straw,  and  packed  up  for  exportation  to  Europe. 

Formerly  Venice  helJ  the  monopoly  of  refinins  camphor,  but  now  France,  England, 
Holland,  and  Germany  refine  it  fur  their  own  markets.  All  the  purifyins;  processes  pro- 
ceed on  the  principle  thai  camphor  is  volatile  at  the  temperature  of  400*  F.  The  sub- 
stance is  mixed,  as  intimately  as  possible,  with  2  per  cent,  of  quicklime,  and  the  mixture 
is  introduced  into  a  lai^  bottle  made  of  thin  uniform  eiass,  sunk  in  a  sand  bath.  The 
fire  is  slowly  raised  till  Ihe  whole  vessel  becomes  heated,  and  then  ilsupperpart  is  gradu. 
ally  Inid  bare  in  proportion  as  the  sublimation  goes  on.  Much  attention  and  experience 
are  reijuired  to  make  this  operation  succeed.  If  the  lemperatare  he  raised  too  slowly, 
the  neck  of  the  bottle  might  be  filled  with  camphor  before  the  heat  had  acquired  the 
proper  subliming  pitch ;  and,  if  too  quickly,  the  whole  contents  m^ht  be  e.Tploded.  If 
the  operation  be  carried  on  languidly,  and  the  heat  of  the  upper  part  of  the  boclle  he 
somewhat  under  the  meliing  polnl  of  camphor,  tliai  is  to  say,  a  little  nnder  350°  F.,  the 
condensed  camphor  would  be  snowy,  and  not  suflicienlly  compact  and  Iranspaient  lo  be 
saleable.  Occasionally,  endden  alternations  of  temperature  canse  little  jets  lo  be  Ihrnwn 
up  out  of  the  liqnid  camphor  ai  the  bottom  upon  the  cake  formed  above,  which  soil  it, 
and  render  its  re-siiblimation  necessary. 

If,  lo  the  mixture  of  100  parts  of  crude  camphor  and  2  of  qnicklime,  3  parts  of  bone- 
black,  in  fine  powder,  be  added,  the  small  quantity  of  coloring  malter  in  the  camphot 
will  he  retained  at  the  bottom,  and  whiter  cakes  wilt  he  produced.  A  spiral  slip  of  pla- 
tina  fiiil  immersed  in  the  li'juid  may  lend  lo  equalize  its  ebullition. 

By  exposin:;  some  volatile  oils  to  spontaneous  evaporation,  at  the  heal  of  about  70"  F., 
Proitsl  obtained  a  residuum  of  camphor ;  from  oil  of  lavender,  2S  per  cent,  of  its  weight) 
from  oil  of  sajje,  12J ;  from  oil  of  marjoram,  10. 

Refined  camphor  is  a  white  tranalueid  solid,  possessing  a  peculiar  taste  and  ^ell 
It  may  be  obtained,  from  the  slow  cooling  of  its  aleoholie  solution,  in  octjibediu! 
ci-yatals.  It  may  be  scratched  by  the  nail,  iavery  flexible,  and  can  be  reduced  into  jiow- 
der  merely  by  mixing  it  with  a  lew  drops  of  alcohol.  Ifa  speciflo  gravity  varies  from 
0'US5  to  O'SBS.  Mixed  and  distilled  with  six  times  its  weightof  clay,  it  is  decomposed, 
and  yields  a  golden  yellow  aromatic  oil,  which  has  a  flavour  analogous  t«  that  of  a 
mixture  of  thyme  and  rosemary:  along  with  a  small  quantity  of  aciduloiis  water 
tinged  with  that  oil,  charcoal  remains  in  the  retort  In  the  air,  camphor  takes  fire  on 
contact  of  an  ignited  body,  and  burns  all  away  with  a  bright  fuliginous  flame. 

Camphor  is  little  soluble  in  water ;  one  part  being  capable  of  communicating  smell 
and  taste  to  1000  of  the  fluid.  100  parts  of  alcohol,  spec,  grav.  0806,  dissolve  120 
p;irta  of  camphor,  atordinai'y  temperatui-es.  It  is  separated,  in  a  pulverulent  state,  by 
Wiiter,     Etliei-  aud  oils,  both  expiiiaaed  and  volatile,  also  dissolve  it. 
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When  distilled  wilh  ois:hl  parts  of  aquafortis,  camphor  is  converted  intocBrnphoiie  aciJ. 
Cainphor  absorbs  144  times  its  volume  ofmarialic  acid  i^a^,  and  is  truosformed  into  a  coir 
crless  transparent  liquid,  which  becomes  solid  in  the  air,  because  the  acid  attrarH^  tiu. 
midit)',  which  precipitates  the  camphor.  One  part  of  stronj  acetic  acid  dissoiies  two 
parts  of  camphor.  By  my  analysis,  camphor  consists  of  77-38  carbon,  11'''!  hydrogen, 
and  11'48  oxygen.    Berzclius's  numbers  are  certainly  erroneous. 

CAMWOOD.  An  article  imported  from  Sierra  Leone,  which  seems  to  posscas  similar 
dyeins  powers  with  Brazil  or  Nicaia^a  wood. 

CAISDLE.  (Chawlelk,  Fr. ;  Kent,  Lickt,  Geim.)  I  shaU  first  briefly  describe  the 
ordinary  manufaclure  of  candles.  They  are  either  dipped  or  moulded.  But  the  first 
pari  of  the  process  is  the  sorlins  of  the  tallow.  Mutton  suet  with  a  pioportion  nf  ox- 
tsUow  is  selected  for  mould  candles,  because  it  gives  them  gloss  and  consistence,  Coarsei 
inllow  is  reserved  for  tlie  dipped  candles.  Afler  being  sorted,  it  is  cut  into  smaU  pieces, 
preparstory  to  being  melted  or  reKdered;  and  the  sooner  this  is  done  after  the  fat  is 
taken  from  the  carcass  the  better,  because  the  fibrous  and  fleshy  matters  mixed  with  it 
promote  its  putrefaction.  Tallow  is  too  commonly  tnelted  by  a  naked  fire  applied  to 
the  bottom  of  the  vessel,  whereas  it  should  be  done  either  in  a  cold  set  pan,  where  the 
flame  plays  only  round  the  sides  a  little  way  above  Ihe  bottom,  or  in  n  steam-cased  pan. 
After  being  fused  a  considerable  time,  the  memhrancons  matters  collect  at  the  surface, 
eonstitulii^  the  crackiiiig)  used  sometimes  for  feeding  dogs,  a(\er  the  fat  has  been 
squeezed  out  of  it  by  a  pre^  The  liquid  tallow  is  slisined  Uirough  a  sieve  into  another 
copper,  where  it  is  treated  with  water  at  a  boiling  temperature  in  order  to  wash  it.  Al 
ter  a  while,  when  the  foul  waler  has  setlied  to  the  bollon!,lhe  purified  tallow  is  lifted  out, 
by  means  of  tinned  iron  buckets,  into  tubs  of  a  moderate  size,  where  it  concretes,  and  i^ 
ready  for  use. 

It  is  a  remarkable  drcnmslance,  that  the  wicks  for  the  best  candles  are  still  cotton 
rovings  imported  from  Turtey,  notwithstanding  the  vast  extension  and  perfection  of 
cotlon-EpinniuB  in  this  country.  Four  or  more  of  these  Turkey  skeins,  according  to  tht 
intended  thickness  of  the  wick,  are  wound  off  al  once  into  bottoms  or  clews,  and  after 
ward  cut  by  a  simple  machine  into  lengths  corresponding  to  those  of  the  candles  to  ba 
made.  Mr.  Colebank  obtained  a  palenl,  in  June,  1822,  for  a  machine  for  cutting,  Iwist- 
ini;,  and  spreading  wicks,  wliich,  though  coni'enient,  does  not  seem  to  have  come  into 
general  use.  The  operations  are  performed  upon  a  series  of  threads  at  once.  The  ap. 
paralus  is  placed  in  a  box,  in  fiont  of  which  the  opeiaior  sils.  A  reel  extends  across 
the  boi,  at  the  hinder  part,  upon  which  the  cotton  threads  have  been  previously  wound ; 
from  Ihis  reel  they  are  drawn  off  in  proper  lenalhs,  doubled,  and  cut  by  an  ingenioUf  me- 
chanism.  By  dipping  the  wicks  into  the  melted  lallow,  rubbing  them  between  the  palms 
of  the  hands,  and  allowing  Ihe  (allow  which  adheres  to  harden,  Ihey  may  be  arranged 
with  facility  upon  the  broaches  for  the  purpose  of  dipping.  The  dipping-room  is  iur- 
nished  with  a  boiler  for  melting  the  tallow,  the  dipping-mould,  or  cistern,  and  a  large 
wheel  for  supporting  the  broaches.  From  the  ceiling  of  the  workshop  a  long  balance- 
stiaped  beam  is  suspended,  to  one  end  of  which  a  wooden  irame  is  attached  for  holding 
the  broaches  with  the  wicts  arranged  al  proper  distances.  The  opposile  arm  is  loaded 
with  a  weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  woikman  to  ascer- 
tain the  proper  size  of  the  candles.  The  end  of  Ihe  lever  which  supports  the  frnme  ii 
placed  immediately  above  the  dipping-cistern ;  and  the  whole  machine  is  so  balanced  that 
by  a  gentle  pressure  of  the  hand,  the  wicks  are  let  down  into  the  melted  lallow  as  oftei 
IS  may  he  required. 

The  following  convenient  apparatus  foe  dipping  candles  has  been  long  in  use  at  Edin 
burgh.  In  Ihe  centre  of  the  dipping-room  a  strong  upright  post  a  a,  fig.  320,is  erected, 
with  turning  iron  pivots  at  its  two  ends.  Near  its  middle,  six  moitises  are  cul  at  Email 
distances  from  one  another,  into  each  of  which  is  inserted  a  long  bar  of  wood  b  b,  which 
moves  vertically  upon  an  iron  pin,  also  passing  through  the  middle  of  the  shaft.  The 
whole  presents  the  appearanceof  a  large  horizontal  wheel  with  twelve  arms,  A  complete 
view  of  two  of  them  only  is  given  in  the  figure.  From  the  extremity  of  each  arm  la 
euspeiidod  a  frame,  or  poit,  as  tlio  workmen  call  it,  containing  6  rods,  on  each  of  whteh 
are  hung  18  wicks,  moiinK  the  whole  number  of  wieks  upon  the  wheel  1296.  The 
tnaehine,  though  apparency  heavy,  turns  round  bythesmallestetfortof  the  workman; 
and  each  port,  as  it  comes  in  succeaaon  over  the  dipping-mo  aid,  is  gently  pressed  down- 
wards, by  which  means  the  wicks  are  regularly  immersed  in  meltfld  tallow.  As  the 
arras  of  the  lever  are  all  of  the  some  lengSi,  and  as  each  is  loaded  with  nearly  ihe  same 
weight,  it  is  obvious  that  they  will  all  natnrally  assume  a  horizontal  position.  lu 
order,  however,  to  prevent  any  osoiilation  of  the  maehina  in  turning  round,  the 
levers  are  kept  in  a  horizontal  position  by  meane  of  small  chains  a  a,  one  end  of  which 
is  iised  to  the  top  of  the  uprig&t  shafii  and  the  other  tenuinatea  in  a  small  square  piece 
of  wood,  b,  which  exactly  fills  the  notch  e  in  the  lever.  As  one  end  of  the  lever 
roust  be  depressed  at  each,  dip,  tlie  8([uare  piece  of  wood  is  thrown  out  of  the  notch 
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J  tlie  workmen  pressing  down  tha  handle  d,  which  fommunieates  with  the  small  lever  t, 
■.utUebarB.  In  orderthattlie  square  pieeeof  wood  fi^ed  in  oh« 
extremity  of  tlie  chain  may  recover  ita 
position  upon  tbe  workman's  raising 
tiie  poi'C,  a  small  cord  is  attauhed 
to  it,  whiuh  passes  over  a  pulley  in- 

municates  with   another   pulley  and 
weight    whi(.h   draws  it  forward  to 
the  iJoti.li.     In  th  s  way  the  operation 
of  dipping  may  be  conductel  bv  a 
einglfl    workman    with    peifei.t    ease 
and   reguluiity    and    aven  disyatcb. 
^o  time  is  lost,  and  no  nonecesaary 
inded     m    removing    tha 
each  dip      and,   besides, 
of  cooling  IB  mvioh  accele- 
le  candles  being  hept  in 
consiani  motion  through  the  air.    Tlie 
number  of  revolutions  which  t!ie  wheel 
niuat  make,  in  order  to  complete  one 
operation,  must  obviously  depend  upon 
tha  state  ot  the  weather  and  the  -size 
^=^'  of  tha  candles ;  but  it  is  said  that,  in 

moderately  cold  woatlicr,  not  moiH  than  two  hours  are  necessary  for  a  single  person 
to  linish  one  wheel  of  candles  of  a  common  size.  Upon  the  supposition,  therefore, 
that  six  wheels  are  completed  in  one  day,  no  less  a  number  tlian  7776  oantlles  will  be 
manufactured  in  that  space  of  time  by  one  worltman. 

I  shall  neM  describe  the  process  of  mooHinE,  which,  if  possible,  is  even  Jess  com 
plicated  in  its  details  Iban  that  of  dipping.  The  moulds  are  made  of  some  melailic 
subslance,  usually  pewler,  and  consist  of  two  parts.  Tbe  shaft  or  great  body  of  the 
miiultl  is  a  hollow  cylinder,  finely  polished  in  the  inside,  and  open  at  both  extremities. 
The  lop  of  the  mould  is  a  small  metaUic  cup,  havjnz  a  monldin;  wilhin-side,  and  a  hol« 
lo  ailmil  the  wick.  The  two  parts  are  soldered  together,  and  when  united,  as  will  rea- 
dily be  imagined,  have  the  shape  of  a  moulded  candle.  A  third  piece,  called  the  foot,  is 
sometimes  added  :  it  is  a  kind  of  small  funnel,  through  which  the  liquid  tallow  runs  into 
Ihe  mould,  and,  being  screwed  to  the  opposite  extremity  of  the  shnft,  is  removeable  al 
pleasure.  Tliis  addiiional  piece  may  certainly  be  useful  in  very  mild  weather,  since,  by 
removing  it,  the  candles  may  be  drawn  more  easily  from  the  moulds ;  but,  in  general,  it 
may  be  dispensed  with. 

Ei^hl  Of  twelve  of  these  moulds,  according  to  their  size,  are  fixed  in  a  frame,  wbich 
liears  a  great  resemblance  to  a  wooden  stool,  the  upper  surface  of  which  forms  a  kind  of 
trough.  The  top  of  the  moulds  points  downwards,  and  the  other  extremily,  wliich  is 
open,  is  inserted  into  the  bottom  trough  or  lop  of  the  Stool,  and  made  quite  level  with  its 
upper  surface.  In  order  to  jnlroduce  the  wicks  into  Ihe  mould,  (he  workman  lays  the 
fraine  upon  its  side  on  an  adjoining  table,  and  holding  in  his  left  h.iud  a  qnantity  of  wicks, 
previously  cut  to  the  proper  length,  he  introduces  into  the  mould  a  long  wire  with  a 
hooked  point.  As  soon  as  the  hook  of  the  wire  appears  through  the  hole  in  the  top  of 
the  mould,  he  attaches  lo  it  the  looped  end  of  the  wick,  and,  immediately  drawing  back 
tlie  wire,  carries  the  wick  along  with  it.  In  this  manner  each  mould  in  succession  ia 
furnished  with  a  wick.  Another  workman  now  follows,  and  pas&es  a  small  wire  through 
the  loop  of  each  wick.  This  wire  is  obviously  intended  to  keep  the  wick  stretched,  and 
to  prevent  it  from  falling  back  into  the  mould  upon  the  frame  being  placed  in  the  propa 
position  for  filling.  The  frame  is  th''n  handed  to  the  person  that  fills  the  moulds,  whi 
rireviously  arranges  the  small  wires  in  such  a  manner  that  each  wick  may  be  exactly 
in  the  axis  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  eachof  fliem,  or  into  tbe  trongh,  from  a 
cistern  furnished  with  acock,  and  which  isregularlysuppiiedwithtallowof  the  proper 
tamnarature  fram  an  adjoining  boiler.  When  the  woi'kmnn  oteerves  that  the  moulds  ara 
nearlylmlf  filled  he  turns  the  cock,and  laying  hold  of  that  portionof  tbe  wick  which  hangs 
out  of  the  moulds,  pulls  it  tight,  and  thus  prevents  any  curling  of  the  wick,  which  might 
injure  the  candles :  he  then  opens  the  cock,  and  completes  tlie  process  ot  filling.  The  frame 
is  now  set  aside  to  cool ;  and  when  the  tallow  has  acquired  a  proper  consistence,  which  tha 
workman  easily  diaeovers  by  a  snapping  noise  emitted  by  the  candles  upon  pressing  hi* 
thumb  against  the  Iwttom  of  the  moul^  be  first  withdraws  the  small  wires  which  kept 
the  wicks  tense,  and  then,  scraping  off  the  loose  tallow  from  the  top  of  the  frame  with 
A  small  wooden  5pade,  he  introduces  a  bodkin  into  tlie  loop  of  the  wick,  and  thus 
34 
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ttraws  each  candle  in  anceession.  from  ifa  mould.  The  ean^lea  are  now  laid  upon  i 
table  for  the  iriBpeetion  of  the  eKciseman,  mid  aftefwarda  removed  to  the  Btoreiiouse. 
Previous  to  stopini;  them  np,  aotne  oandla-maters  bleach  their  candles,  bj  exposing 
them  to  the  air  and  dcva  for  several  days.  Tliis  additional  labour  ean  be  necessary 
only  when  the  dealer  is  obliged  to  have  early  sales;  for  if  the  candles  are  kept  for 
sonie  months,  as  they  ought  to  be,  before  they  are  brought  to  market,  they  become 
suffieionlly  whiteneJby  age. 

Wax  ravdlm. — Npst  ;o  tallow,  the  Kutetance  most  employed  in  Ihe  mannfneture 
of  candles  is  wai.  Wax  candles  are  made  eiiher  by  Ihe  hand  or  with  a  ladle.  In  Ihe 
former  case,  the  wax,  being  kept  soil  in  hoi  water,  is  applied  bil  by  bil  to  the  wielc, 
which  i;  hung  froin  B  hook  in  the  wall;  in  the  latter,  the  wicks  are  huna  round  an  ii-un 
circle,  placed  Immediately  over  a  laree  copper-linned  basin  full  of  melted  wax,  which  is 
poured  upon  their  lops,  one  aRer  another,  by  means  of  a  lai^e  ladle.  When  the  eandles 
have  by  either  pioccFS  acquired  (he  proper  size,  they  are  laken'from  Ihe  hooks,  and 
rolled  upon  a  table,  usually  of  walnut-tree,  with  a  long  square  instrument  of  bos,  smooth 
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A  Scotch  mutchkin,  or  |  of  a  gallon  of  good  seal  oil,  weighs  6010  gr.,  or  13^  oz., 
avoirdupois,  and  lasts  in  a  bright  Ai^nd  lamp  11  hours  44  minutes.  The  weight  ot 
oil  it  consumes  per  ho'ic  is  equal  lo  4  limes  the  weight  of  tallow  in  candles  8  to  the 
pound,  and  i  the  weigh  of  tallow  in  candles  6  to  the  pound.  But,  its  light  being  equal 
to  that  of  5  of  the  laller  tandles,  it  appears  from  the  above  table  that  2  pounds  weight  ol 
oil,  value  9d.  in  an  Argand,  are  equivalent  in  illuminating  power  to  3  pounds  of  (allow 
candles,  which  coft  about  two  shillings.  The  larger  the  flame  in  the  abo^e  candles  the 
greater  Ihe  economy  of  l^ht. 

In  June,  18J5,  M.  Ga«  Lussac  obtained  a  patent  in  England  for  mating  candles  from 
tnargaric  onrf  stearic  arids,  impropeily  called  alearive,  by  converting  tallow  inio  the  nhove 
fat  acids  by  the  following  process ! — Tallow  consists,  by  Chevreul's  researches,  of  stearine, 
a  solid  fat,  and  elaine,  a  liquid  fat;  the  former  being  in  much  the  larger  proportion. 
When  tallow  is  ireatfd  with  an  alkaline  body,  such  as  potash,  soda,  or  lime,  it  is  saponiiipdi 
that  is,  its  stearine  and  elaine  become  respectively  stearic  and  elaic  acids,  and,  as  such, 
form  compounds  with  Ihese  bases.  When  by  the  action  of  an  acid,  such  as  the  sulphuric 
or  muiiatic,  these  cmibinalions  are  di  composed,  the  lats  reappear  in  the  altered  form  ol 
stearic  and  elaic  acids;  the  former  body  being  harder  than  tallow,  and  of  a  texture 
somewhat  lihe  spermaceti,  Ihe  latter  body  being  fluid,  lie  oil.  "The  decomposition  of  the 
snap  should  be  made,"  says  tbe  pnlenlee,  "  in  a  tai^e  qoanlily  of  water,  kept  well  stirred 
during  the  operation,  and  warmed  by  slenm  introduc«l  in  any  convenient  way.  When 
the  mixture  has  been  allowed  to  stand,  the  acid  of  ihe  tallow  or  fat  will  rise  lo  the 
surface,  and  the  water  being  drawn  olf  will  carry  the  alkaline  or  saline  matters  with  it; 
hut  if  Ihe  acids  of  the  tailow  should  retain  any  portion  of  the  salts,  fresh  water  may  be 
thrown  upon  it,  and  the  whole  well  agitated,  until  the  acids  have  become  perfectly  free 
from  the  alkaline  mnttera;  and  when  allowed  U>  cooi,  the  acids  will  be  formed  Lnf«  a 
solid  mass.  Thia  mass  is  now  to  be  submitted  to  considerable  pressure  in  such  an  appa- 
ratus as  is  employed  in  expressing  oil  from  seeds ;  when  theliquidacid  willrunoff  in  the 
form  of  a  substance  resembling  oil,  leaving  a  solid  matter,  similar,  in  every  respect,  to 
spermaceti,  which  is  fit  tor  making  oandles." 

The  wick  to  be  used  in  the  manufacture  of  these  improved  candles,  and  which  forms 
one  of  the  features  of  this  invention,  is  to  be  made  of  cotton  yam,  twisted  rather  hard, 
and  luid  in  tlie  same  manner  as  wire  is  sometimes  eoiled  round  baaa  strings  of 
musical  instruments.  For  thia  purpose  straight  rods  or  wires  ai-e  to  be  procured,  ot 
suitable  lengths  and  diameters,  according  to  theintended  size  of  Ihc  candles  about  to  ba 
made :  and  these  wires,  having  been  coveta^  with  cotton  coiled  round  them  as  desciibed, 
ire  to  be  inserted  iutha  canifie  moulds  as  theoommon  wiokaarn;  and  when  the  caudle 
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is  made,  and  perfectly  hard,  the  wire  is  to  be  witlidrawn,  leaving  &  liollow  i^ylinJrieal 
aperture  entirely  throngli  tha  middle  of  the  candia     See  Steahine. 

CANDLES.  Messrs.  Hempel  and  Blundetl  have  given  a  very  loinute  account  of 
lie  piocesa  for  making  palm-oil,  stearic  and  nwitgaric  acids,  in  thespecilicaiionof  theii 
patent  for  this  mode  at  manufacturing  candles  ; — 

1.  Their  first  process  is  called  cryiiallizalim,  which  consists  in  pouring  the  melted 
palm-oil  into  iron  pans,  and  allowing  it  to  cool  slowly,  whereby,  at  about  75°  F.,  the 
elaine  separales  from  the  crj'stalline  stearine  and  margarine. 

3,  The  concreted  oil  is  subjected  to  the  action  of  an  hydraulic  press,  in  order  to  sep- 
arate the  elaine  from  the  solid  fats. 

a.  This  process  is  Called  oxiitatioa.  To  104  lbs.  of  the  stearine  and  maTgarine, 
melted  in  an  iron  pan,  about  12  lbs.  of  slaked  and  sifted  quicklime  are  added,  with 
diligent  stirring,  durina  which  the  temperature  b  to  be  slowly  raised  lo  iHf  F.,  and 
£0  maintained  for  aboitt  three  hours,  tiU  a  perfect  chemical  combination  lakes  place. 
Tills  is  shown  by  the  masa  becoming  thin,  transparent,  and  assumiug  a  glassy  appear- 
ance when  il  cools.  The  fire  being  now  withdrawn,  cold  water  is  added  very  gradually 
ai  Hrst,  with  brisk  stirring  till  the  whole  mass  falls  into  a  state  of  powdery  granulation, 
when  it  is  passed  throogh  a  wire  sieve  to  break  down  any  lumps  that  may  remain. 

4,  Separation  qf  Ike  slearic  and  Btargaricaeida  from  the  lime.  For  this  frpose,  as 
much  muriate  of  lime  (chlorcalcium)  is  taken  as  will,  with  its  eqnivalenl  qu.  ttity  of 
sulphuric  acid  <8  Iba.  of  dry  chlorcalcium  require  7  lbs.  of  the  strongest  sulphuric 
acid),  produce  as  much  muriatic  acid  as  will  dissolve  the  lime  combined  with  the  fat 
acids  s  aad  therefore  that  quantity  of  muriate  of  lune  dissolved  in  water  must  be 
treated  with  as  much  suljihuric  acid  as  will  saturate  its  lime  and  throw  it  down  in  the 
Slate  of  sulphateof  lime.  Add  the  supernatant  solution  of  muriatic  acid  in  such  pro- 
portion to  the  slearate  and  margarate  of  lime  as  will  rather  more  than  saturate  the 
lime.  Three  pounds  of  muriatic  acid  diluted  wiih  9  lbs.  of  water  are  slated  as  enough 
fur  1  lb,  of  lime.  This  mixture  is  to  be  let  ajone  for  3  or  4  days,  in  order  to  insure  the 
complete  separation  of  the  lime  from  the  fat  acids;  and  then  the  mixture  is  heated  so 
as  to  melt  and  cause  them  to  separate  in  a  stratum  on  the  lop  of  the  liquid.  The  re- 
sulting muriate  of  lime  is  drawn  ofi"  into  another  tub,  and  decomposed  by  its  dose  of 
sulphuric  acid,  so  as  lo  liberate  its  muriatic  acid  for  a  fresh  operation, 

5,  The  fat  acids,  being  well  washed  by  agitation  with  hot  water,  are  then  set  to  cool 
(nd  crystalline,  in  which  state  they  are  subjected  to  the  action  of  the  hydraulic  press, 
at  a  temperature  of  75^  F.,  whereat  the  margaric  acid  runs  off  from  the  solid  stearic 

6,  Bleaching.  The  stearic  acid  is  taken  from  the  press,  and  exposed  upon  water  in 
larsc  shallow  vessels  placed  in  the  open  air,  where  it  is  kept  at  the  melting  tempera- 
ture from  8  lo  12  hours,  stirring  meanwhile,  in  order  to  promote  the  blanching  action 
of  the  atmosphere.  The  margaric  acid  is  bleached  in  a  similar  manner  in  separate 
vessels. 

7,  Refilling  proeess.  The  fat  is  warmed  again,  and  poured  in  a  liquid  stale  into  an 
agitafing  tuh ;  where,  for  every  1,000  lbs,  of  Ihe  stearic  acid,  about  2J  lbs.  of  common 
blacl  oiide  of  manganese,  and  40  lbs.  of  concentrated  sulphuric  acid,  diluted  with 
200  lbs.  of  pure  water,  are  to  be  used.  This  solution  ("  mixture"),  while  warm  fiom 
the  heat  evolvei  in  diluting  the  acid,  is  placed  in  a  suitable  vessel  above  the  agitating 
tub.  The  stearic  acid  heini?  at  the  melting  point,  in  the  vessel  below,  agitation  is  to 
be  given  with  a  revolving  shaft,  while  the  mixed  manganese  and  acid  are  run  slowly 
down  inlo  it,  till  the  whole  be  well  mixed,  which  generally  requires  about  two  hours. 
Ill',  mass  is  sJlowed  to  lie  in  this  state  for  48  hours  ■,  after  which  it  may  be  boiled  by 
giedn  for  2  or  3  hours,  when  il  will  be  sulBciently  refined.  The  sulphuric  acid,  which 
is  at  the  bottom,  is  now  run  off,  and  the  stearic  acid  which  remains  is  well  washed  with 
pure  water.  It  is  then  put  into  lai^e  conical  vessels  of  stoneware,  enclosed  in  a  box 
or  jacket,  kept  warm  oy  steam-heal,  and  lined  with  conical  baes  of  suitable  stro-- 
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Tini[  paper,  through  which, 
has  be<m  thus  filtered,  it  is  run 
stearic  acid  or  palm-wax,  and  i 
On  the  above  process  with  n 
Ihal  no  solution  or  chemical  ac 
therefore  most  problematical. 

refining,  in  which  sulphate  of  manganese,  with  cozni 
concentrated),  and  oxalic  acid,  are  used,  and  in  ray  oji 


way ;  and  when  the  i 
will  be  found  lo  be  a  beautiful 
_ .,  . .  to  candles  in  the  usual  way. 

anese  and  diluted  sulphuric  acid,  it  may  be  observeil, 
lakes  place  between  them,  and  their  joint  use  seems 
!  patentees  proceed  to  describe  other  processes  of 

■"     lit,  phoaphorii!  acid  (highly 

either  ignorantly  oi  '      ' ' 


purpose  of  oiyBtifieation  j  for,  as  prescribed,  tliej  can  serve  no  [lossibie  purpose  of 
punfjine  the  eteamine. 

The  chief  solid  coaatituant  of  palm-oil  is  margaric  mH.    This  they  direct  to  he 
melted  with  tallow,  in  the  proportion  of  from  10  to  20  lbs.  of  the  former  to  100  lbs.  of 

the  latter.     See  A'emloii's  Journal,  C.  S,  xi.  207. 
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J  H'ns  told  by  M.  Eunge,  at  Berlin,  that  lio  was  tlie  inreiitor  of  the  |iraoes3  fo( 
making  whit«  mai^rie  acid  from  palm-oil,  and  tbal  Heinpei  had  got  it  someliow 
from  liim,  but  most  imperfectly,  as  it  would  appear.  Hempel  died  bere  in  the  midst 
of  the  above  patent  operations ;  but  the  epecilicatioD  is,  no  doubt,  a,  specimen  of  his 
manufacture  of  Runge's  m&i^aric  acid.    He  gave  me  a  splendid  pearly-looking  sample. 

Mr.  Wilson  of  Belmoul,  Vauxhall,  obtain^  in  August,  1844,  a  patent  for  improve- 
ments in  treating  fats  for  making  candles.  If  distilled  fats  are  used  in  making  compo- 
eite  candles,  they  ore  bleached  and  hardened  in  that  operation.  When  palm-oil  is  tha 
material,  it  is  firat  saponified;  then  distilled,  granulated  by  fusion  and  slow  cooling,  and 
cold-pressed ;  by  which  means  stearic  acid  and  alight  coloured  oil  are  obtained ;  'which 
may  os  mixed  with  the  stearine  of  coeoa-aut  oil,  or  other  stearine.  A  cheaper  article 
may  be  bad  by  mixing  the  entire  product  of  the  above  distillation  with  half  its  weight 
of  distilled  and  cold-pi-essed  etearicacid  of  tallow.  Tallow  is  deprived  of  its  oleine  by 
preaanre,  accompanied  by  artificial  cold  if  ueeeasary;  thisbeing  added  to  the  other  hard 
matter,  the  mixture  is  converted  into  &tty  acids,  and  distilled,  and  the  entire  product  of 
distillation  is  employed  for  making  caudles;  oritmay  be  pressed  to  make  them  harder. 
As  distilled  stearic  acid  is  more  crystalline  thaminiiistilled,  2  or  4  per  cent,  of  wax  may 
be  added  to  assist  the  combination  of  the  fatty  acid  with  tlie  stearine. — Neatim's  Jour- 
«id,  sxvi.  163.  _ 

Candles  eonsiaUng  of  alternate  layers  of  tallow  and  stearine  have  been  made  by  dipping 
their  wicks  alternateiy  in  these  two  fatty  bodies  in  a  fluid  stat*.  Mr.  W.  Sykes  has 
gone  to  the  expense  of  a  patent  on  the  oootcivance.  The  wicks  are  impregnated  with 
a  solution  of  bismuth  or  borax. 

New  patent  tnndte  mamifan^re. — Tegetable  taliow  melts  at  a  degree  of  heat  somewhat 
above  thatof  animal  tallow,  but  considerably  below  vhat  of  vegetable  wax.  Mr.  Wilson 
of  Belmont,  Vauihali,  treats  his  tallow  by  putting  6  tons  of  it  into  an  iron  still  capable 
of  holding  9  tons,  heats  it  grad'ially  to  350°  Fahr.,  and  then  adds  gradually  14^  lbs. 
of  snlpliuric  aeid  of  1  8  sp.  gr.  At  the  expiration  of  abont  2  hours,  the  tallow  is 
pumped  into  a  vessel,  containing  water  slightly  acidulated  with  sulphuric  acid  ;  and  is 
therein  agitated  by  free  steam  pas^ng  througli  it  for  2  hours.  The  materials  are  then 
left  to  repose  for  6  hours ;  both  this  vessel  and  the  former  should  he  provided  with  a 
cover  and  a  means  of  conveying  the  gases  which  may  be  evolved  into  a  cbunney. 
liie  vegetable  tallow  is  next  diatiUed  in  such  a  manner  that  the  atmosphere  is  excluded. 
Tliisis  best  effected  by  the  use  ofsteara  highly  heated,  which  ha  introduces  into  the  still, 
in  numerous  jets  below  the  tallow.  The  distilled  prodiiets  are  reoeivedintocondaosers, 
and  they  may  be  used  alone,  or  they  may  be  mixed  with  other  Mattel's  for  mating  the 
beat  cloaa  of  candles.  The  patentee  improves  paraffiiie  by  a  like  process.  He  makes 
candles  with  2  or  8  wicks,  by  mixing  palm-oil  pressed  witli  tallow,  or  the  above  distilled 
fal,  for  burning  in  ciindle  lamps.— Avon's  Journal,  xxxv.  108. 

ThefoUowingisoneofhislaterproeesses.  Candlesand  night-lights  are  manufectnred 
by  J!r.  Wilson  of  Vaushal!,  by  combining  palm-oil  which  has'been  bleached  by  the 
atmosphere  with  distjiled  fatty  acids,  wifli  or  witliout  other  fats.  By  combining  one 
part  of  crude  coeoa-nnt  oil,  one  part  of  cold  pressed  atmospherically  bleached  palm-oil, 
and  one  part  of  unpressed  palmH>n,  acidified  by  sulplim'io  acid  and  cUstilled,  an  excellent 
«rodnct  IS  obtained ;  and  other  distilled  fatty  acids  may  be  used,  pressed  or  unpressed. 
This  diatillation  is  effected  by  transmitting  through  the  fat  contained  in  an  iron  still, 
steam  at  about  800°  or  100"  Fahr.,  heated  by  passing  througli  iron  pipes  laid  in  afire. 
The  steam  is  transmitted  till  the  oily  matter  is  heated  to  about  350° ;  tlie  vapours 
produced  being  carried  info  a  high  shaft  by  a  pipe  from  the  cover  of  the  iron  vessel 
The  hot  oily  matter  is  then  run  into  another  veaael  made  of  bricfc  lined  with  lead,  and  sunk 
in  the  ground,  for  the  purpose  of  supporting  the  brick-work  under  or  against  the  internal 
preasuro  of  the  fluid.  It  has  a  wooden  cover  lined  with  lead,  directly  beneath  which,  and 
extending  across  the  vessel,  is  a  leaden  pipe,  1  inch  in  diameter,  having  a  small  hole  in 
each  side,  at  every  six  inohea  of  its  length ;  and  through  thb  pipe  is  introduced  a  mixture 
of  1000  lbs.  of  sulphuric  acid,  sp.  gr.  1-8..  and  the  same  weiglit  of  water.  The  introduc- 
tion of  the  mixture  which  falls  iu  dirided  jets  into  the  heated  fat,  produces  violent  ebul- 
lition ;  and  by  this  means  the  acid  and  fat  are  perfeetlv  incorporated  before  the  action  of 
tha  acid  becomes  apparent  by  any  considerable  discoloration  of  the  fat.  As  the  ebnlli- 
tion  ceases,  the  fat  gradually  ■blaoltens ;  and  the  matter  is  allowed  to  remain  for  6  hours 
after  the  violent  ebulliUon  has  ceased.  The  offensive  fumes  produced  are  earned  off  by 
a  lai-ge  pipe  whieli  rises  from  the  top  of  the  vessel,  then  descends,  and  afterwards  rises 
a«aiu  into  a  high  chimney.  At  the  downward  part  of  this  pipe  a  small  jet  of  water  is 
kept  playing  to  condense  sueh  parts  of  the  vapours  as  are  condensable.  At  the  end  oi 
the  6  hours  above  mentioned,  the  operation  is  complete,  and  the  product  is  then  pumped 
into  another  close  vessel  and  washed  by  being  boiled  up  (by  means  of  free  steam)  with 
half  its  bulk  of  water.  The  water  ia  drMued  off,  and  tlie  washing  repeated,  except  that 
Bi  the  second  washing  the  water  is  acidulated  with  100  lbs.  of  sulphuric  add.    The 
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ultimate  prodnct  is  allowed  to  settle  for  24  hours ;  after  whicli  itisdistiUed  in  an  a 

ephcre  of  steam,  once  or  oftener,  until  well  purified;  and  the  product  of  disl 

aaaiu  washed,  and  after  being  pressed  in  the  aoUd  state,  is  applied 
of  candles. — JVraidm's  Lortdoa  Jburaal,  xxvL  and  kisv. 

CANK-mLL.    See  Mill  and  Sugak. 

CANKON.    For  Ihe  eomposilion  of  tlie^e  implements  of  destniclion,  see  Bronze. 

CANVASS.  (CaiiEcus,  Fr.i  Segdiuch,  Germ.)  It  has  been  found  ihal  sails  of  sbipi 
tiade  with  (he  selvages  and  seams  of  the  canvass  running  down  parallel  10  llieir  edges, 
ire  \'ery  apt  lo  bag,  and  become  torn  ia  the  middle,  IVom  Uie  strain  io  which  they  fire  pub- 
jecleil  by  Ihe  pressure  of  Ihe  wind.  To  obviate  this  inconvenience,  a  mode  of  making 
■ails,  with  the  seams  and  selvages  running  diagonally,  was  proposed  by  Admiral  Brooking, 
Bnd  a  palent  granted  lo  him  for  the  same  on  Ihe  4lh  of  Seplember,  1828.  The  Invention 
of  Messrs.  Ramsay  anil  Otr,  which  we  sre  about  to  describe,  has  a  similar  object,  viz.. 
that  of  giving  additional  Blrength.  to  sails  by  a  peculiar  manner  of  weaving  the  canvas* 
of  wliich  they  are  made. 

The  improvement  proposed  under  Iheic  patent  of  March,  1830,  consists  in  weaving  the 
canvass  with  diagonal  threads ;  that  is,  placing  Ihe  weft  yam,  or  shool,  in  weaving,  at  an 
oblique  angle  to  the  warp  yams,  instead  of  making  the  decussation  of  the  warp,  or  weft 
Ihreads,  or  yarns,  at  right  angles  to  each  other,  as  in  the  ordinary  mode  of  weaving. 

To  accomplish  this  object,  the  lonm  must  be  pec.  Jiatly  conslrucleil ;  that  is,  its  warp 
and  work  b^uns  must  stand  at  an  obtiqae  angle  witl'  the  sides  of  the  loom,  andthebaiten 
and  slay  must  be  hung  in  a  peculiar  manner,  in  orJer  to  beat  Dp  the  wel^,  or  shool,  in 
lines  ranging  diagonally  tcith  the  warp.  No  drawi^ig  is  shown  of  the  method  by  which 
this  arrangement  of  the  loom  is  to  be  made,  bot  it  is  presumed  that  any  weaver  would 
know  how  lo  accomplish  it:  the  invention  concisling  solely  in  producing  sail-cloth  with 
the  Ihreads  or  yarns  of  Ihe  weft  rangmg  diajronally  at  any  desired  angle  with  the  direc 
tion  of  the  warp  thread. 

CAOUTCHOUC,  GUM-ELASTIC,  on  INDIAN-RUBBER  {Federharz,  Germ.),  oc- 
curs as  a  milky  juice  in  several  plants,  such  as  the  siphoaia  cohuca,  called  also  herea  gui- 
aneiisis,  canhdinc,  jatrapka  dastka,  castilleja  elasiica,  cecTopia  pellala,  ficsts  Teligiosa 
and  mii/Ma,  nrceolaria  elasiica,  &c.  It  is,  however,  eitracted  chiefly  from  the  first  plant, 
.which  grows  ia  South  America  and  Java.  The  tree  has  incisions  made  into  it  through 
the  bark  in  many  places,  and  it  discharges  the  milky  juice,  which  is  spread  upon  clay 
moi'ids,  and  dried  in  Ihe  sun,  or  with  the  smoke  of  a  fire,  which  blackens  it. 

The  joice  itself  has  been  of  laie  years  imported.  It  is  of  a  pale  yellow  color,  and  has 
(he  consistence  of  cream.  It  becomes,  covered,  in  the  boliles  eontainii^  it,  with  a  pellicle 
of  concrete  caoutchouc.  Its  spec.  grav.  is  1'012.  When  it  is  dried,  it  loses  5a  per  tent, 
of  its  weight !  the  residuary  d5  is  elastic  gum.  When  the  juice  is  heated,  it  immediately 
coagalates,  in  virtue  of  its  albumen,  and  the  elastic  gum  rises  to  the  surface.  Il  miiei 
with  water  in  any  proportion ;  and,  when  thus  diluted,  il  coagulates  with  heat  and  alco- 
hol as  before. 

TJie  specific  gravity  of  caoutchouc  is  0'925,  and  it  is  not  permanently  increased  by 
any  degree  of  pressure.  By  cold  or  long  quiescence,  it  becomes  hard  and  stiff.  When 
the  milky  juice  has  become  once  coherent,  no  means  hitherto  known  can  restore  il  to 
Ihe  emulsive  stale.  By  long  boUi'ig  in  water  it  softens,  swells,  and  becomes  more 
readily  soluble  in  its  pecnluir  menstrua  ;  but  when  eiLposed  to  the  air,  it  speedily  resumes 
its  pristine  consistence  and  volurre.  It  is  quite  insoluble  in  alcohol ;  but  in  ether,  ile- 
^nved  of  alcohol  by  washing  wiih  water,  it  readily  dissolves,  and  afibids  a  colorless 
wlution.  When  the  ether  is  evaporated,  the  caoutchouc  becomes  aEain  solid,  but  is 
somewhat  clammy  for  a  while.  When  treated  with  hot  naphtha,  distilled  from  native 
petroleum,  or  from  coal  tar,  it  swells  to  30  times  its  former  bulk  ;  and  if  then  triturated 
with  B  pestle,  and  pressed  through  a  sieve,  it  affords  a  homt^eneousvarnish,  which  being 
applied  by  a  flat  edge  of  metal  or  wood  to  cloth,  prepares  it  for  forming  Ihe  petenl 
water-proof  cloth  of  Mackintosh.  Two  surfaces  of  cloth,  to  which  several  coats  of  the 
above  varnish  have  been  applied,  are,  when  partially  dried,  brought  evenly  in  contact,  and 
then  passed  between  rollers.,  in  order  to  condense  and  smooth  them  together.  This  double 
cloth  is  afterwards  suspenoed  in  a  stove-room  to  dry,  and  to  discharge  the  disagreeable 
odour  of  the  naphtha. 

CaoutehoQo  dissolves  in  the  fixed  oils,  aneh  as  linseed  oil,l)ut  theTomiahhas  not  tha 
property  of  becoming  concrete  upon  exposure  to  air. 

It  has  been  lately  asserted  that  caoutchouc  ia  soluble  in  the  oils  of  lavender  and  sas- 
safras. 

It  melts  at  2*8"  F.,  and  stands  afterwards  a  much  higher  heat  without  undergoing 
any  further  change.  When  the  melted  oaoutohouo  is  exposed  to  the  air,  it  betojnes 
b.ird  on  the  surface  in  the  course  of  a  year.  When  kindled  it  burns  with  a  bright 
Same  and  a  great  deal  of  smoke. 

Keither  cliloriuu,  sulphurous  acid  gas,  rauriafic  acid  gas,  ammonia,  nor  fluosiliovo  ttoid 
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^as  sfleclSLl,  whence  il  'onns  yery  vninable  Heiible  tubes  foi  pneumnSe  chemislTJ.  Cold 
sulpburic  acid  dues  nol  readily  decompose  il,  nor  does  nilric  »ciJ,  unless  i[  be  somewhal 
Blron!,'.    The  strongest  causlLc  potash  ley  dues  nol  dissolve  il  even  at  a  boiling  heat. 

Caoutchouc,  accoiding  to  my  experimenis,  whiidi  have  been  confirmed  by  those  of  Mr. 
Faraday,  conlains  no  oxygen,  as  almost  all  other  solid  vesetuble  jiroduets  do,  but  is  a 
mere  cum[)ound  of  carbon  and  hydri^n,  in  (he  proportion,  by  my  results,  of  90  carbon  to 
10  hydrosen,  being  th(*e  atoms  of  the  former  lo  two  of  tlie  laller,  Mr,  Faraday  oij- 
tained  only  87-2  carbon,  from  which  I  would  infer  IbHt  some  of  the  carbon,  which  in  this 
subsiaiice  is  difficult  to  acidify  by  peroxyde  of  copper,  had  escnped  its  action.  It  is  ob- 
viuus  that  too  llltle  carbonic  acid  gas  may  be  obtained,  but  certainly  nol  more  than  cor- 
responds 10  ihe  carbon  tn  the  body.  No  carbon  can  be  created  in  the  process  of  uliimale 
analysis  by  pure  percayde  of  copper  such  as  I  employed;  and  I  repeated  the  ignition 
afler  atlriliun  of  ihe  mixture  nsed  in  (he  ekpeiimeut.  Melted  caoutchouc  forms  a 
very  excellent  chemieai  lule,  as  it  adheres  very  readily  to  glass  vessels,  and  withslands 
the  corrosive  action  of  acid  vapors.  This  substance  is  much  used  for  effacing  the  traces 
of  plumbago  pencils,  whence  it  derived  the  name  of  Indian-rubber.  It  has  been  lati^ty 
employed  very  extensively  for  making  elastic  bands  or  braces.  The  caoatchouc  bnittes 
are  skilfully  cui  iiit->  long  spiral  slips,  which  are  siretcbed,  and  kept  extended  till  nearly 
deprived  of  their  e'aslidty,  and  till  they  form  a  thread  of  moderate  fineness.  This  tlii-ead 
is  put  into  a  braid  machine,  and  covered  with  a  sheath  of  coiion,  silk,  linen,  or  worsted. 
The  clothed  caoutchouc  is  then  laid  as  warp  in  a  loom,  and  woven  into  an  elegant  riband. 
When  woven,  it  is  exposed  apnn  a  table  lo  the  action  of  a  hot  smooihing  iron,  which  re- 
storing to  Ihe  caoatchouc  all  its  primitive  elasticity,  Ihe  riband  retracts  considerably  in 
length,  and  the  braiding  corrugates  equally  upon  the  caoutchouc  cores.  Such  bands  pos- 
sess a  remarkable  elasticity,  combined  with  any  desired  degree  of  soHness.  Somelimes 
cloth  is  made  of  these  bmided  strands  of  caoutchouc  nsed  both  as  warp  and  aswefl,  which 
is  Iherefiire  elastic  in  all  directions.  When  s  light  fabric  is  required,  the  strands  of  caout- 
rhouc,  either  naked  or  braided,  are  alternated  wilh  common  warp  yarns.  For  this  mixed 
fabric  a  palent  has  been  obtained.  The  ori^cinal  manufacturer  of  these  elastic  webs  is  a 
major  in  the  Austrian  service,  who  has  erected  a  great  factory  for  Ihem  at  Si.  Denys, 
near  Paris.    See  EtASTic  Bands. 

Mr.  Williiim  Henry  Barnard,  in  the  course  of  some  experiments  upon  the  impregnation 
of  ropes  with  canulchouc,  al  the  factory  of  Messrs.  Enderby,  at  Greenwich,  discovered  thai 
when  this  sdbslance  was  exposed  to 
a  heat  of  about  600°  F.  it  resolved 
itself  into  a  Tapor,  which,  by 
proper  reffigeralory  methods,  was 
conJcnsal)le  into  a  liquid  possessing 
Tcrj-  remarkable  properiies,  lo . 
which  the  name  caoulchoncine  haf 
been  given.  For  this  invention 
"of  a  solvent  not  hitherto  used  in 
Ihe  arts"  Mr.  Barnard  obtained  a 
palent,  in  August,  1833.  His 
process  for  preparing  it  is  deserihed 
in  his  speciRcaiion  as  follows: — 1 
take  a  mass  of  Ihe  said  caoulcbouc, 
or  Indian  Mbber,  as  imported,  and 
having  cut  it  into  small  lumps, 
containing  about  two  cubic  inches 
cnch  (which  I  prefer),  I  (brow  these 
lumps  into  a  cast-iron  still  (which 
I  lind  adapted  fur  the  purpose,  and 
a  diagram  of  which  is  annexed  to, 
and  forms  part  of,  this  my  specifi- 
ntion),  with  a  wi  tm  attached,  fit:  S2^^  A  is  Ihe  si  ill,  h  iho  cover  gronnd  to  a  meiallia 

E  the  worm-tub  and  worm,  f 

junction  with  a  crone,  or  other  means,  to  raise  the  cover  to  take  out  the  residua,  and  to 

cbai^e  the  same ;  h  the  chain. 

"I  then  apply  heat  t«  the  still  in  the  usual  manner,  wbiehheat  is  increased  until  the 
thermometer  ranges  at  600  degrees  of  Fahrenheit,  or  tliorcabouts.  And,  as  the  thei 
mometer  ranges  progressively  upwards  to  600  degrees  of  Fahrenheit,  a  darfc-eolourcd 
sil  or  liquid  is  distilted  over,  which  I  claim  as  my  said  iiiventioD,  sneh  liquid  being  a 
solvent  of  caoutuhoue,  and  other  resinous  and  olea^nous  substances.  When  the  ther 
mon.'eter  reaches  COO  degrees,  or  thereabouts,  notiung  ia  left  in  the  still  but  dirt  and 
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I  have  founc]  iLe  operation  of  distillation  to  be  fncilitateil  by  the  addition  of  a  pirlion 
of  ihis  oil,  either  previous  or  sub^eqnenl  to  rectificaiion,  as  hereinafter  mentioneit,  in  th« 
pioportion  of  one  lliird  of  oil  to  two  thirds  of  caoutchouc. 

I  afterwards  subject  the  dark-colored  liquid  Ibns  distilled  to  the  ordinary  process  o( 
rectification,  and  Iherfhj  obtain  fluids  varj'ine  in  specific  grayiti,  of  which  the  lightest 
hitherto  has  not  been  under  670,  lating  distilled  water  at  1000,  which  fluids  I  also  claim 
as  my  said  invention. 

At  each  reclificaliun  the  color  of  the  liquid  becomes  more  bright  and  transparent,  until, 
at  the  specific  gravity  of  680,  or  Ihereabculs,  it  is  colorless  and  highly  volatile. 

In  the  process  of  reelilication  (for  the  purpose  of  obtaining  a  larger  product  of  the  oil 
colorless)  J  put  about  one  third  of  water  into  the  slill.  In  each  and  e^ery  stati  the 
liquid  ia  a  solvent  of  caoutchouc,  and  several  resinoos  and  oleaginoHS  substances,  uid 
alsn  of  other  substances  (such  as  copal),  in  combination  with  very  strong  alcohol. 

Having  esperienced  much  diflicully  in  removing  the  dirt  which  adheres  lo  the  bottom 
nf  the  slill,  I  throw  into  the  still  lead  and  tin  in  a  state  of  alloy  {commonly  eallpd  folder), 
lo  the  depth  of  about  half  an  inch,  and,  as  tliis  becomes  fused,  thi.  ~itt  which  lies  on  the 
Burfaee  of  it  is  more  easily  removed. 

Objections  have  been  made  to  the  smell  of  this  liquid  ;  I  have  founo  such  smell  re- 
moved by  mising  and  shaking  up  the  liquid  with  nitco-murlalic  acid,  or  chlorine,  in  the 
proportion  of  a  quarter  of  a  pint  of  the  acid  (of  the  usual  commejcial  strength)  lo  a 
gallon  of  the  liquid. 

The  distovery  of  the  chemical  solvent,  which  fonns  the  subject  of  the  patent  above 
described,  has  excited  considerable  interest  in  the  philosophic  world,  not  only  from  its 
probable  nsefulness  as  a  new  article  of  commerce,  but  also  from  two  very  extraordioary 
characteristics  which  il  ia  found  lo  possess,  viz.,  that,  in  a  liquid  state,  it  has  less  specific 
gravity  than  any  other  liquid  known  to  cbemista,  being  considerably  Lghter  than  sui- 
phiiric  flher,  and,  in  a  state  of  vapor,  is  heavier  than  the  most  ponderous  of  the  gases. 
Its  eli;nier,ti.-y  constituents  are. 

Carbon  -  -  -  -  -  6'8I2  -  -  -  8  proportions. 
Hydrogen  -  .  .  .  J-000  -  -  -  7  ditto. 
Tliis  newmateriid  (when  mixed  with  alcohol)  is  a  solvent  of  all  the  resins,  and  particu- 
larly of  copal,  which  it  dissolves,  without  artificial  heat,  at  the  ordinary  temperature  of 
the  atmosphere  i  a  properly  possessed  by  no  other  solvent  known  ;  and  hence  it  is  peca- 
liarly  useful  for  making  varnishes  in  general.  It  also  mixes  readily  with  oils,  and  will 
be  found  to  be  a  valuable  and  cheap  menstruum  for  Itqael^ing  oil-paints;  and,  without  in 
the  slightest  degree  affecting  the  most  delicate  colors,  will,  from  its  ready  evaporation, 
cause  the  paint  to  dry  almost  instantly. 

Cocoa-nut  oil,  at  the  common  temperature  of  the  atmosphere,  always  assumes  a  con- 
crete forms  '>u'  "  portion  ofthis  caoutchoucine  mised  with  it  will  cause  the  oil  to  become 
fluid,  and  to  retain  sufficient  fluidity  to  burn  in  a  commoti  Ump  with  extraordinary 
"brilliancy, 

Caoulehoocine  is  extremely  volatile!  and  yet  its  vapor  ia  so  exceedingly  heavy,  tliat 
it  may  be  ponied,  without  the  liqnor,  from  one  vessel  inio  another  like  water. 

Hitherto  tha  greater  part  of  the  oooutehouo  has  been  imported  into  Europe  from 
South  America,  and  the  beat  trota  Para ;  but  of  lata  yeara  a  oonaiderable  quantitj 
lias  been  brought  from  Java,  Penang  Smoapore,  and  Assam.  About  twelve  years 
ago.  Mr.  William  Griffith  pubUahed  on  interesting  report  upon  the  Ficui  elastiea, 
the  caoutchouc  tree  of  Aaaam,  which  he  drew  itp  at  the  request  of  Captain  Jenkins, 
agent  in  that  country  to  the  Governor-General  of  India.  This  remarkable  specii^s 
of  fig-trae  is  eitbop  solitary,  or  in  twofold  or  threefold  groups.  It  ia  larger  and 
more  umbrageous  than  any  of  the  other  trees  in  tha  extensive  forest  where  it  abounds, 
and  may  be  distinguished  from  the  other  trees,  at  a  distance  at  several  miles,  by 
the  pioturesijue  appearance  produced  by  its  dense,  huge,  and  lofty  crown.  The  main 
trunk  of  one  was  carefully  measured,  and  waa  found  t«  have  a  circumference  of  no  less 
than  14  feet;  while  the  girtli  of  the  main  trunk  along  with  the  supports  immediately 
round  it,  was  120  feet.  The  area  covered  by  the  expanded  branehea  had  a  cireum 
furence  of  BIO  feet.    The  height  of  tlie  centraJ  tree  was  100  feet 

It  has  been  estimated,  after  an  accurate  survey,  that  there  are  48,240  such  noble 
tieeg  within  a  length  of  30  miles,  and  breadth  of  8  miles  of  forest  near  Ferozepoor,  in 
the  district  of  Cbardwar,  in  Assam. 

Lieutenant  Veltch  has  since  discovered  that  the  F^cm  elailica  is  equally  abundant  in 
Ihe  dbtriot  of  Naudwar.  Its  gei^raphical  range  in  Assam  seems  to  be  between  25 
deg.  10  min.  and  27  deg.  20  min.  of  north  latitude,  and  between  90  deg.  40  min.  and 
35  dei^.  30  min.  of  east  1  mgitude.  It  occurs  on  the  slopes  of  the  hills,  up  to  an  elevn- 
lioii  of  probably  22,aOO  feet.    This  tree  ia  of  the  banyan  tribe,  famed  for  its  pitlai-ed 
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iliado,  "  whose  daughtere  grow  about  the  mother  tree,"  whith  has  furaiahed  t!ie  motlo 
tol  raiai,  quoC  arborei,  to  the  Royal  Asiatic  Society,  Species  of  this  genus  aiford  gi'ate 
ful  filiaiie,  however,  in  the  tropiunl  regions  of  America,  as  well  as'Asja. 

Many  speeies  of  otiier  trees  yield  a  milky  teaacious  juiee,  of  which  birdlime  bai 
been  irequentiy  raiide;  as  ArlocnTpm  iniegri/olia,  and  Lakoocha,  Mcu»  indica  and 
reti^om,  also  F.  Tuela,  Roxburobii,  glorherata,  and  oppositi/olia.  From  aome  of  these 
an  inferior  kind  of  caoutcbouc  has  been  obtained. 

The  jnioa  of  the  ^liniii  elaitica  of  Chard  war  is  better  when  drawn  from  the  old  than 
from  the  young  trees,  and  richer  in  the  cold  seasou  than  in  th;  hot.  It  is  extracted  by 
making  incisions  a  foot  apart,  across  the  bark  down  to  the  wood,  all  round  the  trunk, 
and  also  the  large  brantjies,  up  l*  the  very  top  of  the  tree  ;  the  luantity  which  exudes 
mereasing  with  the  height  of  the  iucision.  The  bleeding  may  be  saMy  repeated  once 
every  fortnight.  The  iluidi  as  fresh  drawn,  is  nearly  of  the  consistence  of  cream,  and 
pure  white.  Somewhat  more  tlian  half  a  mound  (42  lbs  t  rectoned  to  be  the  aye- 
rage  produce  of  each  bleediug  of  one  tree ;  or  20,000  trtes  will  yield  about  12,000 
mifuiiits  of  juice :  whieli  is  composed  in  10  parts,  of  from  4  to  6  parts  of  water,  and, 
of  course,  from  S  to  4  parts  of  caoutehouc.  Tlie  bleeding  should  be  confined  to  the 
cold  months,  bo  as  not  to  interfere  with  or  obstruct  the  vigorous  Tcgetatlon  of  the  tree 
in  the  hot  months. 

Mr.  Orifiith  says,  that  the  richest  juice  is  obtained  from  transverse  incisions  made 
into  the  wood  of  the  lai^er  reflex  roots,  which  arc  half  exposed  above  ground,  and  that 
it  proceeds  from  the  bark  alone.  Beneath  the  line  of  incisions,  the  natives  of  Assam 
scoop  out  a  hole  in  the  earth,  in  which  they  place  a  leaf  of  the  PAryBJam  Mpifo/unj 
Linn.,  rudely  folded  up  into  the  shape  of  a  cup.  lie  observes  tliat  tbe  various  species 
of  Tclraathera,  upon  which  the  Moonga  silkworm  feeds,  as  also  the  castor  oil  plant, 
which  is  the  chief  food  of  the  Eria  silkworm,  do  not  afford  a  milky  caoutchouc  juice. 
Hence  it  wonld  appear  that  Dr.  Rojle's  notion  of  caoutchouc  forming  a  necMsary 
ingredient  in  the  food  of  silkworms,  and  being  "  in  some  way  employed  in  giving 
tenacity  to  their  silk,"  seems  to  be  unfounded.  If  Botany  discountenances  this  idea. 
Chemistry  would  seem  to  scout  it  altogether ;  for  silk  contains  ll'SS  per  cent,  of  azote, 
and  caoutchouc  contains  none  at  all ;  being  simply  a  solid  hydro-carburet,  and  there- 
fore widely  dissimilar  in  constitution  to  silk,  which  con^sU  of  oxygen  34-04,  azote 
1 1 .55  ~3rbon  BO-69,  and  hydrogen  3'94  in  100  parts. 


This  hydro -carburet  emulsion  is  of  common  occurrence  in  the  oanEHS  Eu^orhiaeea 
and  Tuliixa,  which  may  be  looked  on  as  the  main  sourees  of  caoutchouc  The  Ame- 
rican caoutchouc  is  said  to  he  furnished  bv  the  Stp/umia  elasliea,  or  tbe.  Seiiea  ffiiia- 
7ien^3  of  Anblet,  a  ti'ee  which  grows  in  Brazil,  and  also  in  Sarinam. 

Dr.  Eoyle  sent  models  of  cylinders,  of  1}  to  2}  inches  in  diameter,  and  4  or  S  inches 
in  length,  to  both  the  Aaatio  and  Agricultural  Societies  of  Bengal,  to  serve  as  patterns 
foe  the  natives  to  mould  their  caoutchouc  by.  Mr.  Griffith  says  that  this  plan  of 
forming  the  caoutehouo  into  tumblers  or  bottles,  as  recommended  by  the  committee  of 
the  London  Joint  Stock  Caoutchouc  Company,  is,  in  bis  opinion,  the  worst  that  can 
possibly  be  offered  ;  being  tedious,  laborious,  causing  tlie  caoutchouc  to  be  blackened 
in  the  drying,  and  not  obviating  tbe  viscidity  of  the  juice  when  it  is  exposed  to  the 
sun.  He  recommends,  as  a  for  better  mode  of  treating  the  juice,  to  work  it  up  with 
the  hands,  to  blancb  it  in  water,  and  then  subject  it  to  pressure.  I  shall  presently 
describe  a  still  better  method  which  has  recently  occurred  to  me,  in  expei'imenting 
upon  the  oaoutcbouo  jnice.  This  fluid,  with  certain  precautions,  chiefly  exclusion 
from  air  and  much  wannth,  may  be  kept  in  tlie  state  of  a  creamy  emulsion  for  a  very 


Tlie  specific  gravity  of  the  best  compact  Para  caoutchouc, 

taken  in  dilute  alcohol,  is O-MISSI 

The  specific  gravity  of  the  best  Assam  is        -        -        -  0-942913 

Sincapore       -         -         -  0.936660 

„  I'enang  -        -        -  O-BieilS 

Having  been  favoured  by  Mr.  Sicvier.  formerly  managing  directorof  the  Joint-Stock 
Caouichouo  Company,  and  by  Mr.  Beale,  engineer,  with  two  different  samples  of  caout- 
unoue  juioc,  I  have  subjecteS  each  to  cliemical  examination. 

That  of  Mr.  Sievier  is  greyish  brown,  that  of  Mr.  Beale  is  of  a  milky  grey  colour; 
the  deviation  from  whiteness  in  each  case  bang  due  to  the  presence  of  aloetic  matter, 
which  accompanies  the  caoutchouc  in  the  secretion  by  the  tree.  The  former  juice  is  of 
llie  consistence  of  thin  eream,  has  a  specific  gravity  of  11)4125,  and  yields,  by  exposure 
npon  a  porcelain  oapsule,  in  a  thin  laj  er,  for  a  few  days,  or  by  boiling  for  a  few  mt 
autes  with  a  little  water,  20  per  cent,  of  solid  caoutehoac    The  latter,  though  it  has  th* 
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_ ;eof  pretty  rich  cream,  has  a  Bpeeiflo  gravity  of  only  I'OITS-     It  yields  nc 

less  tiian  31  per  cent  of  wliite,  solid,  and  very  elaatio  eaoiitohouo. 

It  ia  intereflting  to  observe  how  readily  and  compactly  tJia  separate  little  cloths  oi 
threads  of  caoutehoue  coalesce  into  one  Bpongy  mass  in  the  pK^ress  of  the  ebullition, 
particniariy  if  the  emulsive  mixture  be  stirrad  ;  but  the  addition  of  water  is  necessary 
to  prevent  the  coagulated  aaoutohouo  from  sticking  to  the  sides  or  bottom  of  the  vessel 
and  becoming  baraL  In  CJ-der  to  convert  tbe  spongy  mass  thus  formed  into  good 
caoutcliouc,  nothing  more  is  i^qnisite  tJian  to  expose  it  to  moderate  pressure  between 
tlie  folds  of  a  towel.  By  this  process  the  whole  of  the  aloetie  Bxtraet,  and  other  vege- 
table matters,  which  concrete  into  the  substance  of  the  balls  and  junjts  of  caoutahono 
prepared  in  Assam  and  Java,  and  contaminate  it,  are  entirely  separated,  and  an  article 
liearly  white  and  inodorous  is  obtained.  Some  of  the  cakes  of  American  caoutchouc 
e:iha[e  when  out  the  fcetor  of  rotten  cheese ;  a  smell  which  adheres  to  the  threads  made 
.  of  it,  after  every  process  of  purification. 

In  the  interior  of  many  of  tlie  balls  which  come  from  both  the  Brazils  and  East  In 
dies,  spots  are  frequently  found  of  a  viscid  tarry-lookiog  matter,  which,  when  exposed 
to  the  air,  act  in  some  manner  as  a  ferment,  and  decompose  the  l!iole  mass  into  a  soft 
substance,  which  is  good  for  nothing.  Were  the  plan  of  boiling  the  fresh  juice  along 
with  its  own  bulk  of  water,  or  a  little  more,  adopted,  a  much  purer  article  would  be 
cbtalned,  and  with  comparatively  less  trouble  and  delay,  than  has  been  hitherto  brought 
into  tiie  market 

I  find  that  neither  of  the  above  two  samples  of  caoutchouc  juice  affords  any  appear- 
ance of  eo^ulum  when  mixed  in  any  proportions  with  alcohol  of  0' 825  specific  gravity; 
and,  therefore,  I  infer  that  albumen  is  not  a  necessary  constituent  of  the  juice,  as  Mr. 
Faraday  inferred  from  his  experiments  pnblished  in  the  21st  voL  of  the  Journal  of  the 
Royal  Institution. 

The  odour  of  Mr.  Sievier's  sample  is  slightly  acescent,  that  of  Mr.  Beale'a,  which  is 
by  far  the  richer  and  purer,  has  no  disagreeable  »raell  whatever.  The  taste  of  the 
latter  is  at  first  bland  and  very  slight,  but  eventually  very  bitter,  from  the  aloetio  im- 
pression upon  the  tongue.  The  taste  of  the  former  is  bitter  from  the  fii'st^  in  conse- 
queiioe  of  the  great  excess  of  aloes  which  it  contains.  When  the  brown  solution  which 
remains  in  the  capsule,  after  the  eaoutchouo  has  been  separated  in  a  spongy  state  by 
ebullition,  from  100  grains  of  the  richer  juice,  is  passed  throngh  a  filter  and  evaporated, 
it  leaves  4  grains  of  concrete  aloes. 

Both  of  these  emulsive  juices  mix  readily  with  water,  alcohol,  and  pyroxilio  spirits 
though  they  do  not  become  at  all  clearer;  they  will  not  mix  with  eaouUhoucine  (tlie 
distilled  spirit  of  caoutchouc),  or  with  petroleum-naphtha,  but  remain  at  the  bottom  of 
these  liquids  as  distinct  aa  mercury  does  from  water.  Soda  caustic  lye  does  not  dis- 
solve the  juice ;  nitric  acid  (double  aquafortis)  converts  it  into  a  rod  curdy  magma. 
The  filtei-ed  aloetie  liquid  ia  not  affected  by  the  nitrates  of  baryta  and  silver ;  it  affords 


Thisdepartmentof  operative  industry  has,  within  afewyears,  acquired  animportance 
equiii  to  that  of  some  of  the  older  arts,  and  promises,  erelong  to  nval  even  tlie  ancient 
textile  fabrics  in  the  variety  of  its  desiena  and  applications.  The  manufacture  of 
eaoutchouo  has,  at  present,  tliree  principal  tranches : — 1.  The  condensation  of  the  crude 
lumps  or  shreds  of  caoutchouc,  as  imported  from  South  America,  India,  ie,  into  com- 
pact homogeneous  blocks,  and  the  cutting  of  these  blocks  into  caies  or  sheets  for  the 
stationer,  auraeon,  shoemalier,  Ac  2.  The  filature  of  either  the  India-rubber  bottles, 
or  the  artificial  sheet  caoutchouc,  into  tapes  and  threads  of  any  requiaita  length  and 
fineness,  wliich  being  clothed  with  silk,  cotton,  linen,  or  woollen  yarns,  form  the  basis 
of  elastic  tissues  of  every  Hod.  S.  The  conversion  of  the  refuse  cuttings  and  coarser 
qualities  of  caouttjiouo  into  a  viscid  varnish,  which,  being  applied  between  two  sur- 
faces  of  cloth,  constitute  the  well-known  douiile  fabrics,  impervious  to  water  and  air. 

L  The  Efloutchouc,  as  imported  in  skinny  shreds,  fibrous  Balls,  twisted  concretions, 
cheese-like  cakea,  and  irregular  masses,  is,  more  or  less,  impure,  and  sometimes  fraudu- 
lently tnterstratjfled  with  earthy  matter.  It  is  cleansed  by  being  cut  into  small  pieces, 
and  washed  in  warm  water.  It  is  now  dried  on  iron  trays,  heated  with  steam,  while  being 
carefully  stirred  about  to  separate  any  remaining  dirt,  and  is  then  passed  through,  be 
tween  a  pair  of  iron  rolls.  Under  a  stream  of  water,  whereby  it  gets  a  second  washing, 
and  becomes  at  the  same  time  equalized  by  the  separate  pieces  being  blended  together. 
The  shreds  and  cuttings  thus  laminated,  it  still  foul  or  heterogeneous,  are  thrown  back 
into  a  kind  of  hopper  over  the  rolls,  set  one-sixteenth  of  an  inch  apart,  and  passed  se- 
veral times  through  between  them.  The  above  method  of  preparation  is  that  practised 
by  Messrs.  Keene  and  Co.,  of  Lambeth,  in  their  excellent  mannfactory,  undtr  >  patent 
granted  in  October,  1838,  to  Mr.  Christopher  Nickels,  a  partner  in  the  firm. 
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302  CAOUTCHOUC. 

In  the  gt^at  esiaolishmdit  ot  the  JointSfcout  Cftoutchouo  Coitpany,  at  Tottenhnm, 
originally  uuder  tlie  direolion  of  Mr.  Sievier,  a  gentleiuaa  diathiguiBiied  no  lees  by  li' 


nore  properly  be  styled,  tfie 
BtiDg  the  separate  fragiiieiit' 
.  a  a  cylindrical  box  or  dmi 
<t  irou,  8  or  9  inohea  in  diameter,  set  on  its  aide,  and  traversed  in  the  line  of  iu 
horizontal  axis  (also  8  or  9  ioefies  long)  by  a  shaft  of  wrought  iron,  fumiehed  with  8 
raws  of  projecting  bars,  or  kneading  arma,  placed  at  angles  of  I'iO  deg.  to  each  otlier. 
These  act  by  rotation  against  6  cbiacl-slmpeii  teeth,  which  stand  obliquely  op  !naa  the 
front  pai't  of  the  bottom  of  the  di'am.  'ilie  drum  itself  consists  of  2  semi-cylindei^  ; 
the  under  of  whictiis  made  fast  to  a  strong  Iron  framing  and  the  upper  is  hinged  to  the 
ander  one  behind,  but  bolted  to  it  before,  eo  as  to  fomi  a  eover  or  lid,  whidi  may  be 
opened  or  laid  back  at  pleasure,  in  order  to  examine  the  caoutchouc  from  time  to  time, 
and  take  it  out  when  fully  kneaded.  In  the  centre  of  tlie  lid  a  tunnel  is  made  fast,  by 
which  the  cuttings  and  ebreds  of  the  India  rubber  are  inti-odneed,  and  a  stream  of 
water  is  made  to  trickle  in,  for  washing  away  the  foul  matter  often  embedded  in  it 
Tlie  power  required  to  turn  the  axia  of  one  of  these  mills,  as  tlie  drums  or  boxes  are 
called,  nm^  be  Judged  of  from  the  fact^  that  if  it  be  only  2  inches  in  diameter,  it  is 
readily  twisted  asunder,  and  requires  to  be  3  Inches  to  withstand  every  strain  pruduceil 
by  the  fixed  teeth  holding  the  caoutchouc  against  the  wvolving  arms.  Five  pounds 
constitute  a  uliarge  of  tlie  material. 

Une  of  the  most  remarkable  phenomena  of  tlie  kneading  operatioD,  is  the  prodigious 
beat  disengaged  in  the  alternate  condensatiou  ajid  expansion  of  the  caoutchouc.  Though 
the  water  be  cold  as  it  trickles  in,  it  soon  becomes  boiling  hot,  and  emits  copious  va- 
poui's.  When  no  water  is  admitted,  the  temperature  rises  much  higher,  bo  that  the 
elastic  lump,  though  a  bad  conductor  of  heat,  cannot  be  safely  touched  with  the  hand. 
As  we  slioll  presently  tind  that  caoutchouc  suffers  no  considerable  or  permanent  dimi- 
nution of  its  volume  by  the  greatest  pressure  which  can  be  applied,  we  must  ascribe 
tlie  heat  evolved  in  the  kneading  process  to  the  violent  intestine  movements  excited 
tJiruu^hout  all  the  particles  of  the  elastic  mass. 

Durmg  the  steaming  much  muddy  water  runs  off  through  apertures  in  the  bottom 
of  the  di'um.  In  the  course  of  hall  an  hour's  trituration  the  various  pieces  become 
a^lutinated  into  a  soft,  elastie,  ovoid  ball,  of  a  reddish  brown  colour.  This  ball  is 
HOW  transferred  into  another  similar  iron  drum,  where  it  is  exposed  to  the  pricking  and 
kneading  aution  of  3  sets  of  chisel  points,  5  in  each  set,  that  project  from,  the  revolving 
sliaft  at  angles  of  120  deg.  to  each  other,  and  which  encounter  the  resistance  occasioned 
by  five  stationary  chisel  teeth,  standing  obliquely  upwards  from  the  bottjim  of  the 
di'um.  Here  tlie  caoutchouc  is  kneaded  dry  along  mth  a  liitle  quicklime.  It  soou 
gets  very  hot;  discharges  in  steam  through  the  punctures,  the  water  and  air  which  it 
had  imbibed  in  (be  pFeocding  washing  operation  ;  becomes  in  consequence  more  com- 

KLct ;  a[id  in  about  an  hour  assumes  tbe  dark  brown  colour  of  sUitioner^  I'ubber. 
nring  aU  tliis  time  frequent  explosions  take  place,  from  the  expansion  and  sudden 
extrication  of  the  imprisoned  air  and  steam. 

From  tlie  second  set  of  drums  the  baD  is  transferred  into  a  fJiivd  Be(i  whose  revolving 
shaft  being  furnished  botii  with  flat  pressing  bai-s,  and  parallel  shatp  chisels,  perpen- 
dicular to  it,  exercises  the  twofold  operation  of  prickiug  and  kneading  the  mass,  so  as 
to  condense  the  caoutchouc  into  a  homogeneous  solid,  ^ven  of  these  finished  balls, 
weighing  as  above  stated,  6  pounds  each,  are  then  introdnved  into  a  much  larger  iron 
drum  of  similar  conetnieUoD,  but  of  much  greater  strcnj^li,  whose  sliaft  is  studded  all 
roand  witli  a  formidable  array  of  blunt  chisels  Here  the  separate  balls  become  jier- 
fectly  incorporated  into  one  mass,  free  from  honeycomb  cells  or  pores,  and  therefore  fit 
for  being  squeezed  into  a  rectangular  or  cyhndrital  form  in  a  suitable  cast-iron  mould, 
by  tlie  action  of  a  screw-press.  When  condensed  to  the  utmost  in  this  box,  the  lid  is 
secured  in  its  place  by  screw-bolts,  and  the  mould  is  set  aside  for  several  days.  It  is  a 
curious  foct,  that  Mr.  Sievier  has  tried  to  give  this  moulding  force,  by  tlie  hydranlio 
pi*eS3,  witbout  effect,  as  the  cake  of  caoutJiliouo,  after  being  so  condensed,  resiles  much 
more  considerably  than  after  the  oompi'essinfl;  action  of  the  screw.  The  eake  form 
generally  preferred  for  the  reoomposed,  ground,  or  milled  caontchouo,  is  a  rectangular 
inaas,  about  18  inches  long.  Sinclies  broad,  and  S  inches  thick. 

This  isslicedintocakesforthestationer,  and  into  slieets  for  making  tapes  and  threads 
»f  caoutchouc,  by  an  ingenious  self-acting  machine,  in  which  a  straight  steel  blade  with 
its  edge  slanting  downwards,  is  made  t«  vibrate  most  rapidly  to  and  fro  in  a  horizontal 
plane;  while  tlie  cake  of  caoutchouc  clamped  or  embraced  at  each  side  between  two 
EtTOng  iron  bars,  is  slowly  advanced  against  the  blade  bj  screw-work  like  that  of  the 
•lide-res;  of  a  lathe.    In  cutting  caoutchouc  by  knives  of  every  foim,  it  is  essential  thai 
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either  tlie  blade  or  tbe  ic 
tool  I 


listened  with  water ;  for  otherwiie  tlia 


duwiiwards,  the  sheet  which  it  cuts  aS  spoutaneouslj  , 

jiortion  09  it  is  detached  from  the  bottom  idbbs  of  the  oate.  Thtfthieker  slices  ace  juter- 
wards  cnt  by  band,  with  a  wetted  kuife,  tnto  Bmnll  parallelopipeds  for  Uie  stationer, 
the  sections  b«iDg  gaided  rectangular] j  by  saw  lines  m  a  woodeu  frame.  The  whole 
sale  price  oi  these  is  now  reduced  to  %»,  per  ponud.  iSlicss  may  be  eut  off  to  almost  any 
desired  degree  of  thinness,  by  means  of  an  adjusting  screw — a  mechanism  that  acts 
against  a  fioard  wliich  supports  the  bottom  of  the  cube,  and  raises  it  by  any  aliquot 
part  of  an  iiicli,  the  cutting  blade  being  caused  to  vibrate  always  in  the  same  liorizontul 
tilane.  These  thin  slices  eonstitute  what  is  called  sheet  caoutchouc,  and  they  serve 
l«ierably  for  maldng  tubes  for  pneumatic  apparatus,  and  sheaths  of  everyJtind;  since, 
if  their  two  edges  be  eut  obliquely  with  clean  soisaors,  they  may  be  made  to  -oalescc, 
by  gentle  pressure,  bo  intimately  Cliat  the  line  of  junction  cannot  be  discovetvd  either 
by  tlie  eye,  or  by  inflation  of  a  bag  or  tubs  thus  formed. 

The  mode  of  recomposing  tlie  cnttings,  shreds,  and  coarse  lumps  of  caoutchouc,  into 
a  liomogeneous  elastic  cake,  specilied  by  Mr.  Kidtels,  for  Jiis  patent^  sealed  October  21, 
I8)t6,  is  not  essentially  ditferent  from  tliat  above  described.  Tlie  cylinders  of  his  mill 
are  more  capacious,  are  open  at  tlie  sidus  lilie  a  cage,  and  do  not  require  the  washitig 
apparatus,  as  the  caonfcboue  has  been  cleansed  by  previous  lamination  and  rinsing. 
Ue  completes  tbe  kneading  operation,  in  thb  open  cylinder,  within  the  space  of  about 
two  hours,  and  afterwards  squeezes  the  large  ball  so  formed  into  the  cheese  form,  in  a 
mould  subjected  to  the  action  of  an  hydraulic  press.  As  he  succeeds  perfectly  in  making 
compact  cakes  in  this  way,  his  caouti:houG  must  differ  somewhat  in  its  pbj'sieal  consti- 
tution from  that  recomposed  by  Mr.  Sievier's  process.  Ila  uses  a  press  of  the  power  of 
70  tons;  such  pressure,  liowever,  must  not  be  applied  suddenly,  but  prf^roMively,  at 
intervals  of  two  or  three  minutes  between  each  stroke;  and  when  the  pressing  is  com- 
plete, he  sulfei's  tlie  oaontchouo  to  remain  under  pressure  till  it  is  cold,  when  he 
thrusts  it  out  of  the  mould  entirely,  or,  placing  liis  mould  in  the  slido-rest  mechanism, 
he  gradually  raises  the  caoutchouc  out  of  it  while  the  vibrating  kuife  cuts  it  infosiioas 
in  tlie  manner  already  described.  The  elegant  machine  by  which  these  sheets  are  now 
so  easily  and  aoeural^ly  sliced,  was,  1  believe,  originally  contrived  and  constructed  by 
Mr.  Beale,  engineer,  Church-lano,  WhiteohapeL 


Messrs.  Rattier  and  Guibal  mounted  in  tlieir  factory  at  Bt,  Denys,  so  long  ago  as  the 
year  1826  or  1S2T,  a  machine  for  catting  a  disc  of  caoutchouc  into  a  oontmuous  fillet 
spirally,  from  its  circumference  towards  its  centre.  This  flat  disc  was  made  by  pressing 
tite  bottom  part  of  a  bottle  of  India-rubber  in  an  iron  mould.  I  have  described  this 
machine  under  the  article  Elastic  Bancs.  A  machine  on  the  same  principle  was  made 
the  subject  of  a  patent  by  Mr.  Joshua  Proctor  Westhead,  of  Manchester,  February  16, 
183lt;  and,  being  constructed  with  the  well-known  precision  of  Manchester  workman- 
ship, it  has  been  found  to  act  perfectly  well  in  cutting  a,  disc  of  caoutchoac,  from  the 
circumference  towards  the  centre  spirally,  bto  one  continuous  length  of  tape.  For 
the  service  of  this  machioe,  the  bottom  of  a  bottle  of  India-rubber  of  good  quality 
being  selected,  is  eut  off  and  flattened  by  heat  and  pressure  into  a  nearly  round 
cake  of  uniform  thickness.  This  cake  is  made  fast  at  it«  centre  by  a  screw  nut  and 
washer  to  tho  end  of  a  horizontal  shaft,  which  may  be  made  to  revolve  with  any 
desired  velocity  by  means  of  appropriate  pulleys  and  oands,  at  the  same  time  that  tlie 
edge  of  the  disc  of  caoutchouc  is  acted  on  by  a  circular  knife  of  cast  steel,  made  to 
revolve  8000  times  per  minute,  in  a  plane  at  right  angles  to  tiiat  of  tlie  disc,  and  to 
advance  upon  its  anis  progressively,  so  as  to  pare  off  a  continuous  uniform  tape  or  fillet 
from  the  oireumferenoe  of  the  cake.  Dunng  this  cutting  operation,  the  Knife  and 
caoutchouc  are  kept  constantly  moist  with  a  slender  stream  of  water.  A  succession 
of  threads  of  any  desired  ftneoess  ia  aftflrwards  cutout  of  this  fillet,  by  drawing  it  in  a 
moist  state  through  a  guide  slit,  against  the  sharp  edge  of  a  revolving  steel  disc  This 
operation  is  desterously  performed  by  the  hands  of  young  girls.  MM.  Battier  and 
Guibal  employed,  at  the  above-mentioned  period,  a  mectianism  consisljng  of  a  series 
of  circular  steel  knives,  fixed  parallel  to  each  other  at  minute  distances,  regulated  by 
interposed  washers  upon  a  revolving  shaft;  which  series  of  knives  acted  against  another 
similar  series,  placed  upon  a  parallel  adjoining  shaft,  with  the  effect  of  cutting  the  tape 
throughout  its  length  into  eight  or  more  threads  at  once.  An  improved  modification 
of  that  apparatus  is  described  and  figured  in  the  specification  of  Mr.  Nicbels's  patent 
of  Outcher,  18S6.  He  employs  it  for  cutting  into  threads  the  tapes  made  from  the 
■■eocimposed  eaontchoua 

The  bodj'  of  the  bottle  of  India.mbber,  and  in  general  any  hollow  cylinder  of 
wwutchonc,  is  cut  into  tapes,  by  being  first  forced  upon  a '   '  •' ■  •'■ '  -'— -■• 


andi-il  of  soft  wood  of  such 
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dimensions  as  to  keep  it  equally  distended.  Thia  mandril  is  then  eecurcii  fo  the  shaft 
of  a  lathe,  which  hue  one  end  uirmcd  into  a  fiiie-thrciided  acrew,  that  works  in  a  fixed 
nu^  so  as  to  traverse  froni  right  to  left  by  its  rotation.  A  cifoutar  dis«  of  eteel,  kept 
[Loiet,  revolves  upon  a  shall  parallel  to  tue  preceding,  at  such  a  distance  frooi  it  aa  to 
cue  tjirougti  the  oaoutchuue,  so  that,  by  tJie  traverse  movement  of  the  muidril  shaft, 
the  hollow  cylinder  is  cut  epirally  into  a  continuous  fillet  of  a  breadth  equal  to  tht 
thickness  of  the  side  of  the  cylinder.  Mr.  Kickels  has  described  two  methods  of  form- 
ing hollow  ejiinders  of  reeomposed  caoutchouc,  for  the  purpose  of  beiog  out  into  fillets 
by  such  a  miiclune. 

It  is  probable  that  the  threads  formed  from  the  best  India-rubber  bottles,  ds  imported 
from  Para,  are  considerably  stionger  than  those  made  from  recompoaed  caoutJ;boua, 


and  therefore  much  better  adapted  for  making  Mr.  IStevier's  patent  elastic  cordage. 
Wlieu,  however,  the  kneading  operation  has  been  skilfully  performed,  I  find  ''  '  " 
threads  of  tbe  ground  caoutchuno,  as  it  ia  incorrectly  called  by  the  workmen 


well  for  every  ordinary  purpose  of  elastic  tabriva,  and  are,  of  course,  gieatly  more 
economical,  from  the  much  lower  price  of  (be  material 

Threads  of  caoutchouc  are  raadily  pieced  by  panng  the  broken  ends  obliquely  with 
icissors,  and  tlien  pressing  (liem  to^«ilier  with  clean  fingers,  taking  care  to  admit  no 
grease  or  moisture  within  the  junction  line.  These  thi'eads  must  be  deprived  of  their 
elasti<dty  beiore  they  can  be  made  subservient  to  any  torsile  or  textile  manufacture. 
Each  thread  ia  iaelt^ieaied  individually  in  the  act  of  reeling,  by  the  tenter  boy  or  girl 
pressing  it  between  the  moist  tliumb  and  linger,  so  as  to  stretch  it  to  at  least  ei^t  tiroes 
its  notural  lengtli,  while  it  is  drawn  rapidly  through  between  them  by  the  rotation  of 
the  power-driven  reel.  This  extension  is  accompanied  with  condensation  of  the  caout- 
chouc, and  with  very  considei'able  dieenga^ment  of  heat,  as  pointed  out  ia  Kichol- 
Eon's  Jonrnat  upwards  of  30  years  ago,  by  Mr.  Gough,  the  blind  philosopher  of  Ken- 
dal. I  attempted  to  stretch  tlie  tbr^,  in  tbe  act  of  reeling  but  fonnd  the  sensation 
of  heat  too  painful  for  my  unseasoned  lingers.  The  reels,  alter  being  completely  filled 
with  the  thread,  are  laid  aside  for  some  days,  more  or  fewer,  according  to  the  quality 
of  the  eaoutehouc,  tbe  reeomposed  requiring  a  longer  period  than  the Twttle  material. 
Wlien  thus  rendered  inelastic,  it  is  wound  off  upon  bobbins  of  various  sizes,  adapted 
to  various  sizes  of  braiding  or  other  machines,  where  it  is  to  be  clothed  with  cotton 
or  other  yarn. 

In  the  pi'ocess  of  making  the  Busrio  mssUES,  the  threads  of  caoutchouc  being  first 
of  all  deprived  of  their  elasticity,  are  prepared  for  receiving  a  sheath  upon  the  braiding 
machine.  For  this  purpose  they  are  stretched  by  band,  in  the  act  of  winding  upon  the 
reel,  to  T  or  8  tiroes  their  natural  length,  and  left  two  or  tliree  weeks  in  that  state  of 
tension  upon  the  reels.  Thread  thus  inelasticated  has  a  specific  gravity  of  no  less  than 
0'948732 ;  but  when  it  lias  its  elasticity  restored,  and  its  length  reduced  to  its  pristine 
state,  by  rubbing  between  the  warm  palms  of  the  hands,  the  specific  gravity  of  the 
same  piece  of  thread  is  reduced  to  0-9^5936.  This  phenomenon  is  akin  to  tliat  exhibited 
in  the  process  of  wire-drawing,  where  tlie  iron  or  brass  gets  condensed,  hard,  and  brit- 
tle, while  it  disengages  much  heat ;  which  the  caoutchouc  thread  also  does  in  a  degree 
intolerable  to  unpractised  finger^  as  above  mentioned. 

The  tiirend  of  the  Joint-Stock  Cftoutehouc  Company  is  numbered  from  1  to  8. 
Na  I.  is  the  finest^  and  baa  about  60UO  yards  in  a  pound  weight;  No.  4.  has  2000  ia 
the  pound  weight;  and  No.  8.  700,  being  a  very  powerful  thread.  The  finest  is  used 
for  the  finer  elastic  tissues,  as  for  ladies'  gold  and  silver  elastic  bracelets  and  bands. 
The  ropes  made  by  Mr.  Bievier  with  the  strongest  of  the  above  threads,  clothvd  with 
hemp  and  worked  m  his  gigantic  braiding  maohme,  possess,  after  they  are  re-elasticated 
by  heat,  an  extraordinary  strength  and  elasticity;  and,  from  the  nearly  rectilinear 
direction  of  aH  tlie  strands,  con  stand,  it  is  said,  double  the  straiu  of  the  best  patent 
cordage  of  like  diameter. 

In  ti  eating  of  the  manufacture  of  elastjo  fubriea,  I  have  great  pleasure  in  adTerfJng 
to  the  ribbon  looms  at  Uoiloway,  which  display  to  gi'eat  advantage  the  mechanical 
genius  of  the  patentee,  Mr.  Bievier.  Their  productive  powers  may  be  inferred  from 
the  follnwiug  statement; — 5000  yards  of  1-iuch  braces  are  woven  weekly  m  one  18 
ribbon  loom,  whereby  the  female  operative,  who  has  nothing  to  do  but  watch  its  auto- 
matic moremeuts,  earns  10>.  a-week ;  3000  yards  of  2-inch  braces  are  woven  upon  a 
similar  loom  in  the  same  time.  But  one  of  Mr.  Sieviei''s  most  curious  f  afeut  mven- 
tions  IS,  that  of  producing,  by  tlie  shrinking  of  the  eaoutuhonc  threatb  id  the  founda- 
tion or  warp  of  the  stuff,  the  appearance  of  raised  figures,  closely  resembling  coach- 
lace,  in  the  weft  Thus,  by  a  simple  physical  operation,  there  is  produced,  at  ac 
expense  of  one  penny,  an  effect  wli.ch  could  not  be  efi'ecled  by  meuhanicai  means  foi 
eu  ihan  one  shilling. 
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Tlie  parings,  tlie  waste  of  the  kneading  operations  above  described,  and  Oie  coa-sest 
qualities  of  impoi-ted  cttoutthouo,  such  a?  tlie  iiieJaetie  luiiips  fj'oia  J'ara,  are  worked  up 
into  varnish,  wherewith  two  sm-faces  of  eloth  are  oementea,  so  as  to  fonii  a. compound 
fabric,  impervious  to  air  and  water.  Tl.e  caoutchouc  is  dissolved  either  in  petroleum 
(coal-tar),  (laphthii,  or  oil  of  turpentine,  by  being  triturated  witll  either  of  the  aolventa  in 
a  close  cast-iron  vessel,  with  a  stirring  apparatus,  moved  b\  mechanical  power.  The  lieat 
generated  during  the  attrition  of  the  caoutchouc,  is  sufficient  to  favour  the  solution, 
without  the  apphcatioa  of  fuel  ID  anyway.  Thesetrituratingcyliudershave  been  called 
pug-mills  by  tlie  workmen,  because  they  are  furnished  with  obliquely  pressing  and  re- 
volving arms,  bat  in  other  respects  tbe^  dilfer  in  oonstroirtjoa.  liiey  are  4  feet  in 
diameter.and  depth,  receive  13  cwt.  at  a  time,  have  a  vertical  revolving  shaft  of  wrought 
iron  4  inches  in  diameter,  and  mate  one  turn  in  a  second.  Three  (Jays  are  required  to 
complete  the  solution  of  one  charge  of  the  varnish  materials.  The  proportion  of  the 
solvent  oils  varies  with  the  object  in  view,  being  always  much  less  in  weight  than  the 
caoutchouc. 

When  the  varnish  is  to  be  applied  to  very  nice  purposes,  as  bookbinding  Ac,  it 
must  be  rubbed  into  a  homogeneous  smooth  paste,  by  putting  it  in  a  hopper,  and 
letting  it  foil  between  a  couple  of  parallel  iron  rolls,  set  almost  in  contact. 

Tlie  wooden  frame- work  of  tlie  gallei'j  in  which  the  water-proof  cloth  is  manufactured, 
should  be  at  least  60  Yards  long,  to  give  ample  room  for  extending,  airing,  and  drying 
the  pieces;  it  should  be  2  yards  wide,  and  not  less  than  5  high.  It  is  farmed  of  up- 
right standards  of  wood,  bound  with  three  or  four  horizontal  rails  at  the  sides  of  the 
ends.  At  the  end  of  rfie  gallery,  where  the  varnisli  b  applied,  tlie  web  which  is  to  b.; 
smeared  must  be  wound  upon  a  h-^*™  resembling  in  size  and  situation  the  cloth  beam 
of  the  weaver's  loom.  This  piece  is  theuci  drawn  up  and  stretched  in  a,  horizontal 
direction  over  a  bar,  like  the  breast  beam  of  a  loom,  whenoe  it  is  extended  in  a  some- 
what slanting  direetioa  downwards,  and  passed  over  tlie  edge  of  a  horizontal  bar. 
Above  this  bar,  and  parallel  to  it,  a  steel-armed  edge  of  wood  la  adjusted,  so  closely  as 
to  leave  but  a  narrow  slit  for  the  passage  of  the  varnish  and  the  clotL  This  borizoctal 
slit  may  be  widened  or  narrowed  at  pleoaura  by  thumb-screws,  which  lower  or  raise 
the  movable  upper  board.  The  eaoutohono  pasta  being  plastered  thickly  with  a  long 
spatula  of  wood  upon  the  down-sloped  part  of  the  web,  which  lies  between  the  breast- 
beam  and  the  above  described  slit,  the  cloth  is  then  drawn  through  tlie  slit  by  means  of 
cords  in  n  horizontal  direction  along  the  lowest  rails  of  the  jrallery,  whereW  it  get* 
uniformly  besmeared.  As  soon  as  uie  whole  web,  consisting  of  about  40  yards,  is  thos 
coated  with  ilie  viscid  vaniish,  it  is  extended  honzontally  upon  roUei's,  in  the  upper 
part  of  the  galJerp,  aud  left  for  a  day  or  two  to  dry.  A  second  and  third  coat  are  then 
applied  in  succession.  Two  such  webs,  or  pieces,  am  next  cemented  face  to  face,  by 
passbg  them,  at  the  instant  of  Uieir  being  brought  into  contact^  through  between  a 
pair  of  wooden  rollers,  care  being  taken  bv  the  operator  to  prevent  the  formation  of  any 
creases,  or  twisting  of  the  twofold  web.  The  under  one  of  tlie  two  pieces  being  intended 
for  the  lining,  should  bo  a  couple  of  inches  broader  than  the  up[^r  one,  to  insure  the 
uniform  coveiing  of  the  latter,  which  is  destined  to  foiin  the  oulaide  of  the  garment 
The  double  doth  is  findly  suspended  in  a  well-ventilated  stove-room,  till  it  Tiecomes 
dry,  and  nearly  free  from  smell.    Tlie  liarings  cut  fi^om  the  broader  edges  of  the  under 

lape-likfl  shreds  of  the  double  cloth  art 
up  the  twigs  of  wall  shrubs. 

Mr.  Walton,  of  Sowerby-bridge,  has  recently  substituted  sheet  India-rubber  for 
leather,  in  the  construction  of  fillet  cards  for  the  cotton  and  tow  manufactures.  The 
superior  elastici^  of  this  article  is  said  to  prove  advantageous  in  several  respects. 

Mr.  ClmrJes  Keene,  proprietor  of  the  extensive  and  well-organized  India-rubber 
factory  in  Lambeth,  obtained  a  patent  in  Marah,  1840,  for  applying  a  coat  of 
caoutchouc  to  the  outer  surface  of  flexible  leatiier.  The  varnish  of  eaoutchoac, 
made  with  oil  of  turpentine,  has  so  much  lampblack  incorporated  wiUi  it;  as  to  bring 
it  to  the  eonwstence  of  dough.  Tlie  edge  of  the  doe-skin,  buck-stin,  and  wasli- 
leaUier,  being  introduced  between  a  pair  ot  wetted  iron  rollers,  as  much  of  the  India- 
rubber  compound,  softened  by  a  gentle  heat,  and  rolled  into  a  proper  length  as  will 
cover  the  leather,  is  l^d  in  the  hollow  between  the  leather  and  tLe  moist  cylinders. 
By  their  rotation,  the  coating  is  evenly  effected.  When  the  surface  has  become  diy,  it 
may  be  embossed,  or  gilt,  and  varaisiied  over  with  a  solution  of  shellac,  with  a  little 
Venice  turpentine,  in  aleohoL  Aft«r  two  or  three  applications  of  this  tind,  the  leather 
is  passed  through  a  pair  of  iron  rollers,  either  smooth  or  embossed.  When  made  up 
articles,  such  as  shoes  or  portmanteaus,  Ac,  arc  to  be  covered,  the  India-ruVber  varnish 
3  need  in  a  thinner  state. — Seiolon's  Journal,  usiii.  357. 
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Caniitchouc  sulphured. — Mr.  Bnrka  ia  describing  hie  patented  process  for  vulcanizing 
ln(iiii.-vubber,  says,  Hiat  lie  avoids  two  printipaT  defetta  of  tJia  usual  article,  viz.  '\\i 
effloi'eaoence  of  eulplinr  with  an  offensive  odour,  and  its  nonseqnent  dceom position  and 
tiecoming  Fotten,  He  empluys  crude  antinioii^  (the  sulphuret  of  tliat  metal  in  fine 
powder),  and  converts  it  by  boiling  m  wat«r  with  aoda  or  potash  (carbonates)  into  Uia 
orange  sulphoret  of  that  metaJ  (Kermes  mineral)  by  tlie  addition  of  bydroehluric  aeid 
to  the  fluid  in  Blight  exeess.  Ha  combines  this  compound  (after  being  well  washed) 
with  caoutchono  orgutta  peruha,  either  together  or  separately,  according  to  the  diw^e 
of  elasticity  which  he  wishes  to  obtain.  This  mixture  is  afterwords  subjected  to  a  bent 
of  from  2S0°  to  280°  Fahr.  He  masticates  the  oaoutohouo  in  the  usual  iron  box,  by 
means  of  the  kneading  flnt«d  revolving  rollers,  subjecting  the  whole  to  beat.  The 
anlimonini  compound  is  than  added  in  miaolilits  varying  fi-om  5  to  15  lbs.,  according  to 
the  strength  and  elasticity  raquired  in  the  compound.  At  the  end  of  from  oiia  to  two 
hours'  trituration,  the  block  is  reinoTcd  from  the  boi^  and  while  in  a  warm  state  it  ia 
strongly  compressed  in  on  iron  mould;  aud  after  being  under  pressure  ftira  day  or  two 
is  sul'j-Hjted  to  a  steam  heat  for  a  couple  of  hours.  The  block  thus  prepared  may  now 
be  cut  into  sheets,  and  after wai'ds  divided  into  thready  or  formed  into  such  other  articlea 
UB  aro  desired. 

The  patentee  also  mixes  the  flock  of  silk,  cotton  or  wool,  with  liquefied  caoutchouc, 
and  applies  thiacompomid  for  waterproofing  cloth,  previously  coated  with  the  ordinary 
water-j>roof  composition.  lie  also  pTOiMKes  to  strengthen  the  gutta  percha  bands  for 
driving-pulleys  by  affixing  strips  of  leather  to  their  edges;  *nd  to  apply  metal  tips  or 
shields  to  the  gutta  percha  heels  and  solea  of  boots  and  shoes. 

The  clamminess  of  Caoutchouc  is  removed  by  Mr.  Hancock  in  the  following 
manner :  10  pounds  of  it  are  rolled  out  ioto  a  thin  slieet  between  iron  cylinders,  atid 
at  the  same  time  20  pounds  of  French-chalk  (silicate  of  magnesia)  are  sifted  on  and 
incorporated  with  it,  by  means  of  the  nsnal  kneading  apparatus.  When  very  thin  films 
are  i-equired  (like  sheets  of  paper)  the  caoutchouc,  made  plaetio  with  a  little  naphttia, 
is  spread  upon  cloth  previously  saturated  witii  si^e,  and  when  dry  is  stripped  off.  Mix- 
tni'cs  of  caoutchouc  so  softened  may  be  made  with  asphalt,  with  pigments  of  various 
kinds,  plumbago,  sulphur,  &£. 

The  hnprovements  patented  in  January,  1849,  by  Mr.  Christopher  Kickels,  conMSt — 
1.  In  ft  modification  of  the  giindine,  kneading  or  masticating  machine,  by  furnishing 
itj  roller  willi  flanges  at  its  two  eoifi  to  prevent  the  rubber  from  coming  against  the 
ends  of  the  cylinder.  When  sulphur  is  to  be  kneaded  into  it  in  the  pi-occss  of  vul- 
canizing the  rubber,  as  it  b  cnlJed,  he  covera  in  the  ti'ough,  but  not  otlierwiae.  He 
has  also  given  an  excentric  action  to  his  roller. 

He  kneads  with  bis  rubber  Bowers  of  sulphtir,  or  compounds  thereof,  in  the  proportion 
of  10  pounds  of  sulphur  to  60  pounds  of  caoutchouc,  and  he  subjects  the  compound  to 
pressure  in  moulds.     He  prefers  to  treat  the  caoutchouc  with  tlie  fumes  of  sulphur,  or 

Sises  containing  sulphur,  in  order  to  make  a  combination  in  the  kneading  cylinder, 
e  uses  a  retort  to  distil  the  vapour  of  sulphtir  n)Min  the  rubber  in  the  cylinder  heated 
in  a  steam  jacket  He  also  ocoosionally  introduces  hydn^en  or  phosphoi'us  alon^  with 
it.  The  compound  mass  thus  obtained  is  to  be  subjected  to  hydraulic  pieseure,  m  tJie 
moulds,  heated  to  about  230"  or  250°  Fulir.  He  causes  the  blocks  to  undergo  a  rolling 
motion  under  heavy  pressure  by  machinerv ;  the  eftect  of  which  motion  Is  to  equalize 
the  snipbur  difliised  in  tlie  blocks.  Even  thread  of  the  orfinary  India-rubber,  when 
agitated  in  a  box  with  flowera  of  sulphur,  is  said  to  be  glazed  aud  improved  thereby. 
— NemtujCs  Joarnal,  xxxv.  31. 

The  porosity  of  caoutchouc  explaina  the  readmess  with  which  it  ia  permeated 
by  difi'erent  liquids  which  have  no  chemical  action  upon  it.  Thin  aections  of  dry 
caoutchouc  of  the  beat  kinds  absorb  from  13  to  26  per  cent  of  water  in  tlie  eouiae 
of  a  montli,  and  become  white  from  having  been  brown.  The  best  solvent  is  a  mixture 
of  100  parts  of  sulphuret  of  carbon  with  from  6  to  8-parts  of  anhydrous  alcoho!.  If 
the  alcohol  be  mixed  with  a  little  water  a  dough  is  obtained,  from  which  the  caoutchouc 
may  be  drawn  out  bto  threads  and  spun.  By  Gerard's  process,  gutta  percha  is  also 
soluble  in  the  above  mixtures  of  sulphuret  of  carbon  and  alcohoL 

The  sniphuration  of  caoutchouc,  a  valuable  invention,  isdoe  to  Mr.  Charles  Goodyear 
of  Kew  York.  The  process  of  cold  sulphuring  of  Mr.  Parkes  consists  in  plunging  the 
sheets  or  tubes  of  caoutehoue  in  a  mistuPe  of  100  parts  of  sulphuret  of  carbon,  and  2i 
parts  of  protochloride  of  sulphur,  for  a  minute  or  two,  and  then  immersing  them  in 
cold  water.  Thus  supereulphnration  is  prevented  in  consequence  of  decomposing  the 
chloride  of  sulphur  on  the  surface  by  this  immersion,  while  the  rest  of  (he  sulphur 
passes  into  the  interior  by  absorption.  Mr.  Paries  prescribes  another,  and  perhaps  > 
prrferable  process  which  consists  in  immersing  tJie  caoutchouc  in  a  closed  vessel  for 
3  hours,  containing  a  solution  of  polysulphuret  of  potasMum  indicating  a  density  of 
la"  Beaum^  at  the  temperature  of  248°  Fabr.,  then  washiiiH  in  an  alkaline  sotatJon, 
4ud  lastly  in  pui'e  water.    A  uniform  impregnation  ia  tlius  obtained. 
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CAPERS,  are  pluclted  before  they  open,  and  thrown  Jrto  strong  viiiegnr  slightly 
falteJ,  where  they  are  pickled.  The  crop  of  eaoli  day  is  added  to  the  same  vinegar 
tub,  so  that  in  the  course  of  the  sia  months  during  which  the  caper  ehrub  fluwers,  the 
Vessel  gets  filled,  and  ia  sold  to  persons  who  sort  Wie  papers  (the  smalli^st  being  mo?i 
valued)  by  means  of  copper  sieves.  This  metal  is  attacked  by  the  acid,  wberefrom  tlip 
fruit  acquires  a  green  colour,  much  ndmired  by  ignorant  contioissruTS. 

CAPSTAN.  (Ca6ta(an,Fr.;  SpiHe,  Germ.)  A  machine  whereon  the  Oiible  is  wound 
Bncces'ivHly  in  weighing  the  anchor  of  a  vessel  It  is  a  species  of  wheel  nnd  a\le  ;  the 
asle  being  vertical,  and  pierced  with  holes  near  its  top  fop  tlio  insertion  of  the  ends  of  hor- 
izontal levers,  called  handspikes,  which  represent  the  vbeuL  These  are  turned  by  the 
fiirce  of  men  moving  in  a  circle.  The  power  applied  to  the  levar  is  to  the  resistance  to 
bi!  overcome,  (the  weight  of  the  anchor,  fop  example,)  when  the  forces  are  in  equilibrio, 
lis  the  radius  of  the  o^indep  rounii  which  the  rabfe  is  coiled  is  to  the  ciicumferenee  de- 
scribed by  the  power.  It  is  manifest  that  the  radius  of  the  axle  most  bo  aiigmenleJ  in 
this  computation  by  half  the  diameter  of  the  cable,  which  is  supposed  to  lie  always  orn 
coil  tliick  upon  it.  The(i)rce  of  a  man.  thns  applied,  has  been  commonly  estimiited  asequnl 
to  the  tractionof  27  pounds  hanging  over  a  pulley.  Friction  beinjtaovaiiable  a  quantity 
in  ca|>atan?,  renders  the  exact  calculation  of  its  mechanical  effect  somewhat  uncertain.  A 
stout  man,  stationed  near  the  bottom  of  the  axle,  holds  &st  the  loose  part  of  the  cable,  which 
has  already  made  two  or  three  turns ;  and,  being  aided  by  its  friction  upon  the  wood,  he  both 
prevents  it  from  slipping  backwards,  and  uncoils  each  turn  as  it  is  progressively  made. 
Mr.  Hindmarsh,  master  mariner  of  Newcastle,  obtained  a  patent,  in  Pebriiarj,  1827, 
for  a  oonlrivance  to  enable  a  capstan  or  windlass  to  be  occasionally  worked  with  increased 
mechanical  advantage.  Wiih  this  view,  he  placed  toothed  wheel-work,  partly  in  the 
driiin-hcad  of  the  cap'tan,  and  partly  in  the  upper  pavl  of  the  barrel,  upon  which  the 
cable  is  oiled  and  uncoiled  in  successive  portions. 

The  drum-head,  and  also  the  barrel,  turn  loosely  upon  a  central  spindle,  inilepenilenl 
of  each  other,  and  are  connected  together  either  by  (he  toothed  gear,  or  by  bolls.  On 
raisin^:  or  withdrawing  the  conaecting  pinion  from  the  toothed  wheels,  and  then  locking 
tiie  ilnim-head  and  barrel  together,  the  capstan  works  with  a  power  equal  only  lo  that 
exerted  by  the  men  al  the  caosian-bars,  as  an  ordinary  capstan;  bui  on  lowering  the 
pinion  into  gear  with  the  wheel-worit,  and  withdrawing  the  bolls  which  locked  the  drum- 
head  lo  Ihe  barrel,  the  power  exerted  by  the  men  becomes  increased  in  proporlion  lo  the 
diameter  and  nnmbers  of  teeth  in  the  wheels  and  pinions. 

[,'.S22b  the  eWernal  appearance  of  this  capstan,     fig.  323  a  horizontal  view  of  the 


oclheJ  gear  at  the  top  of  thf 


The  barrel,  with  the  whelps  a  a,  turns  loosely 
upon  a  vertical  sinndle  fiieil 
into  the  deck  of  the  vessel. 
The  drum- head  b  also  turns 
loosely  npon  the  same  spindle. 
The  circular  frame  c  c,  in  /iif. 
328  in  which  the  axes  of  the 
tuothed  wheels  d  d  d  are 
inonntnd,  is  fixel  lo  the  cen- 
tral spindle.  The  rim  e  e  i, 
wilh  internal  leeth,  is  ma'le 
fast  to  th;  top  of  the  barrel ; 
and  Ihe  piniiin/,  which  slides 
upon  the  spindle,  i.*  connected 
to  the  drum- head. 

When  it  is  intended  lo 
work  the  capstan  with  onli- 
nary  power,  the  pinion  /  is 
raised  up  into  Ihe  recess  of 
the  drum-heiid,  bv  means  of 
332, 


throws  it  outof  ?ear  with  tl 
toothed  wheels,  and  il  is  ihi 
locked  up  by  a  pin  a;  ll 
ng  the  drum-head  and  barrel  t 


bolls  ft  ft  are  now  introduced,  for  ibe  purpose  of  fasi 
gelher,  when  it  becomes  an  ordinary  capstan. 

Bill  when  il  is  required  that  the  same  number  of  men  shall  exert  a  srealcr  power,  the 
bolls  ft  are  withdrawn,  and  ihe  pinion  /  loweied  into  gear  with  the  loothed  wheels. 
The  rotation  of  the  drum-head,  then  carrvins;  the  pinion  roind,  causes  it  lo  drive  the 
toothed  wheels  d  d  d  ;  and  these  working  into  the  toothed  rim  e  e,  attached  to  the  barrel, 
cause  Ibe  barrel  lo  revolve  with  an  increased  power. 

Thus,  under   ,,atticuiar  circumsiances,  a  smaller  number  of  men  at  the   eapslan  or 
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wintllass  (which  is  to  he  conslruded  upon  the  same  principle)  will  he  enahled  to  hno, 
in  the  cable  nnd  anchor,  or  warp  off  the  vesse!,  wluch  is  an  important  objeil  lo  be 
effccled. 

In  1819,  Captitin  Phillips  obtained  a  palei.*!  fur  certain  improvements  in  capstans,  a 
pari  of  which  invention  is  precisely  the  same  as  this  in  principlCj  Iht^gh  sliphily  varied 
m  its  ailaplation. 

James  Brown,  ship-rigeer,  in  his  eapalan,  patented  in  1833,  instead  of  applying  the 
moving  power  hy  handspikes,  having  fixed  two  rims  of  teeth  round  the  lop  of  the  cap- 
stan, acts  npon  them  by  a  rotatory  worm,  or  pinions  turned  by  a  winch. 

Fii;.  S24  is  an  elevaiion  of  this  capstan,  and^g.  325  is  a  horizonlal  top  view :  a  is  an 
uprishl  shaft,  fixed  firmly  to  the  deck,  sfrving  as  an  axle  roond  which  the  body  of  the 
eapstan  revolves.  A  frame  e,  fixed  lo  the  top  of  a  stationary  shaft  a,  above  the  body  of 
the  capstan,  carries  the  driving  apparatus. 

The  upper  part  of  Ihe  body  of  the  capstan  has  a  ring  of  oblique  teeth  d  formed  rounj 
its  edse;  and  above  this,  on  the  Cnp  of  the  capstan,  is  a  rin?  of  bevel  teeth  c.  A  hori- 
zontal shaft/,  mounted  in  the  lop  fi'atne  c,  has  a  worm  or  endless  screw,  which  lakes  into 
the  teeth  of  the  ring  d;  and  a  short  axle  g,  having  its  bearings  in  the  central  shaft  a, 
and  in  the  fratoe  e,  carries  a  bevel  pinion,  which  lakes  into  the  bevel  leeih  of  the  ring  c. 

The  bearings  of  (he  shaft  /,  in  Ihe  top  frame,  are  in  long  slots,  with  angular  reliims, 
something  like  the  fastening  of  a  bayonet,  which  is  for  the  purpose  of  enabling  the  shaft 
lo  he  readily  lifted  in  and  out  of  gear  with  the  teeth  of  the  ring  d  :  Ihe  outer  bearing  of 
the  ajle  g  of  the  bevel  pinion  is  also  supiiorted  in  Ihe  frame  c,  in  a  similar  war,  in  order 
to  pul  it  in  and  out  of  gear  with  the  teeth  of  the  bevel  rine  e.  A  mode  of  shifting  these 
is  essentials  becanse  the  two  toothed  rings,  and  their  driving  worm  and  pinion,  give 
different  speeds,  and,  of  course,  cannot  be  bolh  in  operation  at  Ihe  same  time. 

The  worm  of  the  shaft  /,  being  plaeeil  in  gear  with  the  leeth  of  Ihe  ring  d,  on  apply- 
ing rotatory  power  thereto,  by  means  of  winches  attached  lo  the  ends  of  Ihe  shaft,  the 
barrel  or  bndy  of  the  capstan  will  be  made  to  revolve  with  a  slow  motion,  but  with  great 
power;  and  thas  two  men  at  ihe  winches  will  do  the  same  work  as  many  men  with  cap- 
stan bars  in  the  ordinary  way. 

If  a  quicker  movement  than  that  of  the  en'Iless  screw  is  desired,  then  the  driving  power 
may  be  applied  by  a  winch  to  the  axle  g  of  the  bevel  pinion,  that  pinion  being  put  into 
gear  with  the  bevel  ring  e,  and  the  enJIess  screw  withdrawn.  It  should,  however,  be 
here  remarked,  that  the  pntentee  proposes  to  employ  two  short  axles  g,  placed  opposite 
to  each  other,  with  bevel  pinions  acting  in  tlie  bevel-toothed  ring,  though  only  one  is 
shown  in  the  figure,  to  avoid  cimfusion..  He  also  cnntemplales  a  modification  of  the 
same  contrivance,  in  which  four  short  axles  g,  placed  at  right  angles,  with  pinions 
taking  into  a  bevel  ring,  may  be  employed,  and  made  effective  in  giving  rotatory  motion 
lo  Ihe  barrel  of  a  capstan  by  mean?  of  winches  applied  to  the  outer  ends  of  Ihe  axle,  and 
turned  by  the  labor  of  four  men, 

CARAT,  OR  CARACr,  is  a  weight  used  by  goldsmiths  and  jewellers.  Sec  Assat 
K.i(t  Diamond. 

CARBOJf  (Carbone,  Fr. ;  Kohlmstoff,  Germ.),  in  a  perfectly  pure   s 

d.amond.     Carbonaceous  substances  are  usually  more  or  less  compound,  i; , 

gen,  or  sometimes  oxygen,  and  azote,  along  with  earthy  and  metallic  matters.  Caibon, 
tolerably  pure,  abonads  in  the  mineral  kingdom ;  and,  in  a  combined  slate,  it  forms  a 
main  constituent  of  vegetable  and  anitnal  bodies.  Anthracite  is  a  mineral  charcoal, 
differing  from  common  pil^coal  in  containing  no  bitumen,  and  therefore  burning  with- 
oot  flame  or  smoke.  Cofce  is  the  carbonaceous  mass  which  remains  after  pJl-coal  has 
been  exposed  lo  ignition  for  some  time  out  of  contact  of  air;  its  volatile  parts  havin;? 
been  dissipated  by  the  heal.  It  is  a  spongy  substance,  of  an  iron-black  color,  a  some- 
wjiat  metallic  lustre,  and  does  not  easily  burn  unless  several  pieces  are  kindled  together. 
With  a  good  draaght,  however,  it  produces  a  mosl  intense  heat.  Wood  ckarcoat  is  ob- 
tained by  the  calcination  of  wood  in  close  vessels,  as  described  under  the  article  Acetic 
Acid,  or  in  pites  of  various  shapes,  covered  wilh  loam,  to  screen  it  from  the  free  action 
of  the  atmosphere,  which  would  otherwise  consume  it  entirely.  See  Chabcoal.  Such 
carbon  is  a  solid,  without  smell  or  taste,  and  bears  the  strongest  heats  of  our  furnaces 
wilhonl  suffering  any  change,  provided  air  be  excluded :  it  is  a  bad  conductor  of  heat, 
but  conducts  electricity  very  well.  When  burned,  it  unites  with  oxygen,  and  forms  car- 
bonic acid,  the  fixed  air  of  Br.  Black,  Ihe  choke-damp  of  the  miner.  When  this  car- 
bonic acid  is  made  to  traverse  red  hot  charcoal  it  dissolves  a  portion  of  it,  aad  becomes 
carbmlc  oxyde,  which  contains  only  one  half  of  its  volume  of  oxygea ;  whereas  car- 
bonic acid  consists  of  one  volume  of  oxygen  combined  wilh  one  volume  of  the  vapor 
of  carbon,  the  two  being  condensed  into  one  volume.  If  the  specific  gravity  of  oxygen, 
=^  1  1025,  be  deducted  from  that  of  carhonic  acid,  =  1-5245,  Ihe  difference,  =  C-422, 
will  be  the  specific  gravity  of  the  vapor  of  carbon ;  as  well  as  the  proportion  present  io 
thai  weight  of  (he  add. 
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Chaieoa)  obtained  by  the  aclion  of  a  rapid  fire  in  close  vessels  h  not  so  solid  anil  so 
good  a  fuel  as  that  which  is  made  in  the  ancient  way  ty  the  slo.v  calcination  of  pyrainidal 
piles  covered  with  earlh.  One  of  the  most  economical  ovens  for  makin?  wood  charcoal 
is  that  invented  by  M,  Foiicanld,  which  he  calls  a  ahroud,  or  abri.  To  construct  one  of 
these,  30  feet  in  diameter  at  the  base,  10  feel  at  its  summit,  and  from  8  to  9  feet  high,  he 
foims,  with  wood  2  inches  square,  a  frame  12  feet  Ion?,  3  feet  broad  at  one  end,  and  one 
font  at  the  olher.  The  figure  will  explain  the  construction.  The  uprights,  A  B  and 
C  D,  of  tbis  frame  arc  furnished  with  three  wooden  handles'  a  a  a,  and  a'  a'  a',  by  means 
of  which  Ihey  can  be  joined  lojejher,  by  passing  thronsh  two  contiguous  handles  a 
wood  n  f  It  he  ame  be  (  previoasly  provided  wiih  props,  as  shown  in  Jig-  326,  and 
d  w  h  oam  ni  ed  w  h  grass.  A  flat  covet  of  10  feet  diameter,  made  of  planks 
w  ned  and       u    db      ur  cross  bars,  is  mounted  with  two  trap  doors,  M  N,/ig. 

S        f  S  eg  he    molie  at  the  commencement  ol  the  operation!    a  triangular 


a£ 


hole  P,  c 


he  CO  p  receives  the  end  of  a  conduit  Q  R  S,  (Jigs.  329  and  S23,) 
.11  wood  formed  oi  three  deals,  destined  to  convey  the  gases  and  condensed  liquids 
into  the  casks  F  G  H.  Lastij,  a  door  T,  which  may  be  opened  and  shut  at  pleasure, 
permits  the  operator  to  inspect  the  slate  of  the  fire.  The  charcoal  calcined  by  this  abri, 
has  been  found  to  be  of  superior  quality. 

When  i(  is  wished  (o  change  the  place  where  the  airi  is  erected,  and  to  transport  it  to 
a  store  of  new-felled  timber,  (he  frame  is  taken  down,  after  beating  off  the  day  which 
covers  it,  the  joints  are  then  cut  by  a  saw,  as  well  as  ihe  ends  of  the  forks  which  fised 
the  frames  lo  one  another.  This  process  is  economical  in  use,  simple  and  cheap  in 
constrnclion  J  since  all  the  pieces  of  the  apparatus  are  easily  moved  about,  and  may  be 
readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of  aitisans, 
this  mLied  process  of  Foueauld  is  said  to  be  preferable  to  either  the  close  iron  cylindei 
or  the  pile. 

For  making  gunpowder-charcoal  the  lighter  woods,  such  as  the  willow,  dogwood,  and 
alder  answer  best ;  and  in  their  carbonization  care  should  be  taken  to  let  the  vapors  free- 
ly escape,  especially  towards  the  end  of  the  operation,  for  when  they  are  re-absorbed, 
they  greatly  impair  the  combustibility  of  the  charcoal. 

By  the  common  process  of  the  forests,  about  18  per  cent,  of  the  weight  of  the  wood  is 
obtained  (  by  the  process  of  Foucauid  about  24  per  cent,  are  obtained,  with  20  of  crude 
pyrolicneous  acid  of  JO  degrees  Baume.  By  the  process  described  under  Acetic  Acid, 
27  of  charcoal,  and  18  of  acid  at  6  ilesrees,  are  procured  from  100  parts  of  wood,  besides 
the  tar.  These  quantities  were  the  results  of  careful  esperimenting,  and  are  greater  than 
can  be  reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  purposes  may  be  extemporaneously  prepared  by  calcining  piecee 
ef  wood  covered  with  sand  in  a  cracible,  lill  no  more  volatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,anil  is  therefore  useful  for  polishing  metals- 
Being  a  bad  conductor  of  heat,  charcoal  is  employed  sometimes  in  powder  to  incase 
small  furnaces  and  sieam-pipes.  It  is  not  afl'ecled  by  water;  and  hence  the  extremities 
of  stakes  driven  into  moist  ground  are  not  liable  la  decomposition.  In  like  manner  casks 
when  charred  inside  preserve  water  much  better  than  common  casks,  because  they  furnish 
no  soluble  matter  fui  fermentation  or  for  food  to  animalcules. 

I.owitz  discovered  that  wood  charcoal  removes  oHensivc  smells  from  animal  and  vege- 
table Bub^lances,  and  counleracls  their  putrefaction.  He  found  the  odor  of  saccinii 
25 
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«nd  benzoic  acids,  of  bugs,  of  empyreumalic  oils,  of  infusions  of  Talerian,  esseme  of 
wormwood,  spirits  distilled  from  tad  grain,  and  sulphurpous  substances  were  all  al)sorb- 
able  by  freshly  ciilcined  charcoal  properly  applied.  A  very  ingenious  filter  has  been  con- 
Itriicled  for  purifjing  water,  by  passing  it  through  strata  of  charcoal  of  different  fineness. 

When  charcoal  is  bnrned,  one  third  of  the  heat  is  discharged  by  radiation,  and  two 
thirds  by  conduction. 

The  following  table  of  (he  quantity  of  charcoal  yielded  by  different  woods  was  pub- 
lished by  Mr.  Mushet,  as  the  result  of  experiments  carefully  made  upon  the  small  scale. 
He  says,  the  woods  before  being  charred  were  thoroughly  dried,  and  pieces  of  each  kind 
were  selected  as  nearly  alike  in  every  respect  as  possible.  One  hundred  parts  of  each 
sort  were  taken,  and  they  produced  as  ttnd.er : — 


Lignum  Vitaj  afforded 
Mahogany  ■ 
Laburnum 
Chestnut 


26'0  of  charcoal  of  a  grayish  color,  resembling  colie. 
25-4  tinged  with  brown,  spongy  and  porous. 
34-5  velvet  black,  compact,  very  hard. 
23'2  glossy  black,  compact,  firm. 
2S-5  black,  close,  very  firm. 
20-6  diiU  black,  close,  .Inn. 
19-9  dull  black,  loose  and  bulky. 
19-9  dull  black,  spongy,  firm. 

9'7  fine  black,  bulky,  moderately  firm. 

9-5  fine  black,  moderately  firm. 
19-2  shiiung  black,  bulky,  very  soft. 
18'4  velvet  black,  bulky,  loose  and  soft. 
17'9  shiniu?  black,  spongy,  firm. 
lT-4  velvet  black,  bulky,  firm. 
lG-4  tinged  with  brown,  moderately  firm. 

Messrs.  Allen  and  Pepys,  from  100  parts  of  the  following  woods,  obtained  tht  quanti. 


sof  cl 


Oak 


■  15-00 
Mahogany  .        -  I5-7S 

Lignnm  Vila     -        -  17-25  |         Box  ...  20-25 

It  is  observable  that  Ihe  qnantilies  obtained  by  Messrs.  Allen  and  Pepys  rre  in  general 
less  than  those  given  by  Mr.  Mushet,  which  may  be  owing  to  Mr.  Mushet  not  having 
apiilied  sufficient  heal,  or  operated  long  enough,  to  dissipate  the  aqueous  matter  of  the 
gaseous  products. 

To  (hose  persons  who  buy  charcoal  by  weight,  it  is  importanl  to  purchase  it  as  soon 
allcr  it  is  made  as  possible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmosphere.    Different  woods,  however,  difi'er  in  this  respect.    Messrs.  Allen  and 
Phjj's  found,  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 
11  Vila>  gained    - 


Fir 


13-0      ditto. 
14-0     ditto. 


The  following  is  a  tabular  view  of  the  volumes  of  the  different  gases  which  wers 
absorbed  in  the  course  of  24  hours,  by  one  volume  of  charcoal,  in  the  experiments  ol 
M.  Theodore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
esults.     Each  portion  of  charcoal  was  heated  afresh  to  a  red  heal,  and  allowed  to        ' 


cury     When  taken  from  tl 


Snlphnrous  acid 
Sulphureled  hydrogen 
Nitrous  ox,  de - 
Caibonic  acid  gas    - 


tantly  plunged  into  the  vessel 
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Bicarbnreted  hydrogen 
Carbonic  oxyde       - 
Oxygen  gas  - 


Neumann,  who  made  many  experiments  on  charcoal,  informs  us,  that  for  the  reduction 
of  the  metallic  osydes,  the  charcoal  of  the  heavier  woods,  as  that  of  the  oak  and  the 
beech,  is  preferable,  and  that,  for  common  fuel,  such  charcoal  gives  the  greatest  beat,  and 
requires  the  most  plentiful  supply  of  air  to  keep  it  burning ;  while  those  of  the  lighter 
woods  preserve  a  slowing  heal  with  a  much  less  draught  of  air;  and  that  for  purposes 
where  it  is  desirable  to  have  a  steady  and  a  sllil  fire,  charcoal  shonid  be  employed  which 
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has  Ijeen  made  from  wood  previously  dicesl 
a-Jiich  crackles  and  flics  ofl'  in  spaiks  durii 
itself  eeldom  does. 

For  Diabing  ciajons  of  charcoal,  Ifie  willotr  is  (he  be^t  wood  that  tno  be  employed,  b9 
the  softness  is  unirorni  ia  all  ils  pEirls.  Its  durahility  ma;  be  seen  in  severs!  of  our  old 
churehj-ards,  where  the  lellers  made  with  lamp-blacit  are  slill  perfect,  though  the  while 
lead  with  which  the  body  of  llie  stones  was  painted  is  entirely  destroyed. 

This  property  of  carbon  is  shown,  hnwever,  in  n  more  stiikinf  manner  by  Che  writings 
that  were  found  in  the  ruins  of  Herculaneum,  which  have  retained  their  orfsinai  bias- 
ness fir  iwo  thousand  yeais.  The  ancients  wrote  with  ink  made  from  ground  charcoal. 
If  it  be  required  to  purify  any  carbdnoceons  matter,  to  render  it  fitter  for  delicate  pig- 
ments, this  may  be  done  by  first  calcining  it  in  a  cloEC  vessel,  and  then  lixiviating:  it  in 
water  slightly  acidulated  by  nitric  acid. 

The  incorrapiibiiily  of  charcoal  was  well  known  to  the  ancients,  and  thej  availed 
Ihemsetves  of  this  property  upon  alt  important  occa^iiins. 

Aboat  sixty  years  a^  a  r[uantity  of  oak  stakes  were  found  in  the  bed  of  the  Thames, 
in  the  very  spot  where  Tacitus  says  that  the  Briions  fised  a  vnsi  number  of  such  stak-si 
to  prevent  the  passage  of  Julius  Ctesar  and  his  army.  These  flakes  were  charred  to  k 
considerable  depth,  had  retained  their  form  complelfly,  and  were  firm  at  the  heart. 

Most  of  the  honses  in  Venice  stand  upon  piles  of  wood,  which  have  all  been  previonsly 
charred  ibr  their  preservation.  In  this  country,  estates  were  formerly  marked  out  by 
charred  stakes  driven  to  a  considerable  depth  into  the  ground.  See  Bone-black, 
Chakcoai,  and  Gbapiittf.. 

CARBONATED  WATER  is  water  either  prnt,  or  holdins  various  saline  matters  in 
solution,  impregnated  with  carbonic  Kcid  gas.  For  general  sale  in  this  00110117,  the 
water  usually  contains  a  litlle  Knda,  which  beinp  charged  with  the  gas,  is  called  Soda 
Kahr  !  see  this  article  Ibr  a  description  of  an  exc<-llent  machine  ir  the  manul^ctuie  of 
this  fashionable  beverase, 

CARBONATES.  Saline  compounds  in  definiie  proportions  of  carbonit  acid, with  alka- 
lis, earths,  and  the  ordinnr;'  metallic  oxydes. 

The  cartmnates  principally  used  in  the  arts  and  manufBclures  are  those  of  ammonia, 
copper,  iron,  lead,  Mme,  lunentiia,  potash,  soda.  Native  carbonate  of  copper  is  the  heau- 
tiinl  Ereen  mineral  called  Malachite. 

Carbonates  are  easily  anal^ed  by  estimating  either  by  weisht  or  measure  the  quantity 
of  carbonic  acid  which  they  evolte  Under  the  dfcnmposing  action  of  soinewhat  dilute 
sulpliuric,  nitric,  or  muriatic  acid  ;  for  as  they  are  all  conipounds  of  acid,  and  base  in 
^Divalent  proportions,  the  quantity  of  acid  will  indicate  the  quantity  of  base.  Thus, 
as  pure  limestone  consists  of  h&  of  lime  and  44  of  acid,  in  100  parts,  if  n|>on  examining 
a  sample  of  limestone  we  find  it  to  eive  out  only  22  per  cent,  of  carbonic  acid  gas,  du- 
rins  its  slow  solution  in  muriatic  ucid,  we  are  sure  thai  there  ore  only  28  parts  of  lime 
present.  I  have  descrihed,  In  the  Annals  of  Philosophy  (or  October,  1817,  a  simple  form 
of  a|)pnra1us  for  analyzing  the  corbonates  with  equal  readiness  and  precision.  The  sim- 
ple rule  by  measure  to  which  I  was  led,  may  be  thus  stated :  From  the  bulk  of  evohcd 
gas,  eipresntd  in  nibU:  iwrSps  and  lenlhi,  deduct-^,  Ike  remainder  mil  express  the  propor- 
tion of  real  Hmestone  prerni'  in  ilie  grains  employed.  Pure  magnesian  limestone  yields 
very  nearly  a  cubic  inch  of  the  gas  for  every  grain  in  weiehl. 

CARBONATE  OF  AMMONIA.  A  suit"  called  in  modern  chemistry  sesqui-car- 
lonale,  to  denote  its  bein;  composed  of  one  and  a  half  equivalent  primes  of  carbonic 
acid,  and  one  of  ammonia.  It  consists  by  roy  analysis  of  65-R9  carbonic  acid,  9R-86 
ammonia,  and  15-35  waier,  in  100  parts.  It  is  genevally  prepared  by  mixing  from  IJ  10 
I|  parts  of  well-washed  dry  chalb,  with  1  of  sal-ammoniac,  introducing  the  mixinre  into 
an  earthen  or  cast-iron  retort,  or  subliminlt  pot,  and  ejposine  it  10  a  heal  gradually  rRised 
lo  redness.  By  double  decomposition,  the  ammonia  is  volatilized  in  combination  wilh  the 
carixinic  acid  of  the  chalk,  and  the  vapors  are  received  in  a  coniiensine  receiver  made 
either  of  glass,  stone  ware,  or  lead.  The  chlorine  of  tne  sal-ammoniac  remains  in  the 
retort,  associated  wilh  the  basis  of  the  chalk  in  the  state  of  chloride  }f  calcium.  Some 
Biamonia  spis  escapes  during  the  process. 

Tl'e  saline  mass  thus  sublimed  is  purified  by  a  second  sublimation  in  glass  or  salt- 
glazed  earthen  vessels.  The  salt  may  be  oblained,  by  the  above  method  carefully  con- 
d'Lcteil,  in  tbomboiclal  octahedrons,  but  it  is  generally  made  fur  the  market  in  a  compc  :l 
Et;ni-crystalline  white  cake.  It  has  a  pungent  ammoniacal  smell ;  a  hot,  pungent,  alka- 
line taste ;  a  strong  alkaline  reaction,  and  dissolves  in  two  parts  of  cold  u-ater.  It  must 
be  kept  in  weli-closed  Tessels,as  by  exposure  to  the  airll  portion  of  its  ammonia  exhales, 
an  I  il  passes  into  the  state  of  the  scentless  bi-carbonate.  It  is  employed  much  in  medi- 
cine, chemical  analysts,  and  by  the  pastry-cooks  lo  give  sponginess  tu  their  cakes,  in  con' 
sequence  of  its  volatilization  from  ;heir  dough  in  the  oven,    See  Sai..Ammoniac. 

Por  the  other  carbonates  used  in  the  arts,  see  their  respective  bases ;  copper,  lead, 
lime,  &c. 
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See  DisTiuATioN  and  F^RMtiiTiiTTaN.  Carbonic  acid  is  also  generated  in  the  breathing 
of  animals ;  from  4  to  5  per  cent.,  in  volume,  of  Ibe  inhaled  oxygen  being  converted,  at 
each  expiration,  into  this  gas,  which  coQlaminales  the  air  of  crowded  apartments,  and 
renders  ventilation  essential  to  health,  and  even  to  life;  witness  the  horrible  cataiilrophe 
of  the  Black-hole  at  Calcutta. 

Carbonic  acid  gas  is  destitute  of  color,  has  a  sourish,  sufibcating  smell,  an  acidulous 
pungent  taste,  imparls  to  moist,  but  not  dry,  litmus  paper,  a  transient  reddish  tint,  and 
weighs  per  100  cubic  inches,  4Si  grains;  and  per  cubic  fool,  803,^  grains;  a  lillle  more 
than  Si  oz.  avoinlnpoise.  A  cubic  foot  of  sir  weighs  about  two  thirds  of  that  quantity, 
or  521  "nine  It  may  he  condensed  into  the  liquid  state  by  a  pressnre  f  40  a  m 
pheres,  and  Ibis  Itqn  d  may  be  then  tolidified  bv  lis  own  sudden  spontan  p 

tion     If  air  conlain  more  Ihan  ]o  per  cent   tn  bulk  of  this  gas,   it  m        nfi 

for  resiiration  and  combustion,  aimal  life   and  candles  being  speedil  bed 

by  it 

Before  a  person  ventures  into  a  deep  well  or  vault  containing  fermen     i?  ma   na 
he  'houM  jntrodtiee  a  li;;hted  candle  into  the  space,  and  obserre  bow  i   b  m       Ca 
home  acid   being  so  much  denser  than  common  air,  may  be  drawn  out  of  c 
fermp  iting  labs,  by  a  pump  furnished  with  a  leather  hose,  which  reaches  bo  torn 

Quicklime,  mixed  with  water,  may  be  used  also  to  purify  the  air  of  a  sunk  apartment,  by 
its  affinity  for,  or  power  of,  absorbing  this  aerial  acid.    See  Mineral  Waters  and  Soda 

CARBONIC  OXYDE.    See  the  article  Cabhom. 

CARBUNCLE.  A  gem  h^hly  prized  by  the  ancients  ;  most  probably  a  variety  of  the 
noble  sarnet  of  modern  mineralogists. 

CARBURET  OF  SULPHUR^  caHed  also  sulphuret  of  carbon,  and  alcohol  of 
sulphur,  IS  a  limpid  volatile  liquid  possessing  a  penetrating  felid  smell,  and  an  acrid 
bnriiing  taste.  Its  speciHc  gravity  is  r263 ;  and  its  boiling  point  is  about  1 12°  Fahr.  II 
evaporates  so  readily,  and  abso^  so  much  heal  in  the  vaporous  state,  that  ifa  lube  con- 
:aining  quicksilver,  surrounded  with  lint  dipped  in  this  liijuicl,  be  suspended  in  the  re 
ceiver  of  an  air-pump  on  making  the  vacuum,  the  quicksilver  will  be  congealed.  It  con 
eists  of  ]5'8  carbon  and  84-3  sulphur,  in  100  parts;  being  two  equivalent  primes  of  lh« 
tatter  to  one  of  the  former. 
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CAltBUKETED  HYDROGEN.  A  compound  of  carbon  and  hydrtgm,  of  whicli 
ihere  are  BeveraJ  species — such  as  oil-pas,  coal-gas;  clefiani  ga?,  oil  of  lemons,  olto  of 
roies,  oil  of  lurpenline,  petroleum,  naptha,  naplhaline,  oil  of  wine,  caoulchouciiie,  ana 

CARDS,' PLAYING.  (Carles  d  jomr,  Fi. ;  Karlen,  Gem.)  Mr.  de  la  Rne  oblained, 
in  February,  1832,  a  patent  for  certain  improremenls  in  ihe  manufaetare  of  jilajing 
cards,  which  he  distributed  under  three  heads ;  fiisi,  printing  the  pips,  and  also  the  picture 
or  court  cards,  in  oil  colore  by  means  of  types  ir  blocks;  secondly,  effecting  ihe  same  b 
oil  colors  by  means  of  lithography  ;  and  thirdly,  gilding  or  silvering  borders,  and  other 
parts  of  the  characters,  by  ihp  T^rlnting  process,  cither  by  types,  blocks,  or  liiho- 
grapliy. 

In  the  ordinary  mode  of  manufacturing  playing  cards,  iheir  devices  are  partly  produced 
by  copperplate  printing,  and  they  are  filled  up  with  waler  colors  by  the  means  called 
stencilling. 

The  patentee  does  not  propose  any  material  alteration  in  the  devices  or  forms  U|<]n  .he 
cards,  but  only  to  produce  them  wilh  oil  coloi-s  i  and,  lo  effect  this,  he  follows  precisely 
the  same  mode  as  that  practised  by  calico  piinlers, 

A  set  of  blocks  or  types  properly  devised,  are  produced  for  printing  the  different  pips 
of  hearts,  diamonds,  spades,  and  clubs,  or  they  are  drawn,  as  other  su^ects,  in  the  usua.1 
way  upon  stone.  The  ink  or  color,  whether  black  or  red,  is  lo  be  prepared  from  Ihe 
best  French  lamp-black,  or  the  bcsl  Chinese  vermilion  aroand  in  oil,  and  laid  on  the 
types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printers'  ink,  and  the  impressions 
laken-on  to  thick  drawing  paper  by  means  of  a  suitable  press  in  the  ordinary  manner  of 
printing. 

The  picture  or  court-cards  are  to  be  produced  by  a  series  of  impressions  in  difTerenl 
colors,  fitting  into  each  other  exactly  in  the  same  way  as  in  printing  paper  hangings,  or 
silks  and  calicoes,  obserrlng  that  all  the  colors  are  to  be  prepared  with  oil. 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  provided  Jbr  each  snbiect,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used  sepa- 
rately, that  is,  all  ihe  yellow  parts  of  the  picture,  for  instance,  aie  lo  be  printed  nt  one 
impression,  then  all  the  red  parts,  next  all  the  flesh  color,  (hen  Ihe  blue  portions,  and  so 
on,  linislting  with  the  black  outlines,  which  complete  the  picture. 

If  the  same  is  lo  be  done  by  lithography,  there  must  be  as  many  stones  as  Ihere  arc 
to  be  colore,  each  to  print  its  porlion  only ;  and  the  imprfssion,  or  part  of  the  picture 
given  by  one  stone,  must  be  exnclly  fitted  into  by  Ihs  impression  given  from  Ihe  next  stone, 
and  so  oa  until  the  whole  subject  is  complete. 

A  superior  kind  of  card  is  proposed  to  be  made,  with  gold  or  silver  devices  in  parts 
of  the  pictures,  or  goU  or  silver  borders  round  the  pips.  Tliis  is  to  be  effected  by 
printing  the  lines  which  are  to  appear  as  gold  or  silver,  with  gilders'  size,  in  place  of 
ink  or  color ;  and  immediately  after  the  impression  has  been  given,  the  face  of  the  card 
is  10  be  powdered  over  wilh  gold  dust,  silver,  or  bronze,  by  means  of  a  soft  cotton  or 
wool  dabber,  bj  which  the  gold,  silver,  or  bronze  will  be  made  to  adhere  lo  Ihe  picture, 
and  the  superfluous  portions  of  the  melal  will  wipe  off  by  a  very  slii-hl  rubbing.  When 
Ihe  prints  are  perfectly  dry,  the  face  of  the  card  may  be  polished  by  means  of  a  soft 

If  it  should  be  desirable'  to  make  these  improved  cards  lo  resemble  ivory,  that  may  he 
jone  by  preparing  the  face  of  the  paper  :n  the  first  instance  with  a  composition  of  size 
and  fine  French  white,  and  a  drying  oil,  mixed  together  lo  about  the  consistency  of  cream ; 
this  is  to  be  washed  over  Ihe  paper,  and  dried  before  printing,  and  when  the  cards  an> 
finished  they  will  exactly  resemble  ivory. 

The  only  thing  remaining  to  be  described,  is  the  means  by  which  the  successive  impres- 
sions of  the  types,  blncks^  or  stones,  forming  the  parts  of  the  piclnres,  are  to  be  broushi 
exactly  to  join  each  othei,so  as  lo  form  a  perfect  whole  design  when  complele;  this  is  by 
l)riniers  crJIed  registering,  and  is  to  be  effected  moch  in  lie  nsual  way,  by  points  in  the 
lympan  of  Ihe  press,  or  by  marks  upon  the  stones. 

'  The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  lo  fit,  small  holes  are 
lo  be  made  wilh  a  fine  awl  through  a  quire  or  more  of  the  paper  at  oneo,  by  placing 
npon  Ihe  paper  a  gauge-plale,  having  marks  or  guide-holes,  and  by  observing  these,  the 
same  sheet  laid  on  several  limes,  and  always  made  to  correspond  wilh  the  points  or 
marks,  the  several  parls  of  the  picture  must  inevitably  register,  and  produce  a  perfect 
Bubjcct. 

CAKD  CUITIKG.  Mr,  Dickinson's  patent  machine  for  cutting  cards,  cCntists  of 
a  pair  of  rollers  with  eirenlar  revolving  cutters,  the  edges  of  which  are  intended  to  act 
against  each  other  as  circular  shears,  and  Ihc  pasteboards  ia  passing  between  these 
rollers  are  cut  by  the  circular  shears  into  cards  of  Ihe  desired  dimensions.  These  rollers 
are  mounlcd  In  suitable  standards,  with  praper  adjuslnjenis,  and  are  made  to  reioive  b; 


the  axle  of  a  crank,  or  by  any  other  coDveDienl 


nf  ihe 
;e    Ic 

therpfore  lound  necessary 
to  introduce  spiral  springs 
within  the  blocks,  in  oider 
to  press  the  cutters  up  to 
their  proper  bearings.  A  seelioii  of  one  of  the  blicks  is  sliown  al^g-  S32,  and  an  end 
view  of  the  same  at  fig,  SZX,  wilb  tbe  spirai  springs  inserted. 

At  the  outer  exlreinill'  of  the  axle  of  the  roller  o,  a  riltter  c,  is  attached,  whence  a  band 
passes  to  a  pulley  d.  on  tlie  crank  ^all  e,  to  which  a  fly-wheel/,  is  affixed,  for  the  purpose 
of  rendering  the  action  uniform.  Rolalory  (notion  bein!  siven  to  the  crank  shaft,  the 
upper  roller  is  liirned,  the  lower  roller  uioviag  at  the  same  lime  by  the  fticlion  against  the 
edges  of  the  cutters. 

Fig.  331  is  an  end  view  of  the  rollers,  showing  the  manner  in  which  Ihe  pastehoardt 
are  guided  and  conducted  between  Ihe  cutleJS.  In  the  front  of  the  machine  a  moveitble 
frame  g,  is  to  be  placed,  for  the  purpose  of  receivinz  the  pnsteboards,  preparatory  to  cut- 
ting Ihem  into  cards,  and  a  slop  is  screwed  IQ  tbis  frame  fur  Ihe  edgeof  the  paslehoard  to 
bear  against,  which  sbip  is  adjustable  to  suit  different  sizes.  From  the  back  part  of  this 
flame  an  arm  h,  extends,  the  extremity  of  which  acts  against  the  periphery  of  a  talehet 
wheel  i,  fixed  at  the  end  of  the  roller  6,  and  hence,  as  the  roller  goes  roand,  the  frame  is 
mode  to  rise  and  fait  upon  its  pivots,  for  the  purpose  of  guidinic  Ihe  pasteboard  up  to  the 
cutters  i  at  the  same  lime  a  rod  k,  hanging  in  arms  from  the  sides  of  the  standards  (shown 
by  Jots  in  Jig.  330),  falling  upon  the  pasteboard,  confines  it,  while  the  cullers  take  hold, 
and  racks  corresponding  with  the  indenlal ions  of  the  rollers  are  placed  as  at  II,  by  means 
of  wli"l:h  the  cards,  when  cut,  are  pu-hed  out  of  the  grooves. 

As  .la.-ious  widths  of  cards  will  require  to  be  cut  by  Ihis  machine,  the  patentee  pro- 
poses to  have  several  pairs  of  rollers  ready  adjusted  to  act  together,  when  mounted  in  the 
standanls,  in  preference  to  shifting  Ihe  circular  cutters,  and  introducing  blocts  of  greater 
or  less  width. 

The  second  part  of  the  invention  is  a  machine  for  pasting  tbe  papers,  and  pressing 
the  sheets  together  to  make  pasteboard.  This  machine  consists  of  several  reels  (we 
suppose  rollers  are  intended)  on  which  the  paper  is  to  be  wound,  along  with  a  paste 
trouch,  and  rotatory  brushes.  The  seveiai  parts  of  this  machine,  and  their  o|ieralinn3  in 
making  pasteboard,  are  described  in  the  specification,  bul  the  palenlee  having  omitted 
the   letters   of  reference  in  the  diawing  which  he  has  enrolled,  it  becomes  ttifiicult  to 

As  far  as  we  are  enabled  to  understand  the  machine,  it  appears,  that  damped  paper  is 
to  be  wound  upon  two  rollers,  and  condacled  from  thence  over  two  other  rollers ;  that  two 
lliiteil  rollers  revolving  in  the  paste  trough  are  to  supply  paste  to  two  circular  brushes, 
and  that  by  those  brushes  the  papers  are  to  he  pasted  upon  one  side,  and  then  pressed  to- 
gether, to  make  the  pasteboard ;  after  this,  the  pasteboard  is  to  be  drawn  on  to  a  table, 
and  to  remain  there  until  sufficiently  dry  to  be  wound  upon  other  rollers.  By  comparing 
this  description  with  the  iittire,  perhaps  Ihe  intended  operations  of  the  macliine  may  be 
discovered:  it  is  Ihe  best  explana  e  a  e   nabled  to  give. 

CARDS  (Carder,  Fr. ;   Kurd  n   C    m  )  a  ruments  which  serve  to  disentangle 

the  fibres  of  wool,  cotton,  or  ol  e  a  a  s  b  di  a,  to  arrange  them  in  an  orderly  lap 
or  fle^■ce,  and  thereby  prepare  Ih  m  be  ng  span  nto  uniform  threads.  The  finenesi 
and  the  Jeveiness  of  Ihe  yarn,  as  w      abb  auty  of  the  cloth  into  which  it  enters. 
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iependss  much  upon  the  regularity  and  perfection  of  the  e»rdin°,  as  npon  sny  subsetjuenl 
opcraiion!  of  the  factory.  The  quality  of  the  cardinj  depends  more  upon  thai  ol'  llic 
cards  than  upon  any  attention  or  skill  in  the  operative  j  since  it  is  now  neatly  an  automa 
tic  process,  conducted  by  youni:  women  called  card-tenters. 

Cards  Bre  formed  of  a  slieel  or  fillet  of  leather  pierced  with  a  multitude  of  smal]  holes, 
in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called  leelli. 
Thus  every  piece  of  wire  is  double  toothed.  The  leather  is  afterwfmis  applied  to  a  flat 
or  cylindrical  surface  of  wood  or  metal,  and  the  co-operalion  of  Iwo  or  more  such  sur- 
faces constitules  a  card.  The  teelh  of  cards  are  made  thicker  or  slenderer,  according  as 
1L^  filaments  to  be  carded  are  coarser  or  finer,  stjfier  or  mare  pliant,  more  valuable  or 
cheaper.  It  is  ohvioiisly  of  great  importance  that  the  teeth  should  be  all  alike,  equably 
distributed,  and  eqnally  inclined  over  the  surface  of  the  leather,  a  degree  of  precision 
nhich  is  scarcely  possible  with  handwork.  To  judge  of  the  difficulty  of  this  manipU' 
lation  we  need  only  inspect  the  annexed  figures.  The  wire  must  first  be  bent  at  right 
angles  in  c  and  d,  fig.  S3S,  then  each  branch  must  receive  a  second  bend  in  a  and  b  nt  a 
determinate  obtuse  angle,  invariable  for  each  system  of  '■ards.  It  is  indispensable  thai 
Ihetwoanglescacanddft/be  mathematically  equal,  not  i,jly  as  to  the  twin  teeth  of  one 
staple,  but  through  the  whole  series;  for  it  is  easy  to  see  that  if  one  of  the  teeth  be  more 
or  less  sloped  than  its  fellow,  it  will  lay  hold  of  more  or  less  wool  than  it,  and  render  the 
carding  irregular.  Bat  thonrh  the  perfect  regularity  of  the  teelh  be  impoiutnf,  it  is  not 
the  sole  condition  towards  mahing  a  good  card.  It  must  be  always  kept  in  view  that  these 
teeth  are  to  be  implanted  by  pairs  in  a  piece  of  leather,  and  kept  in  it  by  the  cross  part 
erf.  The  leather  must  therefore  be  pierced  with  twin  holes nt  the  distance  c  rf;  and  pierc- 
ed in  such  a  manner,  that  the  slope  of  the  holes,  in  reference  to  the  plane  of  the  leather, 
be  invariably  the  same ;  for  otherwise  the  length  of  the  teeth  would  vary  with  this  angle 
of  inclination,  and  the  card  would  be  irregular, 

A  third  condition  essential  towards  producing  perfect  regularity,  is  that  the  leather 
ought  to  be  of  the  same  thicknesi  throughout  its  whole  surface  otherwise  the  teeth, 
though  of  the  same  lenc  h  and  filed  at  the  same  an  le  nould  e  d  ed  uneq  al  bj  the 
different  thicknesses  of  the  leathe    i  d  the  operal  on  of  card  n     v  u  d  be   n   onsequenco 
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exlremelj  defe  t  ve  f  ^  S  4  shows  the  card  teeth  nc  n  a«^  ns  e  cH  o  he  as  indica- 
ted by  tl  e  irrows  n  tmooppostedrectionsi  in  Jig  338   hey  w    ko  e  v 

Of  late  jea  s  ve  y  co  plev  but  complete  and  ne  ac  ng  ma  h  ha  e  been  con- 
structed for  splitting  Ihe  leather  or  equalizing  it  by  shavinK,  for  bending  and  cutting  the 
wires,  and  implanting  Ihem  in  the  leather,  into  holes  pierced  with  perfect  regularity. 
Card  machines  whmh  fashion  the  teelh  with  great  precision  and  rapidity,  and  pierce  the 
leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a  town  famous 
for  the  excellence  of  its  card.oloth,  as  also  at  Leeds,  Glasgow,  and  several  other  places. 
The  wires  and  the  leather  thus  prepared  are  given  out  by  the  manufacturer  to  women  and 
children,  who  put  them  together. 

I.  The  simplest  raachine  for  equalizin;  the  leather  which  can  he  ciriployed,  is  that 
which  I  saw  operating  in  MM.  Scrive's  automatic  card  factory  at  Lille,  the  most  magnifi- 
cent I  believe  in  the  worhl,  where  the  leather  wasdrawn  forwards  by  a  roller  oyer  a  solid 
horizontal  table,  or  bed,  and  passed  under  a  nicely  adjusted  vertical  blade,  which  shaved 
it  by  a  scraping  motion  to  a  perfectly  uniform  thickness.  About  one  half  the  weight  of 
the  leather  is  lost  in  this  process,  and  in  the  subsequent  squaring  and  trimming. 

The  machine  for  making  cards,  invented  I  believe  by  a  Mr.  Ellia  of  the  United  Slates, 
for  which  a  first  patent  mas  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq, 
of  Mat::hester,  in  ISII,  and  a  second  and  third  with  further  improvements  in  1814, 
ai  1  1824,  is  one  of  the  most  elegant  auiomatons  ever  applied  to  productive  industry. 
It  is,  however,  necessarily  so  complicated  with  different  mechanisms  as  to  render  its 
representation  impracticable  in  such  engravings  as  are  compatible  with  the  scope  of  this 
dictionary.  I  must  therefore  content  myself  with  the  following  general  description  of  its 
constituent  parts.  , 

The  first  thing  lo  be  done  after  havinff,  as  above,  prepared  the  long  sheets  or  fillets  ol 
.ealher  of  suitable  length,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch  the 
leather,  and  hold  it  firmly;  which  is  accotiiplished  by  winding  the  filkl  of  leather  upon 
the  roller  or  drum,  like  the  warp  roller  of  a  loom,  and  then  conducting  it  upwards  between 
gniJe  rollers,  to  a  receiving  or  work  roller  at  top  of  the  machine,  where  the  fillet  is  held 
last  by  a  cramp,  by  which  means  the  leather  is  kept  stretched. 

Secondly,  the  holes  are  pierced  in  the  leather  to  receive  the  wire  staples  or  teeth  of  Ih. 
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e»nL  by  means  of  a  sliding  fork,  Ihe  points  of  which  are  presented  lo  the  face  of  iht 
Icaiher;  while  the  firk  is  mada  to  advance  and  recede  eontiaually,  by  Ihe  agencj  ol 
levers  worKed  by  rotatory  corns  upon  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  lo  penetrate  into  Ihe  leather,  the  holes  foi 
rsireivin?  the  staples  are  pierced  at  regular  distances,  and  in  coirect  onler,  by  shilling  the 
leather  fillet  so  as  lo  brins  dilTerent  parts  of  its  surface  opposite  to  the  points  of  the 
sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  which  shift  Ihe  guide 
rollers  end  confining  drums  lalerally,  a»  they  revolve,  and  consequently  move  the  fillet  o( 
leather  at  intervals  a  short  distance,  eo  as  to  present  to  the  points  of  the  fork  or  piercer, 
at  every  movement,  a  different  part  of  the  surface  of  the  leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
Trom  a  coil  on  the  side  of  the  machine,  and  is  brought  forward  at  intervals  by  a  pair 
of  sliding  pincers,  which  are  sliddea  to  nnd  fro  Ihnn^h  the  agency  of  levers  actaaled  by 
rotatory  cams  upon  the  main  shaft.  The  pincers  having  advanced  a  distance  equal  to 
the  length  of  wire  intended  to.  form  one  staple  or  two  poiula,  this  lei^h  of  wire  is 
pressed  upon  exactly  in  the  middle  by  a  square  piece  of  steel,  and  being  there  confined, 
a  cutter  is  brought  forward,  which  cuts  it  off  from  that  partof  the  wire  held  in  the  pincers. 

The  length  of  wire  thu;  separated  ami  confined  is  now,  by  e  movement  of  the  machine, 
'tent  up  along  the  sides  of  the  square  steel  hoMer,  and  shaped  tc  hree  edges  of  the  sqaare, 
that  is,  formed  as  a  staple;  and  in  the  same  way,  by  the  cor.Jnued  movements  of  the 
machine,  a  succession  of  pieces  of  wire  are  cut  off,  and  bent  into  staples  for  making  the 
leelh  of  the  card  as  long  as  the  mechanism  is  kepi  in  action. 

Fourthly,  the  wire  staple  Ihos  formed  is  held  with  its  points  or  enA  outwards,  closely 
contiguous  to  the  forked  piercer  described  above,  and  by  another  movement  of  the  me- 
chanism, the  staple  is  protruded  forward,  its  end  entering  into  the  two  holes  code  pre- 
viously in  the  leather  by  the  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introdnced  into  the  leather,  its  legs  or  points  are 
lo  be  bent,  that  is,  formed  with  a  knee  or  angle,  which  is  the  fifth  object  to  be  effected. 
This  is  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  hoi,  which  bears  up 
against  the  under  side  of  the  wire  staple  when  it  has  been  passed  half  way  into  tliB 
holes  in  the  leather,  and  another  bar  above  it,  which,  being  hrouiht  down  behind  the 
staple,  bends  it  over  the  resisting  bar  to  the  angle  required  ;  that  is,  forms  the  knee  in 
each  leg.  A  pusher  now  acts  behind  the  staple,  and  drives  it  home  into  the  leather, 
which  completes  the  operation. 

The  leather  being  thus  conducted,  and  its  position  shifted  before  the  piercer  progres- 
Biveli",  a  succession  of  the  above  described  operations  of  catting  the  wire,  forming  the 
staple,  passing  it  into  the  leather,  and  bending  its  legs  to  the  angular  form,  prcjuces 
a  sheet  of  card  of  tlie  kind  usually  employed  Rjr  carding  or  combing  wool,  cotton,  and 
other  fibrous  materials.  It  mliy  be  necessary  to  add,  that  as  these  wire  staples  are  re- 
quired to  be  set  in  the  leathers  sometimes  in  lines  crossing  the  sheet,  which  is  called 
ribbed,  and  at  other  times  in  oblique  lines,  called  twilled,  rtiese  variations  are  produced 
by  the  positions  of  the  notches  or  steps  upon  the  edge  or  periphery  of  the  cam  or  in- 
dented wheel,  which  shifts  the  guide  rollers  that  hold  the  fillet  or  sheet  of  leather  as 
alreadf  dpscribed, 

CARMINE  (Eng.  and  Fr.;  Karminalriff,  Germ.}  is,  according  to  Pelletier  Bnd  Cavcn- 
lon,  a  triple  componnd  of  the  coloring  substance,  and  an  animal  matter  contained  in 
cochineal,  combined  with  an  acid  added  to  etfect  the  precipitation.  The  preparation  oT  this 
article  is  still  a  mystery,  because,  upon  the  one  hand,  its  consumption  being  very  limited, 
few  persons  are  engaied  in  its  manufacture,  and  upon  the  olher,  the  raw  material  being 
costly,  extensive  eiperimenls  on  it  cannot  be  conveniently  made.  Success  in  this  busi- 
ness is  said  to  depend  not  a  little  upon  dexterity  of  manipiitaUon,  and  upon  knowing  Iho 
instant  for  arresting  the  further  action  of  heat  upon  the  materials. 

There  is  sold  at  the  shops  difTerent  kinds  of  carmine,  dislingnisbed  by  numbers,  and 
possessed  of  a  corresponding  value.  This  difference  depends  upon  two  causes;  either 
upon  the  proportion  of  alumina  added  in  the  predpitnlion,  or  of  a  certain  quantity  o( 
vermilion  put  in  lo  dilute  the  color.  In  the  first  case  the  shade  is  paler,  in  the  second  it 
has  not  the  same  Inslre.  It  is  always  easy  to  discover  the  proportion  of  the  adulteration. 
By  availing  ourselves  of  the  property  of  pare  carmine  to  dissolve  in  water  of  ammonia, 
the  whole  foreign  matter  remains  untouched,  and  we  may  eslimnte  its  amount  by  drying 
the  residuum. 

To  tnake  Ordmary  Carmine. 
Take  I  pound  of  cochineal  in  powder; 

3  drachms  and  a  half  of  carbonate  of  potash  ; 
8  drachms  of  alum  in  powder  ; 
3  drackns  anil  a  half  of  Ush^lne. 

The  cochineal  must  be  boiled  along  with  the  potash  in  a  copper  containing  five  pails- 
lid  of  water  ^60  pints) ;  the  ebullition  being  allayed  with  cold  water.    After  boiling  ■ 
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few  minutes  Ihe  copper  must  be  taken  from  the  fire,  and  placed  on  a  table  at  5«ch  an 
nag\e  as  that  the  liiinor  may  be  conveniently  ti'ansvased.  The  pounded  aluir.  is  tlien 
ihrowQ  in,  and  the  decoclion  is  stirred;  it  changes  color  immediately,  and  inclines  to  a 
more  bjilliant  lint.  At  the  end  of  fifleen  minutes  the  cochineal  is  deposited  at  llie 
hottom,  and  the  bath  becomes  as  cleat  as  if  it  had  been  filtered.  Il  contains  the  colur 
iQB  matter,  and  pi-obably  a^lilUe  alom  in  suspension.  We  decant  il  then  into  a  copper  ol 
equal  eapacily,  and  place  it  orer  the  fire,  adding  the  fish-glue  dissolved  in  a  great  deal  uf 
nraler,  and  passed  through  a  searce.  At  the  moment  of  ebullition,  Ihe  carmine  is  per- 
ceived to  rise  up  to  the  sarface  of  the  bath,  and  a  coagulum  is  formed,  like  what  lakes 
place  in  clarifications  with  white  of  e^.  The  copper  must  be  immediately  talien  from 
the  fire,  and  its  contents  be  stirred  with  a  spatula.  In  (he  course  of  fifleen  or  twent; 
minutes  the  carmine  is  deposited.  The  supernatant  liquor  is  decanted,  and  Ihe  deposits 
must  be  drained  upon  a  filter  of  fine  canvass  or  linen.  If  the  operation  has  been  well 
conducled,  the  carmine,  when  dry,  crushes  readily  under  the  fingers.  What  remains  aflei 
the  precipitation  of  the  carmine  is  still  much  loaded  with  color,  and  may  be  empluyed 
very  advanlag;eous1y  for  carnunated  lakes.    See  Lake. 

By  the  old  German  process,  carmine  is  prepared  by  means  of  alum  without  any  otbet 
addition.  Aa  soon  as  th-  water  boil;,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boiled  for  six  minutes;  a,  little  ground  alum  is  added,  and  the  trailing  is 
continued  ftr  three  minutes  more;  the  eessel  is  r^noved  from  the  fire,  the  liquor  is  fil- 
.  tecod  and  lell  for  three  days  in  porcelain  vessels,  in  the  course  of  which  time  a  red  mat- 
ter falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine,  whieh 
is  sometimes  previously  purified  by  washing.  The  liquor  ailer  three  days  a.ore  lets  fall 
an  inferior  kind  of  carmine,  but  the  residuary  coloring  matter  may  also  be  separated  by 
the  muriate  of  tin. 

The  proportions  for  the  above  process  are  680  parts  of  clear  river  water,  16  parts  of 
coeliinekl,  and  1  part  of  alum ;  there  is  obtained  from  I J  10  2  parls  of  carmine. 

Another  carmiiw  viUh  tartar, — To  the  boiling  water  ihe  cochineal  is  added,  and  aftei: 
some  time  a  little  cream  of  tartar;  in  eight  minutes  more  we  add  a-little  alum,  and  con 
tinue  the  boilii^  for  a  minute  or  two  longer.  Then  take  it  from  the  lire  and  pour  it 
inio  glass  or  porcelain  vessels,  fitter,  and  let  it  lepose  quietly  till  the  carmine  falls  down. 
We  then  decant  and  dry  in  the  shade.  The  proportions  are  8  pounds  of  water,  8  oz. 
of  eochineal,  i  oz.  of  cream  of  tartar,  }  oz.  of  alum,  and  (he  product  is  an  ounce  of 

The  process  of  ^Jion  or  Langlois. — Boil  two  pails  and  a  half  of  river  water  (30  pints), 
throw  into  it,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  of  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  for  half  an 
hour;  remove  the  copper  from  Ihe  fire,  and  let  it  cool,  inclining  it  to  one  side.  Add 
six  drachms  of  pulverized  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  (he  whole  rest  SO  minutes.  The  liquor,  which  has  a  fine  scarlet  color,  is  to  be  care- 
fully decanted  into  auotJier  vessel,  and  there  is  to  be  put  into  il  (he  whites  of  two  eggi 
well  beat  Qp  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper  is  re- 
placed on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  coloring  matter 
with  it.  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  for  25  or  30  minutes  to 
allow  the  carmine  to  fall  down.  When  the  supernatant  liquor  is  drawn  off,  tlie  de- 
posite  is  placed  upon  filter  cloth  stretched  upon  a  frame  to  drain.  When  the  carmine 
has  Ihe  consisteiice  of  cream  cheese,  it  is  taken  from  the  filler  with  a  silver  or  Ivory 
linife  and  set  to  dry  upon  plates  covered  with  paper,  to  screen  it  from  dust.  A  pound  ul 
cochinral  gives  in  this  way  an  ounce  and  a  half  of  carmine. 

Process  of  Madame  Ceaette,  of  Amaterdam,  with  salt  of  sorrel. — Into  six  pails  of  river 
water  boilii^  hot  throw  two  pounds  of  the  finest  cochineal  in  powder,  continue  the 
ebullition  for  two  honrs,  and  then  add  3  oz.  of  refined  saltpetre,  and  after  a  few  minutes 
4  oz.  of  salt  of  sorrel.  In  ten  minutes  more  take  the  copper  from  the  fire  and  let  it 
settle  for  four  hours ;  then  draw  off  the  liquor  with  a  syphon  into  flat  plates  and  leave  it 
there  for  three  weeks.  Afterwards  (here  b  formed  upon  the  surface  a  pretty  thick  mouldi- 
ness,  which  is  to  be  removed  dexterously  in  one  pellicle  by  a  slip  of  whalebone.  Should 
the  film  tear  and  fragments  of  it  fall  down,  they  must  he  removed  with  Ihe  utmost  care. 
Decant  (he  supernatant  water  with  a  syphon,  Ihe  end  of  which  may  touch  the  bottom  of 
the  vessel,  because  the  layer  of  carmine  is  very  firm.  Whatever  water  remains  mnst  be 
sucked  away  by  a  pipette.    The  carmine  is  dried  in  the  shade,  and  has  an  extraordinary 

Carmine  by  the  salt  of  tin,  or  the  Carmim  of  China. — Boil  the  cochineal  in  river  water, 
adding  sotne  Roman  alaai,  then  pass  through  a  fine  elolh  to  remove  the  cochineal,  and 
set  the  liquor  aside.  Il  becomes  brighter  on  keeping.  After  having  healed  this  Ii(|uor, 
pour  into  it,  drop  by  drop,  solution  of  tin  till  the  carmine  be  precipitated.  The  propor- 
tions are  one  pailful  of  water,  20  oz.  of  cochinCEil,  and  60  grains  of  nlum,  with  a  aolui 
non  of  tin  eontai.iing  4  oz.  of  (he  raelai. 
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To  revive  or  hjigklen  carmine. — We  may  brighlen  ordinary  carmine,  and  obtiiin  a  Ttrj 
fine  and  clear  pii-ment,  by  dissolring  it  in  waler  of  ammonia.  For  this  purpose  we  leave 
•Qimunia  upon  carmine  in  the  liea!  of  ilie  eon,  till  all  its  color  be  eilracteJ,  and  the  lii)uoi 
has  got  a  fine  red  linge.  It  most  he  Ihen  drawn  off  and  precipitated,  by  acPlic  acid  and 
alehohol,  next  wasbed  with  alcohol,  and  dried.  Carmine  dissolved  in  ammonia  has  been 
long  employed  by  painlers,  under  ibe  name  of  liqnjd  carmine. 

Carmine  is  Ibe  finest  red  color  which  the  painter  posseftes.  It  is  principally  employed 
in  miniature  painting,  water  colors,  and  lo  lint  artificial  flowers,  because  il  is  more  trans- 
parent than  the  other  colors.    For  Carmiaiam,  see  Cochineal. 

This  valuable  pigment  is  often  adullenttad  with  starch.  Water  of  ammonia  enables 
ua  to  detect  this  frand  by  dfssolving  the  pure  carmine,  and  leaving  the  starchy  matter, 
aa  well  as  most  other  sopUietieating  substaneeB.  Sueb  debased  carmins  is  apt  to  spoil 
with  damp. 

CARPET,  (Tapin,  Fr. ;  Teppich,  Germ.)  A  thick  woollen  fabric  of  varleeated 
colors,  for  covering  the  floors  of  the  bolter  sort  of  apartments.  This  luxurioHS  maniifae- 
(ore  took  its  orisin  in  Persia  and  Turkey,  whence  the  most  beauliful  patterns  were  wont 
to  come  into  Europe ;  but  they  have  been  for  some  lime  surpassed  by  the  workmansbip  of 
France,  Great  Biilain,  and  Belgium.  To  form  a  just  nmcpplion  of  the  elegant  and  in- 
genious processes  by  which  carpels  are  made,  we  should  visit  the  royal  establishmeni  of 
the  Gobelins  at  Paris,  where  we  would  see  the  celebrated  carpet  manufactory  of  the 
Savounerre,  which  has  been  transported  ihiiher,  A  detailed  set  of  engravincs  of  this  art 
is  Eiven  by  Roland  de  la  Plati^re  in  the  first  and  second  volumes  of  the  Encyclopedic 
Methodique,  to  which  I  must  refer  my  readers,  as  a  due  exposition  ;'  its  machines  and 
operations  would  far  exceed  the  scofie  of  the  present  volume. 

The  warp,  says  M.  Roland,  being  the  foundation  of  the  fabric,  ought  to  be  of  fine 
wool,  equally  but  firmly  spun,  and  consist  of  three  yams  twisted  into  one  thread.  The 
yarns  that  are  lo  form  the  Telvely  surface  of  the  carpet,  ought  ako  to  be  of  the  best 
quality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  every  fila- 
ment. Hemp,  or  linen  yams,  are  likewise  employed  in  this  manufacture,  as  a  woof,  to 
bind  the  warp  iirmJy  together  after  each  shoot  of  the  velvety  threads.  Thus  we  see 
that  sood  carpeting  consists  essentially  of  two  distinct  webs  woven  at  the  sair.e  time, 
and  firmly  decussated  together  by  the  woof  threads.  Hence  the  form  of  the  pattern  is 
the  same  upon  the  two  sides  of  the  cioih,  only  the  color?  are  reversed,  so  that  what  was 
green  upon  one  side  becomes  red  or  black  upon  the  other,  and  vice  versa.  The  smaller 
the  fieures  the  more  frequent  the  decussations  of  the  two  planes,  and  the  firmer  and 
more  durable  the  fabiic. 

The  carpet  manufacture,  as  now  generally  practised,  m»y  he  distributed  into  two  sys- 
tems—that of  double  fabrics,  and  thai  cut  in  imitation  of  velvet.  Of  late  years  th( 
Jacquard  loom  has  been  much  used  In  weaving  carpets,  the  nature  of  which  will  b( 
found  fully  explained  under  that  title, 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpets  to  be  composed  of  only 
two  colors,  the  principle  of  weaving  will  be  easily  understood  ;  fur  it  is  only  necessary 
to  raise  the  warp  of  each  web  alternately  for  the  passage  of  the  shuttle,  the  upper  wel 
being  entirely  above  when  the  under  web  is  being  woven,  or  decussated,  and  wee  tersa. 
Tn  a  BtuEseis  carpet  the  worsted  yarn  raised  to  form  the  pile,  and  make  the  fieure,  is 
not  cut ;  in  the  Wilton  the  pile  is  cut  lo  give  it  a  velvety  aspect  and  softness,  'in  the 
imperial  Brussels  carpet  the  figure  is  raised  above  the  ground,  and  its  pile  is  cut, 
bat  the  ground  is  Uncut;  and  in  the  royal  Wilton,  the  pile  is  both  raised  higher 
than  in  the  common  Wilton,  and  it  is  cut,  wLtreby  it  has  a  rich  cushion-like  ap- 
pearance. The  cloth  of  all  these  superior  carpels  consists  of  woollen  and  linen,  or 
hemp  (  the  latter  being  put  upon  a  beam,  and  brought,  of  course,  through  heddles  and  a 
reed ;  but  as  its  only  purpose  is  to  bind  toseiher  the  worsted  fabric,  it  should  not  be 
visible  upon  the  upper  face  of  the  carpet.  The  worsted  yarn  is  wound'opon  small  bob- 
bins or  pirns,  with  a  weight  affixed  to  each,  for  giving  proper  tension  to  the  threads. 
Their  number  varies,  for  one  web,  from  1300  to  1800,  according  as  the  carpel  is  lo 
be  27  or  36  inches  wide;  and  they  are  placed,  in  frac;es,  behind  the  loom,  filled  with 
differently  colored  yam,  to  correspond  with  the  figure.  This  worsted  warp  is  then  drnwn 
Ihroush  the  harness,  heddlcs,  anil  reed,  to  be  associated  with  the  linen  yarn  in  the  com- 
pound fabric. 

In  Kidderminster  carpeting,  both  warp  and  weft  appear  upon  the  face  of  the  cloth, 
whereas,  in  the  Brussels  style,  only  the  warp  is  seen,  its  binding  weft  being  fine  hempen 
pr  linen  threads.  The  Ihree-ply  imperial  carpel,  called  the  Scotch,  is  coming  very 
much  into  vo^ue,  and  is  reckoned  by  many  to  be  little  inferior  in  texture,  look,  and 
wear  lo  Ihe  Brussels.  Eihnamock  baa  acquired  merited  distinction  by  this  ineen" 
Industry,  In  this  fabric,  as  well  as  in  the  two-ply  Kidderminster,  the  weft  jiredomini 
and  displays  the  design ;  but  in  the  French  carpets,  the  worsted  warp  of  the  weh  sli 
Ihe  figure.  Plain  Venetian  carpets,  as  used  for  stairs  and  passages,  are  woven  in  sti 
looms,  provided  merely  with  the  common  heddles  and  reed.    The  warp  should  I 
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of  the  Jncqaaitl  mAlier.    The  Brussels  carpel-lo 


n  the  weft  completely  from  the  view 

..„ , ■....,.^^  ,„,,  ...,-:,.  „,  „un  ..^o-ply  Kidderminster  looms,  and  ure 

provided  with  a  mechanism  to  raise  ibe  pallern  upon  the  worsted  warp.    The  weft  is  ta 
illernate  sliool  of  worsted  and  linen  yarn,  and  must  be  eoncealed. 

The  folhiwing  fi|>ure  and  description  will  explain  the  construction  of  the  three-plj 
■jiiperial  Scutch  and  two-ply  Kiiiderminsler  carpet-loom,  which  is  merely  a  modilicalion 

,c  ,K.  T 1  „=..„     TK.  o, 1 „  (1,^  contrary,  is  a  draw-Loy  loom 

on  me  damask  plan,  and  requires  the 
weaver  lo  have  an  assistant.  Fig.  S87, 
A  A  A,  is  ihe  fmme  of  ibe  loom,  con- 
sisting of  four  upright  posts,  with  caps 
and  cross  rails  lo  bL-c"  ihem  li^lher. 
The  posts  are  about  six  feet  high.  c.  r, 
he  cloth  beam,  is  a  wooden  cyliniler, 
Ell  inches,  or  (hereby  in  diameler,  of 
sufficient  lenath  lo  Ira-Verse  Ihe  loom, 
with  iron  gudgeons  in  the  two  ends, 
which  wort{  in  bashes  in  the  side  frame. 
On  one  end  of  Ibis  beam  Is  a  ratchet 
wheel  wilh  a  tclh  to  keep  it  from 
turnmt!  round  hacktrnrds  by  Ihe  tension 
ot  the  *  b  o,  the  lay,  wilh  its  reed, 
Its  under  and  upper  shell,  its  two  lateral 
rulers  or  Bwoiits,  and  rocking-tree  above. 
There  are  f;rooves  in  the  upper  and 
onder  hell  into  which  the  reed  is  fitted. 
E,  the  heddles,  or  barnef^,  with  a  double 
neck  attached  to  each  of  ihe  tower  or  card 
mechanisms  F  r,  of  the  Jacquard  loom. 
The  beiJdIes  are  connected  and  work  wilh 
1  in  the  figure,    g  g  are  wooden  hoxes  fur 

r  looms  of  every  kind  there  a      po 

Ihweatmg    but  the  plane  of  eil 

e  shuttle  IS  lo  piss  are  ra  sed 
mil  of  Ihis  cirpei  loom  i=  mo 

to  he  irupeilv  decu  sated    w 


In  numher,  the   fab  ic  bein"   that  of  ed 

ted   for   each   web     The   harness   pa  pe  m  ed 

malls,  or  metallic  ejes,  to  save  trictio 

The  design   6r  pattern  of  a  carpel  is  po  pape 

same  way  as  every  other  kind  of  fane     oom  cd 

to  the  mounting  by  the  rnles  for  damas  so 

tcounltd  that  eiery  alternate  thread  o  ffi 

cient  shed  way  for  the  shuttle,  without 

nnrthcr  web  placed  above  the  firmer  a 

eoniexiy  of  those  threads  of   lh»  former  which  are  raised.    Then,  if  the  threads  of 

tee  latter  web  ere   sunk  while   the   others  are  rated    the   two  would  be  enlirelv  in 

corporated      But  if  this  be  only  partjalli  done  that  is,  at  particular  places,  onlj  those 

parts   immtdntely  operated   upon  will   be   affected   by  the   action  of  ibc  apparatus 

[f  the  ciriet  is  ■i  two  colored  pattern  as  black  and  red,  and  if  upon  the  upper  su» 


Itie  red,  and  ihose  nhich  aie  vacant   the  block.     Hen   counCing  llie  spoccs  upcjn   ihc 

(lapcr,  omit  ihcfc  which   arc  vacant,  and  t 

will  be  produced.     Eul  as  Ihe  two  webs  an 

for  ihe  first  handle  must  be  passed  hj  liir  th  ,         -       -         , 

form  the  flower,  and  the  olfcer  Ihe  ground. 
The  board  by  which  the  simples  ate  regulated  appears  at  f.    b  shows  the  w 
CARPET — New    FATttyr.      Mr.    SioiOQx,    of    Kidderininetor,    has    J>at«n^el 


n  improved  manufactare  of  carpets,  in  which,  by  dispensing  with  the 
Jaeijiiiiril  loam,  ae  well  as  the  iron  vires  and  tags  usually  eroployed  to  produce  terry 
fabtice,  such  as  Brussels  carpets  Bad  coach-lace,  he  can  work  his  machinery  at  greater 
speed  and  more  economically,  tlis  second  improvement  rehitea  to  tlie  manufacture  of 
fabrics  with  cut  pile,  such  as  Wilton  or  Axminster  carpets.  He  makes  aribbed  fabiie, 
greatly  resembliiig  the  Brussels  oai^t,  by  a  combinatioo  of  woollen  and  linen  warp  and 
weft,  arranged  in  such  a  manner  that  the  woollen  war[>,  in  the  form  of  a  ribbed  surface, 
may  constilate  Ihe  face  of  the  fabric,  while  the  linen  warp  torras  the  ground  or  back  of  tite 
fabric  The  plan  he  prefer^  as  most  resembling  tlie  Brussels,  consists  in  weaving  the 
fabric  afi' nearly  as  posidble  in  the  ordinary  way,  except  that,  instead  of  inserting  a  tog 
or  wire  to  form  the  rib  or  terry,  the  patentee  throws  in  a  thii^  shoot  or  v/eSt  of  wooUcd 
or  cotton,  over  which  the  woollen  warp  ia  drawn,  and  fonns  a  rib ;  the  woollen  warp 
being  afterwards  bound  down  with  a  linen  shoot  or  weft  in  the  ordinary  way.  The 
woollen  warp  employed  being  all  of  one  colour,  the  fabric  produced  wilfbe  plain  or 
anornamented,  with  a  looped  or  teriy  pile ;  and  upon  this  fabric  any  design  may  be 
printed  from  blocks. 

The  looms  differ  from  the  former  chiefly  in  the  employment  of  two  separate  shuttles, 
one  for  the  woollen  and  one  for  the  linen  weft.  These  shuttles  are  both  thrown  by  the 
same  pickers  and  the  same  picking-sticks,  and  consequently  the  slmttle  boxes  must  be 
moved  up  and  down  as  may  bo  reciuired,  in  order  to  allow  tlie  picker  to  throw  the 
proper  shuttle.  It  will  also  be  necessary  to  work  the  healds  in  a  suitable  manner  to 
form  tlie  proper  shreds,  in  order  that  the  woollen  face  may  be  properly  bound  tj)  the 
linen  ground- 
Figures  illustrating  the  construction  of  his  loom  are  given  by  the  patentee. 
Tlie  second  part  ol  his  invention  relates  to  theprodnction  of  fabrics  with  a  cut  pile, 
like  the  Axmiostei  or  Wilton  rugs  or  carpets.  Tlie  ordinary  mode  of  making  some  of 
tliese  fabrics  is  to  weave  tlie  pattern  in  by  means  of  a  Ja«quard  apparatus  and  pass  the 
woollen  warp  over  a  rod  or  tag,  which  is  afterwards  cut  by  passing  a  suitable  knife 
along  it,  thereby  prodncing  the  cut  pile.  Th^  patentee  pTOduces  the  design  and  surface 
of  the  fabric  from  the  weft  in  place  of  the  warp  as  heretofore.  For  this  purpose  th'e 
weft  is  made  to  consist  of  thick  woollen  shoots,  wliicli  must  be  painted  or  stained  with 
suitable  colours,  precisely  as  the  woollen  warps  have  been  heretofore  done;  and  the 
woollen  shoot,  when  thrown  in,  is,  by  me^s  of  suitably  formed  hooks,  pulled  up  and 
turned  into  loops,  which,  when  they  are  properly  secured  to  the  foundation  or  ground 
of  the  fabtic,  are  afterwards  cut  bymeansof  knives  or  cutting  instruments,  with  which 
the  hooks  are  furnished,  for  the  puip  ■  .se  of  .releasing  tliem  from  the  loops,  and  producing 
the  cut  pile.  The  patentee  observeji,  that  cotton  and  otiier  cheap  materials  may  be  em- 
ployed with  great  advantage  in  the  production  of  some  of  tlieee  fabrics. — l^ewtoii't 
Journal,  xzxiv.  167; 

Another  invention  of   improvements    in  manufacturing  figured  fabrics,   prini^- 

Sdily  designed  for  the  production  of  carpeting,  patented  by  Mr.  James  Tempieton,  ol 
lasgow,  consists  in  producing  the  pattern  either  on  oneorbothsidesof  the  fabric, by 


...  a  of  printed  weft ;  also  in  the  use  of  printed  parti-coloured  fur  or  weft,  in  the  m 

facture  of^Axminster  carpet,  and  other  simitar  fabrics.  This  invention  is  also  applicable 
to  the  production  of  figured  chenille  weft  for  fJie  manufacture  of  chenille  shawls. — 
Xetataas  Jowmal,  xXxviL  14S. 

CAnrETS,  Printed,  Mr.  Wood  has  taken  a  patent  for  weaving  and  pijnting  carpets, 
using  an  ordinary  Brussels  carpet  loom.  After  putting  in  the  wire,  or  otherwise 
forming  the  loop,  he  throws  in  the  usual  linen  shoo^  on  the  face,  to  bind  it;  and  then, 
for  the  back  shoot,  he  throws  in  a  thick  soft  weft.  Or,  to  make  abetter  edge  and  more 
elastic  back,  he  employs  the  ordinary  two  linen  shoots,— one  on  the  face  and  the  other 
tn  the  back, — and  then  (or  before  throwing  in  the  second  linen  shoot)  he  draws  down 
only  one-half  of  the  lower  portion  of  the  linen  warp  (being  one-quarter  of  the  whole), 
and  throws  in  tlie  thick  shoot,  wliich  is  driven  up  by  the  batten  or  lay,  so  as  to  cover  the 
second  linen  shoot,  which  is  then  inside  tlie  fabric  r  from  the  thick  shoot  being  bound 
only  by  each  alternate  yarn  of  the  warp,  it  will  be  more  elastic  tboD  if  bound  more 
closely  by  using  every  yarn ;  whilst  the  second  linen  shoot,  having  half  the  warp  ovel 
\  holds  down  the  face  or  first  shoot;  and  any  inequality  in  the  taking  upof  theliu-tf 
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varp,  by  cue  |K>rUan  nf  it  biiiding  in  a  greater  substance  than  tlie  otiier,  ia  remedied 
bj-  drawing  down  the  different  portiona  in  snccesaion. 

In  printing  Brussels  and  otlier  pile  carpeta,  tlie  paf«utee  first  provides  a  table,  lone 
enougb  to  receive  tlie  entire  length  or  piece  of  the  carpet  to  be  printed;  ateacli  end  oT 
the  table  there  is  a  frame  of  the  aame  height  or  level,  suAiciently  long  to  receive  the 
cylinder  printing  machine  when  oif  the  fahrie ;  and  on  the  sui'fsce  of  the  (able  tlie 
printing  blanket  la  laid  between  two  raiU  or  guidea,  which  are  fixed  at  exactly  the  same 
distance  apart  as  the  carpet  is  wide,  bo  as  to  keep  it  in  one  position,  ana  to  form  the 
guides  for  the  pnnting  cylinders.  The  carpet  is  histened  to  one  end  of  the  table,  and 
13  then  laid  on  the  top  of  the  same,  and  drawn  tight  at  the  other  end  by  a  roller,  wliich 
is  furnished  with  a  ratchet  wheel  and  click.  The  priotine  cylinders  are  mounted  in  a 
movable  frame,  containing  a  corresponding  number  of  colour  cans  and  feeding  roUeri^ 
to  supply  them  with  colour.  This  printing  apparatua  is  passed  over  the  table,  and 
between  the  guide  rails  (tUe  patterns  on  the  cylmder  beijig  coloyrcd,  and  bearing  upon 
the  carpet),  to  the  frame  at  the  other  end  of  uie  tabic,  and  then  back  again;  and  tliis 
piDceea  ia  repeated  until  the  fobrio  is  aufficiently  coloured.  In  oiiler  to  insure  each 
part  of  the  pattern  or  printing  surface  coming  again  and  again  on  the  sanie  place, 
toothed  wheels  are  affiled  on  the  axis  of  the  printing  cylinders,  which  geer  into  racks 
fixed  on  the  sides  of  the  tabte;  so  that,  however  freqnentiy  the  printmg  apparatus 
i:asses  over  the  fabric,  every  part  of  the  pattern  will  tall  on  the  game  place.  Instead 
of  the  pi'inting  apparatus  being  passed  back  again  irer  same  table,  it  may,  by  the  appli- 
cation of  movable  frames  at  the  end  of  the  tabU.  be  moved  sideways  on  to  another 
table,  and  ao  euccessively. — Neviton'a  Journal,  rjcdv,  2oO. 

CAETHAMUS,  or  safflower  (canhamus  lint-i^rius),  (Carthame,  Fr. ;  F  rber  duitl. 
Germ .),  the  flower  of  which  alone  is  used  in  dyeing,  is  an  annual  plant  culiivated  in 
Bpnin,  Eajpl,  and  Ibe  Levant.  There  are  two  varieties  ofit  — one  which  has  large 
leaves,  and  Ihe  olher  smaller  ones.  Il  is  the  lasl  which  is  cultivated  in  Egjpt,  where  i! 
foriEig  B  considerable  arlicle  of  commerce. 

Carthamus  contains  tvro  coloring  matters,  one  yellow  and  the  other  red.  The  first 
alone  is  soluble  in  water ;  its  solution  is  always  lurbid  :  with  re-agenls  it  ejihibils  the 
characters  usually  remarked  in  yellow  coloring  matters.  The  acids  render  it  lighter, 
ihe  alkalis  deepen  it,  giving  it  more  of  an  orange  hue  :  both  produce  a  'mail  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  clearer.  Alum  forms  a  precipvihieof  adfpp 
yellow,  in  small  qoanlily.  The  solution  of  tin  and  the  other  metallic  solutions  cause  i>re- 
cipitaies  which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  cai'lhamiis  is  not  employed  ;  but  in  order  to  extract  this  portion, 
the  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  more  color  can 
be  pressed  out.  Theftowers,  which  were  yellow,  become  reddish,  and  lose  in  this  optra 
lion  nearly  one  half  of  Iheif  weiehl.     In  this  state  they  ore  used. 

For  extracting  Ihe  red  pan  of  carthamus,  and  thereafter  ajiplyinp  it  to  stuff,  the  prop- 
erly which  alkaliapossess  of  dissolving  it  is  had  recourse  lo,  and  it  is  afterwards  pre- 
cipitated by  an  acid. 

The  process  of  dyeing  consists,  therefore,  in  ei trading  the  coloring  matter  by  means  oi 
an  alkali,  and  precipitating  it  on  thestnfiby  means  of  an  acid.  Ills  this  fccula  which 
serves  lor  making  the  ronge  employed  by  ladies. 

As  to  this  rouge,  the  solalion  of  carthamus  is  prepared  with  crystallized  carbonate  of 
soda,  and  it  is  precipitated  hy  lemon  juice.  Il  has  been  remarked  (hat  lemons,  begin- 
ning to  spoil,  were  filter  for  this  operation  than  those  which  were  less  ripe,  whose  juice 
retained  much  mucilage.  After  sqoeezing  out  Ihe  lemon  juice,  it  is  left  lo  settle  for  some 
days.  The  precipitate  of  carthamus  is  dried  ala  gentle  heat  upon  plates  of  stone-ware; 
from  which  it  is  detached  and  very  carefully  ground  wilh  talc,  which  has  been  reduced 
cO  a  very  subtile  powder,  by  means  of  the  leaves  of  shave-grass  (prtile),  and  successively 
passed  through  sieves  of  increasing  fineness.  Il  is  Ihe  fineness  of  Ihe  talc,  and  tJie  greater 
or  less  proportion  which  it  bears  lo  Ihe  caithamns  precipitate,  which  constitnte  tiie  dif- 
ference between  the  high  aad  low  priced  rouges. 

Carthamus  is  used  for  dyeing  silk,  poppy,  ■aacarat  (a  bright  orsnge-red),  cherry,  rose 
color,  and  flesh  color.  The  process  differs  according  to  the  intensity  of  the  color,  and 
the  grealer  or  less  tendency  to  flame  color  that  is  wanted,  Eul  the  carthamus  balb 
whose  application  may  be  varied,  is  prepared  as  follows  ; 

The  carlhamas,  from  which  the  yellow  matter  has  been  eitracled,  and  whose  lumps 
nave  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  cendrea 
pravelees  (crude  pearlashes) ,  or  soda  (barilla)  well  powdered  and  sifted  at  the  rale  o( 
6  pounds  for  liJO  lbs,  of  carthamus ;  but  soda  is  preferred,  mixing  carefully  as  the  alkali 
is  introduced.  This  operation  is  called  ameiiteT.  The  arnesired  carthomns  is  pot  into 
a  small  trough  with  a  grated  bottom,  first  lining  Ibis  trough  with  a  closely  woven  clolji 
When  it  is  about  half  filled,  it  is  placed  over  Ibe  large  trough,  and  cold  water  is  poured 
into  the  upper  one,  till  the  lower  becomes  full.    The  carthamus  is  then  set  over  anolher 
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Joueh,  liU  iJie  water  comes  from  it  almost  rolorless.  A  little  more  alltrfi  is  rnw  mijea 
wilh  it.anii  fresh  water  ie  passfd  ihrouali  it.  These  operations  are  repealed  till  l)ie  ear. 
thamus  he  exliaiislecl,  whfn  it  turns  jelluw. 

AUer  distribuling  the  silk  in  hanks  upon  the  rods,  lemon  jaice,  brought  in  easlis  from 
Provence,  is  poured  into  the  bath  lill  it  becomes  of  a  line  cherry  color;  (his  is  called 
Inrnin!!  the  lialh  ivirer  U  baiti).  It  is  well  slirreJ,  and  ihe  eilk  is  immersed  and  turned 
round  the  skuin-ftieks  in  the  halh,  as  long  as  it  is  perceived  lo  lake  up  ijie  color.  For 
pviirtau  (pojipy  color),  it  is  withdrawn,  the  liquor  is  ron  oiit  of  it  upon  Ihe  pee,  and  it 
is  lurned  Ihrough  a  new  bath,  where  it  is  treated  as  in  llie  first.  After  this  il  is  diiet 
and  passed  throu([b  fresh  ballis,  eontinnirg  lo  wash  and  dry  it  between  each  operation, 
till  il  has  acqnired  ihe  depth  of  color  that  is  desired.  When  il  has  reached  the  proper 
poini,  a  hrighienina  is  given  it  bj-  turning  it  round  Ihe  slicks  seven  or  eight  times  in  a  bath 
ui  not  water,  lo  which  aboul  half  a  pint  of  lemon  juice  for  each  pailiul  of  water  ins  been 

When  silk  is  to  be  dyed  poticean  or  flame  color,  i 
white  J  it  must  then  receive  a  slight  fonnilation  of  ai 
this  substance.    The  ^ilk  should  not  be  alumed. 

The  aacarati,  and  the  deep  cherry  colors,  are  given  precisely  like  Ihe  ponceavx,  onlj 
Oiej  receive  no  annotto  groond  ;  and  baths  may  be  emplined  wb-ch  have  served  for  the 
ptmoim,  so  as  to  complete  their  exhaustion.  Fiesh  hatha  arn  not  made  for  the  latter 
colors,  unless  there  be  no  occasion  for  the  pappy. 

With  regard  to  Ihe  l^hler  cherry-reds,  rose  color  of  all  shades  and  flesh  colors,  they 
trc  made  wilh  the  second  and  la-t  runnings  of  the  carlhamus,  which  are  weaker.  The 
deepest  shades  are  passed  through  first. 

Tlie  liahlesl  of  all  these  shades,  which  is  an  extremely  delicate  flesh  color,  requires  a 
little  soap  lo  be  pat  inlo  the  bath.  This  soap  liahiens  the  color,  and  prevents  it  from 
taking  loo  speedily,  and  becoming  uneven.  The  silh  is  then  washed,  and  a-litile  bright- 
ening is  given  il,  in  a  bath  which  has  served  for  the  deeper  colors. 

All  these  baths  are  emidoyed  the  momenl  they  are  made,  or  as  speedily  as  possible, 
because  they  lose  much  of  their  color  upon  keejijng,  by  which  they  are  even  entirely 
destroyed  at  the  end  of  a  certain  time.  They  are,  moreover,  used  cold,  to  prevent  Ihe 
color  from  being  injured.  Il  must  have  been  remarked  in  the  experiments  just  described, 
Ihat  Ihe  causlic  alkalis  attack  the  eitremely  delicate  Cidor  of  carthamus,  making  it  pass 
lo  yellow.    This  is  the  reason  why. crystals  of  soda  are  preferred  lo  the  olher  aJka- 


Dohereiner  regards  the  red  coloring  matter  of  carlhamus  as  an  acid,  and  the  yellnn  n 
a  base.  His  cartbamic  acid  forms,  with  Ihe  alkalis,  colorless  sails,  decomposed  by  the 
tnrlanc  End  acelic  acids,  which  precipitate  Ihe  acid  of  a  bright  rose-red.  Heat  has  a  re- 
markable influence  upon  carthamus,  rendering  its  red  color  yellow  and  dull.  Hence,  the 
colder  the  water  is  by  which  il  is  extracted,  the  finer  is  Ihe  color.  Light  destroys  the 
color  very  rapidly,  and  hilherlo  no  means  have  been  found  of  counteracting  this 
eSect.  For  this  reason  this  bi  illiant  color  must  he  dried  in  the  shade,  its  dye  must  ba 
given  in  a  shady  place,  and  ihe  silk  stufis  djed  wilh  it  must  be  preserved  as  much  as 
possible  from  Ihe  light.  Age  is  nearly  as  injurious  as  light,  especially  upon  Ihe  dye  in  a 
damp  i.late.    The  color  is  very  dear,  because  a  thousand  parts  of  carthamus  contain  only 

In  preparing  Ihe  finest  ronlie,  Ihe  yellow  coloring  matter  being  separated  by  washing 
with  water,  the  red  is  then  dissolved  by  the  aid  of  alliali,  and  is  thrown  down  on  linen 
or  colton  rags  by  saturating  the  sohuion  with  vegetable  aciii.  The  color  is  rinsed  ont  of 
ihese  rags,  dissolved  anew  in  alkalis,  and  once  more  precipitated  by  lemon  juice.  The 
oesl  and  fieshesl  carthamus  must  be  selected.  It  is  put  into  linen,  bags,  which  are  placed 
in  a  stream  of  water,  and  kneaded  till  the  water  runs  off  colorless.  The  bogs  are  then 
put  inlo  water  soured  wilh  a  little  vin^ar,  kneaded  till  the  color  is  all  expelled,  and 
finally  rinsed  in  runnmg  water.  By  this  treatment  the  carthamus  loses  neatly  half  its 
weighl.  6633  cwls.  of  safflower  were  imported  into  the  United  Kingdom  in  1835,  of 
which  2930  cwts,  were  retained  for  internal  consumplion. 

CASE-HARDENING  is  the  name  of  Ihe  process  by  which  iron  tools,  keys,  fee,  have 
their  surfaces  convened  into  steel. 

Sleel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes,  as  for  fine  keys, 
far  loo  soft.  It  is  therefore  an  important  desideratum  to  combine  the  hardness  of  a 
steely  surface  with  the  toughness  of  an  iron  body.  These  requisites  are  united  by  fbe 
orocess  of  case-hardening,  which  does  not  differ  from  the  making  of  sleel,  except  in  Ihe 
shoiter  duration  of  the  process.  Tools,  utensils,  or  ornaments,  intended  lo  be  polished, 
we  first  manufactured  in  iron  and  nearly  finished,  after  which  the}'  are  put  inlo  an  iron 
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bor,  trw(etlier  wilh  vegetahle  or  animal  charcoal  in  powder,  and  cemenled  for  a  certain 
time.  'I'his  trealmeat  eonverls  the  raternal  part  into  a  coatiag  of  steel,  which  is  usually 
very  tliin,  because  the  lime  allowed  for  the  cemenlarion  is  much  shorter  than  when  the 
whole  substance  is  intended  to  be  cooverted.  Immersion  of  the  healed  pieces  into  walef 
hardens  the  surface,  which  is  afterwards  polished  by  the  usual  methods.  Moxon,  in  his 
Meihanic  Exerdafs,  p.  56,  gives  Ihe  f.JlowinR  receipt  for  case-hard enine :— "  Cow's  horn 
or  lioof  is  to  be  balied  or  thoroughly  dried  and  pulverized.  To  this  add  an  equal 
(uanlity  of  bay  salt ;  mix  Ihem  with  stale  chamber-ley  or  white  wine  vinegar  i  cover 
the  iron  with  this  mixture,  and  bed  il  with  the  same  in  loam,  or  enclose  it  in  an  iion  box ; 
lay  it  00  the  hearth  of  the  foi^e  to  dry  and  harden  :  ihen  pul  it  into  the  fire,  and  blow 
lilt  the  lump  have  a  blood-red  heal,  and  no  higher,  lest  the  mixture  be  burnt  loo  much. 
Talie  (he  iron  out,  and  immerse  it  in  water  It.  harden."  I  consider  the  vinegar  lo  be 
quite  su|ierfliious. 

I  shall  now  describe  the  recent  application  of  prnssiale  (ferrocyannte)  of  potash  lo  this 
pnrpose.  The  piece  of  iron,  after  being  polished,  is  lo  be  made  brightly  red-hot,  and 
then  rubbed  or  sprinkled  over  wilh  the  above  salt  in  fine  powder,  upon  the  part  inLendeJ 
If  be  hardened.  The  prnssinle  being  decomposed,  and  apparently  dissipated,  the  iron  » 
to  be  quenched  in  cold  water.  If  the  process  has  been  well  managed,  the  surface  of  the 
metai  will  have  become  so  h    d        1  t  th     fil       0th       p    po      t      m 

the  surface  of  the  iron  wilh  Immd        t         thplwlh        (gl  f 

the  pfussiate,  to  dry  it  slow!      Ih  p       th       I   I     t  ly     h  I     h  1 

hnnlly  plunge  Ihe  iron  into  eld  hthh       hllltdlledasSe 

SlEKU 

CASHMERE  or  CACHEMERL  p  I  i  Ifb  filropldfmlh 
lilnsdom  of   Cashmere,    and        w  w  II     it  L     d  F  d   G      I  B    1  Th 

mali=nal  of  the  Cashmere  shawl  thd  ywlf  dhtlh  ool  fthh  f 
the  Thibet  soat.    The  year  lSI<t  mkbl  tlhtryfFehhbdryf 

Ihe  acquisition  of  this  breed  of  goals,  imported  from  the  East  under  the  auspices  of  their 
government,  by  the  indefaliaable  courarc  and  zeal  of  M.  Jaubert,  who  encountered  every 
fatisue  and  danger  lo  enrich  his  country  wilh  these  va.jable  animals,  aided  by  ihe 
palriolism  of  M.  Teroaux,  who  jirst  planned  this  importation,  and  fiirni)-hed  funds  for 
executins  it  at  his  own  expense  and  responsibility.  He  placed  a  portion  of  the  ilock 
bronght  by  M.  Jaubert,  at  his  villa  of  Saint  Oaen,  near  Paris,  where  the  climate  seemed 
to  be  very  favorable  lo  them,  since  for  several  successive  years  after  their  introduction 
M.  Ternaux  was  enabled  lo  sell  a  great  number  of  both  male  and  female  goals.  The 
qnantily  of  fine  fleece  or  down  afforded  by  each  animal  annually,  is  frum  a  pound  and  a 
half  10  two  pounds. 

The  wool  imported  into  Europe  comes  by  the  way  of  Casan,  the  Capilal  of  a  govern, 
meat  of  the  Russian  empire  upon  the  eastern  banlt  of  the  Wolga;  it  has  nalnrnlly  a 
grayish  color,  but  is  easily  bleached.  Its  price  a  few  years  back  at  Paris  was  17  francs 
per  kili^Tamme,  that  is,  ab  lul  6  shillings  the  pound  avoirilupois.  The  waste  in  picking, 
cariting,  and  spinnms,  amounts  lo  about  one  thu^l  of  its  weight. 

The  mills  for  spinning  Cachemere  wool  have  molliplied  very  much  of  lale  years  in 
France,  as  appears  from  the  premiums  distributed  at  the  exposition  of  1S.34,  and  the 
prices  of  the  yam  have  fallen  from  25  in  30  per  cent,  notwithstanding  iheir  improved 
fineness  and  quality  There  is  a  fabric  made  wilh  a  mixture  of  Cachemere  ilown  and 
spun  silk,  which  IS  becoming  very  general.  One  of  Ihe  manufacturers,  M.  Hindenlans;, 
exhibited  samples  of  Cachemere  cloth  woveo  wilh  yara  so  fine  as  No.  130  for  warp,  and 
No.  22S  for  weft 

Messrs.  Pollino,  brothers,  of  Paris,  produced  an  assortment  of  Cachemere  pieces  from 
22  lo  ion  francs  the  yard,  dyed  of  everj'  fancy  shade.  Their  establishment  at  Fcrte-Ber- 
naril  occupies  700  operatives,  with  an  hydiaulie  wheel  of  60  horse  power. 

The  oriental  Cashmere  shawls  are  woven  by  processes  extremely  slow  and  consequently 
coitly;  whence  their  prices  are  very  high.  They  are  still  sold  in  Paris  at  from  4,000  lo 
10,000  francs  a  piece;  and  from  100  to  400  pounds  sterling  in  London.  It  became 
necessary,  therefore,  eithar  to  rest  satisfied  wilh  work  which  should  have  merely  a  surface 
appearance,  or  conlrtve  economical  methods  of  weaving,  lo  produce  the  real  Cachemere 
siyle  with  much  less  labor.  By  the  aid  of  the  draw-loom,  and  still  better  of  the  Jaequard 
loon;  M.  Ternaux  first  succeeded  in  weaving  Cachemere  shawls  perfectly  similar  to  Ihe 
onenlal  in  external  aspect,  which  became  fashionnble  under  the  name  of  French  Cache- 
mere.  Bui  to  construct  shawls  allngether  identical  on  both  sides  with  the  eastern,  was 
a  more  difficult  task,  which  was  accomplished  only  at  a  later  period  by  M.  Bauson  of 
Paris. 

In  both  modes  of  manufacture,  tliu  piece  is  mounted  by  reeding-in  the  warp  for  the 
different  leaves  of  the  heddles,  as  is  commonly  practised  for  warps  in  the  Jscquai^  looms. 
The  weaving  of  imitation  shawls  is  executed,  as  usual,  by  as  many  shullles  as  there  are 
:olors  in  the  design,  and  which  are  thrown  across  the  warp  in  the  order  esioblished  by 


the  ni!i!er.  The  greater  number  of  these  weft  yams  beini^  introduced  only  nl  interval* 
into  the  web,  when  the  eompositioii  of  the  pattern  requires  it,  llicy  remain  Scaling  loose 
at  Ihe  hack  of  the  piece,  and  are  cut  afterwards,,  without  affcclina:  in  the  lea^t  the  quality 
of  Ihe  texlure;  but  there  is  a  considerable  waste  of  stuff  in  the  wearing,  wMch  is  worked 
up  into  carpets. 

The  weaving  of  the  imilaiion  of  real  Cnchemere  shawls  is  different  from  the  above. 
The  yarns  intended  to  form  the  weft  are  not  only  equal  in  nwrnljEr  to  that  of  the  colors 
of  the  pattern  to  be  imitated,  but  besides  this,  as  many  little  shuttles  or  pirns  {\\iie  those 
used  by  emhroideters)  are  filled  wiih  these  yarns,  as  there  are  to  be  c^ors  repealed  in 
the  breadth  of  the  piece;  which  renders  their  nomber  considerable  when  the  pattern  is 
somewhat  compliealed  and  Inaded  with  colors.  Each  of  these  small  bobbins  or  shultles 
passes  through  only  that  portion  of  the  flower  in  which  the  color  of  its  yam  is  to  appear, 
and  stops  at  the  one  side  and  the  other  of  the  cloth  exactly  at  its  iimit ;  it  then  returns 
npon  itself  after  bavins!  crossed  the  thread  of  Ihe  adjoinine  shuttle.  From  this  recipro- 
cal iuterlexture  of  nli  the  yams  of  the  shuttles,  it  resulu=,  that  although  the  weft  is 
composed  of  a  sreat  many  different  threads,  they  no  less  constitute  a  continuous  line  in 
the  whole  breadth  of  Ihe' web,  upon  which  Ihe  lay  or  batten  acts  in  the  ordinary  w»j 
We  see,  therefore,  that  the  whole  art  of  manufacturing  this  Cschemere  clolh  ci/nsuts  m 
avoiding  the  confusion  of  the  shuttles,  and  in  not  striking  up  the  lay  till  all  have  fi'.lfilled 
their  funciion.  The  labor  does  not  eiLCeed  the  strength  of  a  woman,  even  thongh  sIjc  has 
to  direct  the  loom  and  work  Ihe  Ireddles.  Sealed  on  her  bench  at  the  end  opposite  to 
the  middle  of  Ibe  beam,  she  has  for  aids  in  weaving  shawls  from  45  to  52  inches  wide, 
two  Eirl  apprentices,  whom  she  direels  and  instructs  in  tlieir  tafks.  Ahont  four  hnndrtd 
daj-s  of  work  are  required  for  a  Cachemere  shawl  of  thai  breadth.  For  the  construction 
of  Ihe  loom,  see  Jacovakd. 

In  the  oiienlal  process,  all  the  figures  in  relief  are  made  simply  with  a  slender  iiim 
without  Ihe  shuttle  used  in  European  weaving.  By  the  Indians  the  flower  and  its 
ground  are  made  with  the  piin,  by  means  of  an  inlerlwisling,  which  renders  them  in 
some  measure  independent  of  Ihe  warp.  In  the  Lyons  imitation  of  this  style,  the  leaves 
of  the  heddles  lift  the  yarns  of  Ihe  warp,  Ihe  needles  embroider  as  in  lappet  weaving, 
and  the  flower  is  united  to  the  warp  by  the  weft  thrown  across  Ihe  piece.  Thus  a  gieat 
deal  of  labnr  is  Saved,  the  eye  is  pleased  with  an  illusion  of  the  loom,  and  the  shawls  cost 
little  more  than  those  made  by  the  common  fty  shnltle. 

Considered  in  reference  lo  their  maierials,  the  Fiench  shawls  present  three  distinct 
clnsses,  which  characterize  the  three  fnbrica  of  Paris,  Lyons,  and  Kimes. 

Paris  manufactures  the  French  Cacliemere,  properly  so  called,  of  which  both  th*  warp 
and  the  weft  are  the  yarn  of  pure  Cachemere  down.  This  web  rcpresenis  with  fidelity 
Ihe  figures  and  the  shades  of  color  of  the  Indian  shawl,  which  it  copies  ;  IhedeHiHion 
would  be  complete  if  the  reverse  of  the  piece  did  not  show  the  cnt  ends.  The  Hindoo 
shawl,  also  woven  at  Paris,  has  its  warp  in  spun  silk,  which  reduces  its  price  witlioul 
impairing  its  beanty  much. 

Lyons,  however,  has  made  the  greatest  progress  in  the  manufaclure  of  shawls.  It  ex- 
cels particularly  in  the  teitnre  of  its  Tliibet  shawls,  the  weft  of  which  is  yam  spun  with 
a  mixture  of  wool  and  spun  silk. 

Nimes  is  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  down, 
and  cotton,  are  all  wo'ked  up  together. 

The  value  of  shawls  esporled  from  France  in  the  following  years  was — 


mu                  1                   1B32,                   1                   1B33.                   1 

Woollen 

Cachemere  down  -  - 
Spun  silk 

1,863.147                    2,070,926 
433,410                          655,200 
401,856          1            351,152 

4,319,601 
609,900 
d08,824 

It  appears  that  M.  J.  Girard  at  Siivres,  near  Paris,  has  succeeded  best  in  producing 
Cachemere  shawls  equal  in  stuff  and  style  of  work  to  the  oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  shawls,  that  they  are  woven  without  seams,  in 
a  single  piece,  and  exhibit  all  the  variety  and  the  raised  effect  of  the  eastern  colors. 
Women  and  children  alone  are  employed  in  his  factory. 

CASK  (Tomeau,  Fr.;  Faas,  Germ.),  manufacture  of  by  mechanical  power.  3Ir. 
Samuel  Brown  obtained  a  patent  in  November,  1825,  for  certain  improvements  in 
machinery  for  making  casks,  which  seems  to  be  ingenious  and  worthy  of  record.  His 
mechanism  consists  in  Ibe  first  place  of  a  circular  saw  attached  lo  a  bench,  with  a  slidmg 
rest,  upon  which  rest  each  piece  of  wood  intended  to  form  a  stave  of  a  cask  is  fised ; 
and  the  rest  being:  [hen  didden  forward  in  a  curved  direction,  by  the  assistance  of  an 
(djustable  guide,  brings  the  piece  of  wood  against  the  edge  of  the  rotatory  saw,  and  causes 
it  (o  be  cut  into  the  curved  shar>e  required  for  the  edge  of  ihe  slave.  The  second  feature 
is  an  apparatus  with  cutlers  attached  to  a  slandard,  and  traTersing  round  wilh  Iheii 
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Barrier  iipoa  a  centre,  Ly  means  of  wliieli  tJie  iippui-  and  lower  eJgea  of  tlie  cask  are  tut 
round  and  trrooved,  called  chinine,  forthe  purpose  of  receiving  tlie  lieada  Thirdly,  uii 
a|ip»j'atus  Dob  veiy  dissimilar  to  tJie  lost,  by  irliicli  tlie  stroij^ht  pieces  of  wood  desrgned 
(ill-  t)ie  heads  of  the  cask  are  held  together,  and  ctit  io  tJie  circular  £gui'e  required,  and 
also  the  bevelled  edges  produced.  And  fourthly,  a  machine  in  which  ms  cask  ia 
njude  to  revolve  upon  an  axis,  and  a  eutting_  too]  to  traverse  for  the  purpose  ot  shaving 
the  external  part  of  the  cast,  and  bringing  it  to  a  snmolJi  surface. 

The  pieces  of  wood  inteuded  to  form  the  staves  of  the  cask,  having  been  cat  to  their 
req  iiired  length  twd  breadth,  are  placed  upon  theslide-rest  of  thefirst  mentioned  machine, 
nnd  eoufiiied  bycrampsj  and  the  guide,  which  is  a  fleiiible  bar,  having  been  previously 
l>ent  U>  the  intended  curve  of  the  stave  and  fixed  in  that  form,  the  rest  is  then  stidden 
forward  nj)on  the  bench  by  the  hand  of  the  workman,  which  as  it  advances  (moving 
in  a  curved  direction)  brings  the  piece  of  wood  against  the  edge  of  the  revolving 
circular  saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  long  bar  held  by  a  seiies  of  movable  blocks  fitted  to  the  bench  by 
screws,  and  is  bent  to  any  desired  curve  bj  shifting  (he  screws :  the  ed^e  of  the  slide-resu 
nhi:!i  holils  the  piece  of  wood  about  to  be  cut,  runs  i^inst  the  long  guide  bar,  and  of 
consequence  is  conducted  in  a  correspondina  curved  course.  The  circular  saw  receives 
a  I'apiii  rotatory  motion  by  means  of  a  hand  or  rigger  from  any  first  mover;  and  the  piece 
of  wood  may  be  shifled  laterally  by  means  of  racks  and  pinions  on  the  side-rest,  by  the 
workman  turning  a  haadle,  which  is  occasionally  necessary  in  order  lo  bring  the  piece 
of  wood  up  10,  or  nway  from,  the  saw. 

The  necessary  number  of  slaves  being  provided,  they  are  then  set  round  within  a 
contining  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  usual  way,  ani 
braced  by  temporary  hoops.  The  barrel  pait  of  the  cask  bting  thus  prepared,  in  order 
to  edict  the  chining,  it  is  placed  in  a  frame  upon  a  platform,  which  is  raised  up  by  a 
treJdIe  lever,  that  the  end  of  the  barrel  may  meet  tlie  cutters  inasortof  lalheabovt  i  the 
culiei'B  are  then  made  lo  traverse  ronnd  within  (he  head  of  the  barrel,  and,  as  they  pro. 
cced,  occasionally  (o  e;;pand,  by  which  means  the  bevels  and  grooves  are  cut  on  [he 
upper  edi;e  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  reversed,  the 
same  apparatus  is  brought  to  act  against  the  other  end,  wbwh  becomes  chined  in  like 

'I'he  pieces  of  wood  intended  to  form  the  head 
by  a  circular  ^aw  in  a  machine,  similar  to  the  fii 
tlic  slide-rest  is  to  move  forward  in  a  sliaieht  i 
thus  produced,  they  are  to  be  placed  side  by  sii 

is  made  lo  traverse  round,  and  cut  the  pieces  collectively  into  the  circular  form  des.red 
for  heading  the  cask. 

The  cask  having  now  been  made  up,  and  headed  by  hand  as  usual,  it  is  ^jjaced  between 
centres,  or  npon  an  axle  in  a  machine,  and  Itirned  round  by  a  riguer  or  band  with  a 
shaving  culler,  sliding  along  a  bar  above  it,  which  cutler,  beini  made  to  advance  and 
recede  as  it  slides  along,  shaves  the  outer  part  of  the  cask  to  a  smooih  surface. 

CASSAVA.  Cassava  breiid,  amaqiu:,  ^c,  are  diH'erenl  names  given  to  the  starch 
of  the  root  of  the  Manioc  [Jatrupha  Maiiihol,  Linn.),  prepareJ  in  the  following  manner 
in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the  African  coasl.  The 
tree  belongs  to  the  natural  I'amily  of  the  et(;i'iorl>)'urfiX. 

The  roots  are  washed,  and  reduced  lo  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
is  put  into  coarse  strong  canvass  baes,  eM  thus  submitted  lo  the  action  of  a  powerful 
press,  by  which  it  parts  with  most  of  its  noiiaus  jnice  (used  by  the  Indians  for  poisoning 
the  barbs  of  their  arrows.)  As  the  active  principle  of  this  juice  is  volatile,  it  is  easily 
dissipated  by  baking  the  squeezed  cakes  of  pnlp  upon  a  plate  of  hot  iion.  FiDy  pounds 
of  the  fresh  jnice,  when  distilled,  afford,  at  first,  three  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerably  ofl'cnsive  smell ;  of  which,  3&  drops  being  administered  to  a  slave 
convicted  of  the  crime  of  poisoniag,  caused  his  death  in  the  course  of  six  minutes,  amid 
hiirrible  convulsions.* 

The  pulp  dried  in  the  manner  above  described  concretes  into  lumps,  which  become 
hard  and  friable  as  they  cool.  They  are  th,en  bruken  into  pieces,  and  laid  out  in  the  sun 
to  diy.  In  this  stale  Ihey  afford  a  wholesome  nulrimeni,  and  are  hnbilimlly  used  as  such 
by  ihe  negroes,  as  also  by  many  white  people.  These  cakes  constitute  Ihe  only  pro- 
visions laid  in  by  the  natives,  in  their  voyages  upon  the  Amazons.  Soiled  in  water  with 
a  little  beef  or  mutton  ihey  form  a  kind  of  soup  similar  to  that  of  rice. 

i'he  cassava  cahes  sent  lo  Europe  (which  I  have  calen  with  pleasure)  are  composed 
almost  entirely  of  starch,  along  with  a  lew  hbres  of  the  l^eous  matter.  It  may  be 
purified  by  diffusion  through  warm  water,  passing  the  milky  mixture  through  a  iinen 
cloth,  evaporating  the  strained  liquid  over  the  fire,  with  conilanl  agiwiion.    The  slarch 

in;  «>peri,D6n.»  m^t  at  C^ 


of  the  cask  are 

now  to  be  cut  straight 

described ;  hut 

n  the  present  instance 

lr^e.      Afler  tl 

eir  straight  edges  are 

hen  a  scnhing  colter 
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dissolved  by  the  heat,  tliictiens  as  the  i 
granulated,  and  must  be  GnRlly  diied  i! 
that  of  Iheoiher  species  of  starch. 

The  product  obiained  by  this  treatment  is  tnown  in  commerce  under  the  name  of  ia- 
pioca  !  and  being  starch  very  nearly  pure,  is  oHen  prescribed  by  physicians  as  an  aliment 
of  SEisy  digestion.  A  tolerably  good  imilalion  of  it  is  made  by  healing,  slirring,  and 
drying  potnlo  starch  in  a  similar  way. 

I'lie  expressed  juice  of  Ihe  root  of  manioc  contains  in  suspension  avery  fine  fecula,  which 
ildeposites  slowly  upon  the  bottom  of  the  vessels.  When  freed  by  deoantation  from  the  su- 
pernatant liquor,  washed  several  times  and  drieJ,  it  forms  a  beoutiful  starch,  which 
crealcs  on  pressure  with  Ihe  lingers.  It  is  called  dpipa,  in  French  Guyana^  it  is 
employej  for  many  delicate  articles  of  coijfery,  especially  pastry,  as  also  for  hair  powder, 
starching  linen,  &c. 

Cassava  floar,  as  imported,  may  be  dislinsuished  from  arroW'root  and  other  binds 
of  starch,  Ly  the  appearance  of  its  particles  viewed  i.i  a  microscope.  They  ari 
iplierical,  all  abotit  l-!000th  of  an  inch  in  diameter,  and  associate.!  in  groups ;  those  of 
potato  starch  are  irregular  ellipaoide,  varying  in  siie  from  l-300th  to  l-30(Hlt!i  of  ar. 
inch ;  those  of  arrow-root  have  the  same  shape  nearly',  but  vary  in  size  from  l-5<H)th  to 
1-SOOth  of  an  inch ;  those  of  wheat  are  separate  spheres  I-lOOOth  of  an  inch. 

CASSIS,  the  black  currant  {ribet  nigra,  Linn.),  which  was  tormerij  celebrated  for  its 
medicinal  properties  witli  very  little  reason. 

Theonly  technical  use  to  which  it  ie  now  applied  bin  preparing  the  agreeable  %ueu?' 
called  rainyfo,  by  the  following  French  recipe; — Stone,  and  crush  three  pounds  of 
block  currants,  adding  to  the  magma  one  drachm  of  cloves,  two  of  cinnamon,  four 
quarts  of  spirit  of  wine,  at  98°  BanmS  (see  Abeouktre  as  Badub).  and  2}  pounds  of 
sugar.  Put  the  mixture  into  a  bottle  ■which  is  to  be  wc.  Curked;  let  it  digest  for  a 
fui'tnight,  shaking  the  bottle  once  daily  during  the  first  eight  days;  then  strain 
through  a  linen  cloth,  and  finally  pass  through  filtering  paper. 

CASSIU8,  purple  powder  of.  A  prepsratjon  used  in  the  arts  as  a  eolour,  chiefly  for 
stained  glass  and  porcelain.  Itis  also  employedin  medicine  by  some  French  physicians, 
and  has  been  prepared  by  the  following  prescription : — 10  parts  of  acid  chloride  of  gold 
are  dissolved  in  aoOO  parts  of  water.  In  another  vessel,  10  parts  of  pure  tin  are  dis- 
solved in  10  parte  of  nitric  acid  mixed  with  20  parts  of  hydrochloric,  and  this  solution 
is  diluted  with  1000  parts  of  distilled  water.  The  solution  of  tin  is  added  by  degrees 
to  that  of  the  acid  chloride  of  gold,  as  long  as  any  precipitate  results  which  is  allowed 
to  subside ;  it  is  then  washed,  filtered,  and  then  dried  at  a  very  gentle  heat  The  tin  salt 
above  used  contains  both  the  protoxide  and  binoside  in  certain  proportions.  The 
double  compound  of  chloride  of  tb  with  sal  ammoniac,  cabled  the  pink  salt  of  tin,  is 
the  preferable  form ;  as  it  is  not  altered  by  the  atmosphere,  is  of  definite  composition, 
and  when  boiled  with  metallic  tin  it  tak»s  up  just  so  niueli  as  will  form  the  protochlo- 
ride ;  100  parts  of  pink  salt  require  for  tiiis  purpose  107  parts  of  metallic  tin. 

!-34  gr.  of  gold  are  to  be  dissolved  in  aqua  regia,  without  excess  of  the  solvent,  and 
this  solution  is  to  be  diluted  with  480  gr.  of  water.  Then  10  gr.  of  the  pink  salt 
mised  with  107  gr.  of  tin  filings,  and  40  gr.  of  water,  arc  to  be  exposed  to  a  boiling 
heat  till  the  metal  is  dissolved.  140  gr.  of  water  are  now  to  be  poured  npon  that  com- 
pound,  and  the  resulting  solution  is  to  he  gradually  added  to  tlie  gold  liquor  (slightly 
warmed)  till  no  more  pi-ecipitate  forms.  Tliis  when  washed  and  dried  is  of  a  brown 
eolour,  and  weighs  4-92  grs.  The  above. method  of  preparing  the  solution  of  the  see- 
quioxide  of  tin  seems  to  be  the  best  hitherto  prescribed. 

CASTING  OF  JIETAIfl.  (See  Foonding.)  Com  from  datiit  mow^rfs.— Being 
much  engaged  in  taking  casta  from  anatomical  preparations,  Mr.  Douglas  Fok,  Surgeon, 
Derby,  found  great  difficulty,  principally  with  hard  bodies,  which,  when  undercut,  or 
having  eonsiderabie  overlaps,  did  not  admit  of  the  removal  of  moulds  of  the  ordinary 
kind,  except  with  iiyurv.  These  difficulties  su^est«d  to  him  the  use  of  elastic  moulds, 
which,  giving  way  as  they  were  withdrawn  from  complicated  parts,  would  return  to 
their  proper  shape;  and  he  ultimately  succeeded  in  making  such  moulds  of  glue  which 
not  only  relieved  liim  from  all  his  difficulties,  hut  were  attended  with  great  advantages, 
in  consequence  of  the  smaU  number  of  pieces  into  which  it  was  necessary  to  divide 
the  mould. 

The  body  to  be  moulded,  previously  oiled,  must  be  secured  one  inch  above  the  sur 
face  of  a  board,  and  then  surrounded  by  a  wall  of  clay,  about  an  inch  distant  from  its 
sides.  The  clay  must  also  extend  ratlier  higher  than  the  contained  body:  into  this, 
warm  melted  glue,  as  thick  as  possible  so  that  it  will  run,  is  to  be  ponred,  so  as  to 
couipletelycover  the  body  to  be  moulded;  the  glue  is  to  remain  till  cold,  when  it  will 
have  set  into  an  elastic  mas^  just  such  as  is  required. 

Having  removed  tlie  clay,  the  glue  is  to  be  out  into  as  many  pieces  as  may  be  ne- 
eessary  for  its  removal,  either  by  a  sharp-pointed  knife,  or  by  having  placed  threads  in 
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the  requisite  situationB  of  the  body  to  be  moulded,  which  may  be  drawn  iiwnj  when 
the  glue  is  set,  bo  as  to  eut  it  out  iu  aay  diruttion. 

Tlie  portions  of  the  glue  mouIJ  Iiaving  been,  i-emoved  from  tlie  original,  arc  to  hn 
placed  together  and  boaud  round  by  tapu. 

Ill  some  iastances  it  is  well  to  run  email  wooden  pegs  tlirough  the  portions  of  glne,  bo 
as  to  keep  them  esacti  J  in  their  proper  poaitiona  If  the  mould  be  of  coHsideiflhlesize, 
it  is  better  to  let  it  be  bound  with  moderate  tightness  upon  a  board  to  prevent  it 
bending  wliilst  in  use ;  hnviiig  done  as  above  deauribeil,  tlie  plaster  of  Paris,  as  in  eoin- 
mon  casting,  is  to  be  poured  into  the  mould,  and  left  to  set. 

In  many  instunees  wax  may  also  be  east  in  glue,  if  it  is  ilot  poured  in  whilst  too  hot; 
as  the  wan  eools  so  rapidly  when  applied  to  the  cold  glne.  that  tlie  sharpness  of  the 
impression  is  not  iujared. 

Glue  has  been  deseribeil  as  succeding  well  where  tlie  elaatio  moald  is  alone  applies' 
ble ;  but  many  modifications  are  admissible.  When  the  moulds  are  not  osed  soon 
after  being  made,  treacle  Bliould  be  previously  mised  with  tjia  glue  (as  employed  by 
printers)  to  prevent  it  becoming  hard. 

The  description  thus  given  is  with  reference  to  moulding  those  bodies  which  cannot 
be  so  done  by  any  other  than  an  elastic  mould  ;  but  glae  moalds  will  be  found  greatly 
to  facilitate  easting  in  many  departments,  as  a  mould  may  be  frequently  taken  by  this 
method  in  two  or  three  pieces,  which  wonld.  on  any  other  principle,  require  many. 

""■  ■"      "    ■  ■  "      - "  ■  asily  scoured  byarfding 


the  same  method,  w;^  great 

castor  is  an  amphibions  quad- 
thc  islands  of  Ihe 
fur  or  as  alTording 
covered.    Beaver  skins,  which 
I.  The  fresh  beavei 


CAST-IRON  StX)URlKG.    Cast-iron  snrfaces  a 
a  little  of  any  kind  of  orgnnio  matter,  sucii  as  givce 
Bote  to  dilute  sulphuric  acid;  zinc  and  brass  yield  t 
economy  of  labour,  time  and  material, 

CASTOR.     (Eng.  and  Fr,;   Biber,  Germ.)      The   castor  ii 
raped,  inhabiiing  North  America;  also  found  in  small  numbei 
Rhone.     In  the  arts,  the  nkin  of  this  animal  h  emiiloyed  either 
the  silk)'  hair  called  tieaver,  wilh  which  (be  best  hats 
form  a  very  eonsulerabic  anicle  of  trade,  are  divided 

Ekins  (torn  castors,  kille'j  in  winter  before  shedding  their  hair;  these  are  most  ii 
qncsl  among  the  furriers,  ns  being  the  most  lionuliriil.  S.  The  dry  or  lean  beavers  ar« 
the  skins  of  the  animals  killed  during  ihe  moulting  season  ;  tbey  are  not  much  pEtcemed, 
as  the  skin  is  rather  bare.  3.  The  fat  castors:  Ihese  are  the  fkinsof  Ihe  lirsl  sort,  which 
have  been  worn  for  some  time  upon  the  persons  of  the  savasas,  and  have  gut  imbued  with 
Iheir  sweat.  The  last  are  principally  used  in  the  hat  manufacture.  In  France,  the 
maiine  otter  has  been  for  many  years  substituted  in  the  place  of  the  castor  oi 
beaver. 

CASTOR  or  CASTORECM.  This  name  Is  given  lo  a  secretion  i.f  the  castors, 
cDiitnined  in  pcar-shapi  d  cellular  organic  saes,  placed  near  the  genital  organs  of  both  the 
male  and  female  animals.  II  is  a  substance  analugous  to  civet  and  musk,  of  a  consist- 
ence similar  to  thick  honey.  It  has  a  hitler  acrid  lasle;  a  powerful,  penetrating,  feiid, 
and  very  volatile  Emell  -,  bat,  when  dried,  it  becomes  inodorous.  Several  chemists,  and 
in  particular  BouUlon  Lai-'range,  Langier,  and  HiMebrandt,  have  examined  castor,  and 
ToMnd  it  10  be  composed  of  a  resin,  a  fatly  substance,  a  volatile  oil,  an  estraclive  matter, 
iienzoii;  acid,  and  some  salts. 

The  mode  of  preparing  it  is  very  simple.  The  sacs  are  cut  off  from  the  castors  when 
they  are  killed,  and  are  dried  to  prevefil  the  skin  being  aHeclcd  by  the  weather.  In  this 
Slate,  ihe  interior  subslance  is  solid,  of  a  dark  culor,  and  a  faint  smell ;  it  softens  wilh 
beat,  and  becomes  brittle  by  cold.  Its  fracture  betrays  fragmenls  of  membranes,  indi- 
cating its  organic  structure.  When  chewed,  it  adheres  lo  the  leeth  somewhat  like  wai ; 
it  has  a  bitter,  sightly  acikl,  and  nauseous  lasle. 

The  castor  bags,  as  imported,  are  oflen  joined  in  pairs  by  a  kind  of  ligature.  Some 
limes  the  substance  which  constitules  their  value  is  sophisticated  ;  a  portion  of  the  cas- 
loreum  being  extracted,  and  replaced  by  lead,  clay,  gums,  or  some  oLher  foreign  mailers. 
This  fraud  may  be  easily  delected,  even  when  it  exisis  in^  small  degree,  by  Ihe  absence 
sf  Ihe  membranous  parliliuns  in  the  interior  of  the  bags,  as  well  as  by  the  altered  smelt 

The  use  of  caslorenm  in  medicine  is  considerable,  especially  in  nti-,-ous  and  spasmodic 
diseases,  and  it  is  cAen  advaniageously  combined  with  opium. 

CASTORINE.  A  chemical  principle  lateJy  discovered  to  Ihe  amount  of  a  few  parts 
per  cenl.  in  Castoreum. 

CASTOR  OIL.  The  expressed  oil  of  the  seeds  of  Ihe  Palma  Ckrisli,  or  Ricibi  i 
comiHimfs,  a  native  tree  of  ihe  West  Indies  and  Poulb  America,  but  which  has  been  cut- 
livated  in  France,  Italy,  and  Spain.  Bussy  and  Leeanu  discovered  in  it  3  species  of 
fatly  mailers,  obtained  partly  by  saponification,  and  partly  by  dry  distillation — the  mar 
garitic,  ricinic,  and  elaiodic  acids.     None  of  these  has  been  separately  apphed  lo   any 
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The  quar.tily  of  castor  oil  imported  in  1S35  into  the  United  Kingdom  was  1,109,301 
lbs. !  retained  for  home  consumption,  670,205  lbs.    See  Oits. 

CATECHU,  absardly  called  Terra  Japoniea,  is  an  exlracl  made  from  the  wood  of 
llie  tree  mimosa  calecka,  which  grows  in  Bomlray,  Bengal,  and  other  parts  of  India.  & 
is  prepared  by  boiling  the  chips  of  the  interior  of  the  trunk  in  water,  evaporating  Ihi 
solution  to  the  consistence  of  sirup  orer  the  fire,  and  then  exposing  it  in  the  snn  K 
harden.  II  occurs  in  flat  rough  cates,  and  under  two  forms.  The  first,  or  [he  Bombay, 
is  of  uniform  texture,  of  a  dark  red  color,  and  of  specific  gravity  1-39.  The  seconJ 
is  more  friable  and  less  solid.  It  has  a  chocolate  color,  and  is  marked  inside  with  re" 
Strenlis.     Its  specific  gravity  is  1-28. 

According  to  Sir  H.  Davy,  these  two  species  are  composed  as  follows : — 


Tannin  - 
Kx  tractive 
Mucilaae 
Insoluble  ma 

lers,  sand  and  lime 

J!oM,h=y. 

B.,...            1 

5-i-3 
34-0 
6-5 

48-5 
8 

lOO-O 

(00-0             [ 

3  also  found  to  yield  catccha ;  for  which  purpose  they  ace  cut  into 
pieces  watered  in  an  earthen  pot  with  solution  of  nitre,  and  have  a  little  of  the  bark  of 
a  species  of  min.osa  added  to  Ihem.  The  liquor  is  then  boiled  with  the  nuts,  and  affords 
an  inspissated  leeoelion. 

Good  catechu  is  a  brittle,  compact  solid,  of  a  dull  fraclnre.  It  has  no  smell,  but  a 
Tery  astringent  taste.  Wjitei  dissolves  the  whole  of  il,  except  the  earthy  matler,  whieli 
IS  probably  added  during  its  preparation.  Alcohol  dissolves  its  tannin  and  extractive. 
The  latter  may  be  oxydized,  and  thus  rendered  insoluble  in  alcohol,  by  dissolving  the 
catechu  in  water,  exposing  it  for  some   time   to  a  boiling  heat,  and  evaporating   to 

The  tannin  of  catechu  differs  froi 
soluble  in  water.  It  precipitates  ir 
gradnally  becomes  brown. 

It  has  been  long  employed  in  India  for  tanning  skins,  where  it  is  said  to  effect  Ibis  object 
in  five  davs.  I  have  seen  a  piece  of  sole  leather  completely  tanned  by  it  in  this  country  in 
ten  days,  the  ox-hide  having  been  made  into  a  baK,  with  the  hair  outside,  and  kept  filled 
with  the  solution  of  catechu.  In  India  it  has  al™  been  used  to  cive  a  brown  dye  to 
cotu>n  goods,  and  of  late  yi^ars  il  has  been  extensively  introdueed  into  the  calico  prinl 
works  of  Europe.  The  salts  of  copper  with  sal  ammoniac  cause  it  to  give  a  bronze 
color,  which  is  very  fast ;  the  prolo-muriale  of  tin,  a  brownish  yellow  \  the  ptr-chloride 
of  tin,  with  the  addition  of  nitrate  of  copper,  a  deep  bronze  hue;  acetate  of  alumina 


alone,  a  reddish  brown,  and,  with 
a  dark  brown  gray.  For  dyeing  a  goldi 
der;  one  pound  of  it  being  equivalent  l( 
A  solution  of  one  part  of  catechu  ii 
exhibits  the  following  results :  with— 

Acids      -        -       '-        . 
Alkalis   .        -        -        . 
Proto-sniphale  of  iron 
Per-sulphate  of  iron 
Sulphate  of  copper  - 


I  of  copper,  a  reddish  olive  gray  ;  n 

u  coffee  brown,  it  has  entirely  superseded  mad- 
six  pounds  of  this  root, 
ten  parts  of  water,  which  is  reddish  brown. 


Ptoto-nitrate  of  m 
Muriate  of  alumi  a 
Muriate  of  tin 
Per  chloride  of  tin 
Corrosive  suhlimal 
Acetate  of  alumin 
Acetate  of  copper   - 
Acetate  of  lead 
Bichromate  of  potash 
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Lght   h      lat   d 
B  ght  n    _    f   h    liquor. 
Copious  brown  precipitate 
Salmon  colored        do. 
Copious  brown        do. 
nay  be  obtained  froitr  catechu,  by  treating  it  with  s-.s.'i.huric  acid  ind  c«r 
bonalc  of  lead ;  but  this  process  has  no  manufacltiring  application. 


out  if  the  body  of  the  ani 
herin^  fat,  anil  washed  ii 
next  10  be  tied  together 

peritoneal  and  muc 
sloping  table  ^hich 
knife,  to  try  if  the  e  I 
the  circumrerenee.  T 
the  process  ^er.  If 
-s  shall  I 


Du^h  given 
i-hile  war<n 
a  be  cleared  oC  feculent  matter,  freed  fi-om  any  ail 
a'tsb  of  water.    T::e  small  ends  of  all  the  intestines  ore 
1   d        Ih     edge  of  the  luh,  while  the  body  of  them  is  left 
f  eq      lis     h  aged,  dnring   two  days,  in  order  to  loosen  the 
mb      es     The  bundle  of  inleslines   is  then   laid  upon  a 
h  th    t  b  luid  their  sniface  i»  scraped  with  the  back  ol'  a 

i  m     bra      will  eome  away  freely  in  breadths  of  about  half 
h  t  ailed  by  the  French  manufacturers  filainire,  and 

mpt  t  move  it  hy  b^inning  at  the  large  end  of  the 
ed  Th  (ilamln  h  employed  as  (bread  to  sew  intestines, 
D  make  the  cords  of  rackets  and  battledoocs.  The  flayed  guls  are  pnt  again  into 
fresh  water,  and,  after  steeping  a  night,  are  talien  out  and  scraped  clean  next  day,  on  the 
wooden  bench  with  the  rounded  back  of  a  knife.  This  is  called  curing  the  gut.  The 
large  ends  are  now  cut  of)',  and  sold  to  the  pork-bulchers.  The  intestines  are  again 
steeped  for  a  nighl  in  fresh  water,  and  the.  following  day  in  an  alkaline  lliivinm  made 
by  adding  4  ounces  of  potash,  and  as  mnch  pearl-ash,  to  a  pail  of  water  containing  about 
3  or  4  imperial  gallons.  This  ley  is  poured  in  successive  qaantities  upon  the  intestinal, 
and  poured  off  again,  after  2  or  3  hours,  till  they  he  puriiied.  They  are  now  drawn 
several  times  throngb  an  open  brass  thimble,  and  pressed  against  it  with  the  nail,  in  or- 
der to  smooth  and  equalize  their  surface.  They  are  las.^v  sotted,  according  to  their 
sizes,  to  suit  diflerenl  purposes. 

Whip-cord  is  made  from  the  above  inleslines,  which  are  sewed  togeiher  endwise  bj  the 
filandre,  each  jonction  being  cut  aslant,  so  as  to  make  it  strong  end  smooth.  The  cord 
is  put  into  the  frame,  and  each  end  is  twisted  sepai  alely  ;  for  whip-cord  is  seldom  made 
out  of  two  gats  twisted  ti^cther.  When  twisted,  it  is  to  be  sulphared  (see  StiLpHomMG) 
once  or  twice.  It  may  also  be  dyed  black  with  common  ink,  pink  with  red  ink,  which 
the  sulphurous  acid  olianges'to  pink,  and  green  with  a  green  dye  which  the  color  dealers 
sell  for  the  purpose.  The  guts  take  the  dyes  readily.  Aftei  being  well  smootlied,  the 
cord  is  to  be  dried,  and  coiled  up  Ibr  sale. 

Hatien'  cords  for  fiMus(ringi. — The  longest  and  largest  intestines  of  sheep,  after  being 
properly  treated  with  the  potash,  are  to  he  twisted  4,  6,  8,  JO,  or  12  together,  according 
to  the  intended  size  of  the  cord,  which  is  usually  made  from  16  to  26  feet  long.  This 
cord  must  be  free  from  seams  and  knots.  When  half  dry,  it  must  be  exposed  twice  lo 
the  fumes  of  burning  sulphur;  and,  after  each  operation,  it  is  lo  be  well  stretched  and 
imoothed  i  it  should  be  finally  dried  in  a  state  of  tension. 

Clockmaker'i  eotrl. — This  cord  should  be  extremely  thin,  and  be  therefore  made  fi-om 
very  small  inleslines,  or  from  intestines  slit  up  in  their  length  by  a  knife  fitted  for  the 
pnrposej  being  a  kind  of  lancet  surmounted  wiLh  a  ball  of  lead  or  wood.  The  wet  gut 
is  strained  over  the  ball  which  guides  the  knife,  and  the  two  sections  fall  down  into  a 
vessel  placed  beneath.  Each  hand  pulls  a  section.  Clockmakers  also  make  use  of 
stronger  cords  made  of  2  or  more  guls  twisted  tc^elher. 

Fiddle  and  hatp  strings.  —  These  require  the  greatest  care  and  dexterity  on  the  part 
of  the  workmen.  The  treble  strings  are  peculiarly  difficult  to  make,  and  are  best  made 
at  Naples,  probably  because  their  sheep,  from  their  small  size  and  leanness,  afford  the 
best  raw  malerinl. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  verj' carefully  performed ; 
and  the  alkaline  leys,  being  clarified  with  a  little  alum,  are  added,  in  a  progressively  stronger 
stale  front  day  to  day,  during  4  or  6  days,  till  the  guts  be  well  bleached  and  swollen. 
Tliey  must  then  be  passed  through  the  thimble,  and  again  cleansed  with  the  lixivium ; 
after  which  they  are  washed,  spun,  or  Iwisled  and  sulphured  dnring  two  hours.  They  are 
finally  polished  by  friction,  and  dried.  Sometimes  they  are  sulphured  twice  or  thrice 
before  beiog  dried,  and  are  polished  betw^n  oorse-hair  cords- 
It  hag  been  long  a  snbject  of  complaint,  as  well  as  a  serious  inconvenience  to  mu- 
sicians, that  catgut  sirings  cannot  be  made  in  England  of  the  same  goodnessand  strength 
as  those  imported  from  Italy.  These  are  made  of  the  peritoneal  covering  of  the  in- 
testines of  the  sheep  j  and,  in  this  country,  Ihey  are  manufactured  at  Whilechapel,  and 
probably  elsewhere  in  considerable  quantity  ;  the  consumption  of  them  for  harps,  as 
well  as  for  the  instmroenls  of  the  violin  family,  being  very  great.  Their  chief  fault  is 
weakness ;  whence  it  is  difficult  to  bring  the  smaller  ones,  required  for  the  higher  notes, 
to  concert  pitch ;  maintaining  at  the  same  lime,  in  their  form  ond  construction,  that 
tenuily  or  smallness  of  diameter,  which  is  required  lo  produce  a  brilliant  and  clear  tone, 
The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  in  the 
case  of  harps,  where  so  many  ore  required,  are  such  as  lo  render  it  highly  desirable  to 
imjirove  a  manufacture  which,  lomany  Individ nals  may,  however,  appear  sufiicienlly  eon- 
temrtible. 
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It  IS  well  known  lo  physioloaisls,  thai  Ihe  mcintraneE  or  lean  animals  are  far  ni'irt 
touijh  than  of  those  animals  which  a.e  fa  I  or  in  his;h  condition;  and  there  is  no  reason  tiJ 
doubt  that  the  siipeiiority  of  the  lialian  stiings  arises  from  Ihe  slate  of  the  sheep  in  Uiat 
country.  In  Loudon,  where  no  ]ean  animals  ore  slaughtered,  and  where,  indeed,  an 
ejitravagant  and  use!(«B  degree  of  rallenin?,  at  lea^t  for  the  purpose  of  food,  is  ^iven  lo 
sheep  in  psrliculHr,  it  ia  easy  Co  comprehend  why  their  membnuies  can  never  aH'otd  n 
malerinl  of  the  requisile  lenitcitr.  It  is  less  easy  lo  su^Est  an  adequate  remedy  i  but  t> 
knowledge  of  the  Reneral  principle,  should  iJiis  notiee  meet  Ihe  eyes  of  those  interested  it 
the  subject,  may  at  least  serve  the  purpose  of  diminishing  the  evD  and  improving  the  nia- 
nnfacture,  by  inducine  them  lo  choose  in  Ihe  market  the  offal  of  such  earcassea  as  appear 
least  overburdened  with  fat.  It  is  probable  Ihal  such  a  mKuufacture  might  be  advan- 
tageously established  in  those  pari s  of  the  connlry  wheie  the  fashion  lias  not,  as  in 
London,  led  lo  Ihe  use  of  meat  so  much  overfed;  anil  it  is  equally  likely,  Ihni  in  the 
choice  of  sheep  fur  this  'purpose,  aJvantege  would  arise  fn^m  using  the  Welch,  Ihe  High- 
land, or  Ihe  Sonthdown  breeds,  in  preference  to  those  which,  like  Ihe  Lincoln,  are  prone 
to  excessive  accumulations  of  fai.  II  is  equally  probuble,  ibat  sheep  dying  of  some 
of  '\e  diseases   accompanied   by   emaciation,  would  be   peculiarly  adapled   to  Ibis 

That  these  suggestions  are  not  merely  speculative  is  proved  by  comparing  Ihe  strength 
of  the  membranes  in  qBcslion,  or  Ihat  of"  ihe  olher  membranous  parts,  in  the  unfaltened 
HiEhland  sheep,  with  thai  of  Ihose  found  in  the  London  markels. 

CATHARTWE.  The  name  proposed  by  MM.  Fenenlle  and  Lassnigne  for  a  chemi- 
cal principle,  which  they  suppose  to  be  the  active  constituent  of  senna. 

CAUSTIC,  Any  chemica!  substance  coiTosive  of  the  skin  andftesh;  as  potash,  called 
common  caustic,  and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 

CAVIAR.  The  salted  roe  of  certain  species  of  iish,  especially  Ihe  stui^eon.  This 
p:oducl  forms  a  considerable  article  of  trade,  being  expodeil  annually  from  Ihe  lown  of 
Astrachan  alone,  upon  the  shores  of  the  Caspian  sea,  to  Ihe  amount  of  several  hundred 
tons.  The  Ilalians  first  introduced  it  into  Eastern  Europe  from  Constantinople,  under 
the'  name  oCeaviale.  Russia  has  now  monopolized  this  branch  of  commerce.  It  is  pre- 
pared in  the  following  manner  ;  — 

The  female  sturgeon  is  gutted  ;  the  roe  is  separated  from  the  other  parla,  and  cleaned 
by  passinst  it  through  a  very  fine  searce,  by  rubbing  it  into  a  polp  between  the  hands ; 
Ibis  is  afterwards  thrown  into  tubs,  with  Ihe  addition  of  a  considerable  quantity  o(  salt; 
the  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment.  There  is  anolhej 
sort  of  caviar,  the  compresseii,  in  which  the  roe,  after  having  been  cored  in  strong  brine, 
is  diiedin  the  sun,  then  put  into  a  task,  and  subjected  tostrong  pressure, 
CAWK.  The  English  miner's  name  for  sulphate  of  baryta,  or  heavy  spar, 
CEDBA  {Ctdral,  Fr.)  ia  the  frnitof  a  species  of  orange,  citron,  or  lemon,  a  tree  which 
bea^s  the  same  name.  Its  peel  is  very  thick,  and  covered  with  an  epidejm is  which  en- 
tloses  a  very  fragrant  and  hiahly  prized  essential  oil.  The  preserves  flavored  with  it 
are  verj'  ngreeable,  Thecitrone  are  cut  into  quarters  for  Ibedtycomlits,  but  are  put  whole 
inio  the  liquid  ones.  The  liquorisl-perfumer  makes  wit'i  the  peel  of  the  cedra  an  ex- 
eellent  iiqiiear ;  for  which  purpose,  he  plucks  them  befi  re  they  are  quite  ripe ;  gtale; 
down  the  peel  into  a  little  brandy,  or  cots  (hem  into  slices,  and  infuses  these  in  the 
spirits.  This  infusion  is  distilled  for  making  perfume;  but  the  flavor  is  better  whet. 
!he  infusion  itself  is  used.    See  Essences,  Liquohist,  Pebfiimejiy. 

CELESTINE,  Native  sulphale  of  slronlia,  found  abundantly  near  Bristol,  in  the 
red  marl  formation.  It  is  decomposed,  by  ignilion  wilh  charcoal,  into  sulphurel  of 
Slronlia,  which  is  converted  into  nitrate  by  saturation  with  nitric  acid,  evapocalion,  ami 
crystallization.  Tbis  nitrate  is  employed  for  Ibe  ptotluction  of  the  red  light  in  theatrical 
fire-worli  s. 

CEMENTATION,  A  chemical  process,  which  consists  in  imbedding  a  solid 
body  in  a  pulverulent  matter,  and  exposing  both  lo  ignition  in  an  earthen  or  metallic 
case.  In  this  way,  iron  is  cemented  wilh  charcoal  to  form  steel,  and  bollle  glass  with 
gypsim  powder,  or  sand,  to  form  Reaumur's  porcelain. 

CEMENTS.  (Ctnreii/j,  Fr.  i  Cfimen/e,  K'i/'e,  Germ.)  Substances  capable  of  taking  the 
liquid  form,  and  of  being  in  that  state  applied  between  the  surfaces  of  two  bodies,  fo  as  to 
unite  Ibem  by  solidifying.  They  may  be  divided  inIo  two  classes,  those  which  are  applied 
tbroagh  the  agency  t^  a  liquid  menstruum,  such  as  water,  alcohol,  or  oil,  and  those  which 
are  applied  by  fusion  with  lieat. 

The  diaifOnd  cement  for  uniting  broken  pieeeR  of  china,  glass,  &c.,  which  is  sold  as  a 
secret  at  an  absurdly  dear  price,  is  composed  of  isinglass  soaked  in  water  lili  it  bt'comes 
soft,  and  then  dissolved  in  proof  spirit,  lo  which  a  little  gum  resin,  ammoniac,  or  galba- 
niim,  and  resin  mastic  are  added,  each  previously  dissolved  in  a  minimum  of  alcohol. 
When  to  V  applied,  it  most  be  genlly  heated  lo  liquefy  it ;  and  it  should  be  kept  for 
use  in  a  well-corked  vial.     A  glass  stopper  would  be  apt  to  fix  so  as  not  lo  be  remove 
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shellac  ilissolred  in  alcohol,  or  in  a  solution  of  Tjorax,  forms  a  pretly  good  cemenl. 
While  of  egg  alone,  or  niied  with  finely  fiAed  ttuicUime,  wilt  answer  for  uniting 
obJFfls  which  are  not  exposed  lo  moisture.  Tlie  latter  combination  is  very  strong,  and 
IS  much  emploj'ed  for  joining  pieces  of  spar  and  marble  ornamenls.  A  similar  com- 
posidon  is  used  by  copper-smiths  to  secure  the  edg^sand  rivets  of  boilers ;  only  bullock's 
blood  is  the  albuminous  matter  used  instead  of  while  of  egg.  Another  cement  in  which 
an  anal(^ou8  substance,  Ihe  curd  or  caseum  of  milk  is  employed,  is  made  by  boiling 
slices  of  skim-milk  cheeses  into  a  gluey  consistence  in  a  great  quantity  of  water,  and 
(hen  ineorporatinji:  it  with  qnictliine  on  a  slab  wiih  a  muller,  or  in  a  marble  mortar. 
When  ihis  compound  is  applied  warm  lo  broken  edguJ  of  stoneware,  it  unites  them  very 
firaily  after  it  is  cold. 

A  cement  which  gradually  indurates  lo  a.  stony  consistence  may  be  made  by  mixing 
20  parts  of  dean  river  sand,  two  of  litharge,  and  one  of  quicklime,  into  a  Ihin  putty 
with  linseed  oil.  The  quicklime  may  be  replncecl  with  litharge.  Wiien  Ibis  cement  is 
Kpplied  lo  mend  broken  pieces  of  slone,  as  steps  of  stairs,  it  acquires  aller  some  lime  a 
elony  hardness.  A  similar  composition  has  been  applied  lo  coat  over  brick  walls,  under 
the  name  of  maslic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  p-.TnidHd  and 
sified,  mixed  wilh  one  part  of  sal-ammoniac,  and  when  it  is  to  be  applied  moistened  wilh 
Bs  much  water  as  will  give  its  pasly  consistency.  Formerly  flowers  of  sulphur  were  usei. 
and  much  more  Sfl^ammoniac  in  making  Ihis  cement,  but  with  decided  disttdvanlaee,  as 
the  union  is  eflected  by  the  oxydizement,  consequent  expansimi  and  solidification  of  Ihe 
iron  powder,  and  any  heterogeneous  matter  obstructs  Ihe  effecl.  The  best  proportion  of 
sal-ammoniac  is,  I  believe,  one  percenL  of  the  iron  borioKs.  Another  composilion  of  the 
same  kind  is  made  by  mixing  4  pans  of  fine  borinss  or  filingsof  iron,  2  parts  of  potter's 
clay,  and  1  pait  of  pounded  potsherds,  and  making  them  into  a  paste  with  salt  and 
water.     When  this  cement  is  allowed  lo  concrete  slowly  on  iron  joints,  it  becomes  very 

For  making  arehiteclural  orna 
chalk,  glue,  and  paper  |>aste.  Ev 
cohesion  of  the  mass. 

Mastics  of  a  resinous  or  bituminous  nature  which  must  be  softened  or  fused  by  h^ 
\re  the  following:  — 

Mr.  S,  Valley's  consists  of  sixteen  parts  of  whiting  eiftei 
r=d  heat,  adding  when  cold  a  tnelled  mixture  of  16  parts  of  hi 
and  stirrintr  well  dnrine  the  conlinff. 

Mi,  Singer's  electrical  and  chemical  apparatus  cement  consists  of  5  lbs.  of  tosin,  1  oF 
hees'-wa-T,  1  of  red  ochre,  and  Iwo  table-spoonsfiil  of  Paris  plaster,  all  melted  together. 
A  cheaper  one  for  cementing  voltaic  plates  into  wooden  troughs  is  made  with  6  pounds 
of  rosin,  1  pound  of  red  ochre,  ^  of  a  pound  of  plaster  of  Paris,  and}  of  a  pound  of  lin- 
seed oil.  The  ochre  and  the  piaster  of  Paris  should  be  calcined  beforehand,  and  added 
to  the  other  ingredients  in  Iheir  melted  slate.  The  thinner  the  stratum  of  cement  IhaC 
is  inlertiosed,  the  Bironser,  generally  speaking,  i?  Ihe  janction. 

Boiled  linseed  oil  and  red  lead  mixed  togelher  into  a  pulty  are  often  used  by  copper- 
smiths and  engineers,  to  secure  joints.  The  washers  of  leather  or  cloth  are  smeared 
wilh  this  mixture  in  a  pasty  slate. 

Tlie  resin  mastic  olone  is  sometimes  used  by  jewellers  lo  cement  by  heat  cameos  of 
while  enamel  or  colored  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance  of 
an  onyx.    Maslic  is  Lkewise  used  lo  cement  false  backs  or  doublets  lo  stones,  lo  alter 

Melted  brimstone,  either  alone,  or  mixed  with  rosin  and  brick  dust,  forms  a  tolerably 
good  and  very  cheap  cemenl. 

Plumber's  cemenl  consists  of  black  rosin  one  part,  brick*  dust  two  parts,  well  incorpo- 
ruled  by  a  melting  heat. 

The  cement  of  dihl  for  coating  the  fixints  of  buildings  consists  of  linseed  oil,  rendered 
^ry  by  boiling;  with  litharge,  and  mixed  with  porcelain  clay  in  fine  powder,  lo  give  it  Ihe 
consistence  of  stiff  mortar.  Pipe-clay  would  answer  equally  well  if  well  dried,  and  any 
color  might  be  given  wilh  ground  bricks,  or  pottery.  A  little  oil  of  tifrpenline  lo  thin 
this  cement  aids  its  cohesion  upon  slone,  brick,  or  wood-  It  has  been  applied  to  sheets 
uf  wire  cloth,  and  in  this  state  laid  npon  terraces,  in  order  to  make  Ihem  waier  light;  but 
il  is  little  less  expensive  than  lead. 

The  bituminous  or  black  cement  for  bottle-corks  consists  of  pitch  hardened  bj  the  ad- 
dition of  rosin  and  brick-dusl. 

In  certain  localities  where  a  limestone  impregnated  with  bitumen  occurs,  It  is  dried, 
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groiinil,  sifted,  and  Ihen  mixeJ  wiih  abonl  i(s  own  weight  of  meltefl  pitcli,  either  mineral, 
vegetable,  or  Ihat  of  coal  lar.  When  this  mixture  is  getting  semifluid,  it  may  he  ranulJecl 
into  \arse  slnlw  or  liles  iri  wooden  Trames  lined  with  sheet  iron,  pretiouslj  smeared  over 
urilh  common  lime  moitar,  in  order  to  prevent  adhfsion  to  ihe  moulds,  which,  beingi  in 
moveable  pieces,  are  easily  dismounted  so  as  10  torn  out  the  cake  of  artificial  bitnminous 
slone.  This  cement  is  manufaclured  upon  a  great  scale  in  ihany  places,  and  used  f  * 
making  Italian  terraces,  covering  (he  fliiorsof  teilconies,  flat  roofs,  water  reservoirs,  water 
conduits,  &c.  When  laid  down,  the  joints  ninst  be  well  ran  logetber  with  hot  irons.  The 
floor  of  the  terrace  shonld  be  previonsly  covered  with  a  layer  of  Paris  plaster  or  common 
mortnr,  nearly  an  inch  thick,  with  areolar  slope  of  one  inch  (olheyard.  Such  hit ii mi n- 
ous  cement  weighs  144  pounds  the  cnbic  foot;  ora  footof  sqnare  sarface,  one  inch  thick, 
weighs  la  pound'.  Sometimes  a  second  layer  of  these  slabs  or  liles  is  applied  over  the 
first,  with  the  precHution  of  making  the  Beams  or  joints  of  the  upper  correspond  with  the 
midiile  of  the  under  ones.  Occasionally  a  bottom  bed,  of  coarse  cloth  or  gray  paper,  is 
applied.  The  larger  the  slab*  are  made,  as  liir  as  they  can  be  convenienUy  transported 
and  laid  down,  so  much  the  better.    For  hj/dTanlic  cements,  see  Mobtab. 

An  excellent  cement  for  resisting  moisture  is  mc^e  bj  incoi'porating  thoronghly 
eight  parts  of  melted  glue,  of  the  consistence  used  b^  'arpenters,  with  four  pacta  of 
linseed  oil,  boiled  into  varnish  with  litharge.  This  cement  hardens  in  about  forty-eight 
hours,  and  renders  tlie  joints  of  wooden  cisterns  and  casks  air  and  water  ti|;lit.  A 
com]iound  ot  glue  with  one-fourth  its  w»'"'>'  "'  v^-^!„i.  t^,^ 
serves  to  cement  glass,  metal  and  wood,  U 
old  sfcim-milk  oheaae,  boiled  in  water  to  n  slimj  consistence,  dissolved  in  a  solution  of 
bicarbonate  of  potash,  are  said  to  form  a  good  cement  for  glass  and  porcelain.  The 
gluten  of  wheat,  well  prepared,  is  also  a  good  cement.  White  of  e^s,  with  flour  and 
water  well-mixed,  and  smeared  over  linen  doth,  forms  a  ready  lute  for  steam  joints  in 
small  apparatus- 
White  load  groaad  upon  a  slab  with  linseed  oil  yamisli,  and  kept  out  of  contact  of 
air,  affords  a  cement  capable  of  repairing  fractured  bodies  of  all  kinds.  It  requires  a 
few  weeks  to  harden.  When  stone  or  iron  are  to  be  cemented  together,  a  compound 
of  equal  parts  of  sulphur  with  pitch  answers  very  well 

Mr.  .loseph  Qibbs,  a  practical  civil  engineer  of  eminence,  obtained  a  patent  in  May, 
1 850,  for  improvemouts  in  artafieiftl  atone,  mortar  and  cements,  and  in  the  modes  of 
ronnufaeturina;  tiic  same,  of  which  the  following  abstract  is  worthy  of  attention. 

"ilia  ecvewd  descriptions  of  Roman  cement  ai-e  made  from  the  septaria  of  either 
Harwich  or  Sheppej-,  or  from  the  septaria  of  the  lias  formation,  or  from  beds  of  ctincnt 
stone  found  io  the  upper  division  of  the  lias  formation,  or  in  the  sliale  beds  of  the 
Kimmeridge  day.  All  tliese  stones,  when  manufactured,  jjroduce  a  material  of  a  dark 
brown  colour,  unfit  for  incnisting  buildings  so  as  to  imitate  ston^  unleas  they  are 
either  coloured  by  wi^es,  or  by  painting.  I>  ow,  amongst  the  advantages  to  be  obtain&l 
from  tJie  oementfi  and  mortars  I  have  invented  is  this,  that  every  description  of  freestone 
may  be  exactly  imitated  without  any  wash  or  painting  whatsoever  being  applied. 

"Again,  tie  cement  called  Portland  cement  is  made  bv  mism^  clay  and  chalk,  or 
river  mad  and  chalk,  in  saeh  proportions  together  that  the  combined  materials  may 
contain  about  the  same  proportions  ot  lime,  sSica,  and  alumina,  as  are  found  in  cements. 
These  materials  are  ground  together  in  wattr  to  a  great  degree  of  fineness.  Alter 
subsidence,  and  also  after  obtaining  the  proper  eonsistenoy,  the  pasty  materials  are  dried 
in  kilns,  or  otherwise,  and  afterwards  burned  like  ordbary  cements  in  caldnmg  kilus. 
The  materials  are  then  ground  in  pi-oper  mills.  To  these  materials,  so  prepared  and  so 
ground,  are  added  from  one-third  to  one-half  of  their  weight  iii  slag  of  copper  smelting, 
or  other  furnace^  or  tlie  slag  of  over-burnt  cement^  which,  combining  withAe  Jirae  and 
silica,  forms  a  cement  which  is  much  neai-er  the  colour  of  stone  than  any  of  tlie  Koman 
cements  heretofore  made.  Now,  as  th^  combination  of  chalk  and  day,  or  river  mud,  is 
expensive  when  mannfacttired,  and  causes  these  cements  to  be  very  dear;  and  further, 
as  the  materials  are  only  eoipbined  mechanically  and  not  chemically,  there  is  neither 
uniformity  in  theu-  quafitj,  nor  can  reliance  be  always  placed  on  their  stability  ;  the 
object  of  my  invention,  tlierefore,  is  to  lessen  tJie  expense  of  manufacturing  artificial 
stone,  mortars,  and  cements,  and  produce  a  superior  quality  of  cement  to  tliose  now  in 

"My  invention  divides  itself  into  thi-ee  parts;  the  first  of  which  relatjs  to  moitar 
and  cements,  the  second  to  the  manufactui'O  ot  artificial  stone,  and  the  third  to  the 
modes  of  manufacturing  tlie  said  mortar  oemenls,  and  aitjficial  stoue. 

"I  have  found  by  research,  analysis,  and  much  experience,  that  there  exists  in  nature 
vast  b«ds  of  argillaceous  maris  and  marly  limestones,  or  mari  stones,  which  contain  the 
due  admixture  of  lime,  silica,  and  alumina,  fiom  wliich  hydraulic  cements  and  artificial 
«one  may  be  manufactured.    Tlie  principal  places  for  finding  this  marl  and  marly 
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Jiuie>,tone  (geologically  speaking)  are  tli»clialt  fomiatioB,  the TVealden  (ormation, 
Fi  I  beck  beds,  tlie  liits  formation,  the  mountain  limestone,  and  tlie  lowest  strata  of 
c  i!  measurea.  In  the  chaik  formation,  ths  mart  will  be  found  immediately  at 
junction  of  chalk  with  and  jnat  above  the  green  aand  ;  in  that  dirision  of  the  hi 
usually  called  '  gault,'  or  at  such  places  where  the  fire-stone  {or,  as  it  is  sumetii 
ealli"!,  the  'malen  roek')  ejuata,  interposing  between  the  ganlt  Wad  the  chalk  marl, 
riiis  chalk  marl  posse^ea  a  varying  charaoter,  increasing  in  tbe  amount  of  sDica  and 
alumina  as  i^  approaches' either  the  malcn  rock  or  tlia  gault ;  in  fact,  sometimes  when 
thcr  IS  no  malen  rock  (or  tire-stone)  the  gault  beeomes  a  calcareous  marl,  charged  with 
saflment  lime  to  make  a  oementi  but  the  amount  of  siliua  and  olnmina,  and  lime  com- 
poain^  the  marl,  can  only  be  aecertaioed  by  experiment.  The 'upper  beds  of  mari,  and 
t)iose  nearest  to  the  greystone  rock  of  the  chalk  fui'mation,  will  make  hydraulic  moitar 
quite  ei^ual,  and  often  superior,  to  tbe  best  lias  lime ;  and  tbe  lower  beds  will  make 
cement  equal  to  KomaJt  cement,  except  that  it  does  not  contain  a  very  noticeable 
quantity  of  either  manganese  or  iron ;  consequently  it  is  of  light  stone  colour  when 
manutattured,  and  is  better  adapted  to  coi'er  buDJi  tigs,  and  represent  stone.  The  chalk 
marl  may  readily  be  found  by  the  epiings  of  water  which  issue  from  the  back  or 
escat  pment  face  of  the  chalk  foiioation,  and  above  tbese  springs  (but  in  close  proximity 
theretol  the  hydraulic  lime  will  be  found,  and  below  the  sprmgs  the  materials  for 
making  cement  must  be  extracted. 

The  proper  place  for  obtaining  the  mar  !v  limestone  in  tJie  Wealden  formation  is  in 
what  are  termed  by  geologists  the  Ashbumham  beds,  above  and  below  and  in  imme- 
diate contact  with  the  Ashbumham  limestone.  These  limestone  marls  are  like  perfect 
limestone  when  first  exti'acted,  but  decompose  by  exposure  to  the  air  after  a  short  time- 
The  Umesto&e  itscK  in  particular  localities,  sometimes  become  a  cement-stone  or  marl 
stone  u  bich  may  be  known  by  its  not  slackening  In  water  after  calcination. 

The  material  for  making  cement  out  of  the  beds  of  Purbeck  limestone  is  obtained 
flora  some  of  the  partings  nhiuh  divide  the  ordinary  Purbeck  beds  of  limestone,  and 
la  exceedingly  well  calculated  to  make  a  cement  of  great  purity  and  whiteness,  but  all 
the  beds  do  not  contain  in  their  partings  tlie  quality  desired,  but  the  proper  materia' 
ma^  be  readily  found  by  noticing  the  decomposing  character  of  tlie  shale  when  nx 
poncd  to  the  air. 

The  materials  which  I  extract  from  the  lias  formation,  locally  called  'rumrnell'  al 
the  lime  quarries  at  Barrow-onJ:k>ar,  in  Leicestershire,  is  an  especial  bed  of  marly 
Jiraestone,  found  above  and  separated  from  all  the  lias  beds  of  limestone  in  that  dis- 
tiict.  Ttiesame  bed  of  'rummell '  is  found  in  other  disti^cts  of  the  lias  formation,  and 
may  be  readily  observed  on  tlie  coast  of  Dorsetshire,  near  Lyme  Re^  It  is  seen  on  tiic 
faL.t  of  the  limestone  cli^  Imbedded  in  a  marly  shale,  the  whole  of  which  decomposes 
on  evpoBure  to  the  air.  This  bed  of '  rummell '  has  no  local  name  in  the  district  of  Lyme 
Kegis,  not  having  hitherto  been  applied  to  any  useful  purpose  ;  but  it  may  be  easily 
found,  as  it  exists  in  a  deep  bed  of  shale  between  tlie  lias  limestone  beds  and  the  beda 
of  cement  stone  which  heretofore  have  been  worked,  and  are  so  now  (but  tbe  cement 
fi'om  this  last-named  stone  is  of  a  deeper  brown  oolour,  and  unfit  for  imitating  stone, 
whilst  the  bed  of  'rummell'  will  make  a  cement  of  a  light  colour  exactly  like  freestone). 
"In  some  cases,  as  when  I  use  the  hardening  materials  (to  be  berealter  described) 
in  combination  with  the  calcareous  marls  from  the  lias  formation,  I  use  some  of  the 
partings  of  calcareous  shale  existinp;  between  the  lias  beds  of  workable  limestone,  pro- 
vided^such  calcareous  partings  or  shale  beds  contain  sufficient  lime,  which  sliale,  after 
calcination,  I  combine  with  tlie  hardening  material,  in  the  manner  hereafter  to  be 
directed,  eitherbyitself  or  in  combination  with  the  'rummell'  of  tiiisformationalong 
witli  the  hardening  materials. 

"The  materials  which  1  extract  to  moke  cements  from  the  mountain  or  carboniferous 
limestone  are  only  found  in  tlie  upper  part  of  that  great  deposit,  and  must  be  sought 
for  in  or  at  Uie  immediate  junction  of  the  limestone  shale  (which  shale  lies  mider  the 
mill-stone  grit^  and  above  tbe  mountain  or  carboniferous  limestone,  dividing  the  two 
formations)!  These  materials  con^st  of  mountain  hmestone,  limestone  shale,  and  bss- 
tai-d  limestone  (that  is,  the  limestone  which  will  not  slack  after  calcination,  but  stilt 
retains  its  shape  after  being  dipped  in  water).  These  two  materials  are  found 
above  the  beds  of  workable  limestone,  wliich  beds  are  wrought  for  making  ordinary 
limes  (the  shales  and  &e  bastard  limestone,  or  limestone  marl,  being  always  found 
together).  These  shales  produce  a  dark  cement,  but  tbe  bastard  limestone  prodnces  a 
cement  of  a  light  stone  colour,  and  therefore  more  fit  for  imitating  stone. 

"  In  addition  to  these  substances,  I  extroct  from  this  formation  sparry  iron  stone,  to 
mukc  hardening  materials  with. 

"Tiie  matorials  whicii  I  extract  from  the  coal  measures  for  making  cement^  or  for 
mixing  with  tlie  otiler  oementitious  materials,  are  found  only  in  the  lowest  beds  of  the 
eual  menBures,  often  connected  with  the  last  two  seams  of  coul,  and  before  that 
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stratum  the  millstone  grit.  These  cemenUtigiis  materials  conaUt,  first,  of  the  coal  ahali 
(eallod  metala  by  minera),  and  rouDd  Kptarm  noilulea  (boiloms  by  the  loeol  miners 
about  Coiig1et«a  in  Ciieshire).  The  '  metals '  will  not  in  all  cases  moke  cemejit,  but 
most  of  them  in  contact  vith  the  boilnms  (or  septaria  ball?)  will  do  so.  These  boilam] 
are  composed  chemically  of  aulphnr,  lime,  imn,  and  manganese,  and  are  therefore 
easily  distinguialiable;  they  are,  m  fact,  a  species  (as  well  as  the  'metala')  of  pyi'ites. 
The  'metaU'  and  the  septaria  balls  make  excellent  eemeut,  of  great  hardness,  but  of 
dark  colour.  I  ase,  however,  this  cement,  as  well  as  other  materials,  in  mixing  with 
some  of  the  cements  I  have  before  speoiHed,  to  give  theru  hardness — the  process  of 
doing  which,  and  the  natore  of  the  inatenals,  will  be  described  hereafter — such  ma- 
terials will  lie  called  hardening  materials. 

"  When  uiiy  uf  the  materials  just  enumerated  are  to  be  made  into  cements,  the  dsual 

course  of  proceeding  for  malting  cements  is  (     '      '  "        

kilns  and  grinding  in  mills,  in  the  way  cement 
tliat  tlie  marls  and  marl  stones  be  first  dried  ii 

until  all  moisture  be  driven  off,  and  that  then  the  ealcinatlon  be  prolonged  as  m 
possible,  but  tliat  the  heat  be  kefl  so  low  as  is  only  just  sufficient  to  effect  complete 
calcination, — this  being  indispensable,  to  avoid  the  commencemeot  of  vitrificatioo, 
which  would  destroy  the  adhesive  propei'ties  of  the  cement  Tlicse  obs.ervatJonB  will 
be  found  equally  applicable  to  kilns,  such  as  are  now  in  use,  or  to  the  kiln  of  the  im- 
proved description,  to  be  described  hereafter,  and  which  forms  part  of  this  invention. 

"Although  I  have  described  certain  new  materials  for  making  cements  and  mortars 
therefrom,  and  such  materials  are  capable  of  forming  good  cements  without  any  ad- 
mixture whatever,  yet^  in  some  cases,  I  make  a  composition  of  the  various  cements  to 
obtain  particular  qualities;  thus,  for  instance,  I  take  a  quantity  of  the  pyrites  septarjo, 
called  boilama,  and  mix  it  with  an  equal  quantity  of  tbe  chalk  marl  before  described. 
In  this  case  the  olialk  marl  keeps  the  colour  light,  and  the  septaria  or  boilams  of  the 
coal  meaaures  before  described  give  to  the  chalk  marl  a  considerable  degree  of 
hardness.  I  also  make  a  mixture  of  equal  parta  of  the  bastard  limestone  before  de- 
scribed for  alike  purpose,  and  witii  the  same  result;  but  with  the  '  rummella'  of  the 
lias  formation  beftre  described,  or  the  rich  argillaceoHB  shale  of  that  formation,  noi 
more  than  one-third  or  one-quarter  part  by  weight  of  the  septaria  or  boilams  is  need 
fnl  to  give  great  hardness  and  strength  to  the  cement  made  tlierefrom.  The  same  ob 
sen'ation  applies  to  the  cemeot  stone  of  the  Ashburnham  beds  already  described,  at 
well  as  the  cement  made  from  the  interposing  Purbeck  shale  partings. 

"But  in  many  cases  a  cement  is  required  of  a  hardness  beyond  what  would  b« 
afforded  from  either  of  the  cement  stones  I  have  described,  or  the  mixture  of  two  oi 
more  of  them  together ;  and  in  these  cases  1  use  substances  to  be  combined  with  any 
of  tliese  cement  stones  or  their  mixtures,  which  I  have  called  'hardening  materials.' 
These  materials  (in  addition  to  tlie  one  I  have  described,  namely,  the  pyritous  septaria 
or  boilams)  consist  — 

"Fii-st:  Of  the  slag  or  cinder  derivable  from  iron  blast  furuacea. 

"Secondly;  Slag  from  puddle  furnaces,  or  from  reheating  or  mill  furnaces. 

"Thirdly;  Slag  derivable  from  copper,  lead,  or  tin  furnaces,  or  the  slag  from  cement 

'■  Fourthly :  The  sparry  iron  of  the  carboniferous  strata. 

"Fifthly:  The  pyritous  earth  known  by  geologists  as  Folkestone  pyrites,  which 
pyritous  earth  is  a  thin,  lamina,  or  bead,  or  band  of  earth,  in  concretions  just  below 
the  gault  strata,  and  which  it  separates  from  the  rock  and  sand  bed  juat  below  the  gault. 
Tbe  pyrites  may  be  found  in  other  places  in  similar  positions ;  but  the  locality  j  ust  in- 
dicated, nam^,  Folkestone  in  Kent,  will  be  a  sufficient  guide  to  find  a  aimdar  material 
elsewhere.  This  pyritous  eai'th  may  be  oaloined  in  ordinary  linie  kilos,  the  same  sa 
the  cement  stones  I  have  before  enumerated.  If  this  p^Tites  be  mixed  with  chalk 
marl  or  any  otiier  of  tbe  white  cement  atones  I  have  before  mentioned,  the  imitation  of 
atone  will  be  very  exact,  and  may  be  sculptured  afterwards  with  the  same  tlicility  as 
ordinary  freestone.  The  same  enect  may  be  produced  by  mixing  in  tbe  like  proper 
tiona  this  calcined  pyritous  earth  with  the  artificial  hydraulic  cements  now  commonly 
made  (and  which  cements  are  composed  of  chalk  and  clay,  or  mud,  in  due  proportion^ 
and  gronod  together  before  calcination),  the  pyritous  earth  or  Folkestone  pyritea  dia- 
placing  intliisease  the  ground  slag  with  which  audi  cements  are  rLowuisuallycomljined. 

"The  vai'ions  slags  and  cinders  require  only  to  be  ground  under  edgestonesto  a  fine 
^Mwder,  and  then  to  be  mixed  with  any  of  the  various  cements  I  have  enumerated, 
naraelv,  the  cement  from  the  chalk,  the  cement  fi'om  the  liaa,  the  cement  from  die 
Wealden  and  Purbeek  beds,  the  cement  from  the  mountain  limestone,  and  the  cement 
From  the  coal  measures ;  these  mixtures  must  be  effected  by  sifting  the  materials  together, 
or  by  some  other  mode  which  will  effectually  incorporate  and  combine  them ;  and  the 
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quantities  may  be  genera  ly  from  one  quarter  (by  weight)  to  one  of  sla&  mixed  with 
aiie  of  (ialoareous  ci-ment. 

"  In  some  eases  1  grind  pyritoiis  septaria  of  the  coal  messures,  or  other  equivnlent 
materials  {having  the  same  chemical  properties),  into  a  fine  powder,  and  nils  such 
powder  with  about  ita  equal  weiglit  of  some  of  the  calcareous  marls  after  they  are  made 
into  cement,  instead  of  mixing  such  marls  with  the  alaga,  or  with  tiie  calcioed  pyrites  of 
Folkestone,  as  before  directed.  In  other  cases,  I  mix  with  the  cement  ma^e  from 
chalk  or  other  maris  an  equal  weight  of  any  of  the  cementa  now  in  use,  or  of  tlie 
calcined  septaria  of  the  Loudon  clay  basin,  called  Komao  cement  stone,  more  especially 
that  part  of  it  whiah  is  called  sandsfooe ;  hut  in  tlie  case  of  using  any  of  the  septaria  of 
the  London  clay,  the  marl  and  the  stone  may  be  calcined,  and  ground  together  in  equal 
proportions,  or  tbereabouta 

"  Claims ; — Ist.  The  manufacture  of  mortar  and  cement  from  chalk  marls,  the  oal- 
careouj  marls  of  the  Agliburnham  beda,  the  calcareous  shales  of  the  Pnrbeek  formation, 
the  rummell  beds  of  the  lias  formation,  tlie  calcareous  and  mountain  limestome  shales, 
bastard  limestone  and  the  '  metals,'  aud  ffyritoos  septaria  of  the  coal  formation,  all  or 
any  of  them,  when  prepared  for  the  puraose  by  grinding  t.  pounding,  and  by  treating 
with  water  as  described,  and  whether  the  same  are  combined  or  not  combined  with 
certain  hardening  materials  (atltrwards  specified^  or  otiier  cementitious  substances. 

"  2,  The  use  of  the  '  hardening  materials'  described,  when  osed  in  combination  with 
any  of  the  calcareous  substances  enumerated  in  the  preceding  claim,  or  in  combination 
with  any  other  natural  calcareous  marl  or  maristones. 

"  3.  Tiie  use  of  the  calcined  Folkestone  pyritoua  earth,  the  eparryironsfone  or  white 
ironstone  of  the  mountain  hmestone,  and  the  calcined  pyritous  septaria  of  the  coal 
measures,  as  '  hardening  materials'  in  combination  with  any  artifioially-formed  cement 
composed  of  chalk,  or  lime  and  clay,  ground  and  calcined  in  the  manaer  now  usually 
practised  for  monufiicturing  artifieial  cements. 

"  4.  The  mixture  of  any  of  the  before  described  marls  or  maristones,  or  pyritous 
septaria,  from  the  coal  measures,  with  each  other,  or  with  any  of  the  water  cemenia  or 
limes  now  in  use,  or  tlie  materials  of  which  the  same  are  composed. 

"  5.  A  particular  piMcess  of  grinding  and  pounding  cement  and  materials  mixed 
therewitli,  as  described. 

"  6.  The  consolidation  of  cement  and  materials  mixed  wiHi  such  cement  by  concus- 
sion, fop  forming  blocks  or  other  solid  shapes  in  moulds. 

"  7.  A  process  of  making  artificial  stone  by  putting  plastic  materials  between  lattices 
or  other  couTenient  forms ;  and  also  certain  methods  of  casting  hollow  parallelograms 
in  cement,  to  be  afterwarii  filled  up  with  conorete,  for  walls  of  artificial  stone. 

"  S,  The  use  of  a  kiln,  with  fire-vaults  under  the  whole  area  of  such  kiln,  such  vaults 
coiumuoicating  with  each  other  in  various  directions  through  spaces  between  the  bricks 
composing  snch  vaults. 

"  9.  The  use  of  a  brick  with  projections  for  constructing  fire-vaults,  aa  described,  for 
calcining  marlf^  maristones,  cements,  and  other  materials  used  for  making  metallie 

"  10.  Tlie  use  of  a  circular  or  eontinuoos  kiln,  (or  the  purpose  of  making  mortars 
and  eementa." 

OERASIN.  The  name  given  by  Dr.  John  to  those  gums  which  swell,  but  do  not 
dissolve  in  water;  such  as  gum  tragacantli.  It  is  synonymous  with  Bassobt:*^ 
which  see. 

CERATE,  from  csra,  wax.  An  unguent,  of  raflier  a  stiff  consistence,  made  of  oil,  or 
lard  and  wax,  thickened  oocasionnlly  with  pulverulent  matters. 

CERINK  A  substance  which  forms  from  10  to  80  per  cent,  of  bees'-wax.  It  may 
be  obtained  by  digesting  wax,  for  some  time,  in  spirits  of  wine,  at  a  boiling  temperature. 
The  myrkirK  separates,  while  the  cerine  remains  dissolved,  and  may  be  obtained  from 
the  decanted  liquor  by  evaporation.  Cerine  is  wliite,  analogous  to  -wax,  fusible  at 
134°  R,  hardly  acted  upon  by  hot  nitric  acid,  but  is  readily  carbonized  by  hot  sul- 
phuric acid.  W hen  treated  with  caustic  alkaline  lye,  it  is  converted  into  margaric  acid 
and  eeraine, 

CEiilUM.  A  peculiar  metal  discovered  in  the  rare  mineral,  called  cerile,  found 
only  in  the  copper  mines  of  Bastuaes,  near  RIddarhytta,  in  Sweden.  Cerium  extracted 
fi'om  its  chloride  by  potassium,  appears  ss  a  dark  red  or  ohocolaffl  powder,  which 
assumes  a  metallic  lustre  by  friction.  It  does  not  conduct  electricity  well,  like  other 
uietals ;  it  is  infusible ;  its  specific  gravity  ia  unknown.  It  has  been  applied  to  no  us« 
in  the  arts. 

CEliUSR    A  name  of  white  lead.    See  Lead  and  "White  Lead. 

CTTTISE,    Tiie  name  given  by  Chei-reul  to  spermacetL 

CIIAlNWOliK  is  a  peculiar  style  of  textile  fabric,  to  which  hosiery  and  tambour 
[Eg  belong.     Sec  UosiEEY, 
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CHALK.    (CVaie,  Fr, ;  KreitU,  Germ.)    A  frinbla  earlioDate  of  lime,  white,  opaqn^ 
eaft,  dull,  01  without  ony  appearance  of  polish  in  its  frietuve.    Ita  Bpecifio  gravity  yaiiet 
fraiii  24  to  2'c'     It  ujuallj^  eontainB  a  little  silica,  alumina,  and  oxide  of  iron.    It 
may  be  purified  by  trituration  and  elutriation.    The  eiliceoua  and  ferraginoui  matters 
Eubside  brst,  and  Uie  finer  chalky  paiticles  floating  in  the  supernatant  liquid  may  be 
decanted  with  it,  and  obtained  by  subaidenoe.   When  thus  purified,  it  is  called  wiatmiia 
»nd  Spanish  wbite,  in  England;  scMemmkrside,  in  Germany;  btane  ds  Troya,  and 
bUinc  de  ^eudon,  in  France.   Pure  clialk  ahouid  diasolve  readily  in  dilute  muritaic  acid, 
and  the  Bolntiou  should  afford  no  precipitate  wiUi  water  of  ammonia. 
CHALK-6iacfc.    A  mineral,  called  also  drauing-alain. 
CHALK- iii-CTiet     SlealUe,  or  aoap-stooe ;  a  sort  magnesian  mineral. 
CUALK-rtd.    A  elay  coloured  wili  the  peroxide  of  iron,   of  which  it  contains 
about  n  per  cent 

CHALYBEATE  is  the  name  given  in  medicine  to  preparations  of  iron.  The  most 
apeeable,  and  one  of  tlie  most  powerful,  forms  of  such  medicinee,  ia  the  improved 
chalybeate  water,  for  which  Mr.  Ilanry  Bewley,  npotheoaij  in  Dublin,  obtained  a 
patent  in  June,  1843.  The  following  ia  his  valuable  recipe : — Eight  ounces  of  crystal- 
lized eitiie  acid  being  dissolved  in  about  four  times  their  weight  of  water,  heated  to 
170°  F.,  are  saturoted  with  pure  peroxide  of  iron,  in  tlie  washed  state,  after  being 
precipitated  by  ammonia  fi'om  the  terrie  sulphate.  The  solution  is  sweetened,  Ha- 
voured,  and  charged  highly  with  carbonio  acid  gue,  go  as  lo  mate  a  very  palatable 
po.ion,  agreeable  also  1j>  the  stomach. 

I  find  by  analysis  that  100  parts  of  Mr.  BewJey's  brilliant  citrate  of  iron  contain 
S8-9  of  pemidde,  48-S  of  citric  acid,  and  23  of  water ;  and  tliat  a  six-ounce  phial  of  his 
chalybeate  water  contains  of  that  citrate  a  quantity  equivalent  to  nearly  8  grains  of 
peroxide  of  iron. 

Similar  compounds  are  also  specified  te  be  made  with  other  organic  salts,  as  the 
tartrate  or  lactate  of  iron. — Ane(OB's  Journal,  xxii.  470. 

CHAMELEON  MINERAL.  As  this  conipoupd— so  long  known  in  chemistry 
as  a  mere  curiosity,  on  account  of  the  surprising  changes  of  color  which  it  spon- 
taneously assumes — has  of  late  been  largely  employed  for  whitenir?  tallow,  palm  oil, 
and  decoloring  other  organic  mntters.  it  merits  description  in  this  dictionary.  It 
exists  in  two  states  \  one  of  which  is  called  by  chemists  the  manganale  of  palasb,  and 
the  other  the  oxymrtnganale ;  denoting  thnt  the  lirst  is  a  compound  of  manganic  acid 
wilt  potash,  and  that  the  second  is  a  compound  of  oxymanganic  acid  with  the  same 
base.  They  are  both  prepared  in  nearly  the  same  way;  the  former  by  calcining 
together,  at  n  red  heat  in  a  covered  crucible,  a  mlKtnre  of  one  part  of  the  black  per- 
oxide of  manganese  with  three  parts  of  the  hydrate  of  potash  (the  fused  potash  of  the 
anothecary).  The  mass  is  of  a  green  color  when  cold.  It  is  to  be  dissolved  in  cold 
water,  and  the  solution  allowed  to  settle,  and  become  clear,  but  by  no  means  filtered 
for  fear  of  the  decomposition  to  which  it  is  very  prone.  When  the  decanted  liquid  is 
evaporated  under  the  exhausted  receiver  of  an  air-pump,  over  a  surface  of  sulphuric 
acid,  it  affords  crystals  of  a  beautiful  green  color,  which  should  he  laid  on  a  clean 
porous  brick  to  drain  and  dry.  They  may  be  preserved  in  dry  air,  but  should  be  kept 
w  II  orked  bottle.  They  are  decomposed  by  water,  but  dissolve  in  weak  water 
po  On  diluting  this  much,  decomposition  of  the  salt  ensues,  with  all  the 

m  changes  of  lint ;  red,  bine,  and  violet.    Sometimes  a  green  solution  of  this 

mes  red  on  being  heated,  and  preserves  this  color  even  when  cold,  bat 
m  s  green  hue  the  moment  it  is  shaken :  it  might,  therefore,  fnrnish  the  crafty 
St.  Januarius  with  an  admirable  means  of  mystifying  the  worshippers  at  his 
The  original  calcined  mass,  in  being  dissolved,  always  (I eposites  a  considerablfi 
f  a  browi)  powder,  which  is  a  compouod  of  the  acid  and  peroxide  of  man- 
ibined  with  water.    Much  of  the  potash  remains  anchang«i,  which  may  be 

T  manganate  of  potash  is  made  by  fusing,  witli  a  strong  heat,  a  mixture  of 

3  of  peroxide  of  manganese  and  hydrate  of  polash,  or  Doe  pari  af  peroxide 

w      arts  of  nitre.    The  mass  is  to  be  dissolved  in  water,  and,  if  the  solution  be 

lould  he  reddened  by  the  cautious  addition  of  a  few  drops  of  nitric  acid. 

T  ified  li<[tior  is  to  be  evaporated  to  the  point  of  crystallization.     Even  the 

m  rystals  of  this  salt  have  such  an  intense  red  color,  that  they  appear  black 

w  en  metallic  refiection.    In  the  air  they  gradually  assnme  a  steel  gray  hue, 

w  ndei^oing  any  essential  change  of  nature.    A  very  little  of  tlie  salt  reddens 

a  large  body  of  water.    The  least  portion  of  any  organic  matter  added  lo  the  solution 

of  this  salt  reduces  the  oxymanganic  acid  to  the  state  of  peroxide,  which  precipitates 

combined  with  water;  and  the  liquor  becomes  green  or  colorless,  according  lo  eircum- 
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Immediately  dissolve  and  form  a  limpid  liquid.  Wlien  peroxide  otmangBntse  in  fine 
puwdcr  ia  gradually  inti'oducai]  into  that  melted  mixture,  it  immediately  disisolvc^ 
with  the  prodnetion  of  it  rich  green  colour.  After  adding  the  manganese  in  axceas, 
tlie  whole  ia  U)  be  expost^  to  a  gentle  red  beat^  in  order  to  deconmoee  tlie  resiiluary 
clilorate  of  potash.  It  is  now  a  mixture  of  manganate  of  potash,  otiloride  of  potassium 
and  peroxide  of  manganese.  It  forms  witli  water  a  deep  green-ooioured  Bolation;  which 
when  boiled  assumes  a  fine  red  colour,  in  consequence  of  its  becoming  an  oxyman- 
ganate,  and  it  ought  to  be  decanted  off  the  sediment  while  bot.  By  cooling,  and  etil 
more  after  fm-thec  evaporation,  the  oxymanganate  of  potash  separates  in  crystals  pos 
sensed  of  great  lustre;  but  to  warda  tjie  end  colourless  crj'stals  ot  chloride  of  potaesium. 

EotEi  tlie  above  salts  are  readily  decomposed  by  oi^anio  bodiea  and  other  com- 
bustibles, whereby  they  have  their  aeid  eouverted  into  an  oxide,  witli  the  disengage- 
ment of  oxygen,  and  the  destruction  of  many  vegetable  and  animal  colours.  Jo  this 
respect  they  resemble  the  nitrates  and  chlorates. 

CHARCOAL.  The  fixed  rcKiJuum  orvegetablei  exposed  to  ignition  out  of  contact  ^f 
air.  In  the  article  Cabhon,  I  have  described  Ihe  general  properties  of  charcoal  and  li-n 
Bimplesl  mode  of  making  it.  I  shall  here  detail  Ihe  best  systems  of  manufacluring  this 
orod'ict  upon  the  continent  of  Europe. 

To  carbonize  wood  under  a  moveable  covering,  the  plan  of  nifi/er,  or  heaps,  is  employed 
very  much  in  Germany.  The  wood  is  arranged  either  in  horizonlal  layers,  or  in  nearlj 
verlical  oni-s,  with  a  slight  slope,  so  as  to  form  conical  rounded  heaps  of  difler-.nt  sizes. 
Thefurmer  are  called  lying  Bjci&r,/ig.  339;  thplaller  sland.ng  meiler,  figs.  Sid.  ani  341. 
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Biith  are  distributed 

jnounluin  slides,  a  dry 
which  may  be  walied 
centre.  See  fig.  S42. 
conducted  outward. 


h  of  tl 


.h  clay.     A  square  iron  piale  is  ph 


iporteJ"  into  one  plice  hj  means  of  rivers,  oi 

flat  space  must  be  pilched  upon,  'icreened  fiom  storms  and  flocils, 

round,  haim;  a  sligbl  declitily  made  in  the  gfound,  toward  Ihe 

Into  this  space  the  tarry  acid  will  partially  fall,  and  may  be 

tu'ough  a   covered  gulter  beneath,  into  a  covered   lank.      The 

he  shut,  durins  the  coakin;,  with  an  iron  or  stone  slab,  luted 


clear  of  coal?, 
matter  as  may  be  m 
trc.    From  6  days  I 


orifice  of  the  gutter,  to  prevent 
11    ueine  chi.ked  with    coal   ashes, 
Fig.  343  represents  a  walled  meiler 
r,    Ihe    station ;    b,    the 
gutter  ;  c,  the  lank,  which   is  cov- 
ered with    the  slab  d ;    e,  a   slab 
which   serves    to   keep    the   gutter 
of  the  heaps  is  formed  of  earth,  sand,  ashes,  or  such  other 
readily  found  in  the  woods.     They  should  be  kindled  in  the  cen- 
weeks  may  be  required  for  charring  a  heap,  according  to  its  size  t 
and  the  slower  the  process,  Ihe  belter  and  greater  is  iha 

Charring  of  wood  in  mounds 
(Hott/e  or  !ief.fnde  uerlce),  figt  Bi3 
ind  844,  differs  from  that  in  the 
metier,  because  the  wood  m  the 
houfe  i«  successively  charred,  and 
the  charcoal  is  raked  out  by  little 
and  little  The  product  is  =aid 
lo  be  greater  in  this  way,  and  al  o 
■      ■  Unclcft    biJlels,    e    or    8 


feet     lone. 


ovpred  wilh  ashes. 
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Piles  are  set  perpendicularly  tc 
eil  wiih  Bshes.     Pipes  a 
o  calch  and  carj' 


xppon  the  roof,  made  of  boughs  and  states, 

lly  laid  wltiiin  the  upper  part  of  Ihe  mounds, 

liquid  products  inio  proper  tanks. 

Fig.   345   is  a  vertical    section, 
id  fie   846,  a  half  bird's- 
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licai 


horizon lal  flue 
adr  jlUns  nir  to  Ihe  kiln;  d  d, 
•imall  pits  nhich  communicate  by 
short  horizunlal  pipes  e  e,  with  the 
verlieal  ones;  /,  the  sole  of  the 
brickwork,  upon 


ch  the 
pipe 


fhich  leads  ti   the  cislero 
pipe  destined  ^or  carrying 


The  distribution  or  the  \i.tji  it 
like  (hat  in  Ihe  honzonlal  tneikn, 

0  heaps.  It  IE  kindled  in  the  ecu 
Iril  vertical  canal  with*  burn  n^ 
Ivl,  and   the  lid  is   coierel   wilh 

1  lew  mcbes  ol  earlh  \t  (he  be 
Einninic  of  the  operaticn  all  Ihe 
draui'lit  flues  are  left  open,  but 
they  are  progres=nely  elo'cd,  as 
occasion  require'  In  ei^hl  tilns 
tl  this  kind,  'iOO  rffcoj/cra  of  oak 
iinod  are  carbanized,  from  which 
lb  (100  heetolilrea  of  charcoal  are 
ohlain»d,  equal  to  W.OOO  poniida 
"        '  .  being  about  3j  per  cent 
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iinegar,  qf   froi 


lenr  Meant,  ihere  s  a  well  constructed  kiln  for  making 
losl  nearly  a  tai  kiln  Jn_flir  347,  a  i=  the  cihndiical 
coakin?  plaiy,  whnse  surrounding  walli  a  e  healed  bv 
the  flame  which  parses  throoeh  the  inlermediate  'pace 
b.  The  place  itself  is  divided  1^  partitions  of  Hrp  tiles 
into  three  stages,  through  the  apertures  in  which  the 
flames  of  the  fire  c  c,  rise,  and  heat  the  exterior  of  the 
coakin^  apartment.  In  order  to  conflne  (he  beat,  there 
K  in  the  enclosing  walls  of  the  outer  kiln  a  cylindrical 
hollow  space  d,  where  the  air  is  kept  st^nant.  Throueh 
the  apertures  left  in  the  upper  end  al  e,  the  turf  is  in. 
troduced ;  they  are  then  shut  with  an  iron  plate  /, 
which  is  covered  wilh  ashes  or  sand.  The  fire-place 
opens  above  this  aperture,  and  its  outlet  is  provided 
with  a  moveable  iron  cover  g,  in  which  there  is  a  small 
hole  for  the  issue  of  the  gases.  The  sole  of  the  kitn 
consists  of  a  cast  iron  stab  h,  which  may  be  raised  by 
means  of  a  hook  i  upon  it.  This  is  drawn  back  after 
Uie  carbonization  is  completed,  whereby  the  charcoal 
falls  from  the  coakinR  space  into  aauhjacenl  vault.  The 
vulalile  products  are  carried  ofi'  by  the  pipe  }s,  and  led 
into  Ihe  condensing   cistern  ;  the  gases  escaping  to  llie 

ire-place  where  they  are  burned.    The  iron  slab^s  protected  from  the  corrosion  of  Ihs 

ecid  vapois  by  a  layer  of  coal  nshes. 
CHASCHISCH.    Hadschjia  not  the  correct  term  for  this  narcotic  drug.  forHadsoliv 
a  pilgrim;  the  true  name  is,  according  to  pronuneiation,  Chaachisch,  the  Arab 


The  tops  and  all  the  tender  parts  of  tlio  hemp  plant  t 
infloreBOenc«,  dried  and  kept  fop  use.  It  must  be  premised  that  the  h 
the  East  distinguished  by  its  narcotic  properties,  although  botanists  are  unable  to  deteet 
any  dilferanoe  between  tliia  and  the  European  spedes.  The  dried  lionip,  or  cluis«liisi:h, 
is  used— 

Ist.  Boiled  in  (at,  butter,  or  oil,  with  a  little  water;  the  filtered  product  is  employed 
In  all  kinds  of  pastiy. 

2nd.  Powdered  for  smoking:  BorlOgra.  of  the  powder  are  smoked  from  a  common 
pipe  (taubulc)  with  ordinary  tobacco  (i&t^i),  or  from  a  water  pipe  {nargkU)  with 
another  kind  of  tobacco  (iom 6 A'>  The  tombeki  is  probably  the  leaf  of  a  apaeies  of 
Lobelia ;  it  is  smoked  in  a  naroiale,  and  is  nneommonly  narcoctic ;  bo  mnch  so,  that 
it  is  oi-dinarily  eteepad  in  water  for  a  few  hours  before  it  is  nsed  to  weaken  it^  and  the 
pipe  is  eliapged  with  it  whilst  it  is  yet  wet. 

8rd,  Formed  with  tragaeanth  mueilage  into  pastiles,  which  are  placed  upon  a  pipe 
and  smoked  in  similar  doses.  These  two  last  pj'eparations  aie  so  termed  eirar  {esroT 
is  the  Arab  word  for  "aeerel");  they  are  the  most  active  of  all  the  preparations  of 
chascliiseh,  and  the  first  pijie  will  cause  cei'ebral  congestion  in  begiunei's, 

4t!i.  Made  into  an  electuary  with  dates  or  figs  and  honey.  This  preparation  is  of 
a  dark  brown,  almost  black,  colour,  and  tastes  of  dates  and  hemp  ;  it  is  less  active  tlian 
the  esrar. 

5th.  Lastly,  another  electuary  is  prepared  of  the  some  ingi'edieots  with  the  addition 
of  spices,  clove,  cinnamon,  pepper,  amber,  and  niaak.  This  prepnration  is  used  as  an 
aphrodisaic. 

Cbaschisch  is  said  not  to  produce  stupor  batthe  most  pleasant  species  of  inlosication. 
The  peisoo  under  its  influence  feels  with  perfect  oonsciousnaaa  itt  the  beat  of  all 
humours;  all  inipi'essions  from  without  produce  the  most  grateful  sensations;  pleasant 
illusioiia  pass  belore  his  eyes,  and  he  feels  comfortably  happy ;  he  thinks  himself  the 
happiest  man  on  earth,  and  the  world  appears  to  him  Paradise.  From  tliisi[i..tgiuative 
state  be  passes  into  the  every  day  state,  nitha  perfect  recollection  of  all  sensations,  and 
of  eiery  thing  he  has  done  and  of  e"ery  word  he  haa  apokan.  The  effects  of  a  con- 
tinued use  of  the  narcotic  are  emaciation  and  nervous  debility. 

ClIliliyE  {eontpotilioit  of).  Cheese  of  certain  dairies  and  districts  b  apt  to  undergo 
a  remarkable  decomposition  whereby  valerianic  acid  is  formed.  Messrs.  Jljenko  and 
Laskuwsi  distilled  along  with  water  a  turbid  ammoniacal  liquor,  which  being  redistilled 
along  with  some  sulphuric  acid,  and  the  product  neutralized  by  barytes,  the  j^nlting 
saline  compound  proved  to  be  the  valerianate  of  that  base,  mixed  with  compounds  of 
butyric  acid,  caproicacid,  caprylic  aeid,  and  capric  acid.  The  cheese  was  from  Limbourg. 
Valei'ianic  aeid  was  found  by  M.  Balard  in  tlie  cheese  of  Eocjuafort. 

CUIOA  is  a  red  colouring  principle  made  use  of  in  America  by  some  Indian  tribes 
to  stain  their  skins.  It  ia  extracted  from  the  biffjumia  ckUa  by  "boiling  ita  leaves  in 
water,  decanting  the  decoction,  and  allowing  it  to  aattie  and  cool,  when  a  red  matter 
falls  down,  which  is  formed  into  cakes  and  dried.  This  substance  is  not  fusible,  and 
when  liutiicd,  ditfuses  the  some  odor  as  animal  bodiea  do.  t  is  insoluble  in  cold  wnier, 
very  solnbie  in  alcohol  and  ether,  bnt  after  (he  cvaporalion  of  these  liqnids,it  isrecovere.1 
nnchanied.  Fats  and  unclnuasoils  both  tli^i^otve  it.  It  is  soluble  in  carbon alett  and  caus- 
tic nihaline  leys,  from  which  il  is  precipitated  by  the  acids  without  allerntion.  An  excels 
of  alkali,  however,  speedily  decomposes  il.  Kltric  acid  transforms  it  inio  oxalic  acid,  and 
a  billur  matter.    Chlorine  makes  it  nhile. 

The  savages  mix  this  piyneiit  with  the  fat  of  (he  cajTnan  or  al!ig;a(or,  and  inb  (heir 
skins  with  the  mixture.      1(  ~iy  probably  be  turned  to  account  in  the  arts  of  civilized 

CHIMNEY.  (CAeinin&,  Fr. ;  Sciomsrein,  Germ.)  Chimney  is  »  modern  invention 
for  promoting  the  draught  of  fires  and  carrying  off  the  smoke,  introduced  into  England 
si>  late  as  the  »^e  of  Elizab^lh,  though  it  seems  to  have  been  employed  in  Italy  100 
years  before.  The  Romans,  wilh  alt  their  luxurious  refinements,  must  have  had  their 
Epicurean  cookery  placed  in  perpetual  jeopatdy  fromtheirkitchenllres,  which,  having  no 
vent  by  a  vertical  tunnel  in  the  walls,  discharged  (heir  smoke  and  frequently  their  flames 
at  (lie  windows,  to  the  no  small  alarm  of  llieir  neighbors,  and  annoyance  of  even  the 
sttei^l  passengers. 

Chimneys  in  dwelling  houses  serve  also  the  valuable  putpose  of  promoting  salubrion* 
cirenlatiun  of  air  in  the  apartments,  when  not  foolishly  sealed  with  anti- ventilating  stove- 
Cliests. 

The  first  person  who  sought  fo  investigate  the  general  principles  of  chimney  dranahts, 
in  substfrviency  (o  manufacluring  establishments,  was  the  celebrated  Montaolfier.  As  the 
aactni  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  its  specific  i;ravitr,  or, 
in  other  vfords,  upon  ihe  increase  of  its  volume  by  the  heal,  the  ascensional  force  may 
e  deduced  tVom  ihe  difference  between  the  density  of  the  elaslic  fluid  in  the  interior  of 


fRfT^Hlc 


*00  CHIMNEY. 

,he  chimney,  ftnd  of  the  exlernal  air;  that  is,  between  the  JilTerent  heights  of  the  internal 
and  exlernal  colnmns  of  elastic  fluid  supposed  to  be  reduced  to  the  same  density.  In  the 
latter  casi',  the  velocity  of  Ibe  gaseou?  [irodiicts  of  combustion  in  the  interior  of  the  chim- 
ney is  equal  (o  that  of  a  heavy  body  let  fail  from  a  heighl  equal  to  the  difference  in  height 
of  the  two  aerial  columns. 

To  illustrate  Ibis  position  by  an  example,  let  tls  consider  the  simple  case  of  a  chimney 
of  ventilation  for  carrying  off  foul  air  fiom  a  lactory  of  any  kind ;  and  suppose  that 
the  tunnel  of  iron  be  incased  throui>hout  with  steam  a(  S12  denrees  Fahr.  Suppose  tiiis 
tunnel  lo  be  100  yards  high,  then  Ihe  weigh!  of  ihe  .colnmn  of  air  in  it  will  be  to  that  of 
a  column  of  external  air  100  yards  hit;h,  assumed  at  3S°  F.,  inversely  as  itsexpansion  by 
180=  ;  Ibal  is,  as  1000  is  to  1-375 ;  or  as  72-727  is  to  100.  The  column  of  external  ait 
at  32°  being  100  yards,  the  internal  eulumn  will  be  represented  by  72-727  ;  and  the  dif- 
ference =27- 27,  will  be  the  amount  of  unbnlanced  weight  or  pressure,  ■which  is  the  efl'ec- 
live  cause  of  the  venlilation.  Calculating  the  velocit;  of  current  due  to  this  difference  of 
weight  by  the  well-known  formula  fur  the  fall  of  heavy  bodies,  thai  is  losay,niultiplying 
the  above  difference,  which  is  27-27,  by  the  cnnstnnt  factor  19.62,  and  eiiracting  the 
square  root  of  the  product;  lhns~i7T9fi2  X  27-27  =  23-13  will  be  the  velocity  in  yards 
per  second,  which,  miilliplied  by  3,  Rives  60-30  feet.  The  quantity  of  air  which  passes 
in  a  second  is  obtained  of  course  by  multiplying  the  area  or  cross  section  of  the  tunnel  by 
this  velocity.  If  that  section  is  half  a  yard,  that  is  =  a  quadrangle  2J  feet  by  2,  we  shall 
have  23-13  X  0-5=  11-565  cuhicyanls,^  3121  cubic  feet. 

The  problem  becomes  a  lillle  more  complicated  in  calculating  the  velocity  of  air  which 
has  served  for  combustion,  because  it  has  changed  its  natnre,  a  variable  proportion  of  its 
oxygen  ^las  of  specific  gravity  1-111,  being  converted  into  carbonic  acid  gas  of  speciRR 
giaviiy  1-524.  The  quantity  of  air  passed  through  well  constructed  farnaces  may,  in 
general,  be  regarded  as  doable  of  what  is  rbrorously  necessary  for  combustion,  and  the 
proportion  of  carbonic  acid  generated,  therefore,  not  one  half  of  wliat  it  would  he  were 
all  the  oxygen  so  combined.  The  increase  of  weight  in  such  burned  air  of  the  temperature 
of  212°,  over  that  of  pure  air  equally  heated,  being  taken  into  account  in  Ihe  preceding 
calculation,  will  give  as  about  19  yards  or  57  feet  per  second  for  the  velocity  in  a  chim- 
ney 100  yards  high  incased  in  steam- 
Such  sre  the  deductions  irf  theory ;  but  they  differ  considerably  from  practical  results, 
in  consequence  of  the  friction  of  the  air  upon  the  sides  of  the  chimneys,  which  varies  like- 
wise with  its  form,  length,  and  quality.  The  direction  and  force  of  the  winds  also  exercise 
a^  variable- influence  upon  chimney  riirnaces  differently  silunted.  In  chimneys  made  of 
wrought  i'^n,  like  those  of  steambnal',  the  refrigeration  is  considerable,  and  canses  a 
diminution  of  velocity  far  greater  than  what  occurs  in  a  factory  stalk  of  well  buiit  brick 
work.  In  comparing  the  nutnbets  resulting  from  the  trials  made  on  chimneys  of  dif- 
ferent materials  and  of  different  forms,  it  has  been  concluded  that  the  obslroction  to  iba 
draught  of  the  air,  or  the  deduelinn  lo  be  made  from  the  theoretical  velocity  of  efilnx, 
is  directly  proportional  to  the  length  of  the  chimneys  and  to  the  square  of  the  velocity, 
and  inversely  to  (heir  diameter.  With  an  ordinary  wroaght-iron  pipe,  of  frotn  4  inches 
to  o  inches  diametei,  attached  to  an  ordinary  stove,  burning  good  charcoal,  the  difference 
is  prodigious  between  th  1  ty  1  !  I  d  by  the  above  theoretical  rule,  and  that  ob- 
scived  by  means  of  a  St  p  t  h  I  th  ecent  of  a  pnff  of  smoke  from  a  Utile  tow, 
dipped  in  oil  of  lurpenl  th  I  q  kl  into  the  fire.  The  chimney  being  45  feet 
high,  the  temperatnre  of  th  tm  ih  ti8°  Fahr.,  the  velocity  per  second  was,  ^ 
Mean  temperature 
Trials.  By  th  Fj    xperiment.  cfchinirey. 

1  ^6  4 1     t  5        feet  WCP  Fahr, 

E  2)4  5-76  214 

3  34  5  6-3  270 

To  obtain  congruity  b  t  ee  111  and  experiment,  se.eraS  circumstances  must 
be  introduced  into  our  f  m  Ite  I  th  first  place,  the  theoretical  velocity  must  be 
multiplied  by  a  factor,  wh  ch  d  tl  t  ccording  as  the  chimney  is  made  of  bricks, 
pottery,  sheet  iron,  or  ca  t  Tl      f  ctor  must  be  multiplied  by  the  square  root  of 

the  diameter  of  the  chimney  (supposed  to  be  round),  divided  by  its  length,  increased  by 

four  times  its  diameter.   Thus,  for  pottery,  its  expression  is  2-06  V,   i  '    j  e  being  the  di- 
ameter, and  L  the  length  of  the  chimney. 

A  pottery  chimney,  33  feet  high,  and  7  inches  in  diameter,  when  the  excess  of  its  mean 
temperature  above  that  of  the  almo'pheie  was  205°  Fahr.,  had  a  pressure  of  hot  air 
equal  to  11-7  feet,  and  a  velocity  of  7-2  feet  per  second.  By  calculating  from  the  last 
formuli,  '.he  same  number  very  nearly  is  obtained.  In  none  of  the  experiments  did  the 
velocity  exceed  12  feet  per  second,  when  the  difference  of  temperature  was  more  than 
410"  Fahr. 
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H  specLsl  set  of  experirenls  ID  be 


Every  difierent  rorm  of  ehimne)'  would  require 
made  for  determining  Ihe  proper  factor  to  be  used. 

This  iroublcEome  opeiatiun  may  be  saved  by  ihe  Judicious  application  of  a  delicate 
differenlial  barometer,  sucii  as  Ibnl  invented  by  Dr.  WoUaston ;  Ihougli  this  instrument 
does  nol  Seem  lo  have  been  applied  by  its  very  ingenious  author  in  measuring  Ihe 
draughts  or  ventilating  powers  of  furnaces. 

If  into  one  leg  of  this  differential  syphon  water  be  put,  and  fine  spermaceti  oil  into 
the  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  as  the  numbers 
S  and  7,  If  proof  Spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  very  nearly  20  lo  19.  I  have  madeexperiments  on  furnace  draushlsvi'ith  the  instrument 
in  each  of  these  states,  and  find  Ihe  water  and  oil  syphon  to  be  sufiicienlly  sensible ;  for 
the  weaker  draughts  of  common  fire-places  the  spirits  and  oil  will  be  preferable 
barometric  fluids. 

To  the  lateral  projecting  lube  of  the  instrument,  as  described  by  Dr.  Wollaslon,  I 
found  il  necessary  to  attach  a  slop-cocli,  in  order  lo  cut  off  the  action  of  the  chimney, 
while  placing  the  syphon,  lo  allow  of  its  bein^  fixed  in  a  proper  stale  of  adjuslmenl, 
with  its  junction  line  of  Ihe  oil  and  water  at  the  zero  of  the  scale.  Since  a  slight  de- 
viation of  Ihe  tegs  of  the  syphon  from  the  perpendicular  changes  very  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixins;  the  horizontal  pipe 
lishtly  into  a  round  hole,  bored  into  Ihe  chimney  stalk,  or  drilled  ihrough  the  furnace 
door.  On  gently  turning  the  slop-cock,  Ihe  difference  of  Btmospherical  pressure  cor- 
responding 10  the  chimney  draught,  will  be  immedialely  indicated  by  ihe  nscenl  of  the 
junction  line  of  the  liquids  in  Ihe  syphon.  This  modification  of  apparatus  permits  the 
experiment  lo  be  readily  rectified  by  again  sliolting  off  the  draught,  when  Ihe  air  will 
slowly  re-enter  the  syphon ;  because  the  projecting  lube  of  the  baromeler  is  Ihrusl  into 
the  stop-ccick,  but  not  hermetically  joined  ;  whereby  its  junction  line  is  allowed  lo  return 
to  the  zero  of  the  scale  in  the  coarse  of  a  few  seconds. 

Out  of  many  experiments  made  with  this  instrument,  I  shall  content  myself  with 
describing  a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Trueman,  Han- 
bui7,  and  Buiton,  and  of  Sir  H.  Mcux,  Bart.,  and  at  the  machine  factory  of  Messrs. 
Brailhwaite  ;  in  the  latter  of  which  1  was  assisted  by  Captain  Ericsson.  In  the  first 
trials  at  Ihe  breweries,  the  end  of  the  stop-cock  attached  lo  the  difl'erential  barometer 
was  lapped  round  with  hemp,  and  made  fasl  into  Ihe  circular  peep-hole  of  the  furnace 
doorjsf  a  wort  copper,  communicating  with  two  upright  parallelchimneys,  each  18  inches 
square  and  50  feet  high.  The  fire  wras  burning  with  fully  its  average  intensity  at  the 
time.  The  adjustment  of  the  level  being  perfect,  the  stop-cock  orifice  was  opened,  and 
the  junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  If  inches,  corresponding 
lo  i^A  =  0-156  of  1  inch  of  water,  or  a  column  of  air  10'7  feet  high.  This  difference 
of  pressure  indicates  a  velocity  of  26  feet  per  second.  In  a  second  set  of  eiperiments, 
the  extremity  of  the  stop-cock  was  inserted  into  a  hole,  bored  ihrough  ihe  chimney 
stalk  of  the  boiler  of  a  Bonllon  and  Watt  steam-engine  of  twenty-horse  power.  The 
area  of  this  chimney  was  esaclly  18  inches  square  at  the  level  of  the  bored  hole,  and  in 
•aminit  rose  50  feet  above  il.  The  fire-KrBte  was  about  10  feet  below  that  level.  On 
openins;  Ihe  stop-cock,  the  junction  line  rose  3}  inches.  This  experiment  was  veriiieil 
1^  repetition  upon  dill'erent  days,  with  fires  burning  at  their  average  intensity,  and  con- 
suming fully  12  lbs.  of  the  best  coals  hourly  for  each  horse's  power,  or  nearly  one  ton 
and  a  third  in  twelve  hours.  If  we  divide  the  number  2}  by  8,  the  quotient  0-28  will 
represent  the  fractional  part  of  1  inch  of  water,  supported  in  the  syphon  by  the  un- 
balanced pressure  of  the  atmosphere  in  the  said  chimney;  which  corresponds  lo  19}  feel 
of  air,  and  indicates  a  velocity  in  the  chimney  current  of  35  feel  per  second.  The 
consumption  of,  fuel  was  much  more  considerable  in  the  immense  grate  under  the  worl 
copper,  than  it  was  under  ihe  steam-engine  boiler. 

In  my  experiments  at  Messi'S.  Brailhwaile's  factory,  the  maxiinnm  displacement  of 
the  junction  line  was  1  incli,  when  the  difierential  oil  and  water  barometer  was  placed 
in  direct  communication  with  a  chimney  15  inches  square,  belonging  to  a  steam  boiler, 
and  when  the  fire  was  made  to  burn  so  fiercely,  that  on  opening  the  safety-valve  of  the 
boiler,  the  excess  of  steam  beyond  the  consumption  of  the  ensine  rushed  out  with  each 
violence  as  to  fill  the  whole  premi'^es.  The  pressure  of  one  eighth  of  an  inch  of  water 
dendles  a  velocity  of  draught  of  23'4  feet  per  second. 

In  building  chimneys,  we  should  be  careful  to  make  their  area  rather  too  large  than 
too  smalt !  because  we  can  readily  reduce  it  to  any  desired  size,  by  means  of  a  sliding 
register  plate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjualable  by  wiies 
or  chains,  passing  over  pulleys.  Wide  chimneys  are  not  so  liable  as  narrow  ones  to 
have  their  draught  affected  by  strong  winds.  In  a  factory,  many  furnace  Hues  are 
often  conducted  into  one  vertical  chimney  stalk,  with  great  economy  in  the  first 
ere^;ion,  and  increased  power  of  draught  in  the  several  fires. 
Vast  improvements  have  been  made  in  this  country,  of  late  years,  in  building  stalks 
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CHIMNEY. 

for  steam  boilers  nnd  chemicnl  furnaces.  Instead  of  conslrucling  an  eipninsive,  lofly 
Bcnffolding  of  limber  round  llie  cUmney,  for  tlie  bricklayers  lo  stand  upon,  and  to 
place  llieir  male.-ials,  pigeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feei 
apart,  within  the  chimney,  for  receivini;  the  ends  of  stout  wooden  bars,  which  are 
laid  across,  so  as  to  form  a  species  of  "tempornry  ladder  in  the  interior  of  the  tunnel. 
Py  means  of  these  bars,  wilh  Ihe  aid  of  ropes  and  pulleys,  everything  may  be  pro- 
gressively hoisted,  for  Ihe  buililing  of  the  highest  engine  or  other  Blalks.  An  expert 
bricklayer,  wiih  a  handy  laborer,  can  in  this  way  raise,  in  a  few  weeks,  a  considerable 
chimney,  40  feel  high,  5  feet  6  inches  square  outside,  2  feet  S  inches  inside  at  Ibe  base, 
28  inches  outside,  "and  20  inches  inside  at  the  top.  To  facilitate  the  erection,  and  at 
the  same  lime  increase  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  built 
with  three  or  more  successive  plinths,  or  recedures,  as  shown  in  fig.  848.  It  is  neces- 
sa  o  make  such  chimneys  thick  and  substantial  near  the  base,  in  order  that  they 
ma  s  an  the  first  violence  of  the  lire,  and  prevent  the  sudden  dissipation  of  (he 
h  When  many  flues  are  conducted  into  one  chimney  stalk,  Ihe  area  of  Ihe  latter 

ahou  d  be  nearly  equal  to  the  sura  of  the  areas  of  the  former,  or  at  least  of  as  many  of 

e  n  as  shall  be  goini;  simultaneously.  When  the  products  of  combustion  from  any 
f u  n  ce  must  be  conducted  downwards,  in  order  lo  enter  near  the  bottom  of  the  main 

a  k  hey  wilt  not  flow  off  until  the  lowest  part  of  the  channel  be  healed  by  burning 
on  e  wood  shavings  or  straw  in  it,  whereby  the  nir  syphon  is  set  agoing,  Imtnedi- 
B     y  a  e    kindtinir  this  transient  lire  at  that  spot,  Ihe  oriGce  must  be  shut  by  which 

uos  roduceil ;  otherwise  the  draught  of  the  furnace  would  be  seriously  impeded. 
Bu  h  precaution  is  seldom  necessary  in  threat  factories,  where  a  certain  degree  ofheal 
a  w  ys  maintained  in  the  flues,  or,  at  least,  should  be  preserved,  by  shotting  the 
damper  plate  of  each  separate  flue,  whenever  ilsown furnace  ceases  to  act.  Snch chim- 
neys are  finished  at  top  wilh  a  coping  of  stone-slabs,  (o  secure  their  brickwork  against 
the  infiltration  of  rains,  and  they  shouki  be  furnished  with  metallic  conducting  rods,  to 
protect  them  from  e^iplosions  of  lightning. 

When  small  domestic  stoves  are  used,  with  very  slow  combustion,  as  has  been 
recently  proposed,  upon  the  score  of  a  misjudged  economy,  there  is  great  danger  of  the 
inmates  being  suffocated  or  asphyxied,  by  the  regurgitation  of  the  noxious  bnrned  air. 
The  smoke  doctors  who  recommend  such  a  vicious  plan,  fiom  their  ignorance  of 
chemical  science,  are  not  aware  that  the  carbonic  acid  gas,  of  coke  or  coal,  must  be  healed 
250'  F.  above  (he  atmospheric  air,  to  acquire  the  same  low  specific  gravity  with  it.  In 
other  words,  unless  so  rarefied  by  heal,  that  saseous  poison  will  descend  IhrouEh  the  orilice 
of  the  ash-pit,  and  be  replnced  by  the  lighter  air  of  the  nparlment,  Drs.  Priestley  and 
Dalton  have  long  ago  shown  the  co-eilstence  of  these  two-fold  crossing  currents  nf  air, 
even  through  Ihe  substance  of  stone-ware  tubes.  True  economy  of  heol,  and  salubrity, 
alike  require  vivid  combnslJon  of  the  fuel,  with  a  somewhat  brisk  dranght  inside  of  the 
chimney,  and  a  corresponding  abstractitin  of  air  from  the  apartment.  Wholesome 
continuous  ventilation,  under  the  ordinary  circumstances  of  dwelling  houses,  cannof 
be  secured  in  any  other  way.  Were  these  mephilie  stoves,  which  have  been  of  late 
■o  ridiculously  puffed  in  the  public  prints,  generally  introduced,  Ihe  facnlCy  would 
need  to  be  immediately  quadrupled  to  supply  tlie  dernand  for  medical  advice ;  foi 
headaches,  sickness,  nervous  aliments,  and  apoplexy,  would  become  the  constant  inm ate i 
of  every  inhabited  mansion.  Tlie  phenomena  of  the  grotto  of  Panaillppo  might  then 
be  daily  realised  at  home,  among  those  wbo  ventiu'ed  to  recline  upon  sofas  in  such  car- 
bonated apartments ;  only  instead  of  a  puppy  being  sufTocated  pro  tempore,  liaman  beings 
would  be  sacrificed,  to  save  two  penny  worth  of  fuel  per  diem. 

The  figures  upon  the  following  page  represent  one  of  tlie  two  chimneys,  recently 
erected  at  the  Camden  Town  station,  for  the  steivn  boilers  of  the  two  engines  of  tiO 
horse-power  each,  belon^ng  to  the  London  and  Birmingham  Railway  company.  These 
engines  then  drew  their  train  of  cari'iages  up  tbe  inclined  plane  of  Hampstead  HilL 
The  cbimneya  were  designed  by  Robert  Stephenson,  Esq.,  engineer  fo  the  Company, 
eieeuted  by  William  Cubitt^  Esq.,  of  Gray's  Inn  road,  —  and  do  eqnal  honour  to 
botb  gentlemen,  being  probably  among  the  most  elegant  and  substantial  speoimenB  of 
this  style  of  architecture  in  tbe  world,     in  the  BeotioQ.jEy.  S48., 

A  represents  n  bed  of  amcretf,  6  feet  tIJuk,  and  24  feet  square. 

E,  brick  footings  get  in  cement;  the  lower  eourae  IB  feet  eqnare. 

c,  Braraley-fall  stone  base,  wilii  a  chain  of  wrought  iron  let  into  it. 

D,  a  portion,  IB  feet  high,  curved  to  a  radius  of  113  feet,  built  entirely  of  Malm 
pnviours,  (a  peculiarly  good  kind  of  bricks). 

E,  shaft  built  of  Malm  paviours  in  mortar, 

F,  ditto,  built  from  the  inside,  without  exterior  scaffolding. 

G,  the  cap  ornamented,  (as  shown  in  tlie  plan  alongride.)  with  Portland  stone,  the 
Iressings  bMng  tied  togetlier  with  copper  cramps  and  an  iron  bond. 

Fiii.  349.  represents  the  mouldings  of  the  top,  upon  an  enlaraud  feala. 


F^.  SBO.,  a  plan  of  the  foundation,  upon  ai 
Mg.  3BI.,  ditto,  at  the  lavel  of  the  eiitrnac 
I^g.  S52.,  the  elevation  of  the  ohininej'. 
Fiff.  353.,  plan  at  the  ground  level  i,  m  fig. 
^Jig.  S43.,  the  lightning  conducting  ro^ 


CHINA  INK.  {Encre  Je  Cldne,  Ft  Chin 
kind  of  this  useful  pigment  is  seldom  met  with  i 
s^^7'iption  in  a  Japanese  boolt,  it  is  made  from  tin 
euHiphor  ;  and  heiiee,  when  of  the.  best  yuilit>   i 


n'^her  Tusek  Germ.)  The  fiiiust 
,  our  market*  According  to  a  de- 
coiidens(.d  smoke  or  soot  of  burned 
haa  this  odour      Moat  of  the  China 
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404  CHLORATE  OF  POTASH. 

iuk  is  muiie  from  oil-lampblack  occosiouallj  di^uzsed  as  to  Einell,  witli  tniuk,  nl 
with  a  littla  camphor  black.    Tlie  binding  subatatioe  h  gelatine.  common]y  made  trom 

{arvimient  or  aaa'  skin;  but  ieinglasa  aiiswera  equally  well.  A  good  imitdtion  mat 
e  made  by  dieeolving  ieinglaes  in  wfirin  water,  with  the  addition  of  a  yery  little  alkali 
(soda),  to  destroy  its  gelatinizing  power  ;  and  incarporating  with  that  sotutioa,  by  leri- 
gatiou  on  a  porphyry  slab,  as  niiivb  of  the  finest  lampblack  as  to  produee  a  mass  i>f 
the  proper  ooiiaistenc'e.  Tlie  minute  quantity  of  alkali  serves  also  to  saponify  the  oil 
iTliiuii  usually  adheres  to  lampblack ;  and  thereby  to  make  a  pigment  readily  miscible 

CHINTZ  is  a  peculiar  style  of  fast-printed  ualioo,  in  which  figures  of  at  least  five 
different  uolours  are  impregaed  npou  a  wtiite  or  light  coloured  gi'ouud. 

CHLORATE  OP  POTASH,  commonly  called  ojiymuriaie  of  potash.  This  interesting 
laline  compound  has  brcomf  Uie  object  of  a  pretl;  cxiensive  inanufacture,  in  consequence 
of  its  application  to  make  matches  for  procuring  inslanlaneous  iiijhl,  and  a  detonating 
powder  for  fire-arms.    It  may  be  prepared  both  in  the  humid  and  dry  way. 

Having  made  a  strong  solution  of  ]mrififd  potash,  or  CBtborele  of  potash,  with  from 
two  to  three  parts  of  water,  we  pass  through  it  in  a  Wonlfe's  apparalus  acnrrent  of  chlo- 
rine gas,  till  it  ceases  to  ateorb  any  more.  Chloride  of  potash  and  chloride  of  potassium 
alone  are  foimcil  as  long  as  there  is  an  excess  of  alkali  in  the  solution  ;  bul  al^erwards, 
ill  the  further  reaction  of  the  materials,  the  chloride  passes  into  ihe  stale  of  a  chlorate, 
and,  as  such,  piecipilates  from  the  solulion.  During  the  first  half  of  Ihe  operation,  that 
is,  lil]  Ihe  polash  be  ahoat  one  half  saturaied  with  chlorine,  as  indicated  by  lilmns  paper 
ceasing  to  be  darkened  and  beginning  to  be  blanched,  Only  Ihe  chloride  of  potassium  or 
muriate  of  polash  fulls.  The  process  should  be  interrupted  at  this  point  in  order  to  re- 
move Ihe  salt,  10  wash  it,  to  add  the  washings  to  the  liquor,  and  Ihen  to  transmit  Ihe  gas 
freely  through  the  solution.  As  ihe  operation  advances,  less  monale  .if  polash  is  formed, 
and  at  length  nothing  but  Ihe  piire  chlorate  is  separaled  in  crystals.  When  finally  the 
bubbles  of  gas  pass  through  without  bein«  sensibly  absorbed,  ihe  process  is  known  to  be 
completed ;  the  liquid  may  then  be  allowed  to  settle,  and  be  poured  off  from  the  cryslals 
of  chlorate  of  polash,  which  are  purified  IVom  the  muriate  by  dissolving  them  in  ihree 
limes  their  weight  of  boiling  water,  and  filtering  the  solution  while  hot.  On  its  cooling, 
(he  chlorate  will  separate  in  pearly-looking  en'stalline  plates.  It  may  be  rendered  quite 
pure  by  a  second  crystallization,  in  which  state  itdoesnotafiectsolutionof  nitrate  of  silver. 

The  above  polash  ley  nsuallj'  gets  a  reddish  tint  in  the  couise  of  Ihe  process  in  conse- 
quence of  a  little  manganesic  acid  cimintr  over  wilh  the  chlorine,  but  it  gradually  loses 
'his  color  as  the  saturation  becomes  complete,  when  ihe  solution  turns  yellow.  The 
tubes  for  conveyins;  the  gas  should  he  of  large  diameter,  if  ihey  he  plunjcd  into  the 
enline  solaiion,  because  the  cry  stall  izaCion  which  takes  place  in  it  is  apt  to  choke  them 
up.  This  inconvenience  may  however  be  obviated  by  aiiaching  lo  the  end  of  the  glass 
tube,  a  tube  of  caoutchouc  tenninaled  in  a  small  glass  fhnnel,  or  simply  the  neck  of  a 
caoutchouc  botile  with  a  pan  of  ils  body,  whose  width  will  not  be  readily  closed  with  a 
saline  crust.  The  cesidxary  lixivium  may  be  used  i^ainsl  another  operation,  or  it  may 
be  evaporated  down  to  half  ils  bulk  and  set  aside  to  crystallize,  whereby  some  more 
chloiate  will  be  oblained,  mixed  indeed  with  muriate  and  carbonate, from  which  however 
it  may  be  separated  by  a  second  crystallization.  In  general  the  pure  chlorate  oblained 
does  not  exceed  one  tenth  the  weight  of  the  polash  employed  ;  because  in  thus  treating 
polash  with  chlorine,  five  sixths  of  it  are  eonverled  into  muriate  of  potash  and  only  one 
sixth  into  chlorate,  and  a  part  of  the  latle'  adheres  to  the  muriate,  or  is  lost  in  the  mother 
walere  of  the  cryslalhzalions. 

The  chlorate  of  potash  may  be  more  conveniently  manufactured,  like  that  of  lime,  ir 
the  dry  way,  St.  Romer  patented  at  Vienna  the  following  method  for  that  purpose  in 
1821 1  —  Ten  pounds  of  crystallized  peroxyde  of  inanganese  are  to  be  finely  pulverized, 
Mixed  wiih  ten  pounds  of  plumbago,  and  thirty  pounds  of  common  salt,  ar.d  put  into  the 
iCTiden  relort  represented  in  Jig.  355,  p.  410.  From  the  miildle  of  the  helmet-shaped 
lid  of  111  is  vessel,  a  lead  tube,  two  feet  long,  and  two  inches  wide,  condn els  lo  Ihe  receiver, 
which  Is  a  square  earthen  pan,  hard  glazed  bolh  wilhin  and  wil hoot,  of  Ihe  same  capacity 
n'ilh  the  retort.  The  end  of  the  lube  must  be  made  fast  lo  a  frame  at  Ihe  height  of  six 
inches  above  thebottomof  the  receiver.  Upon  ils  inner  sides,  four  inches  apart,  brackets 
are  to  be  fixed  for  supporting  a  series  of  laths  or  shelves  of  white  wood,  on  which  a  num- 
ber of  lillle  palmer  or  pasteboard  boxes  are  lo  be  laid.  In  these  boxes  ten  pounds  of  the 
purest  carbonate  of  polash,  prepared  from  tartar,  are  lo  be  spread.  The  receiver  must 
now  he  covered  wiih  a  lid  made  tight  by  a  water  lute.  Twenty  pounds  of  concenlraled 
sulphuric  acid  previoiisly  diluted  with  sixteen  pounds  of  water,  and  then  cooled,  are  to 
be  poured  upon  Ihe  mixed  materials  in  the  relorl,  the  lid  immediately  secured,  with  the 
lube  adjusted  in  the  receiver.  The  whole  must  be  allowed  to  operate  sponLaneously  with, 
eut  heat  for  twelve  hours.  At  the  end  of  this  time  Ihe  retort  is  lo  he  surrounded  wiih  a 
water  bath  and  steadily  heated  during  Iwelve  hours,  and  then  left  lo  cool  for  six  hoar* 


CHLOKATE  OF  POTASH. 


405 


The  a|iparatii9  must  now  he  opened,  the  cnkea  of  chlorate  of  potash  removed,  and  freed 
ffom  mnriate  by  sohilion  and  erystallizaiion. 

M.  Liebig  proposes  the  followinij  process  for  ohlainins  cMorale  of  potash  : — 

Heat  chloride  of  lime  in  water  tilt  il  ceases  lo  des'roy  veRf  table  colors.  In  lb[s  ense  a 
mijture  of  chloride  of  caleium  and  chlorate  of  potash  is  obtained.  This  is  to  be  disiolred 
in  hot  water,  and  lo  the  siilulion  concenlrated  by  evaporation,  chloride  of  polaiwinm  is  lo 
be  added,  and  then  suffered  to  cool.  After  coolins,  a  qnnntity  of  cn'stals  of  chlorate  of 
potash  is  obtained,  which  are  lo  be  redissoWed  and  crj'stallized  aEsin  lo  purify  them.  M, 
Liehii  considers  that  this  will  he  a  cheap  process  for  ohlainins  chlorate  of  polash.  Prnm 
12  ounces  of  chloride  of  lime,  of  so  bad  a  cinality  that  it  left  65  per  cent,  of  insoluble 
mailer,  he  obtiined  an  ounce  of  chlorate  of  potash. 

The  only  difficulty  lo  overcome  in  this  proeess  is,  from  the  chloride  of  time  not  being 
so  ea-ily  decomposed  by  heal  as  is  eenerally  supposed :  a  solution  of  it  may  be  kept  boil- 
ina  for  an  hour  wilhoul  Icwina  its  bleachinR  power.  The  best  method  is  to  Hirm  a  thin 
paste  with  chloride  of  lime  and  water,  and  tlien  to  evaporate  it  lo  drj'ness.  If  il  be  re- 
QHired  lo  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantageous  to  keep  it 
very  hot. 

The  cHocale  of  potash  which  separates  from  the  nolulion  by  erystallizaiion,  has  not 
Ihe  form  of  scales  which  il  nsually  possesses,  hul  is  prismatic;  whether  lhi»  is  occasioned 
by  some  ainixture  has  not  been  ascerlained  ;  but  on  re-crj stall izing,  it  is  obtained  in  lbs 
usual  form, 

The  solution  ought  not  merely  to  be  left  to  cool,  in  order  to  procure  cn-slnls,  for  the 
crysiallizalion  is  far  from  being  lerminated  even  after  complete  cooling  ;  crystals  ConlinuB 
to  be  deposited  for  3  or  4  daye. 

The  following  modlficaiion  of  the  process  for  makina  chlorate  of  polash  is  that  of  M. 
Vce.  Asolnlionof  chlorideof  lime,  marking  18°  or  20°  Baum6,is  lobe  set  iipnn  the  fire 
in  a  lead  or  cast  iron  pot,  and  when  it  beeins  to  gel  hoi,  there  is  to  be  dissolved  in  il  a 
quantity  of  chloride  of  potassium  suiBcient  to  raise  the  hydromeler  3  or  4  deerees.  It 
ninsi  be  Ihen  concen(rate<i  a«  quickly  as  possible  till  il  marks  30°  or  3 1°,  takins  care  that 
it  does  not  boil  over  by  the  sudden  extrication  of  oxygen.  The  cbncenlrate<i  liquor  is  set 
aairle  to  crystallize  in  a  cool  place  j  where  a  depnsile  of  chlorate  of  potash  forms,  mised 
with  chloride  of  polassium.  The  mother  water?  being  evaporated  (o  the  density  of  36°, 
afford  another  crop  of  erysials,  after  which  they  may  be  thrown  awav. 

The  salts  obtained  nt  the  first  crystal  I  izat  ion  are  lo  be  re-dissolved,  and  the  solution 
beins  brought  lo  1S°  or  I(f  is  to  be  tillered,  when  it  will  afford  upon  cooling  pure  chlo- 

Chlorale  or  oxymurinte  of  potash  has  a  cooling,  somewhat  unpleasant  and  nilrocfc 
taste.  It  does  not  bleach.  At  fiO°  F,  TOO  parts  of  water  dissolve  sij  parts  of  il,  and  at 
its -boiling  point  or  220°,  sivly  parts.  When  healed  to  dull  ignition  in  a  elass  tetorl,  it 
gives  out  39'15  per  cent,  of  ils  weight  of  oxyien,  and  becomes  therebv  chloride  of 
potassinm.  When  sironuly  triturated  in  a  mortar  il  crackles,  throws  nul  sparks,  and  be- 
comes luminous.  Itdeflfteralesupon  red-hot  cinders  like  nilre:  when  triturated  alone  with 
sulphur,  or  phosphorus,  it  detonates  wilh  great  violence,  not  without  daneer  to  the  hands 
of  the  operator,  if  they  be  not  protected  by  a  thick  glove.  Similar  detonations  may  It 
prorliiced  with  cinnibar  or  vermilion,  sniphurol  of  potassinm,  susar,  volatile  oils,  &«., 
but  they  can  be  effeeteil  only  by  Ihe  smart  blow  of  a  heated  hammer  and  anvil.  A 
mixtare  of  Bugar  or  starch  with  chlorate  of  potash  is  readily  inflamed  bv  a  ilrop  of  sul- 
phuric acid,  and  this  experiment  i=  Ihe  basis  of  the  preparalion  of  theosvrenaied  malehes, 
as  ihey  have  been  commonly  called.  The  folkiwiuK  formula  forms'a  Eood  jiasle  for 
tippinir  Ihe  said  matches,  made  of  narrow  slips  of  either  wood  or  card.  Thirty  parts  of 
the  chlorate  in  fine  powiJer  are  lo  be  miied  gently  with  a  spatula  upon  paper  with  ten 
part=  of  flowers  of  sulphur  well  levigated,  eight  of  suaar,  five  of  gum  arable,  and  enough 
tf  vermilion  lo  give  Ihe  whole  a  rose  tinl.  We  begin  bv  mixing  tenderly  tc«ether 
the  sugar,  the  gum,  and  the  salt  previously  pulverised ;  we  then  add  as  much  water 
as  shall  reduce  the  mixture  to  a  thin  paste,  and  lastly  introduce  Uie  sulphur;  after 
which  alt  must  be  well  incorporated.  The  poiuta  of  the  matches,  either  previously 
tipped  with  sulphur  or  not,  are  to  be  dipped  m.  that  paste,  so  aa  to  get  coated  with  a 
little  of  if,  and  are  lastly  laid  in  a  warm  place  till  they  become  thoroughly  dry.  To 
kindle  one  ot  them,  it  must  be  touched  with  strong  aulphurio  acid,  which,  lor  this 
purpose,  is  usuftlly  kept  in  a  small  well-st«ppad  vial,  and  thickened  with  amiantlius. 
Aspon  is  reckoBea  the  best  wood  for  matches. 

Of  late  years  a  detonating  priming  for  fire-arms  has  bean  much  used  with  the  percus- 
sion locks.  The  rimplest  formula  for  malting  it  is  to  take  ten  pai-ts  of  gunpowder,  to 
lixiviate  it  with  water,  and  to  mix  the  residunui,  while  moist,  wilh  five  parts  and  b 
quart«rofehlorateotpotash,  reduced  to  an  extremely  fine  powder.  The  paste  may  be 
made  pretty  thin,  for  the  salt  is  sparingly  soluble  in  oold  wat«r,  and  it  misus  best 
when  tolerably  fluid.    This  powder  when  dry  is  dangerous  to  handle,  being  very  apt  to 
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explode.  But  ttiis  danger  is  ganrded  against  by  letting  fall  a  drop  of  the  paste  into  cai^h 
copper  perouseion  cap,  and  leaving  it  to  dry  there.  In  the  detonation  of  thia  powder, 
besides  muriate  of  potash,  there  are  generated  a  little  sulpiiate  of  potaeh  and  <Jilorin« 
gas.  *hioh  rust  the  metal  rery  fest.  For  which  reason  fulminate  of  merijury  is  now 
preferred  by  many  sportamen  as  a  detonating  powder.    See  Fulutnitg. 

ITie  foUowiiia  mgenious  and  easy  way  of  making  this  valuable  ohioraf*  has  been 
lately  suggested  by  ProfeBBOr  Graham : — Mix  equal  atomic  weights  of  carbonate  of 
potoBh  and  hydrate  of  lima  (70  of  the  former,  if  pure,  and  37  of  slaked  lime  in  powder), 
diffuse  them  through  cold  water,  and  transmit  chlorine  gas  through  the  mixture.  The 
gas  ia  absorbed  with  great  aridity,  and  the  production  of  a  boiling  heat.  When  the 
saturation  is  complete,  carbonate  of  Ume  remaiuB,  and  a  mixture  of  muriate  and  chlorate 
of  potash,  wliieli  latter  sails  are  to  be  separated,  as  asual,  by  the  difference  of  their 
solubility  in  water. 

It  has  b«en  remarked  on  the  above  process,  that  it  effects  no  saving  of  potnasa,  and 
(liei'efore  is  far  infeiior  to  the  one  long  practised  iu  several  parta  of  German;^  especially 
at  Gieasen,  and  introduced  into  thia  country  a  good  many  years  ago  bjTJr.  Wagen- 
mann,  from  Berlin.  The  chlorine  is  passed  into  a  misture  of  one  equivalent  of  chlo- 
ride of  pota-'sium  (76),  and  6  equivalents. of  hydrate  of  lime  (222),  previously  stirred  wilii 
water  to  the  consistence  of  a  thin  paste.  Thus  the  calcium  of  the  lime  nnites  with  the 
chlorine  to  form  chloride  of  calcium,  while  the  chloride  of  potassimn  is  converted  into 
clilorate  of  potasBO,  which  salt  is  easily  separated  in  crystals  by  its  sparine  solubility. 

Chlorate  of  potash  may  also  be  made  by  saturating  with  chlorioe  a  mature  of  "ii 
parts  of  chloride  of  potassium  (muriate  of  potash)  and  168  parts  of  quicklime,  brought 
to  the  consistence  of  a  tliin  pap  by  the  cautions  addition  of  water.  The  mass  bemg 
dissolved  in  warm  water,  and  evaporated  and  cooled,  yields  crystals  of  chlorate  of 

Stash,  while  a  mother  water  of  chloride  of  calcium  (muriate  of  lime)  remains.  The 
lowinff  process  has  likewise  been  preseribed: — Mis  10  parts  of  good  chloride  of 
lime  wiui  water  into  a  pap,  and  cTaporate  tfl  dryness,  whereby  it  is  converted  into 
a  mixture  of  chloride  of  calcium  and  chloride  of  lime  devoid  of  bleacldng  power; 
dissolve  it  in  water,  filter,  eoneenti-ate  the  solution  by  evaporation,  then  add  to  it  1 

Eart  of  chloride  of  potassium,  and  cool  for  erjstalliiation.  The  salt  which  may  thereby 
e  separated  fi-om  the  chloride  of  calcium  will  afford  0'83  of  pure  chlorate  of  potash.  By 
this  process  of  Professor  Liebig  five  sixths  of  the  fiotash  are  saved,  but  much  oxygen  is 
wostijd  in  the  evaporation  to  dryness  of  the  chloride  of  lime,  and  eonseqaently  mnch 
chloric  acid  is  lost  towards  the  production  of  the  salt.  V6e  mi\es  tlie  cliloride  of  lime 
pap,  before  heating  it,  with  the  clilonde  of  potassium,  boiis  the  mixture  smartJy,  whereby 
much  oxygen  is  undoubtedly  thrown  oS,  and  (lien  seta  the  liijuor  aside  to  crystallize. 
L.  Gmelin  suggests  that  saturation  of  the  liquor  with  chlorine  before  boiling  might 
be  advantageous.  Gay  Lossac  has  suggeeted  to  make  thia  valuable  salt  by  pre- 
cipitating a  solution  of  chloride  of  lime  with  carbonate  (or  sulphate)  of  potash,  satu- 
rating the  honor  after  filtration  with  chlorine  gas,  evaporating,  and  crystallizing. 

Profossor  Jnch's  process  is  to  pass  chlorine  gas  into  a  mixture  of  1  pound  caustic 
lime  and  1  pound  earbonate  of  potash,  with  8  pounds  of  water.  The  resulting  chloride 
of  potash  readily  separates  in  the  filtered  liquid  by  crystallization  from  the  very  soluble 
chloride  of  calcium.  By  thif  method  potash  ia  not  wasted  in  the  useless  production 
of  chloride  of  potassium. 

CHLORATES,  compounds  of  cldoric  acid  with  the  salifiable  bases.  The  only  add  be- 
longing to  Ihis  class  of  any  manufaclufins  importance  is  the  following ; 

CHLORIC  ACID;  the  acid  constituent  of  the  precedini;  sail;  it  consists  of  one 
equivalent  prime  of  chlorine  =  35-476, -f- 5  of  oxygen,  —  40'0Go;  of  which  the  sum  75'535 
is  the  prime  equivalent  of  the  acid. 

CHLORINE;  the  most  enel^etic  of  the  undecompounded  bodies,  or  chemical  ele- 
ments as  Ihey  are  usually  called,  exists,  nnder  ordinary  circumstances,  as  a  greenish  yel- 
low gas,  but,  when  exposed  to  a  pressure  of  4  atmospheres,  it  becomes  a  yellow  transpa- 
rent liquid.  In  the  first  state,  its  density  compared  to  air,  reckoned  1-000,  is  3-47 ; 
in  the  second,  its  density  compared  to  water,  l-OOO,  is  1-33.  No  degree  of  cold  hitherto 
tried,  has  liquefied  the  gas  when  dry.  It  is  obtained  by  pulling  into  a  glass  re- 
tort a  mislure  of  3  parts  of  common  suit,  with  2  parts  of  peroxyde  of  manganese,  and 
pouring  upon  it  2  parts  of  sulphuric  acid  dilated  with  its  own  weight  of  water;  or,  more 
conveniently,  by  pouring  moderately  strong  muriatic  add  upon  peroxyde  of  manganese  in 
a  retort ;  and  in  either  case  applying  the  gentle  heat  of  a  spirit  lamp  or  a  water  hath, 
while  the  beak  of  the  retort  is  plunged  under  brine  upon  the  shelf  of  the  pneumatic  trough. 
The  gas  issues,  and  may  be  received  io  the  usual  way  into  inverted  glass  jars,  or  vials ; 
but  the  first  wbieh  comes  over,  being  mixed  wiih  the  air  of  Ihe  retort,  must  be  rejected. 
It  has  a  peculiar  smell,  and  irritates  the  nostrils  most  violently  when  inhaled,  as  also  the 
windpipe  and  lungs.  It  is  eminently  noxious  to  animal  life,  and,  if  lirealhed  in  its  nn- 
diluteil  slate,  woulfl  prove  instantly  fatal.    It  supports  the  combuslLon  of  many  bodies, 
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ind  indeed  spontaneously  burns  several  without  tlieir  being  previously  kindled.  Tlit 
resulting  combinations  are  called  chlorides,  and  act  most  important  parts  in  laanj 
luauufaeturing  processes. 

Water  absorbs,  at  the  ordinary  temperature  of  the  atmosphere,  about  doulde  its  vo- 
lume of  chlorine,  and  acquires  the  colour,  smell,  and  taste  of  the  gas,  as  well  as  its  power 
of  destroying  or  bleaching  v^titbie  colours.  When  this  aqueona  ohlorine  is  cooled  to 
Sti"  Folur,  dark  yellow  crystalline  plates  appear  in  it  of  the  fiydrate  of  cbtonne,  wliich 
-  ■  composed  in  100  parta  of  27-7  chlorine,  and  12-S  water.   If  these  crystals  be  heated 


tiie  gaseous,  but  seijiing  it  in  many  of  Its  liquid  and  solid  combinations,  as  in  volatile 
oils,  which  it  inflames,  and  in  yellow  wax,  cotton  and  flax,  which  it  whitens.  The  uom 
pound  of  chlorine  and  hydrogen  gases  is  murintie  acid  gas.  Manganese,  when  mixed 
with  liquid  muriatic  acid,  as  in  the  above  process,  abstracts  the  hydrogen,  and  lets  the 
chlorinegasgofree.  When  chlorine  is  passed  into  water,  it  deeom poses  some  of  il;  seizes 
its  hydrogen  to  form  a  little  muriatic  aeid,  and  enables  its  oxygen  to  unite  either  with 
the  chlorine,  into  chlorous  acid,  or  with  the  remaining  water,  and  to  tonstitute  oxygen- 
ated wat«r.  Hence,  aqueous  chlorine,  exposed  to  the  sunbeam,  eoutinaally  evolves 
oxygen,  and,  ere  long  becomes  muriatic  acid. 

This  watery  compound  acts  in  a  powerful  way  upon  coloured  vegetable  fibres,  ex- 
tracting their  hydrogen  or  colouring  element  by  the  twofold  aifinities  of  the  chlorine 
and  oxygen  for  it 

"f  s'  -  .  . 

i:uiisists  chiefly  of  hydrogenous  matter  as  their  basi^  and  are  best  counteracted  by 

shloriue,  where. it  can  be  conveniently  applied. 

Chlorides  of  Potash,  Soda,  and  Lime, — These  are  the  most  important  preparations 
Ihroush  which  chlorine  ejercises  its  peculiar  powers  upon  the  objects  of  manufuclures. 
When  a  weak  solution  of  canstic  potash  or  soda  is  saiuraied  with  clilurine,  it  aflbrds  a 
bleaching  liquor  which  is  stilt  used  by  some  bleachers  and  calico-prinieisfor  Iheir  mosf 
delicate  processes ;  but  the  price  of  the  alkalis  has  led  lo  the  disuse  of  these  chlorides  as 
a  general  means,  and  has  occasioned  an  extensive  employment  of  chloriile  of  lime.  Upon 
the  manufacture  of  this  inlere^tinz  compound  I  made  an  elaborate  series  of  expeiunenLs, 
several  years  agj,  and  pubiisheu  Oie  results  in  the  13lh  volume  of  Brande's  Journal  for 
April,  1S22.  I  have  no  reason  to  suppose,  from  any  thin;  chat  bos  been  published  since, 
that  the  processes  (here  described  have  been  essentially  improved,  or  that  an;  errors, 
either  theoretical  or  praclical,  of  enf  moment,  exist  in  that  memoir.  1  ^hall  therefore 
first  present  my  readers  with  a  biief  abslracl  of  it,  and  then  make  such  observations  as 
subseqaent  inquiries  surest. 

In  ihe  researches  which  I  made,  at  many  diffnrent  limes,  upon  the  nature  of  the  clilo- 
riile  of  lime,  I  generally  sought  lo  combine  the  inf  11     '      f       b  ih   y  th    " 

BnJ  analysis;  that  is,  I  firit  converted  a  known  p    1        f  hjd  f  1  m       I    bl      h 

in2:-powder,  and  then  subjected  Ihis  chloilde  lo  an  I) 

Two  hundred  grains  of  the  atomic  prolo-hydral      f  p       1  m    w       p  t      t        r1 
globe,  which  was  kept  cold  by  immersion  in  a  body    f  w  t        t  60=     At      m    f 
chlorine,  after  being  wasiied  in  water  of  the  sam    t  mp  ra  th      glas,   gl  be 

connected  to  the  former  b;  a  long  narrow  gloss      b     w      p     ed  (h    caica 

hydrate.  The  globe  wiih  the  lime  was  detached  f  m  Ih  t  fth  ppara  f  m 
lime  to  lime,  that  the  process  might  be  suspended  as  soo  as  h  au  m  nt  I  f  w  ht 
ceased.  This  happened  when  the  200  grains  of  hydrate,  containing  1519  of  lime,  had 
absorbed  130  grains  of  chlorine.  By  one  analylicnl  experiment,  il  was  found  that  dilute 
muriatic  acid  expelled  from  50  grains  of  the  chloride,  20  grains  of  chlorine,  or  40  per 
cent. ;  and  by  another,  from  40  grains,  I6'25  of  gas,  which  is  40-6  per  cent.  From  th« 
rejiJuam  of  the  first  39-7  graii  n  of  carbonate  of  lime  were  obtained  by  carbonate  of 
ra  that  of  the  second,  36'6  of  ignited  muriate  of  lime.  The  whole  rcsulls 
IS  follows ; — 


Cllorine  -  - 

Lime 

Water 

S>,al,„,i=. 

1..  A..!)-.,.. 

SJ  Ainlyim 

M,,„          ] 

39-39 
4600 
14-60 

100  00 

40-00 
44-74 
15-26 

10(1-00 

40-62 
46-07 
13-3I 

100-00 

40-31 
45-40 
14-28 

100-00 
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Tlimigh  tlie  heat  generated  by  the  action  of  the  dilute  a<;id  had  carried  off  ia  the 
aiialjtioalesperiiiientsastnsll[l">rtionof  moisture  with  the  chlorine,  jcttlieiraooordanc* 
with  the  synthetic  experiment  ia  sufficientlj  good  to  confirm  the  general  results.  The 
iibove  powder  appears  to  have  been  a  pure  chloride,  witbont  any  mixture  of  muriate. 
But  it  enhibits  no  at«mto  coostitatton  in  ite  proportionE. 

To  300  grains  of  that  liydrale  of  lime  30  grains  of  water  being  added,  the  powdei 
waa  subjected  to  a  stream  of  chlorine  in  the  above  way,  till  saturation  tflok  place.  Its 
increase  of  weight  waa  ISO  grains. 

It  ought  to  be  remarked,  that  in  this  and  the  preceding  esperiment^  there  waa  uo 
appreciable  puenmatic  pressure  employed  to  aid  the  condensation  of  chlorine.  In  the 
last  case,  we  see  that  the  addition  of  SO  graina  of  water  has  enabled  the  lime  to  absoib 
20  groins  more  of  chlorine,  being  altogether  a  quantity  of  gas  nearly  etjual  to  that  of 
the  dry  lime.  Thus,  an  atom  of  lime  seems  associated  with  seTen  ninths  of  an  atom  of 
oblorinc.  Analysis  by  muriatic  acid  confirmed  this  eompoaitioo.  It  gave 
Chlorine  -  S9S^6]'8  eubio  inches. 
Water  -        20-6 


ingenious  forms  is  that  of  a  cylinder,  or  barrel,  furiiiahed  with  narrow  wooden 
ahelves  wiUiin,  and  suspended  on  a  hollow  aids,  bv  which  the  eblorino  wag  admitted,  and 
round  wliich  the  barrel  was  made  to  revolve.  By  this  mode  of  agitation,  the  lime-dnst, 
being  espoaed  on  the  most  extensive  surface,  was  speedily  impregnated  with  the  gas,  to 
the  requisite  degree.  Such  a  meohftoism  I  saw  at  MM.  Oberkampt  and  Widiuer'a  cele- 
brated/airiyiie  de  toiles  peintet,  at  Jony,  in  1816.  But  this  is  a  eoetly  refinement,  in- 
admissible oa  the  l.irgeBt  scale  of  Biitiah  manufacture.  The  simplest,  and,  in  my 
opinion,  the  best  construction  for  subjecting  lime-powder  to  chlorine,  is  alai^e  obaniber 
B  or  9  feet  oiah,  bviilt  of  silicions  sandstone,  having  the  joints  of  Ihe  masonry  secured 
with  a  cement  compoEted  of  pitch,  resin,  and  dry  gy|>3iim  in  equal  parts.  A  door  ii 
fitlei)  into  it  at  one  end,  which  can  be  made  air-li;ht  by  strips  of  cloth  and  clay-lute. 
A  window  on  each  side  enables  the  operator  to  jud^e  how  the  impregnation  goes  on  by 
the  color  of  the  air,  and  also  gives  l^ht  (or  making  the  arrangements  within  at  the 
commencemenl  of  the  process.  As  water  lutes  are  incomparably  superior  to  all  others, 
where  the  pneumatic  pressnre  is  small,  I  would  recommend  a  lar^e  valve  or  door  on  this 
principle  to  be  mn  te  in  Ihe  roof,  and  two  tiianels  of  considerable  width  at  the  bollom  of 
each  side  vrall.  'Hie  three  corers  could  be  simullaneouslf  lilted  olf  by  cords  passing 
over  a  pulley,  without  the  necessity  of  the  workman  approaching  the  delelAtous  gas, 
when  the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  rather 
trays,  8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
skk^  lime,  containing'  generally  about  2  atoms  of  lime  to  3  of  water.  These  shelves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  5  or  6  feet,  cross  Irars  below 
each  keeping  them  about  a  i  inch  asnnder,  that  the  gas  may  have  free  room  to  circulate 
over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
seme  cases  made  entirely  of  lead,  in  others  of  two  hemispheres,  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  cast-iron.  The  first  kinJ  of 
alembic  is  enclosed,  for  two  thirds  from  its  bottom,  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  me  two  being  destined  to  receive  steam  from  an  adjoining  boiler. 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire;  round  the  outer  edge  oflhe  iron  hemisphere  a  groove  is  cast,  into  which  iho 
under  edge  of  the  leaden  hemisphere  fils,  the  joint  being  rendered  air-light  by  Roman 
or  patent  cement.  In  this  leaden  dome  there  are  lour  aperlures,  each  secured  by  a  water- 
lute.  The  first  opening  is  about  10  or  12  inches  square,  and  is  sbut  with  a  leaden  valve, 
with  inenrvated  edges,  that  fit  into  the  water  channel  at  the  margin  of  the  hole.  It  is 
destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in  the  apparatus  of 
rotation,  or  to  deiach  hard  concretions  of  salt  from  the  bottom. 

The  second  aperture  is  in  the  cenb^  of  the  lop.  Here  a  tube  of  lead  is  fixed,  which 
ileseenife  nearly  to  the  boltom,  and  down  through  which  the  vertical  a:sis  passes.  To 
its  lower  end  the  cross  bars  of  iron,  or  of  wood,  sheathed  with  lead,  are  attached,  by 
whose  resolution  the  materials  receive  the  proper  agitation  for  mixing  the  dense  manga- 
nese with  the  sulphuric  acid  and  salt.  The  motion  ia  communicated  either  by  the  hand 
of  a  workman  applied  from  time  to  time  to  a  winch  at  lop,  or  it  is  given  by  connecting 
the  axis  with  wheel  work,  impelled  by  a  stream  of  water  or  a  steam-engiie.    The  third 
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openin?  admits  the  syphon-formed  runnel,  throa^h  which  the  salphuric  acid  is  introdaced ; 
and  [he  fourth  ie  the  orifice  of  the  eduction-pipe. 

Manitfsctnrers  differ  much  from  esch  other  in  the  proportion  of  their  materials  for 
generating  chlorine.  In  general,  10  cwl.  of  snit  are  mixed  with  from  10  lo  H  ewt.  of 
mtnininese,  to  which  mixture,  sAer  its  introduction  into  the  alembic,  from  12  to  14  ewt. 
of  sulphuric  acid  are  added  in  snccessive  portions.  That  qaanlity  of  oil  of  vitriol  tnust. 
hoivever,  he  previonsly  diluted  with  water,  till  it;  specific  gravity  becomes  abont  I'6 
But,  indeed,  this  dilution  ia  seldom  actually  made,  for  the  manufaelurer  of  bleaching, 
powder  almost  always  prepares  his  own  sulphuric  acid  for  the  pnrpose,  and  therefore 
carries  its  concentration  no  hiiher  in  the  leaden  boilers  than  the  density  of  1-65,  which 
from  my  (able  of  sulphuric  acid,  indicates  }  of  its  weight  of  water,  and  therefore  | 
tnoie  of  such  add  must  be  used. 

The  fourth  aperture,  I  have  said,  admits  the  eduction  pipe.  This  pipe  is  afterwards 
conveyed  into  a  leaden  chest  or  cylinder,  in  which  all  the  other  eduction  pipes  also 
terminate.  They  are  conneeieJ  with  it  simply  by  water-lutes,  havine  a  hydrostatic 
pressure  of  2  or  3  inches.  In  this  ([eneral  itiverjonnrn  the  chlorine  is  washed  from 
adherin;  mnriatic  acid,  by  paosinz  through  a  lillte  water,  in  which  each  tube  is  im- 
merseJ,  and  fiom  this  the  gas  is  let  off  by  a  pretty  lar^e  leaden  tube,  into  the  combina- 
tioti  ri-oin.  It  usually  enters  in  the  top  of  the  Ceiling,  whence  It  diffuses  its  heavy  ga? 
equally  round. 

Four  days  are  required,  at  the  ordinary  rate  of  working,  for  malting  good  marketable 
bleaching-powder.  A  more  rapid  formation  would  merely  endanger  an  elevation  of 
leiniierature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleachitig  quality.'  But 
skilful  mannlacturers  use  here  an  alternating  process.  Thej  pile  up,  first  of  all,  the 
woolen  trays  only  in  alternate  shelves  in  each  column.  At  the  end  of  two  dnj^s  the 
distillation  is  intermitted,  and  the  chamber  is  laid  open.  After  (wo  hours  the  workman 
enters,  lo  introduce  the  alternate  trays  covered  with  fresh  hydrate  of  lime,  and  al  the 
same  lime  rakes  up  thoroughly  the  half-formed  chloride  in  the  others.  The  door  is  then 
setured,  and  the  chamber,  affr  beini;  filled  for  two  days  more  with  chlorine,  is  again 
opened,  to  allow  the  first  set  of  trays  to  be  removed,  and  to  be  replaced  by  others,  con 
la'nin;  fresh  hydrate,  as  bdbre.  Thus  Che  process  is  conducted  in  re^lar  alternation  : 
thus,  to  my  knowledge,  Tery  superior  lileaching-powder  is  manafactured,  and  Ihns  the 
chlorine  may  be  sulfered  to  enter  in  a  pretty  nnilbriD  stream.  But  for  Ibis  judicious 
jilan,  as  the  hydrate  adyances  in  imprepation,  its  facnity  of  absorption  becoming 
ainiinisbed,  it  would  be  requisite  lo  diminish  proportional ely  the  evolution  of  chlorine, 
or  to  allow  the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  what  is  of  more 
consequence,  to  the  great  detriment  of  the  health  of  the  workmen. 

The  maniifaclnrer  generally  reckons  on  obtaining  fjcm  one  ton  of  rock-salt,  employed 
us  above,  a  ion  and  a  half  of  good  bleachtng.powder.  £ut  the  followiug  analysis  of  the 
operation  will  show  that  he  ought  to  obtain  two  tons. 

When  a  mixture  of  sulphuric  acid,  common  salt,  and  black  oxyde  of  msnsanese  are 
the  itigredients  used,  as  by  the  manufacturer  of  bleach ing-powder,  the  absulule  pro- 
portions are,  upnn  the  oxygen  scale  of  equivalents  i  — 

]  etum  muriate  of  soda         -         -        7-5  29-70  lOO'O 

1  atom  peroxycle  of  manganese  -        5'5  ei'78  73-3 

2a:omsoilofvitrioH-846       -         -      12-25  48-52  Hi3-3 


And  the  products  ought  tobe  ;  — 
Chlorine  disengaged       - 
Sul|ihate  of  soda 
ProlD  sulphate  of  manganese 


£5.25 


100.00 


Thes 


■,  hov 


25-25 


n  thos 


IT  82 

35-64 

37-62 

8-B2 

100-00 

fraid  that  many  of  them 

I  believe  by  all  manufacturers ;  and  they  ought  l(  be  so 
of  their  oxydeof  manganese-  Yet  making  allowancefor  this 
conimit  great  errors  in  the  relative  quantities  of  their  materials. 

From  the  preceding  compulation,  it  is  evident  that  1  ton  of  salt  with  1  ton  of  the 
above  native  oxyde  of  manganese  properly  Ireated,  Would  yield  0-59  of  a  ton  of'chlorine, 
which  would  impregnate  1-41  tons  of  slaked  lime,  producing  2  tons  of  bleaching- powder, 
stronger  than  the  average  of  ihe  commeicial  specimens;  or  allowing  for  a  little  loss, 
w^iich  is  unavoidable,  would  ailbrd  2  tons  of  ordinaiy  powder,  with  a  little  more  slaked 
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acid  by  tlie  syphon  funnel  F.  The  contact  of  these  three  substances  is  continnnllj 
renewed  by  the  agitator  or  stirrer  b,  which  consists  of  wiouglit  or  imat  iron  oheathed 
with  lead,  e  is  llie  gas  dbcharge  pipe.  Tha  residiiums  are  drawn  oft  by  the  bottom 
diseliai^e  pipe  a.    Tlia  heating  case  receives  its  steam  b^  the  pipe  h. 

The  ciilorine  gas,^.  355.  is  conveyed  from  the  retort  b,  into  the  chamber  f,  by  the  tube 
EEE  This  chamberie divided  int«  four compartraenti^  to  receive  the  gas  disengaged 
fii>m  tonr  retorts,  like  the  above.  Tlie  bottom  of  it  is  covered  with  a  stratum  tlirea 
or  four  inches  thiek  of  quicklime,  newly  slaked  and  sifted,  wliioh  is  stirred  about  from 
time  to  time,  by  the  rakes  l  l  l  l.  When  the  saturation  is  sufficient,  the  chloride  of 
lime  is  taken  out  by  the  doors  k  k  k  K.  Tlie  size  of  tliis  apparatus  allows  2  cwt.  of 
manganese,  and  its  equivalent  quantity  of  salt  and  sulphaHc  acid,  or  of  muriatic  acid, 
lo  be  introdnead  at  once  into  the  retoi't.     n  is  the  handle  of  the  agitator. 

Tha  same  form  of  retort  will  suit  perfectly  well  to  prepare  dilorine  for  making 
Jiquid  chloride  of  lime,  which  ia  preferred  by  many  bleachers  and  calico-printers  wlio 
have  conveniences  for  preparing  it  themselves.  The  mostconeentratedsolutionsof  the 
dry  ehloride  of  lima  do  not  mark  more  than  6°  B.  (sp.  grav.  104),  and  discolour  only 
60  volumes  of  Gay  lussao's  solution  of  indigo,  whilst  the  chloride  made  in  the  humid 
way  marks  from  8°  to  9°  IS.  (about  lOBO),  and  diaeolonrs  80  volunjcs  of  the  same 

In  the  chloride  of  lime  apparatus,  most  generally  used  by  the  skilfiil  ealieo-printers 
of  Miilhaiisen,  the  misture  of  muriatic  acid  and  manganese  is  put  into  glass  globes, 
with  long  necks,  heated  upon  a  sand-hath.  Tlia  ehlorina  is  conveyed  by  glass  tubca 
into  a  cylindrical  stone  cistern,  containing  milt  of  lime.  Tlie  furnace  of  the  sand- 
baths  is  made  of  east  iron,  and  has  brick  partitions,  to  give  each  retort  its  own  fire. 
The  smoke  of  oil  these  fires  goes  off  by  a  flue  into  sheet  iron  pipes.  The  cistern  is 
made  of  siliceous  sandstone.  Its  cover  is  of  wood,  coated  with  a  resinous  cement ;  and 
it  fita  at  its  edges  into  grooves  cut  in  the  stone.  A  wheel  serves  to  agitate  tlie  liquid 
continually;  its  paddles  being  kept  at  two  inches  distance  from  the  sides  of  the  cistern. 
The  milk  of  lime  is  hitroduced  bj  a  funnel,  and  the  ehloride  is  drawn  off  by  a 
discharge  pipe.  I  think  the  lead  retort  and  agitator  used  in  this  country  greatly 
preferable  to  the  experimental  laboratory  plan  described  above.  In  all  sueh  appa- 
ratus wa  should  avoid  giving  any  pressure  to  the  tabes  or  vessels,  and  should  not 
tlierefore  dip  the  extremities  of  the  gas  pipes  beneath  tlie  surfaoe  of  the  liquid,  but 
rather  facilitate  the  combination  of  the  chlorine  and  the  lime,  by  enlaigiog  the  surfaces 
of  contact  and  by  ^itating.  Intermediate  vessels  containing  water,  or  tha  chemical 
cascade  of  M.  Clement,  are  very  useful  for  absorbing  any  mnriatio  acid  which  may 
be  disengaged  along  with  the  chlorine,  and  thereby  preventing  the  needless  formation  of 
mariate  of  lima  in  the  chambers  or  eistetns  of  impr^nation. 

AVhen  tha  solution  of  the  chlorine  of  lime  is  mixed  witii  hydrate  of  lime,  it  bears, 
without  decomposing,  a  pretty  high  temperature,  provided  it  be  not  too  long  continned ; 
it  may  even,  in  certain  cases,  be  rwsed  too  near  the  boiling  point  without  sufferins  a 
marked  loss  of  its  diecolourmg  power;  but  when  tlie  chloride  is  deprived  of  that 
excess  of  lime,  it  is  decomposed  in  a  short  time,  even  at  a  heat  of  110°  F, 

"When  chlorine  is  admitted  to  milk  of  hme,  it  infallibly  produces  some  muriate  of 
lime ;  but  the  quantity  is  kept  at  a  minimum  by  constantly  prescribing  an  excess  of 
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liine  to  the  gas  with  the  agital«r,  and  hy  keeping  tlie  tcmperiiture  as  low  as  posailila 
Ilpnee  tlie  Influx  of  gae  should  uot  be  bo  rapid  as  to  generate  math  heat.  An  autoinatie 
agitator,  moved  by  steam  or  ivater  power,  is  therefore  mneli  better  than  oue  driven  bj 
the  hand  of  tlie  operator,  who  is  apt  to  inteimit  bia  labours.  If  tlie  liquor  becomes  hot 
at  the  en  j  of  the  process,  it  should  be  imoiediatelj  dravrn  off  into  lai^e  stone  bottles, 
and  cooled.  The  rose-colour  which  sometimes  supervenea  ia  due  t«  a  minute  ^uantit^' 
of  manganese.  The  strongeat  liquid  chloride  of  lime  that  can  be  prepared  will  not  dia 
colour  more  than  80  times  its  volume  of  Gay  Lussao's  iudigo  test. 

On  acting  upon  cotton  clotli  with  a  concentrated  solution  of  chloride  of  lime,  at  from 
110°  to  120°  K,  pure  carbonic  acid  gas  is  disengaged,  and  the  texture  of  the  cloth  ia 
injured.  Here  the  hydrogen  of  the  water  and  the  cotton  being  seized  by  the  dilorine, 
the  liberated  oxygen  combinea  with  the  carbon  to  form  carbonic  aeid.  In  thedisehai^e 
troughs,  where  printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  Yune, 
Btalactitic  crusts  of  carbonate  of  lime  come  to  be  formed  m  thb  way. 

The  eldoramelre  of  Gay  Luaaae  consists  of  a  test  solution  of  indigo  and  a  graduated 
tube.  One  part  of  tlie  beet  indigo,  passed  through  a  silk  sieve,  is  to  be  dissolved  ia 
cine  parts  of  concentrated  sulphuric  acid,  by  the  aid  of  x  wntei'-bath  heat  applied  for 
six  hours.  The  sulphate  of  indigo  is  now  ia  be  diffused  through  such  a  body  of  water 
that  one  volume  of  chlorine  gas  shall  discolour  exactly  ten  times  its  volume  of  this  diluta 
•olution.     The  test  liquor  sliould  be  protected  from  the  agency  of  light 

Mr.  Crum,  of  Thorniebant,  near  Glasgow,  has  lately  modified  Dr.  Dalton's  eoppemt 
test  for  chloride  of  lime,  and  made  it  convenient  to  a  praotioal  man.  The  doctor  justly 
considered  that  the  more  uhlonne  any  bleaching  powder  contains,  the  more  of  the  green 
Bulpliate  of  iroa  will  it  convert  into  the  red  sulpliatc^  so  that  we  have  only  to  add  suc- 
cessive portions  of  the  chloride  to  a  pven  weight  of  Hie  dissolved  copperas,  aud  note 
the  point  at  which  all  the  ircn  gets  peroxidized.    See  Bleachinq. 

Besides  the  method  of  analysis  already  quoted  from  my  memoir  on  the  manufacture 
of  the  chloride  of  lime,  another  occarred  to  me  long  ago,  which  I  often  practised  as  an 
easy  and  expeditious  test.  Chlorine  decomposes  ammonia.  If  therefore  water  of  am- 
monia, faintly  tinged  witli  litmus,  be  added  slowly  to  a  solution  of  a  given  weight  of 
chloride  of  lime,  the  colour  will  continue  to  disappear  tilt  the  chlorine  be  all  neutralized 
by  the  veaetion  of  the  hydrogen  of  the  ammonia.  The  quantity  of  liquid  ammonia 
of  a  ceitain  strength  requisite  to  neutralize,  in  this  way,  a  certain  voltime,  say,  one 
cubic  inch,  or  a  thousand  grain  measures,  of  chlonne  gas,  may  be  assumed  as  tbe  stand- 
ard of  such  a  chlorometer.  As  chlorine  or  chloride  of  lime,  when  mixed  with  water  of 
ammonia,  causes  the  disengagement  of  azote,  the  quantity  of  this  gas  evolved  may 
also  be  made  the  foundation  of  an  accurate  and  convenient  chlorometer.  The  two  sub- 
stances should  be  mixed  over  mercury,  in  a  graduated  syphon  tube.  The  shut  end  \ 
and  the  open  end  b  are  both  graduated  to  one  scale ;  for  example,  to  hundrcdtlia  of  a 
^  enbio  inch,  or  to  gram  or  10  grain  meaaurea.    The  tube  is  to  be  filled  with 

mercury,  and  then  10  measures  of  it  are  to  be  displaced  at  tlie  open  and  by 
inserting  a  wooden  plug.  This  apace  being  filled  with  the  solution  of  chlo- 
ride of  lime,  is  to  be  turned  up  into  the  shut  end  by  covering  tlie  open  end 
with  the  finger,  and  inverting  the  tube ;  a  few  drops  of  water  may  be  sent 
through  to  wash  the  mercury.  The  ammonia  being  now  let  up  will  cause  a 
reaction,  and  evolve  a  quantify  of  azote,  equivalent  to  Hie  cWorine  present 
Tlia  action  maybe  quickened  Cy  holding  the  sealed  end  of  Oiatube  obliquely 
over  a  lamp  heat.  The  meromy  is  protected  from  the  chlorine  by  tlie  am- 
monia; and  should  any  notion  bo  entertained  of  such  an  action,  the  ammonia 
may  be  let  up  first.  I  have  made  innumerable  researches  over  mercury  with 
^^^ — ''  a  detached  apparatus  of  that  kind,  which  combines  precision  with  rapidity 
of  rcsiilt.  It  was  by  a  similar  mercurial  syphon  tiat  I  analysed  the  carbonates,  as  de- 
scribed in  the  first  edition  of  my  Dictionary  of  Chemistry,  82  years  ago. 

M.  GayLuBsac  takes,  as  the  basis  of  his  indigo  chlorometer,  the  fact,  that  one  pound 
of  pure  crystallized  peroxide  of  manganese  is  capable  of  affording,  with  muriatic  acid, 
0-7964  parts  of  a  pound  of  elilorine ;  oc  one  kilogramrae  yields  25Ii  litres ;  that  is, 
one  pound  yiel^  aSl^  pound  measures.  Hence  3'98  grammes  of  that  manganese  are 
capalile  of  affording  1000  gramme  measures,  or  I  litre  of  chlorine ;  or,  in  round  nnm- 
beis,  4  grains  will  yield  1000  grain  measures.  This  quantity  of  gas  being  received 
into  that  volume  of  nailk  of  lime,  couatitates  therefore  Gay  Lussao's  primary  standard. 
The  small  ret«rt  in  which  the  manganese  and  muriatic  acid  are  put  ought  Xa  be  heated 
to  ebullition,  to  disehai^e  every  particle  of  chlorine.  To  prevent  the  manganese,  in 
this  expprimeut,  from  sticking  to  the  bottom  in  a  cake,  it  has  been  proposed  l«  mix  it 
previously  with  a  little  plumbago.    See  CnLoeoMErftT. 

For  preparing  the  chlorides  of  potash  and  soda,  the  same  apparatus  may  be 
employed  as  for  the  liquid  chloride  of  lime.  Tlie  alkaline  solutions  should  te  weak, 
sontaining  not  more  than  a  pound  to  the  gallon  of  water.     Potasli  liquor,  saturated 
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with  chlorine,  ia  mncili  employed  at  Paris  for  whitening  liuen,  and«r  the  name  of  the 
water  of  Javelle,  the  place  wliere  it  was  first  made  as  a  manufacture.  One  hundred 
>f  chloiine  arasaid  to  saturate  133  parte  of  pm'a  potash,  and  196  of  the  carbonate; 
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parte  of  carho'nate  of  soda  to  aliouid,  consisting  ,  .  _._, 

at  98°  of  strength,  by  Gay  Ln33»o  s  standard.  Tlie  chloride  of  lima  is  to  he  dissolved, 
and  tde  sediiuent  weU  wa^ed;  the  carbonate  of  soda,  dissolved  by  heat,  is  to  lie  poured 
into  tlie  Golutjon,  the  precipitate  allowed  to  subside,  the  clear  fluid  decanted,  and  tliE 
solid  matter  wa^ed  upon  a  filter.  Tlie  eotlected  satutioas  are  neutral  chloride  of  soda, 
Sixtj'-two  parts  of  the  carbonate  of  soda  are  then  to  be  dissolved  in  the  remainder  of 
the  water,  and  added  to  the  preparation  ;  the  whole  being  thus  filtered,  a  limpid  liquid 
is  otitained,  indicating  6°  by  the  hydrometer  of  Baum& 

Tlie  cliloride  of  magnesia  was  long  ago  proposed  by  Sir  H.  ] 
Anen,  as  being  preferable  to  chloiide  of  lime,  because  the  resultii  „  ^ 

o«fiia  was  not  injurious  hi  the  fibre  of  cloth,  as  mnriirte  of  lime  may  be,  under  eertam 
circumstances.  I  prepared  a  ([uantity  of  cliloride  of  magnesia,  by  exposing  a  hydrate 
of  that  earUi  in  the  nhlorine  chamber  of  a  large  manumotory  of  chloride  of  lime  at 
Glasgow,  and  obtained  a  compound  possessed  of  considerable  discolouring  powei's; 
but  I  found  tiiatthe  chlorine  was  so  feebly  satnratad  by  the  base,  that  it  destroyed  the 
colours  of  faat-dyed  calicoes  as  readily  as  chlorine  gas  or  chlorine  water  did,  and  was 
therefore  dangerous  for  common  bleaching,'  and  destructive  in  clearing  the  grounds  of 
printed  goods,  whiuh  is  one  of  the  most  valuable  applications  of  the  calcareous  and 
alkaline  chlorides.  Ttie  occasion  of  my  making  tiiese  experimeats  was  the  importation 
of  a  considerable  quantity  of  magnesite,  or  native  atomic  carbonate  of  magnesia,  ft'oiu 
Uie  district  of  Madras,  by  an  enterprising ,  friend  of  mine.  Encoara^ged  by  tiie  enoo- 
minnis  bestowed  on  the  chloride  of  magnesia  by  many  chemical  writers,  he  expected 
to  have  benefited  both  the  country  and  himselE  by  bnnging  home  the  earthy  base  of 
tliat  compound,  at  a  moderate  price;  but  was  disappointed  to  his  cost. 

Dr.  Thomson  is  of  opinion  that  the  bleaching  compound  of  lime  and  ciilorine  is  not 
a  cliloride  of  lime,  but  a  combination  of  chlorous  acid  with  lime  and  of  chlorine  with 
eatoium ;  ijonsisting  in  its  most  concentrated  state  of 
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So  that  about  one-third  »!  the  weight  is  chlorite  of  lime,  to  which  alone  the  bleaching 
powers  of  the  substance  are  owing.  He  admits  a  fact^  rather  inconsistent  with  tiiis 
opinion,  timt  bleaching  powder  does  not  attract  moisture  from  the  atmosphere  with 
nearly  so  much  rapidity  as  might  be  expected  from  a  mixture  containing  two-thirds  of 
its  weight  of  so  deliquescent  a  salt  as  muriate  of  lime;  unless  this  indeed  be  prevented 
by  the  cldoride  and  chlorite  being  united  into  a  double  salt,  which  is  a  mere  conjecture 
wittiont  either  proof  or  aoali^.  And  further,  when  dilute  sulphnrio  or  muriatic  acid 
is  poured  upon  bleaching  powder,  a  profu^on  of  chlorine  is  given  out  immediately, 
which  he  also  admita  to  be  inconsistent  with  the  notion  of  its  being  a  mixture  of  chloiids 
of  calcium  and  chlorite  of  linie,  for  no  such  evolution  takes  place  when  the  above  acids 
are  mixed  with  solutions  of  chloride  of  oaloinm  and  chlorate  of  potash.  Though  I  am 
of  opinion  that  bleaching  powder  is  simply  a  chloride  of  lime,  in  which  the  lime  cor- 
responds to  the  water  in  the  aqueous  chlorine,  yet  I  cannot  see  the  truth  or  apposite- 
ness  of  his  last  reason,  because  chlorine  is  certainly  given  out  when  chlorate  of  potash 
is  acted  upon  by  dilute  muriatic  acid,  as  any  man  may  prove  by  adding  to  a  mixture 
of  tiiese  two  substances  a  vegetable  colour;  for  it  will  be  speedily  blanched.  Dr.  Thom- 
son considers  the  chloride  which  is  at  present  made  in  Mr.  Tennant's  great  factory,  as 
containing  one  atom  of  chlorine  associated  with  one  atom  of  lime,  or,  taking  his  num- 
bers, as  consisting  of 

Hydrate  of  lime  4-62o 

Chlorine  -  4'5 
01-  nearly  equal  weights  of  the  chlorine  and  the  base ;  indicating  a  surprising  degree 
of  excellence  in  the  preparation.  The  averaee  commercial  samples  of  bleaching  pow- 
der tram  different  factories  which  I  exaraiDed  some  years  ago,  did  not  possess  nearij 
that  strength  ;  but  varied  in  their  quantity  of  clilorine  from  20  to  28  per  cent.  In  my 
synthetic  experiments  related  above,  the  greatest  quantity  of  chlorine  that  would  com- 
bine with  the  atomic  hydrate  of  lime  was  in  the  proportion  of  130  to  200;  but  there  ii 
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no  douM  that,  if  the  lime  contains  additional  watei-,  it  will  condense  more  gas.  I  have 
nevor  seen  a  <;)ilorii]o  of  litiie  of  tEie  strength  mentioned  by  Dr.  Thomson,  and  I  sliiiuld 
think  there  must  be  some  fallacy  in  hia  statements.  1  iiave  I'ecorded  iu  ttie  paper  above 
quoted  an  experiment  \Thioh  pi'ovea  Chat,  vrith  addidoual  moisture,  a  ohloride  of  lime 
may  be  obtained  of  the  following  oomjioeition  : — 


In  the  article  BLEAciiisa,  of  tliP  Enejcloptedia  Britannita,  Br.  Thomson  dedutea 
from  a  test  trial  of  Mr.  Crum,  that  the  beat  bleaching  powder  is  a  eompomiJ  of  1  aton 
chlorite  of  lime  ^11,  3  atoms  chloride  of  caleium  :=  21,  and  S  atoms  of  water  ^9 
"  But,"  adds  he,  "  in  general  the  whole  lime  is  not  accurately  saturated  with  chlorine 
Accordingly,  when  the  bleaching  powder  is  dissolved  in  water  a  small  residue  almos 
alwaj-s  remains  undissolved.  Uiiless  the  powder  be  fresh  made,  a  portion  of  chloriti 
is  always  converted  into  chloride  of  calcium.  It  is  probable,  therefore,  that  the  bes 
bleaching  powder,  as  it  comes  into  the  hands  cf  the  bleachers,  consists  of 

1  atom  chlorite  of  lime      -    11 

3  atoms  chloride  of  calcium  21 

6  atoms  water  -        -        ■      G'Te 
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'  If  we  consider  the  bleaching  powder  ns  a  compound  of  chlorine  and  lime,  our  mode  of 
calculating  will  not  be  altered.  Instead  of  1  atom  chlorite  of  lime,  and  3  atoms  chloride 
of  calcium,  we  shall  have  4  atoma  chloride  of  lime,  6  atoms  water,  and  S'25  of  impmity 
as  before."  In  anch  ambiguity  does  this  able  ohemiat  place  this  interesting  compound, 
for  tlieoretical  reasona,  of  which  I  cannot  see  the  value.  Surely  there  is  no  difficulty  in 
conceivi[ig  chlorine  to  exci'ciae  a  direct  attractive  force  towards  the  hydrate  of  Lme,  as  It 
is  known  to  do  towards  each  of  il8  elementary  conatihienta,  the  osygen  and  thecaleium. 
Such  refinements  as  the  preceding  lend  meirely  to  mysti^  a  plain  matter.  Even  the 
chlorous  acid  here  brought  into  play  to  form  tlie  ideal  cLIorite,  ia  by  bis  own  admission 
a  hypothetical  being.  "When  clilorate  of  potash,"  says  Dr.  Tiiomson,  "is  mixed  with 
sulphurio  acid,  and  made  into  small  balls  tlie  size  of  a  pea,  if  we  expose  these  balls  to  a 
heataomewhatlowcrthan  tliat  of  boiling  water,  a  bright  yellowish  green  gas  separates, 
whichmaybereeeivedovermercury.  Its  smell  is  peen  liar  and  aromatic  Water  absorbs 
at  least  seven  times  its  volume  of  it.    It  destroj's  vegetable  blues.    Its  constituents  are, 

1  volume  chlorine  B'B      or  4'5 

2  volumes  osj-gen  2'a22  or  4. 

Thus  this  compound  consists  in  weight  of  chlorine  i%  oxygen  4  =  8'5.    It  haa  been 
called  ^ualfToxide  of  ehlorhie,  but  it  is  more  probably  a  leraade.    It  has  been  aupposed 
.»... ..:._    __j  L^-  ii.-^-e^ — 1 — n-j    _i /^___.^  Q^^     iiai 
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icid  properties,  and  has  therefore  been  e. 
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is,  by  the  doctor's  own  showinjii  is  very  slender  authority  for  renouncing  our 
eceived  doctrines  concerning  the  constitution  of  bleaching  powder.  I  Bliallcoii- 
clude  by  remarking  that  tlie  ultra-atomists  are  now  in  a  dilemma  about  this  substance ; 
M.  Welter,  and  many  Fi'ench  chemists,  calling  it  a  anb-ohloride  of  1  atom  of  chlurinj 
to  2  atoms  of  lime,  and  Dr.  Thomson  showing  that  Mr.  Tennant,  the  greatest  and  besi 
manufacturer  of  it.  has  produced  it  in  the  state  of  a  chloride,  or  1  atom  of  each.  Thfl 
fact  is,  in  chloride  of  lime,  as  in  water  of  ammonia,  alcohol,  and  muriatic  acid,  there 
is  no  aiigicknt  reason  for  definite  proportion  in  any  term  short  of>saturation,  and  there- 
fore we  shall  find  l/tat  chloride  in  every  gradation  of  strength  from  1  per  cent  of 
chlorine  up  to  40  per  cent. — the  strongest  which  I  succeeded  id  preparing,  though  I 
passed  a  constant  stream  of  chlorine  in  great  excess  over  a  pure  hydrate  of  lime  for 
upwards  of  24  hours,  with  frequent  renewal  of  the  surface  ;  indeed,  till  it  refused  to 
Bbaorb  any  more  gas,  as  indicated  by  its  remaining  stationary  in  weight 

CHLORINE  AND  ALKALI  {Maav/actuTe  of).  Mr.  Tennant  Donlop  of  Glasgow 
obtained,  in  March,  1B47,  a  patent  for  an  improved  method  of  producina  chlorine.  Tlie 
process  ha  usually  adopts  ia  to  bruig  together  common  salt,  nitrate  of  sotfa,  or  nitric  acid 
and  sulphuric  acid,  in  suitable  proportions;  lieat  being  then  applied,  chlorine  or  an 
oxide  of  azote  and  muriatic  acid  are  evolved;  these  gases  are  caused  to  pass  through 
a  condenser  charged  with  anlphurie  acid  of  sufiicient  strength  to  absorb  the  oxide  of 
azote ;  and  then  the  chlorine  and  muriatic  acid  are  Beparati'd  by  means  of  water. 

In  applying  the  product  resulting  from  the  above  procesa,  he  obtains  nitric  acid  fi-om 
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the  enlphurie  acid  charged  with  oxide  of  azote,  which  is  true  niti'ous  Bulphiirio  aeirt. 
Tills  is  etfeoted  by  the  aid  of  atmospheric  air,  steam,  and  water.  Ho  intradiices  thi 
nitruQS  sulphuric  acid  int«  a  suitable  vessel,  and  by  the  addition  of  water  SEd  heat,  he 
eifecta  the  disengagemeutofoude  of  azote,  which  beiiig  caused  to  traverse  a  condenser 
witli  a  eatScient  quantity  of  air  and  st«am  or  water,  is  by  this  means  transformed  into 
nitric  acid.  This  acid  may  be  again  used  in  the  maoufacture  of  chlorine,  and  again 
recovered,  and  so  on.  Sometimes,  instead  of  treating  the  nitrons  sulpharic  acid  as  jnst 
described,  the  patentee  causes  the  oxide  of  azote  to  be  evolved,  and  to  pass  into  a  cham- 
ber into  which  a  current  of  sulphuretted  hydrogen  is  streaming;  by  which  means 
sulphate  of  ammonia  is  obtained  and  sulphur  deposited. 

CHLOROMETRY  j  CAJortuneirie,  h  Ihe  name  given  by  the  French  lo  the  process  foi 
teslin;  the  decolorins  power  of  any  combination  of  chlorine,  but  especially  of  the  com 
mercial  articles,  the  chloriJes  of  lime,  polash,  and  soda.  M.  Gay  Lu5sac  proposed  many 
years  ago  the  followtns  gradna'ed  method  of  applying  tndiaa  lo  (his  purpose.  As  indigo 
varies  much  in  ils 'dyeing  quality,  and  of  consequence  in  the  proportion  of  chlorine  re- 
quired for  lis  decoloration,  lie  assumee  as  the  unity  of  blanching  power,  one  lilre  of  chlo- 
rine gas,  measured  at  the  mean  pressure  of  29'G  inches,  and  at  the  temperature  of  laelling 
ice.  This  volume  of  gas,  when  comhined  with  a  determinate  quantity  of  water,  is  em- 
ployed tu  test  the  standard  solalion  of  indigo.  For  this  purpose  a  solution  in  sulphuric 
acid  of  any  sample  of  indi?o  is  taken,  and  dilated  with  water  to  such  a  degree  Ihat  lO 
measures  of  it,  in  a  graduated  lube,  are  decolored  by  that  one  measore  of  combined  chlo- 
rine EBs,  Each  measure  of  indigo  solution  so  destroyed  is  called  a  degree,  and  this  meas- 
ure brint  divided  into  five  parts,  the  real  test  of  chlorine  is  given  to  flAietbs,  which  is 
eulficiently  nice.  For  the  standard  of  the  assays,  a  cbtaride  of  lime  as  pure  and  fully 
laturaled  as  possible  is  taken,  and  dissolved  in  siich  a  quantity  of  ^vater,  that  thesuiulioB 
shall  contain,  or  be  e([uivalen[  to,  one  volume  of  chlorine  gas.  Calculation  proves  ihal 
this  condition  is  exacti;  fulHIIed  by  dissolving  4933  grammes  of  the  said  chloride  in  half  a 
litre  of  water ;  or  in  English  measures,  5  er.  very  nearly  in  500  grain  measure*  af  water. 
This  solution,  which  serves  for  a  type,  indicates  10°  in  the  assay,  or  proof;  that  is  to  say, 
each  single  volume  destroys  thecolor  of  10  volumes  of  the  dilute  mdigo  solution.  It  may 
be  remarked  that  a  greater  degree  of  precision  is  in  general  attainable  with  a  weak  so- 
tiilion  of  chlorine  or  a  chloride,  fur  example  at  4°  or  5°,  than  with  one  much  stronger  j 
consequently  if,  after  a  preliminary  trial,  the  standard  considerably  exceeds  10°,  a  given 
vulume  of  Water  must  be  adJed  to  the  solution,  and  then  the  above  proof  must  be  taken. 
If  the  volume  of  water  added  was  double,  the  number  of  dcKrees  afterward  found  must 
be  t  '[led  to  obtain  the  true  title  of  the  chloride.  It  is,  liowever,  to  be  observed  that 
t)  d  ee  of  decoloration  varies  with  the  lime  taken  in  mailing  the  mixture;  the  more 
si  wlj  the  chlorine  is  added  lo  the  indigo,  the  less  of  it  escapes  into  the  atmosphere, 
and  the  more  effective  it  becomes  in  destrnying  the  color.  The  best  mode  of  ob- 
ta  n  comparaMe  results,  is  lo  pour  suddenly  into  the  test  quantity  of  chlorine  the 
whol  ol  inie  of  tue  indigo  solution  likely  to  be  decolored ;  but  it  is  requisite  to  find  ap- 
p  0  na  1/  beforehand,  what  quantity  of  indigo-blue  will  probably  be  destroyed. 
When  t  comes  to  the  verge  of  destruction,  it  is  green ;  but  yellowish-brown  when  en- 
t     ly  decomposed. 

I  have  tried  the  indigo  test  in  many  ways,  bat  never  could  confide  in  it.  The  sulphu- 
ric solution  of  indigo  is  very  liable  lo  change  by  keepiag,  and  thus  to  lead  lo  erroneous 
results.  The  methoil  of  tesline  the  chlorides  by  green  sulphate  of  iron,  described  under 
bleaching,  is  in  my  opinion  preferable  to  the  above. 

M.  Gay  Lnssac  has  rece.itly  proposed  another  proof  of  chlorine,  founded  on  the  same 
nnnciple  as  that  by  i^reen  vitriol,  namely,  the  quantity  of  it  requisite  to  raise  a  metallic 
substance  from  a  lower  to  a  higter  stage  of  olydizement.  He  now  prescribes  as  ths 
preferable  plan  of  chluromelry,  to  pour  very  slowly  from  a  graduated  glass  lube,  a 
standard  solution  oi  the  chloride,  to  be  tested  upon  a  determinate  quantity  of  arsenioua 
acid  dissolved  in  muAatic  acid,  till  the  whole  araejiious  be  converted  into  tbe  arsenic 
acid.  The  value  of  the  chloride  ia  greater  the  less  of  it  ia  required  to  produce  this  effect 
It  is  easy  to  recognise,  by  a  few  drops  of  solution  of  indigo,  the  instant  when  all  tha 
araenious  acid  has  disappeared ;  for  then  the  blue  tint  is  immediately  effaced,  and  can- 
not be  restored  by  tlie  aiddition  of  a  fresh  drop  of  indigo  solution. 

In  graduating  the  arsenical  dilorometer,  M.  Gay  Lussac  takes  for  his  nutty  the  de- 
colouring power  of  one  volume  of  chlorine  of  32'  Fahc,  and  divides  it  into  100  parts. 
Suppose  that  we  prepare  asolutJon  of  chlorine  containing  its  own  volume  of  the  gas,  and 
an  arsenious  solution,  such  tlial,  under  a  like  volume,  the  two  solutions  shall  recipro- 
cally destroy  each  otlier.  Let  us  call  the  first,  the  normal  solution  of  chlorine,  and  tha 
second,  th^  normal  arsenious  solution.  We  shall  fix  at  10  grammea  the.weight  of  chlo- 
ride of  lime  subjected  to  trial;  anddisaolve  it  in  water,  so  that  the  total  volume  of  tha 
solution  shall  be  a  litre  (HX)0  grammes  measure,)  including  die  sediment.  If  we  take 
B  constant  volume  of  tjib  solution,  10  centimetres  cube  (10  gramma  measures,)  for  ex 
ample,  divided  luto  100  equal  parla,  and  pour  into  it  gradually  the  arseniotts  aolutiou 
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(measared  by  like  portions),  till  tha  chlorine  be  deetroycd,  the  bkaohing  powei'  will 
be  ijroporlional  to  the  number  of  portions  of  Ihe  araenious  solution,  whieh  the  chloride 
filial!  iiave  required.  If  the  chloride  has  destroyed  100  portions  of  tha  araenious  solution, 
its  titie  will  be  100 ;  if  it  has  destroyed  80  portions,  its  titl«  wiU  be  80,  &e.,  and  so  lorth 
On  ponnn^  the  acidulous  arsenious  eolntiOn  iHto  Ihe  chloride  or  lime,  this  will  become 
very  acid  ;  Ihe  chlorine  will  be  emitted  abundantly,  and  the  proof  vill  be  quite  incorrect. 
If,  on  Ihe  contrary,  we  pour  the  solution  of  the  chloride  of  time  into  the  araenious  solu- 
tion, tliLs  evil  will  not  occur,  eince  the  chloiine  will  always  find  plenty  of  ari^enioug  ncid 
(o  act  npon,  whatever  be  the  dilulion  of  the  one  or  Ihe  other  {  but  in  this  case,  the  stand- 
ard (if  ilie  chlorine  is  not  ?iven  tlirecily,  as  it  is  in  ihe  inverse  ratio  of  the  number  of 
portions  which  are  required  to  destroy  the  measures  of  the  arsenious  solution.  If  50 
portions  of  the  chloride  have  been  required,  tlie  proof  will  be  I00x^''=200°;  if  200 
have  been  required,  the  proof  will  be  100XiSS=SO°,  &c.  This  evil  is  not,  Ijcwever, 
very  serious,  since  we  have  merely  to  consult  a  table,  in  which  we  can  find  the  proof 
corresponding  to  each  volume  of  Ihe  chloride  employed  for  destroying  the  conslanl 
measure  of  the  arsenious  sidul ion.  The  arsenious  sululiun  should  fae  slightly  tinged  with 
Eulphnle  of  indiso,  so  as  to  show,  by  the  disappearance  of  the  color,  the  precise  point  or 

arsenious  acid  be  p  rm  n  m  y  be  made  directly  by  dissolving  4-439 

grammes  of  it  in  m  m         harous  acid),  and  diluting  the  solntion 

till  it  occupies  one  li  000  g  amm      m    sure.    Annala  de  Chimie  et  Phyaigiie, 

l-x.  225. 

CHOCOLATE  1  aim        ry  of  very  ancient  use  in  Meiico,  from 

which  country  it  w  E  le  Spaniards  in  the  year  152fl,  and  by 

Ihem  long  kept  as  es         h   w     d.     Linnieus  was  so  fond  of  ii,  thai  he 

gave  Ihe  Specific  n  m         6b  ood        h    gods,  lo  the  cacao-tree  which  produced 

it.  The  cacao-beans  lie  ia  a  fruit  somewhat  like  a  cucumber,  about  6  inches  long  and 
3J  thick,  which  contains  from  20  to  30  beans,  arranged  in  5  regular  rows  with  partl- 
tioas  between,  and  which  are  surrounded  wllh  a  rose-colored  spongy  substance,  like 
thai  of  water-melons.  There  are  fruits,  however,  so  large  as  lo  contain  from  40  to  60 
beaiis.  Those  grown  in  the  West  India  islands,  Beihice  and  Demarara,  are  much 
emulier,  and  have  only  from  6  to  15;  their  development  being  less  perfect  than  in 
South  America.  After  the  maturation  of  the  fruit,  when  [lieir  green  color  has  changed 
to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  cleared  of  the  marrowy  sub- 
stance, and  spread  out  to  dry  in  Ihe  air.  Lifae  almonds,  they  are  covered  wilh  a  liiin 
skin  or  husk.  In  the  West  Indies  they  are  immediaiely  packed  np  for  the  market 
when  they  are  dried ;  but  in  the  Caraccas  they  are  subjected  to  a  species  of  slisht  fer- 
"'  g  them  into  tubs  or  chests,  covering  them  with  boards  or  stones, 
iver  every  morning,  to  equalize  the  operation.  They  emit  a  good 
e  the  natural  bitterness  and  acrimony  of  Ibeir  taste  by  this  process, 
heir  weight.  Instead  of  wooden  tubs,  pits  or  trenches  dug  in  the 
:s  had  recourse  to  for  curing  Ihe  beans  \  an  operation  called  earthing 
(lerrer).  They  are  laslly  expceed  to  the  sun,  and  dried.  The  latter  kind  are  reckoned 
the  best ;  being  larger,  rouaher,  of  a  darke"  brown  color,  and,  when  roasted,  throw  olf 
their  husk  readily,  and  split  into  several  irrei:ular  fragments ;  they  have  an  agreeable 
mild  bitterish  taste,  without  acrimony.  The  Guiana  and  West  India  sorts  are  smaller, 
flatter,  Smoother-skinned,  lishter-colored,  more  sharp  and  bitter  to  the  taste.  They 
answer  best  for  the  extiaction  of  the  butter  of  cacao,  but  aSbrd  a  less  aromatic  and 
agreeable  chocolate.  According;  to  Lampadius,  the  kernels  of  the  West  India  cacao 
beans  contain,  in  100  parts,  besides  water,  53-1  of  fat  or  oil,  I6'7  of  an  albuminous 
brown  matter,  which  contains  all  the  aroma  of  the  bean,  10-91  of  starch,  TJ  of  iam  or 
mucilage,  0-8  of  lignine,  and  2-01  of  a  reddish  dye  stufT  somewhat  akin  to  tha  pigment  of 
cochineal.  The  husks  form  13  per  cent,  of  the  weight  of  the  beans ;  they  contain  no  lat^ 
but,  besides  lignine,  or  woody  fibre,  which  constitutes  half  tieir  weignl^  they  yield  a 
light  brown  muoiUgioous  extract  by  boiling  in  water.  The  fatty  matter  is  of  the  con- 
sistence of  tallow,  white,  of  a  mild  agreeable  taste,  called  butter  oi  oaeao,  and  not  apt  to 
turu  rancid  by  keeping.  It  malts  only  at  122°  Fahr.,  and  should,  therefore,  make  toler- 
able candles.  It  is  aolubla  in  boiling  alcohol,  but  precipitates  in  the  cold.  It  is 
obtainedbyexposing  the  beans  to  strong  pi  essure  in  canvas  hags,  after  they  have  been 
steamed  or  soaked  in  boiling  water  for  soma  time.  From  5  to  6  ounces  ofbutter  may 
be  thus  obtained  from  a  pound  of  cacao.  It  has  a  reddish  tinge  when  first  expressett 
but  it  becomes  white  by  boiling  with  water. 

Tha  beans,  being  fre^  from  all  spoiled  and  mouldy  portions,  are  to  be  gently  roasted 
over  a  fire  in  an  iron  cylinder,  with  holes  in  its  ends  (or  allowing  the  vapours  to  escape ; 
Uie  apparatns  being  similar  to  a  coffee-roaster.  When  the  aroma  begins  to  be  well 
developed,  the  roasting  is  known  to  be  finished;  and  the  beans  must  ba  turned  out, 
cooled,  and  freed  by  fanning  and  sifljng  from  their  busks.    The  kernels  are  then 
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to  be  converted  into  a  paste,  either  by  trituration  in  a  morfar  beated  tc  130°  F.,  or 
by  tlie  following  ii^enioua  and  powerful  mauhint  Tho  chocolate  paste  has  usually 
in  Fraaee  a  litlTe  vauilla  incorporated  witli  it,  and  a  considerable  quantity  of  suj^ar. 
which  varies  from  one-third  of  its  weight  to  eqnal  parts.  For  a  pound  and  a  hah  of 
cucao,  one  pod  of  vanilla  is  sufficient.  Clioeolale  pasta  improves  in  its  flavour  by 
toeping,  and  should  therefore  be  made  in  large  quantities  at  a  time.  But  the  roasted 
beans  soon  lose  their  aroma,  if  exposed  to  the  air. 


Fig.  351  represenla  the  clioeolale  mill.  Upon  the  sole  a,  made  of  marble, : 
rollers  e  ti,  are  made  to  run  by  the  revolution  of  ihe  upijghl  axis  or  shaft  q,  driven  bv 
the  agency  of  the  fly  wheel  e  Bud  bevel  wheels  i  k.  Tde  sole  a  rests  upon  a  slrt)ng 
iron  ptalp,  which  is  healed  by  a  small  slove,  introduced  dt  the  door  h.  The  wooden 
frame  work  r,  forms  a  ledge,  a  few  inches  high,  round  the  marble  slab,  to  confine 
the  cocoa  in  the  act  of  triluralion.  o  is  the  hopper  of  the  mill  Ihrough  which  ihe 
roasled  beans  are  inlroduced  to  (he  acllon  of  the  rollers,  passins;  flrsi  into  Ihe  flat 
vessel  n,  to  be  Ihence  evenly  distributed.  Afler  thr»  cacao  has  received  the  first  tritura- 
tion, the  paste  is  returned  upon  Ihe  stab,  in  order  to  be  mixed  with  the  proper  quantity 
of  sn^ar,  and  vanilla,  previously  sliced  and  ground  up  wirh  a  little  hard  GU^r.  When 
the  chocolate  is  snfficiencly  worked,  and  while  it  is  thin  with  the  heat  and  trituration, 
n  most  be  pnt  carefully  into  the  proper  moulds.  If  inlroduced  too  warm,  it  will  be 
Bpl  to  become  damp  and  dull  on  the  surface ;  and,  if  too  cuM,  it  will  not  labe  the  proper 
form.  It  must  be  previously  well  kneaded  with  the  hands,  to  ensure  the  expulsion  of 
every  air  bubble. 

In  Barcelona,  chocolale  mills  on  this  construction  are  very  common,  bnl  they  are 
turned  hy  a  horse-sin  set  to  wopk   In  the  under  slory,  corresponding  to  H  in  tlie  above 
Ej-ure.    The  shaft  G  is,  in  this  case,  eltended  down  through  the  marble  slab,  and  is 
lunded  at  its  centre  with  a  lioop  to  prevent  the  paste  coming  into  contact  with  ii 
■    .... .  —  mnds  of  fine  choctdatein  the  hour,  from 


Each  of  these  horse-mills  turns  out  about  te 


ofeetse   .     

Chocolate  is  flavoured  with  cinnamon  and  cloves,  in  several  countries,  instead  of  the 
more  expensive  vanilla.  In  roasting  the  beans  the  heat  should  be  at  first  very  slow,  to 
give  tima  to  the  humidity  to  escape;  a  qnick  fire  hardens  the  surface,  and  injures  tbe 
process.  In  putting  Uie  pasta  into  the  tin  plate,  or  other  moulds,  ifmusf  be  well 
shaken  down  to  insure  its  filling  up  all  the  cavities,  and  giving  tbe  sharp  and  polislied 
impression  so  much  admired  by  connoisseurs.  Chocolate  is  sometimes  adulterated 
with  starch  ;  in  which  ease  it  wnl  form  a  pasty  consistenced  mass  when  treated  with 
boilina;  water.  The  harder  the  slab  upon  which  lie  beans  are  triturated,  the  better ; 
and  tbence  porphyry  is  far  preferable  to  marble.  The  grinjiing  rollers  of  the  mill 
sliould  bo  made  of  iron,  and  kept  very  clean. 

About  eight  years  ago,  samples  of  chocolate  were  scut  to  me  for  analysis,  by 
order  of  tbe  Lords  of  the  Admiralty.  It  was  made  at  tlie  victualling-yard,  Dcptford, 
for  the  use  of  tho  Soyal  Kavj-,  by  the  government  chocolate  mills,  where  about 
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400  tons  are  annually  prepared,  to  be  di-tributed  to  the  sailora  and  eonviots  ut  the 
rule  <t  an  ouuce  dailj  an  i  to  be  used  at  tlieir  breaklaet.  After  takinf;  thewtid  cliooo- 
I  ite  t  I  Bome  ftnie  men  id  seveial  tliii  9  complained  of  its  occaaioiiing  sickness, 
lumiting,  purgms  and  moie  eenoua  inaUlies.  terminating  in  a  few  cases  fatally-  1 
evatniued  it  mth  great  tare,  but  could  tind  no  injurious  ingi'edient  in  it,  and  no 
tlipinicsl  alterations  from  the  beans  of  the  Gujaqoil  coco  from  whieh  it  was  nianu- 
fiieturcd.  Bat  I  observed  that  it  conswted  of  gnttj  ijraina,  from  vary  imperfect  tri- 
turation or  miUing ,  ttiaC  tbcee  grams  vere  quite  mumisLible  with  water,  like  so  mueh 
hue  gravel,  that  they  contained  many  sharp  epKulie  of  the  coco-bean  husks,  and  tliat 
lictLce,  wbcu  swallowed,  they  were  calculated  to  form  medianicallj  irritating  lodg- 
ments in  the  villous  coata  of  the  stomach  and  bowelt^  whereby  the;  could  produce  the 
moi-bid  effects  certified  by  sevei'al  naval  surgeons.  It  was,  moreover,  obvious  that, 
fi'om  tbe  insoluble  condition  of  the  cliocolate,  it  could  be  of  little  uae  as  an  article  uC 
food,  or  as  a  demulcent  substitute  for  milk,  and  that,  in  feel,  three-fourths  of  it  were, 
on  this  account^  an  inelfective  article  of  diet,  or  were  wasted. 

Having  reported  these  i-eautts  and  opinions  to  tlie  Lords  of  the  Admiralty,  tlipy 
were  pleased  after  a  few  weeks'  consideration,  tn  request  me  t»  go  down  to  the  vic- 
tual ling-yard  at  Deptford,  and  superintend  the  prepai-ation  of  a  quantity  of  chocolate 
in  the  best  manner  I  could  with  the  means  there  provided.  I  accordingly  repaired 
thifiier  on  the  IStb  September,  1642,  and  experienced  the  ntmoat  coui-tesy  and  eo- 


oat-kiln,  along  with  tlieir  husks.  As  I  was  sntistied,  from  analysis,  tliat  the  husks 
wei-e  no  better  food  tliaii  eaw-dust,  and  that  tliey  might  canse  iiritation  by  their  minute 
sjiiculie  left  after  grinding  between  rotating  millstones,  I  set  about  a  plan  for  slielling 
tbem,  but  could  find  no  piece  of  apparatus  destined  for  the  purpose.  There  was,  how- 
ever, a  pea-shelling  mill,  which  had  been,used  only  for  one  day  some  years  before,  and 
had  stood  ever  since  Idle*  which,  on  being  cleaned  and  having  its  milistones  placed  at 
a  proper  distance,  was  found  to  answer  pretty  welL  Hie  beans  for  experiment^  to  the 
amount  of  8  ewt,  liad  been  previously  roasted,  under  my  care,  at  a  well-regulated 
heat,  with  much  stirring,  in  the  oat-kiln ;  and,  on  being  cold,  were  run  tl'rough  the 
sbelliiig  mDl,  whicli  was  put  in  communication  with  the  fannei's  of  the  flour  mill. 
1^3'  this  arrangement,  the  coco-beans  were  tolerably  shelled,  and  tbe  kernels  separated 
from  their  scaly  husks.    The  weighings  were  accurately  made. 


6  cwt,  of  the  Giiyoquil  ci 


6t2  lbs. 


Kemained  for  milling 


esperimonts  of  tl 

Enins  talen  to  regulate  the  toasting  temperature,  and  to  equahze  the  effect  upon  the 
cans  by  moving  them  occasionally  by  a  rate,  I  stated  that  the  oat-kiln  was  not  well 
adapted  to  the  purpose  of  roasting  the  coco,  licoaiiseit  wasimposmble  to  turn  the  beans 
i-egularly  and  continuously  during  the  process,  so  that  they  couid  not  be  equally  roasted, 
and  because  it  was  an  unwholesome  operation  for  the  workmen,  who  must  go  into  a 
chamber  filled  with  noxious  gases  and  iumea,  to  use  the  rokea.  When  the  door  of  the 
kiln  was  shuti  t«  allow  the  burned  air  from  the  fire  below  to  drawnp  through  it,  mischief 
might  be  done  to  the  stratum  of  coco  on  the  sole,  and  when  tlie  door  was  again  opened, 
I")  peimit  a  person  to  go  in  and  stir,  time  and  heat  were  wasted  in  replenishing  the 
chamber  with  fresh  air.  1  understood  that  a  rcTolving-cylinder-roasting  machine  had 
been  made  by  Messi's.  Kennic  for  the  chocolate  process  at  Deptford ;  but,  for  reasons 

The  diminution  of  weight  by  roasting  and  shelling  may  be  estimated  at  about  17 
per  cent.  A  part  of  this  loss  is  moisture,  which  should  be  completely  expelled,  to 
prevent  its  causing  the  chocolate  to  become  mouldy  at  sea.  But  a  part  of  the  defal- 
cation was  also  dne  to  some  of  tlie  coco  remaining  in  the  crevices  of  the  pea-splitting 
mill  and  tbe  fanners,  which  woald  not  be  obseiTable  if  these  were  in  constant  amploy- 
nieiiL  I  think,  therefore,  tliat  the  roasted  kernels  may  be  estimated  in  general  at  83 
per  cent,  of  the  raw  beans. 

Fig.  358  rerresents  the  chocolate  mills  at  tlie  victualling-yard,  Deptford,  as  mounted 
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by  Uia  celebrated  engineers,  Messrs.  Rennie.  There  are  four  double  miH-stonel 
A,  B,  c,  D,  eiKih  three  feet  in  dioraeter,  of  whieb  the  netlier  rests  upon  a  bed  of  cast  iron, 
like  a  drum-head,  liept  at  tJie  temperature  of  about  220°  by  tlie  admission  of  steam 
to  the  ease  below.  Over  each  mill  thara  is  a  feeding-hopper  1,  2,  8,  4,  in  commu 
nioation  by  tha  pipes  5,  6.  7,  8,  with  the  general  reservoir  e,  ohai^jod  upon  the  flooi 
above  with  cocoa  througli  the  funnel  placed  over  it;  Tha  vertjcal  shaf&  which  turn 
these  mills  are  marked  f,  o,  h,  l;  they  are  moved  by  the  train  of  bevel-wlieels  al)ove, 
which  are  driven  by  an  arm  from  the  main  shaft  of  the  steam  engine.  Each  mill  can, 
of  course,  be  fJirown  in  and  out  of  geer  at  pleasure.    At  1,1,1,1,  the  diechai^e-spoul 


is  shown,  which  pours  out  the  semi-fluid  hot  chocolate  into  shallow  cylindiical  tin  pani, 
capable  of  containing  about  nine  pounds  of  chocolate  each.  These  four  loiUs  are  capnhU 
of  converting  upwards  of  a  ton  of  coco  into  good  chocolate  in  a  day,  on  the  ajstera  of 
double  trituration  which  I  adopted,  and  two  tons  on  the  former  rough  plan.  I  found 
that  the  two  stones  of  each  mill  had  been  placed  so  far  asunder  as  would  allow  entire 
beans  to  pass  through,  as  spurious  chocolate,  at  one  operation ;  but  the  ehocolate  thus 
discharged  wa.s  in  a  very  gritty  state,  whereas  good  chocolate  in.  tlie 
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be  smooth  and  plastic  between  tlie  finger^  and  Bpreud  npon  the  tongiie  without  leaving 
any  granular  particles  in  the  moutli.  To  obtniii  siidi  a  result,  1  divided  tlie  milling 
into  two  steps;  for  the  fii-st,  two  pairs  of  tlie  stones,  a  and  o,  were  set  as  close  together 
as  for  a  paint  mill  {whidi  they  closely  reaemhle),  and  the  other  two  pail's,  b  and  d, 
were  left  at  their  ordinapy  distance.  The  paste  obtained  from  the  first  set  was  tcana- 
ferred,  while  nearly  liquid,  into  tlie  hoppers  of  the  second  pah^  from  which  it  iBsued  nt 
the  epouts  as  thin  ajid  sniooth  as  honey  fmm  the  <«>mb.  la  subserviency  to  these  ex- 
periiiionts,  I  made  an  analysis  of  the  Quyaquii  eooo,  which  I  foaud  to  be  composed  as 

Concrete  tat  or  butter  of  coco,  dissolved  out  by  ether      -            -            -  87 

ISi'own  extraeCivo,  extiaetible  by  hot  water,  alter  the  operation  of  ether  10 

Ligneous  mat-tci-,  with  some  albumine        -             -             -             -              -  30 

Shells ■              .  U 

Watei- a 
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The  solid  fat  of  the  < 


i.be  most  intimately  combined  by  milling  with  the 
1,  niid  ligneous  matter,  in  oiitev  to  i^iider  it  capable  of  forming  an 
emulsion  with  water ;  and,  indeed,  on  aecomit  of  the  large  proportion  of  eoncrete  fat 
in  the  beans  some  additJonal  Bubstaoee  sbuuld  be  introduced  t»  facilitate  iliis  emulsive 
union  of  the  fat  and  water.  Su^r,  gum,  and  starch  or  flour  are  well  adapted  for  thia 
purpose. 

L)  rider  tliis  eonvictioo,  I  employed  in  the  fii'st  of  these  trials  at  Deptford,  made 
with  one-half  of  the  above  roasted  kernels  ^  277-i  lbs.,  6  per  ceut.  of  sugar,  which  was 
first  mined  upon  a  board  with  sliovels,  and  the  mixture  was  then  put  progressively  into 
the  hoppers  of  the  two  mills  b  and  i>.  The  paste  which  ran  out  of  their  spouts  was 
inimediatelj  poured  into  the  hoppers  of  a  and  c,  from  whicli  it  flowed  smooth  and  very 
thin  into  the  concreting  pans.  The  sugar  supplied  to  me  was  exeeediugly  moist, 
wlieveaa  it  ought  to  be  drj-,  like  the  bag  sugar  of  the  Mauritius.  The  olJier  half 
of  the  coco  kernels  was  mUled  alone  onee  by  the  ordinary  mills  n  and  d.  I  sub- 
jected next  day  samples  of  these  two  varieties  of  chocolate  to  the  following  examina- 
tion, and  oompared  them  with  the  snmiile  of  chocolate  as  usnally  made  at  Deptfoi'd, 
as  also  with  a  sample  of  clioeolate  sold  by  a  respectable  grocer  in  London.  A  like 
quantity  of  these  four  samples  was  treated  with  eight  tJmes  its  weight  of  boiling  water, 
tile  diflusion  well  stirred,  and  then  left  to  settle  m  a  conical  wineglass.  Of  the  ordi- 
nary Deptford  coco,  four-fifths  rapidly  subsided  in  coarse  i-raius,  incapable  of  forming 
any  tiling  like  an  emulsion  with  water,  aud  therefore  of  little  or  no  avail  in  making  a 
breakfast  beverage. 

1.  The  single-milled  chocolate  mode  under  my  direction  formed  a  smoother  emul- 
sion than  tlie  last,  on  aecouut  of  the  absence  of  the  coco  husks ;  but  its  particles  were 
gritty,  and  subsided  very  soon. 

2.  The  sugar  double-milled  chocolate,  on  the  contraiy,  foimed  a  milky-looking 
emulsion,  which  remained  nearly  uiiifoiau  for  some  time,  and  then  let  fall  a  soft 
muoilaginous  deposit,  free  from  grittiness. 

3.  The  shop  chocolate  formed  a  very  indifferent  emulsion,  though  it  was  well  milled, 
because  it  contained  evidently  a  large  admixtui'e  of  a  coarse  branny  fiour,  as  is  too 
generally  the  case. 

I  have  given  small  samples  of  the  abore  Ko.  2.  chocolate  to  various  persons,  and 
they  have  considered  it  superior  to  what  is  usually  sold  by  our  eroeers.  The  presence 
of  dry  sugar  in  chocolate  would  also  give  it  a  conservative  quality  at  sea,  and  prevent 
it  from  getting  musty. 

The  Lords  of  the  Admiralty,  after  seeing  the  above  two  samples  of  chocolate  and 
my  report  thereupon,  were,  about  six  weeks  afterwards,  pleased  to  request  me  to  make 
at  their  vietnalling-yard  farther  esperiments  in  the  preparation  of  chocolate ;  and  they 
indicated  two  modes,  one  of  milling  twice  with  the  husba,  and  another  of  millina;  twice 
without  the  husks ;  permitting  me,  at  tlie  same  time,  to  mil!  a  portion  of  the  kernels 
with  10  per  cent  of  sugar,  and  a  second  portion  of  the  kernels  with  6  per  cent-  of  sugar 
and  S  per  cent,  of  the  excellent  flour  used  in  making  the  biscuits  for  the  royal  navy. 
On  the  24th  October,  1843,  I  accordingly  performed  these  experiments  upon  12  ewi 
of  Guyaquil  coco  as  carefully  Toasted  as  possible  on  tlie  kiln. 

Tlie  loss  in  drying  and  slightly  roasting  the  1844  lbs.  of  beans  was  5  per  cent. 

1st  experiment,  312  lbs.  of  roasted  coco,  milled  twice  with  the  husks, 
produced  of  chocolate  ......    209  Iba 

2d  esperimeut,  191  lbs.  ditto,  milled  twice  without  husks       -  -    189 
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ig  with  19  lbs.  of  sugar 
e  along  with  68  lbs.  of 
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3d. experiment,  191  lbs.  kernels,  milled  once  a 
=  '2\0  lbs.        - 

4th  expennienl,  573  lbs.  of  kernela,  milled  t\ 

fltfurnBd  £4  of  sugar  =  67S  -  -  .  -  ,    utrn 

Sample  calres  of  these  four  varieties  of  chocolate  were  Bubaeijueatly  sent  to  me  foi 
examinatioD  and  report.  I  found  that  tlie  chocolate  milled  twice  with  tlie  flour  nnd 
sugar  formed  a  complete  einatsion  with  hot  water,  bland  and  rich,  Uke  tlie  beet  mill^ 
but  the  other  three  were  much  inferior  in  this  respect.  Sugar  alone,  with  propel 
milling,  would  serve  to  give  the  kernels  of  well  roaated  coco  a  perfeet  emalsive  pro- 
perty. Instead  of  merelv  milling  with  rotary  stones,  I  would  prefer,  for  the  secund 
or  finieliing  operation,  a  leyigatiiiB  mill,  in  which  rollers  would  be  rolled  either  baok- 
wai-ds  and  forwards,  or,  when  sliglitly  conical,  in  a  circular  direction,  over  a  plane 
metallic,  marble,  or  porphyry,  slab  as  is  now,  indeed,  very  generally  practised  by  the 
trade.  The  coco-beans  should  be  well  seleeted,  without  musty  taint,  and  possessed 
of  a  fine  aroma,  like  the  best  of  that  impoited  from  Trinidad.  There  is  a  gi'eat 
deal  of  very  coarse  eoco  and  chocolate  on  sale  in  London  and  in  the  provincial  towns 
of  the  United  Kingdom. 

.  is  an  end  view  of  one  of  the  chocolate  mills  with 


oco  by  the  sailors  themselves  v 


British  plantation    - 

Foreign 

(loco-nut  husks  and  shells   - 

Clioeulate  and  eoco  paste    ■ 


2,0-11,493  lbs. 
186 
753,531) 
2,066 

:re  consumed  in  Ireland! 


Of  the  cocoa-nut  shells,  612,125 
and  less  than  4000  lbs.  of  coco. 

>,  7Se,116.Ibs.  were  consumed  in  her  Majesty's 

How  scurvily  are  the  people  of  Ireland  treated  by  < 

gi-ocersl     Upwards  of  800,000  lbs.  of  worthless  coco  hui 

out  to  them  along  with  only  4000  lbs.  of  coco-beana  I 

The  quantity  of  coco  imported  in  1850  amounted  to 

cwts.,  and  in  1851  to  6,773,960  cwts. ;  the  entries  for  home  consumption  wi 

926  and  3,0^4,338  cwts. ;  the  re-exports  were  1,443,368  and  1,543,465  owts. 

gross  amount  of  duty  16,059i.  and  15,7181.  respectively. 

CHROMATES,   saline   compounds  of  chromic  acid  with  the   basis,     f 


,478,252 
i  3,103, 
and  the 


Messrs.  Swindell  and  Co.  obtained  a  patent  in  November,  1850,  for  obtaining  copper, 
silver,  and  clirome,  fram  their  ores. 

1st-  To  obtam  copper  and  sDver,  or  copper  only,  from  their  ores,  according  to  this 
invention,  the  ores  are  first  roaated  to  drive  ofi^  the  sulphur,  and  convert  the  metals  to 
tlie  state  of  oxides,  after  which  the  prepared  ores  are  placed  in  tanks,  and  a  solution 
of  ammonia  or  its  salts,  of  a  strength  of  about  0-981),  pumped  on  in  sufficient  quantity 
to  saturate  them.  This  solution  is  removed  at  the  expiration  of  twelve  to  twenty-four 
hours,  and  will  be  found  saturated  wiUi  tlie  metallic  oxides,  which  are  to  be  dissolved 
in  boiling  water  and  precipitated — the  silver  by  hydrochloric,  and  the  copper  by 
hydrosulphuric  acids  or  otherwise. 

2nd.  The  ore  from  whieh  anc  is  obtained  is  the  native  snlphuret,  which  is  mixed 
with  about  its  own  weigiit  ot  common  salt  (for  which  muriate  of  potash,  or  of  any  earth, 
may  be  substituted),  and  esjMised  in  a  calcining  furnace  to  a  slow  protracted  heat, 
until  all  tlie  sulphur  present  is  converted  into  sulphuric  acid.  The  products  of  this 
operation  will  be  sulphate  of  soda,  muriate  of  zinc,  and  muriate  of  iron,  which  are  to 
be  dissolved  out  in  boiling  water,  and  the  two  latter  precipitated  by  lime,  or  other 
means,  after  the  sulphate  of  soda  has  been  separated  in  the  asual^ manner.  The  OJuda 
of  auc,  when  thus  precipitated,  may  be  smelted  in  the  usual  way. 

In  treating  chromium  (ehromite  of  iron),  the  ore  is  pulverized  and  mixed  with 
common  salt,  muriate  of  potash,  or  hydrate  of  lime,  and  exposed  in.  a  reverbcrotory 
furnace  to  a  red  or  even  a  white  heat,  the  mixture  being  stirred  every  ten  or  fifteen 
minutes,  and  ste.im  at  a  very  elevated  temperature  introdueed  during  the  operation, 
until  the  desired  eifect  is  obtained,  which  may  be  ascertained  by  withdrawing  a  portion 
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fram  the  ilimaoe  and  testing  it,  as  customary.     The  products  of  tins  operation  aro 
finalJj  treated  in  the  manner  ueiml  for  chromic  and  biehromio  salts. 
The  mixture  of  chromium  and  common  sajt  produces  chromate  of  soda,  tlie  greater 

!>ortion,  or  perhnpa  all  of  the  iron  contained  in  the  chromium  being  absorbed  by  tha 
lydroohlono  acid  evolved  from  the  salt,  aad  carried  off  in  fJie  form  of  sescpiehloride  of 
iron.  From  the  firat  tsixtDre  is  manufoctured  pure  bichromate  of  Boda,  which,  by  the 
Hddition  of  hydrochloric  acid,  may  be  converted  t*>  chlorocbromata  ;  and  from  the  laet^ 
or  lime  mixture,  ia  produced  a  chromate  of  that  earth,  fiom  whieli,  by  the  addition  of 
soda  or  potash,  there  may  be  obtained  a  compound  Bait,  which,  witli  those  previously 
mentioned,  may  be  odvantaeeouBly  employed  in  the  operation  specified  in  the  titie. 

CHROMIC  ACID.  ToaTioiling  saturated  solution  of  bichromate  of  potash,  add  as 
mocli  oil  of  Titrol  as  will  convert  the  potash  into  a  bisulphate.  Let  the  whole  cool, 
and  he  then  washed  with  a  little  water,  and  stirred,  when  the  liquid  decanted  from  the 
granular  mass  will  be  nearly  pure  chromic  acid. 

The  solution  of  chromic  acid  in  oil  of  vitriol  is  preferable  aa  an  osidiidng  agent  to 
every  other  at  present  known.    See  Chrouidm. 

CHROMIUM.  The  only  ore  of  this  melal,  which  occnis  in  sufficient  ahundance 
lor  the  purposes  of  srl,  is  Ihe  oclohedral  chrome-ore,  commonly  called  chromale  of  iron, 
thongh  it  is  rather  a  compound  of  the  oxydes  of  chromium  and  iron.  The  fracture  of 
Ihis  mineral  is  uneven  j  its  lustre  imperfect  nielollic;  its  color  between  iron-blnclt  and 
brownlsh-hladf,  sod  its  slreak  brown.  Its  specific  eravit)-,  in  the  purest  stale,  rises 
to  4-5;  but  the  usual  chrome-ore  found  in  the  market  varies  from  3  to  4.  According 
to  Klapratli,  this  ore  consists  of  oxyde  of  chromium,  43 ;  protoxyde  of  iron,  34-7 ; 
alumina,  30'3  i  and  silica,  2;  but  Vaugnelin's  analysis  of  another  specimen  gave  as 
above,  respectively,  55'6,  33,  6,  and  2.  It  is  infasible  belore  the  blowpipe;  but  it  acts 
upon  the  mastnelic  needle,  after  having  been  esposed  lo  the  reducing  smoky  flame.  It 
is  entirely  soluble  in  borax,  al  a  high  blowpipe  heal,  and  imparts  to  it  a  beautiful  green 

Ciirome-ore  is  found  nl  the  Bare  Hills,  near  Baltimore,  in  Marj'Iand;  in  the  Shetland 
Isles,  Unst  and  Fetlar;  the  department  of  Var,  in  Fiance,  in  small  quantity;  and  neat 
Portsoy,  in  Banffshire;  as  also  in  Silesia  and  Bohemia. 

Tlie  chief  application  of  Ibis  ore  is  to  the  production  of  chromale  of  potash,  from 
which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are  obtained. 
The  ore,  freed,  as  well  as  possible,  fiom  its  gan^ue,  is  reduced  lo  a  fine  powder,  by 
being  ground  in  a  mill  under  ponderous  edge-wheels,  and  siiled.  It  is  then  miscd 
with  one  third  or  one  half  its  weight  of  coarsely  bruised  nitre,  and  exposed  lo  a 
powerful  heat,  lor  several  hours,  on  a  leverberatory  hearth,  where  it  is  stirred  about 
occasionally.  In  (he  lai^e  manufaclories  of  this  couulrj',  the  ignition  of  (he  above 
mixture  in  pots  is  laid  aside,  as  loo  operose  and  expensive.  The  calcined  matter  is  raked 
out,  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated  briskly, 
and  the  chromale  of  potash  falls  down  in  the  form  of  a  pranntar  salt,  which  is  lifted 
out  from  lime  lo  time  from  Ihe  bottom  wilh  a  large  ladle,  perforated  with  small  holes, 
and  thrown  into  a  draining-box.  This  saline  powder  may  be  formed  into  regular  crystals 
of  neutral  chromale  of  potash,  by  sohuion  in  water  and  slow  evaporation  ;  or  it  may  he 
converted  into  a  more  beautiful  crjstalline  body,  the  bichromate  of  potash,  by  treating 
its  concentrated  solution  with  nidie,  muriatic,  sulphuric,  or  acetic  acid,  or,  indeed,  any 
acid  exercising  a  stronger  afiinity  for  the  second  atom  of  the  potash  than  the  chromic 
•uiid  does. 

Eiehromale  of  jiotasb,  by  ei-aporation  of  the  above  solution,  and  slow  cooling,  may  ba 
obtained  in  the  form  of  sqoare  tables,  with  bevelled  edces,  or  flat  four-sided  prisms. 
They  are  permanent  in  the  air,  have  a  metallic  and  bitter  taste,  and  dissolve  in  about  one 
'enlh  of  their  weight  of  water,  at  60°  F.;  but  in  one  half  of  their  weight  of  boiMnf  water. 
I'hey  consist  of  chromic  acid  13,  potash  6  ;  or,  in  100  parts,  68-4  -|-  31-6,  This  salt  is 
much  employed  In  calico-prinfins  and  in  dyeing  ;  which  see. 

Chromnte  of  lead,  Ihe  chrome-yellow  of  the  painler,  is  a  rich  pigment  of  various 
shades,  from  deep  oranse  to  Ihe  palest  canary  yellow.  It  is  made  by  adding  a  limpid 
solulion  of  the  neutral  chromate  (the  above  granular  salt)  to  a  solution,  equally  limpid, 
of  acetate  or  nitrate  oflcad.  A  precipitate  falls,  which  must  be  well  washed,  and  care- 
fully dried  out  of  the  reach  of  any  sulphareled  vapors.  A  lighter  shade  of  jellow  is 
oblnined  by  mixing  some  solution  of  alnm,  or  snlphnrie  acid,  with  the  cliromale,  before 
pouring  it  into  the  solution  of  lead ;  and  an  orange  lint  is  lo  be  procnred  by  the  addition 
ol  snbacetate  of  lend,  in  any  desired  proportion- 

For  the  production  of  chromale  of  potash  fi-oro  chr'ime  ore,  various  other  processes 
have  bceti  recommended.  The  following  formnlte,  which  haYC  been  verified  in  practice, 
will  prove  useful  to  the  manufacturers  of  litis  importar.t  article: — 

I.  Two  parts  of  chrome  ore,  containing  about  50  per  cent,  of  protosyde  of  chromiamr 
One  pall  of  saltpetre. 
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II.  four  parls  or"lirome  ore,  containing  SI  per  cenl.  of  proloiyde  of  chromiiun. 
Two  parts  of  poCoshes. 
One  pari  of  sallpetre. 
HI.  Fonr  parts  of  chrome  ore.         —         31  — 

Two  of  potashes. 

Four  tenths  of  a  part  of  peroxyde  of  manganese. 
tV,  Three  parts  of  chrome  ore. 
Four paitB  of  sallpelre. 
Two  parls  of  arga!. 
Some  manufacturers  have  contrived  1o  effect  the  conversion  of  the  oxyde  into  an  Bcid, 
and  of  course  to  form  the  chromate  of  potash,  by  the  agency  of  potash  alone,  in  a  calcining 
furnace,  or  in  earthen  pots  lired  in  a  pottery  kiln. 

After  lisivialin^  the  calcined  mislures  with  water,  if  the  solution  he  a  tolerably  pure 
cliromatc  of  potash,  its  value  may  be  inferred,  from  its  specific  gravity,  by  liie  following 
table  :  — 
At  specific  gravity  1'28  it  contains  about  50  per  cent,  of  the  salt. 
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In  making  the  red  bichromate  of  potash  from  these  solutions  of  the  y»  ilow  salt,  nitric 
acid  was  at  first  chiefly  used;  But  in  consequence  of  its  relatively  high  ";irice,  sulphuric, 
muriatic,  or  acetic  acid  has  been  frequenily  substituted  npon  the  great  scale. 

There  is  another  application  of  chrome  which  merits  some  notice  here;  that  of  ils  green 
oxyde  to  dyeing  and  painting  on  porcelain.  This  oxyde  may  be  prepared  by  decomposin;, 
with  heat,  the  cbramale  of  mercury,  a  salt  made  by  adding  to  nitrate  of  piutoxyde  of  mer- 
cury, chromate  of  potash,  in  equivalent  proportions.  This  chromaie  has  a  fine  cinnabar 
red,  when  pure;  and,  at  a  doll  red  beat,  pans  with  a  portion  of  its  oxygen  and  iti 
mercurial  oxyde.  From  M.  Duloi^'s  experiments  it  would  appear,  that  the  purest 
chromaie  of  mercury  is  not  Ilie  best  adapted  for  preparing  the  oxyde  of  chrome  to  be 
used  in  porcelain  painting,  lie  thinks  it  ouRht  to  contain  a  tittle  oiyde  of  manganese 
and  chromate  of  potash,  to  afford  a  green  color  of  a  line  lint,  esptcially  fur  pieces  that 
ate  to  receive  a  powerful  heat.  Pore  oxyde  of  chrome  preserves  its  color  well  enough 
in  a  muffle  furnace;  but,  under  a  stronger  lire,  it  lalies  a  dead -leaf  color. 

The  green  oxyde  of  chrome  has  come  so  extensively  into  nse  ns  an  enamel  color  for 
porcelain,  that  a  fuller  account  of  (he  best  modes  of  manufacturing  it  must  prove  accept- 
able to  many  of  my  readers. 

That  oxyde,  in  combination  with  water,  called  the  hydrate,  may  be  economically 
prepared  by  boiling  chromate  of  potash,  dissolved  in  water,  with  half  its  weight  of 
flowers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  may  be 
easily  ascenained  by  filtering  a  little  of  the  mixlure.  The  addition,  of  some  p'^lash 
accelerates  the  operation.  This  consists  in  combining  the  suljihnr  with  the  oxygen  of 
the  chromic  acid,  so  as  to  form  sulphuric  acid,  which  unites  with  the  potash  of  the 
chromate  into  sulphate  of  potash,  while  the  chrome  oxyde  becomes  a  hydrate.  An 
eitra  quantity  of  potash  facilitates  the  deoxydizement  of  the  chromic  acid  by  the  forma- 
tion of  hyposulphite  and  sulphuret  ot  potash  both  of  which  have  a  slronit  attraction 
for  osy^en.    For  this  pnrpose  the  clear  lixi  fhhm        fpth         ffi       tly 

pure,  though  it  should  hold  some  alumina      d     li  sol  t  C  g      rally  d  es 

The  hydrate  may  be  freed  from  particles    f      Iph      b)   h    I    g  dd  Ipl  J 

npon  it,  which  dissolves  it;  afier  which    imybpecptld  th  f 

carbonate,  by  carbonate  of  potash,  not  added 

By  calcininj  %  mixture  of  bichromate    f  p  tish      d      iph  hi       h    m 

acid  is  also  decomposed,  and  a  hydrated      yd    m  y  b      bt       d     th       iph      b     g 
partly  converted  into  sulphuret  of  potass    m        dp  rtly      t        Iph  1  (  t  (h 

expense  of  the  chromic  acid),  which  co   b    es  w  th    h    rest     f  th     pol    h      t 
sulphate.     By  careful  lixivialion,  these  tw        w      mp      d        y  b    w    hed         y       d 
the  chrome  green  may  be  freed  from  the  rem         g     Iph      bj       1    ht  h    I 

Liebig  and  Wilhler  have  lately  contrived      p  oce^.  f      |  od        g  b  h    m  t      f 

lead  of  a  beautiful  vermilion  hue.      Into      I  p  t      b        ht  t    f  hi      t 

a  gentle  heat,  pare  chrome  yellow  is  to  be  Ih  by    m  II  po  I      t  m       A 

strone  ebullition  takes  place  at  each  add  t  d  th    m       b      m      bl    li       d 

tinues  so  while  it  is  hot.     The  chrome  yell       is  t    be    d  led  1 11  I  ttl      f  tl    sallp 
remains  undecoin posed,   care  being  taken      t  t  h    I  th  bl     1    t  tl         I 

nl'  the  mixture  should  become  brown.      H  11       dtt       tlf        fwmles 

I'iiinj  which   the  den.ie   basic  salt  falls         th     b^  t  th      fl    d  p    t    c(        tuJg  o* 


CHR0MIU3I.  423 

ehromate  (jF  potash  and  sollpeire,  is  lo  be  ponreJ  off,  and  it  can  be  employfd  again  in 
preparing  ohroine  ytUow.  The  mass  remaming  in  the  crucible  is  to  be  washed  willi 
paler,  anii  the  ehronie  red  being  separated  from  the  other  mailers,  is  lo  be  dried  after 
proper  etlulcoraljon.  Il  is  essential  for  the  beauty  of  the  color,  that  the  saline  solution 
ihuuM  not  sland  lonp:  over  the  red  powder,  because  the  color  is  thas  apt  to  become  of  a 
dwll  oianaehwe.  The  line  eijslBlline  powder  subsides  so  quickly  lo  the  bottom  after 
every  ablution,  that  Ihe  above  precaution  maj  be  easily  observed. 

As  Chromic  ^dd  will  probably  ere  long  become  an  object  of  interest  to  the  calico 
printer,  I  shall  describe  here  the  best  method  of  prepdring  it.  To  100  parts  of  yellow 
eliromateof  potash,  add  136  of  nitrate  ofbarjtes,  each  in  solution.  A  precipilale  of  the 
yellow  chromale  of  barj'tes  falls,  which  being  washed  and  dried  would  amount  to  130 
parU.  But  while  slill  moist  it  is  to  be  dissolved  in  water  by  the  intervention  of  a  little 
nitric  acid,  and  then  decomposed  by  Ihe  addition  of  the  requisite  quantity  of  sulphuric 
■cid,  whereby  t^e  baryles  is  ^paiated,  and  the  chromic  acid  remains  associated  with  the 
nitric  acid,  from  which  it  can  be  freed  fay  evaporation  lo  dryness.  On  re-dissolving  the 
chromic  acid  residuum  in  water,  Jiltering  and  evaporating  to  ft  proper  degree,  50  parts 
of  chiotnic  acid  may  be  obtained  in  crystals. 

This  acid  may  also  be  obtained  from  chromale  ot  lime,  Ibrmed  by  rr^l.ing  chromale  of 
polash  and  muriate  of  lime ;  washing  Ihe  insoluble  chromale  of  lime  wnich  precipitates, 
and  iJecomposing  it  by  the  equivalent  quantity  of  oxalic  acid,  or  for  ordinary  purposes  even 
Gul|i1iuric  acid  may  be  employed. 

Chromic  acid  is  ohlained  in  quadrangular  erysti.jS,  of  a  deep  red  color  j  it  lias  a  very 
aciid  and  styptic  taste.  It  reddens  powerfully  lilmus  paper.  It  is  deliquescent  in  theavt. 
When  heated  to  redness  it  emits  oiygen,  and  passes  into  the  deuloxyde.  When  a  lillle  of 
it  is  fused  along  with  Titreous  borax,  the  compound  assumes  an  emerald  green  color. 

As  chromic  acid  parts  with  iis  last  dose  of  oiygen  very  easily,  it  is  capable  in  certain 
styles  of  caUco  printing  of  becoming  a  valuable  substitute  for  chlorine,  where  this  more 
powerful  substance  would  not  from  peculiar  circnmslances  be  admissible.  For  this  in- 
genious application,  Ihe  oris  are  indebted  10  that  truly  sclenlilic  manufacturer,  M.  Daniel 
Ka'chlin,  of  Mulhouse.  He  discovered  thai  whenever  chromale  of  potash  has  its  acid 
set  free  by  its  being  mixed  wilh  tartaric  or  oxalic  acid,  or  a  neutral  vegetable  substance, 
(starch  or  suear  for  example,)  and  a  mineral  actd,  a  very  lively  aclioil  is  produced,  with 
disenpagemenl  of  heat,  and  of  several  gases.  The  resnll  of  Ibis  decomposition  is  the  active 
reagent,  chromic  acid,  possessiujt  valuable  properties  lo  Ihe  printer.  Watery  solutions 
of  ehromate  of  potash  and  tartaric  acid  being  mixed,  an  effervescence  is  produced  which 
has  the  power  of  destroying  vegetable  c<dors.  Bui  this  power  lasts  no  longer  than  the 
effervescence.  The  mineral  acids  read  upon  Ihe  chromale  of  jwlash  only  when  vegetable 
coloring  matter,  gum,  starch,  ora  vegetable  acid  are  present,  to  determine  the  disengage- 
ment of  gas.  During  this  curious  change  carbonic  acid  is  evolved ;  and  when  it  takes 
place  in  a  retort,  there  is  condensed  in  the  receiver  a  colorless  liquid,  slightly  acid, 
exhaling  somewhat  of  the  smell  of  vinegar,  and  containing  a  little  empyreumatic  oil. 
This  liquid  heated  with  the  nitrales  of  mercury  or  silver  reduces  these  melals.  On 
these  principles  M.  Kcechlin  dischai^ed  indigo  blue  by  passing  Ihe  cloth  through  a  solution 
of  chromale  of  polasli,  and  printing  nitric  acid  thickened  with  gum  upon  certain  spols.  It 
ID  iirobahle  that  the  employment  of  chromic  acid  would  supersede  the  necessity  of  having 
reeoni-ge  in  many  cases  lo  Ihe  more  corrosive  chlorine. 

The  following  directions  have  been  given  for  the  preparation  of  a  Hue  oxyde  of  chrome. 
The  concentraled  allialine  solution  of  chromale  of  potash  is  lo  be  saturated  with  weak 
sulphuric  acid,  and  then  lo  every  8  lbs.  is  to  be  added  1  lb.  of  common  salt,  and  half  a 
pound  of  concentiated  sulphuric  acid;  the  liquid  will  now  acquire  a  green  color.  To  be 
certain  thai  the  yellow  color  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  have 
potash  added  lo  il,  and  Ultered  ;  if  the  fluid  is  still  yellow,  a  fVesh  portion  of  salt  and  <^ 
sulphuric  acid  is  to  be  added  ;  the  fluid  is  then  to  be  evaporated  to  dryness,  redissolved, 
and  filtered  ;  the  oiyde  of  chrome  is  finally  to  be  precipitated  by  caustic  potash.  It  will 
i>e  of  a  greenish-blue  color,  and  being  washed,  must  be  collected  upon  a  filter. 

ChromaU  of  Pola-ih,  ad«Ueraliim  of,  to  delect.  The  ehromate  of  potash  has  Ihe 
power  of  combining  with  other  salts  up  lo  a  certain  extent  without  any  very  sensible 
change  in  its  form  and  appearance ;  and  hence  it  lias  been  sent  into  the  market  falsified 
by  very  considerable  quantities  of  sulphate  and  muriate  of  polash,  the  presence  of 
wnich  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  nse  it  so  ex- 
tensively. The  following  test  process  has  been  devised  by  M.  Zuher,  of  Mulhouse. 
Add  a  lai^e  excess  of  tartaric  acid  to  the  chromale  in  question,  which  will  decompose 
it,  anJ  produce  in  a  few  minutes  a  deep  amethyst  color.  The  supernatant  liquor 
will,  if  the  ehromate  be  pure,  afford  now  no  precipitate  with  the  nilrales  of  barj'tes  or 
silver ;  whence  the  absence  of  the  sulphal-s  and  muriates  may  be  inferred.  We  must, 
however,  use  dilate  solutions  of  the  ehromate  and  acid,  lest  bitartrate  of  potash  be  pre- 
cipitated, which  will  take  place  if  less  than  60  parts  of  water  be  employed.     Nor  mult 
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ire  test  the  liquid  till  the  decomposltvoTi  be  complete,  and  till  tLe  colour  verge  mtliei 
towurds  Uie  green  than  tlie  yellow.  Eight  parts  of  tartaric  acid  should  bo  added  to  oni 
of  ehromate  to  obtain  a  sure  and  rapid  result  If  nitrate  of  potash  (saltpetre)  is  the 
adulterating  ineredient,  it  may  be  detected  by  throwing  it  on  burning  coala,  wben 
deflagration  viU  ensDc.  TlkO  green  colour  ie  a  certain  mark  of  the  transformation  of  tha 
ohromieaoid  partially  into  the  chrome  oxide;  which  is  effected  equally  by  the  Bulphor. 
ous  acid  and  sulphuretted  hydrogen.  Here  this  metallic  acid  is  dieoxjgenated  by  thf 
tartaric,  as  has  been  long  known.  The  tests  which  I  should  prefer,  are  llie  nitrates  o 
eilyorandbarjta,  having  (ireviously  added  so  much  nitric  acid  to  the  solution  of  tlie  sub- 

?ected  chromate,  as  to  pievent  tha  precipitation  of  the  chromate  of  alver  or  baryta, 
lie  smallest  adulteration  bv  sulphates  or  muriates  will  thus  be  detected. 
CuEouiuM,   Oxide  of. — Mix  intimately  45   parts  of  gunpowder  with   S140  parts 


ac),  reduce  to  powder,  and  pass  tlir^iign  a  fine  sieve;  fill  a  conical  glass  or  other 

mould  with  this  powder,  gently  pressed,  and  invert  so  as  to  leave  the  powder  on  a 

Kreelain  slab  of  any  hind.  When  set  on  fire  at  its  apes  with  a  lighted  match,  it  will 
rn  down  to  the  boti^m  with  brilliant  coruscations.  Tlie  black  residuum,  being 
elutriated  with  warm  water,  affords  a  fine  bright  gi'een  oxide  of  chromium. 

CiiHOiTHiu,  green  oxide  of. — Ignite  biebromnte  of  potaeh  with  a  quarter  of  its  weight 
of  flowers  of  sulphur,  by  projecting  tha  mixture  into  a  red  hot  orudbla  in  sniall 
Boccesaivfl  portions,  stirring  the  pasty  mass  till  the  excess  of  snlphur  ia  burnt  off ;  pul- 
verize the  cooled  mass,  and  wash  with  water  till  it  affords  uopreoipitate  with  chloride 
of  barium  or  acetate  of  lead.  The  powder  which  remains  on  being  gentJy  dried  is  of  a 
beautiful  green  color,  and  may  be  used  as  a  pigment,  or  to  prepare  pure  chromium. 

CINNABAR)  the  native  red  siilpharet  of  mercury.  It  occurs  somelimes  cryslaltized 
in  rhomboids ;  has  a  specillc  gravity  varying  from  6'7  Eo  8-2 ;  a  flat  conchoidal  fracliire ; 
is  fine  erained;  Opaque;  has  an  adamantine  lustre,  and  a  color  passing  from  cochineal  lo 
ruby  red.  'I'he  fibrous  and  earthf  cianabar  lias  a  scarlet  hue.  It  is  met  with  disseminat- 
ed ia  smnller  or  larger  lumps  in  vein<,  which  are  surrounded  b;  a  black  clay,  and  is  asso- 
ciated with  native  quicksilver,  nmalsnim,  with  iron-ore, leail-glance,  blende,  copper-ore, 
gold,  &o.  Its  principal  localities  are  Alraaden  in  Spain,  Idria  in  the  Schiereraebii^e, 
Kremnitz  and  Schemnitz  in  Hungary ;  in  Saxony,  Bavaria,  Bohemia,  Nassau,  China,  Ja- 
pan, iWcxico,  Columbia,  Peru.  It  ciinsi*ts  of  two  pi  tmes  of  snlphur,  =  32'240,  com- 
bined with  one  of  mercarj-,  =  202,8fi3  ;  or  in  100  parts  of  12'7  sulphur  +  87-3  mercury. 
It  is  (he  most  prolific  ore  of  this  melal;  anil  is  easily  smelted  by  exposing  a  mixture  of  it 
with  iron  or  lime  (o  a  red  heat  in  retorls.  Factitious  cinnabar  is  called  in  commerce 
Vehmiliom,  which  see,  as  also  Mebcuht. 

CINNAMON,  (,CaiineUe,Fr.;  Zimm;,  Germ.)  Is  the  inner  harlj  of  the  2a«rBJ  cinna- 
momuai,  a  handsome-look ii^  tree  which  grows  naturally  lo  Ihe  height  of  ]8  oi  30  feel,  in 
Java,  Sumacm,  Ceylon,  and  other  islands  in  the  East  Indian  seas,  It  has  been  transplant- 
ed to  the  Antilles,  particularly  Guadaloope  and  Martin i^jue,  as  well  as  Cayenne,  but  there 
it  produces  a  bark  of  very  inferior  value  lo  the  Oriental. 

Cinnamon  is  c^thered  twice  a  year,  but  nol  till  after  the  tree  has  attained  to  a  certain 
age  and  maturity.  The  yoang  twias  yield  abarkofbelier  quality  than  the  larger  branch- 
es. The  first  and  chief  harvest  takes  place  from  April  lo  August ;  the  second,  from  No- 
vember to  January.  After  havinf^  selected  the  proper  trees,  all  the  branches  more  than 
three  years  old  are  cut  off;  the  epidermis  i^  first  removed  with  a  two-edged  pruning  knife, 
then  a  longitudinal  incision  is  made  Ihi-ongb  (he  whole  exlenloT  (he  bark,  and  lastly,  with 
the  bluntest  part  of  the  knife,  the  true  bark  is  carefully  stripped  off  in  one  piece.  All 
these  pieces  of  bark  are  collected,  the  smaller  ones  are  laid  within  the  larger,  and  in  this 
stale  they  are  exposed  to  the  sun,  whereby  in  the  progress  of  drying,  they  become  rolled 
into  the  shape  of  a  quill.  These  convoluted  pieces  ace  formed  into  oblon?  bundles  of 
90  or  30  lbs.  weight,  which  are  placed  in  warehouses,  sorted  and  covered  with  mals. 
Qood  cinnamon  should  be  as  thin  as  pnper,  have  its  peculiar  aromatic  taste,  without 
burning  the  (onjue,  and  leave  a  sweetish  flavor  in  the  moulh  The  broken  bits  of 
cinnamon  are  used  in  Ceylon  for  procuring  (he  esseniia!  oil  by  distillation.  445,3(iT  lbs. 
of  cinnamon  were  imported  into  this  kingdom  in  1S35,  of  which  16,G04  only  were  re- 

CITRIC  ACID.  (_Jdde  diriqut,  Fr. ;  Cilronensaure,  Germ.)  Scheele  first  procured 
this  acid  in  its  pure  state  from  lemon  juice,  by  the  following  process.  The  juice  put  into  a 
large  tub,  is  (o  he  saturated  with  dry  chalk  in  fine  powder,  noting  carefully  the  quantity 
employed.  The  citrate  of  lime  which  precipitates,  being  freed  from  the  supernawnl  Ibui 
liquor,  is  (o  be  well  washed  with  repeated  affusion  and  decan (at ion  of  water.  For  every  10 
pounds  of  chntk  employed,  nine  and  a  half  pounds  of  sulphuric  acid,  dilated  with  six 
times  its  weight  of  water,  are  to  be  poured  while  waim  upon  (he  citrate  of  lime.and  well 
miied  with  it.    Al  the  end  of   twelve    hours,  or  even  sooner,  the  citrate  will  be  all 
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decomposed,  dilute  citric  acid  will  float  above,  and  sulphate  of  lime  will  be  found  at 
tliu  bottom.  Tlie  acid  bciiig  drawn  off,  the  calcareous  sulphate  must  be  thrown  on  a 
canvass  filter,  drained,  and  then  washed  with  water  to  abstract  the  whole  acid. 

The  citrio  acid  thus  obtained  may  be  evaporated  in  leadeu  pans,  over  a  naked  fire  till 
it  acquires  the  speeifio  gravity  I'lS  ;  after  which  it  must  be  transferred  into  another  ves- 
sel, evaporated  by  a  eteara  or  water  bath  tiU  it  assumes  a  syrupy  aspect,  when  a  pellicle 
appears  first  in  patche^  and  than  over  the  whole  surface.  This  point  must  be  watolied 
with  great  circumspection,  for  if  it  be  passed,  the  whole  acid  runs  a  risk  otbeing  spoiled 
by  carbonization.  The  steam  or  hot  water  must  be  instantly  withdrawn,  and  tlie  con 
eentrated  acid  put  iiit«  a  crystatllzing  vessel  in  a  dry,  but  not  very  cold  apartment  At 
the  end  of  four  days  the  crystallization  will  be  eompiete.  The  crystals  must  be  drained, 
re-dissolved  in  a  small  portion  of  water,  the  solution  set  aside  to  settle  its  impurities, 
then  decanted,  re-evaporated,  and  re-crystallized.  A  thij^d  or  fourth  orystaDization  may 
be  necessary  to  obtain  a  colourless  acid. 

If  any  eitrfite  of  lime  be  left  nadecomposed  by  the  sulphuric  acid,  it  will  dissolve  in 
the  oitno  acid,  and  obstnict  its  orystallijation,  and  lienee  it  will  be  safer  to  use  the 
slightest  excess  of  sulphuric  acid,  than  to  leave  any  citrate  undecomposed.  There  sliould 
not,  however,  beany  great  excess  of  sulphuric  acid.  If  there  be,  it  is  easily  det«ct«dby 
nitrate  of  bary  tes,  but  not  by  the  acetate  of  lead  as  prescribed  by  some  chemical  authors ; 
because  the  citrate  of  lead  is  not  very  soluble  in  tlie  nitric  acid,  and  might  thus  be  con- 
founded with  the  sulphate,  whereas  citrate  of  barytes  is  perfectly  soluble  ;n  tliat  test 
aciJ.  Sometimes  a  little  nitric  acid  is  added  with  advantage  to  the  solution  of  the 
coloured  crystals,  with  the  effect  of  whitening  them. 

Twenty  gallons  of  good  leisan  juice  will  afford  fully  ten  ponnoa  of  white  crystals  of 

Attempts  were  made  both  in  the  'West  Indies  and  Sicily,  to  convert  the  lime  and 
lemon  juice  into  citrate  of  lime,  but  they  seem  to  have  failed  through  the  difficulty  of 
drying  the  citrate  for  shipment. 

The  crystals  of  citric  acid  are  oblique  prisms  with  four  faces,  terminated  by  dihedral 
summits,  inclined  at  aente  angles.  Their  specific  gravity  is  l'6n.  Tliey  are  unalter- 
able in  the  air.  When  lieatod,  theyinclt  in  their  water  of  crystallization ;  and  at  a 
higher  heat^  they  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which  one- 
half  may  be  separated  in  a  dry  atmosphere,  at  about  100°  F.,  when  tJie  crystals  fall  into 
a  whito  powder. 

Citrio  acid  in  crystals  is  composed  by  my  analysis  of  carbon,  36'8,  oxygen  59*7,  and 
nydrogen45i  results  which  differ  very  httle  from  those  of  Dr.  Prout,  subsequently 
abtained.  1  found  its  atomic  weight  to  be  S'376,  compared  to  oxygen  1,000.  I  canno't 
account  for  Berzclins'a  statements  relative  to  the  composition  of  tins  acid. 

Citric  acid  in  somewhat  crude  crystals  is  employed  with  much  advantage  in  calico- 
printing.  If  adulterated  with  tartaric  acid,  tlie  fraud  may  be  detected  by  adoing  potash 
to  the  solution  of  tlie  acid,  which  will  cause  a  precipitate  of  cream  of  tartar. 

Tlie  manufacture  of  citric  acid  so  closely  reeembles  tiliat  of  tartaric  acid,  that  the  makers 
of  one  commonly  fabricate  Uie  other.  The  raw  material  in  this  case  is  pretty  generally 
a  black  finid,  like  thin  treacle,  which  comes  from  Sicily,  and  ia  obtained  by  inspissating 
the  expressed  juice  of  the  lemon, — the  rind  having  previously  been  removed  from  the 
lefnon  for  the  sake  of  its  essential  oil  This  black  juice  is  impure  citric  acid,  and  I'c- 
qnires  to  be  treated  with  chalk,  as  practised  witli  respect  to  the  first  operation  on 
tartar;  by  which  means,  an  insoluble  citrato  of  time  is  formed;  and  Hiis,  after  being 
well  wadied  with  ccdd  water,  is  decomposed  by  sulphuric  acid;  and  the  solution,  after 


tJiey  can  be  sent  into  the  market^  for  citrio  acid  is  more  tonacious  of  colouring  matter  than 
most  of  the  other  vegetable  acids.  At  Bice,  and  in  the  South  of  France,  a  portion  ol 
chloride  of  lime  is  digested  upon  the  citrato  of  lime,  to  bleach  it  prior  to  decomposition 
by  sulplmric  acid.  For  this  purpose,  the  washed  citrate  is  exposed  in  shallow  vessels 
to  tho  action  of  the  sun's  rays,  covered  by  a  weak  solution  of  chloride  of  lime.  In  a  few 
hours  decolouration  ensues  ;  and  it  is  moreover  stated  that  the  mucilage  which  hangs 
abontthecitrateof  lime,  and  impedes  the  subsequent  crystallization  of  the  acid,  is  in  this 
way  destroyed,  and  the  number  of  re-crystalliKatJons  requisite  to  give  a  saleable  aspect 
to  the  citrio  acid  tbereby  diminished.  Tlie  use  of  chloride  of  lime  for  this  purpose 
seems  nnkaown,  or,  at  leasts  Is  not  practised  in  England.  Of  the  samples  of  citrio  acid 
shown  in  the  Great  Exhibition,  those  &om  Howards  and  Kent,  of  Stratford,  Pontifex 
and  Wood,  of  Millwall,  and  J.  Huskisson,  of  Gray's  Inn  Road,  were  extremely  beautiful ; 
and  in  respect  to  size  and  crystalline  form  surpassed  anything  exhibited  in  tlie  French, 
Fi'usriau,  or  Italian  departments. 

CIVET.      {Uivettf,   Ft.;  Mbeth,   Germ.)    This  substance  approaches  in  smell  to 
musk  and  ambergris ;  it  has  a  pale  yellow  colour,  a  somewhat  acrid  taste,  a  consiMience 
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lilie  tlmt  of  honey,  and  a  very  strong  Hramatic  odour.  It  is  the  prodnot  of  two  BmnK 
quadrupeds  of  tiiu  genus  viverra  (v.  tibelka  and  v.  cioeila),  oi  which  the  one  inhnbiti 
Al'i'ica,  and  tlie  other  Aslu.  They  are  reared  witli  tetidetaess,  especially  in  AbysBJnio. 
The  uivet  is  contained  in  a  sac,  situated  between  the  anua  and  the  parts  of  generation, 
in  either  eex.  The  animiU  frees  itaelf  from  an  encess  of  tliis  secretion  by  a  uontrBctil* 
movement  wjiich  it  exercises  upon  the  sae,  when  tlie  civet  issues  in  a  vermicular 
form  and  is  carefully  collected.  The  negroes  ore  accustomed  to  increase  the  secretion 
by  irritating  tlie  animal ;  and  likewise  introdnee  a  little  butter,  or  other  grease,  by  the 
natural  slit  ax  the  t>a^  which  mixes  with  the  odoriferous  substance,  and  increases  its 
weiglit.    It  is  emploved  only  in  perfumery. 

Accoj'ding  to  M.  Boutroa-Clialard,  it  contains  a  volatile  oil,  to  which  it  owes  i(« 
smell,  some  free  ammonia,  reein,  ta,t,  an  extractiform  matter,  and  mucus.  It  afl'urdsby 
coleinationanash,  in  which  tliere  are  some  carbonate  and  sulphate  of  potash,  phosphate 
ot  lime,  and  oxide  of  iron. 

CLAY  (Argile,  Fr. ;  37i(Hi,  Germ.)  is  a  mixture  of  the  two  simple  earths,  alumina 
and  silica,  generally  tinged  with  iron,  lime,  magnesia,  with  some  otlier  colouring  me- 
tallic oxides,  are  oeeosioaally  present  in  small  quantities  in  certain  natotal  clays. 

The  diHerent  varieties  of  clay  possessi.  Ihe  following  comiuou  characters'. — 

1.  They  are  readily  diffusible  through  water,  and  are  capable  of  forming  with  it  a 
plastic  ductile  moss,  which  may  be  kneaded  by  hand  into  any  shape.  This  plasticity 
exists,  however,  in  very  different  degrees  in  the  different  clays. 

2.  They  concrete  inki  a  hard  mass  upon  bein^  dried,  and  assume,  upon  exposure  to 
the  heat  of  ignition,  a  degree  of  hardness  sometimes  so  great  as  to  give  sparks  by  col- 
lision with  hai'dened  steet  In  this  stat*  they  are  no  longer  plastic  with  w?ter,  even 
when  pulverised.  Toierablypureclajs,  though  infusible  in  the  furnace,  become  readily 
so  by  the  admixture  of  lime,  iron,  manganese,  iia. 

3.  All  clays,  even  when  previously  fi'eed  from  moisture,  shrink  in  the  fire  in  virtr.e 
of  tlie  reciprocal  affinity  of  their  particles;  they  are  very  absorbent  of  water  in  their 
dry  slate,  and  adhere  sti'ongly  to  tlie  tougue. 

4.  Uchrej',  impure  clays  emit  a  disagreeable  earthy  smc^ll  when  breatlied  upon. 
Bixingniart  distributes  the  clay  into; — 

1.  i'ire-clayn  (argile*  apyre«,  I'r. ;  feutrfeate.  Germ.) 

2.  Fusible,  {wanflzbaTc,  Germ.) 

5.  I'ffervBsemg  ifirataende.  Germ.)  from  the  presence  of  chalk. 
4.  Ochrey  (ocrewsej^  Fi". ;  ockrige.  Germ.) 

Fire-clay  is  found  in  the  gi'catest  abundance  and  perfection  for  manufacturing  pur 

1.  m  „      ^ 
dull,  or  glimmering  from  admixture  of  particles  ol 

sometimes  to  earthy.  Fragments  tabular.  Soft,  sectile,  and  easily  broken,  oj).  ur.^^  a  o. 
Aiilieresto  the  tongue,  and  breaks  down  in  water.  It  occurs  along  with  inf  root, '  which 
see.  tjlate-clay  is  ground,  and  reduced  into  a  paste  with  water,  formalting  fire-blicks; 
for  wnich  puipose  it  should  be  as  free  as  jwsaible  from  lime  and  iron. 

2.  VomnioTt  elan  '"'  ^oo'i'i- — This  is  an  impure  coai«e  pottery  clay,  mixed  with  iron 
ochr^  and  occasionally  with  mica.  It  has  many  of  the  external  cnaTacters  of  plastic 
clay.  It  is  soft  to  the  touch,  and  forms,  with  water,  a  somewhat  tenacious  paste; 
but  is  in  general  less  compact,  more  friable,  than  the  plastic  clays,  which  are  more 
I'cadily  diSusihIe  in  water.  It  does  not  possess  tJie  pro]>crty  of  acquiring  in  water 
tliHt  commencement  of  transiucency  which  the  purer  clays  exliibit  Altliougli  soft 
to  the  touch,  the  common  clay  wants  unctuositv,  properly  so  called.  The  best  ex 
ample  of  this  argillaceous  substance  is  afforded  in  tlie  London  clay  formation,  which 
consiats  chiefly  of  bluish  or  blackish  clay,  mostly  very  tough.  Tliose  of  itsstrata  which 
effervesce  willi  acids  partake  of  the  nature  of  marl.  Tliis  clay  is  fusible  at  a  stj'ung  heat 
in  consequence  of  the  iron  and  lime  which  it  contains.  It  is  employed  in  the  manu- 
facture uf  bricks,  tiles,  and  coarse  pottery  ware. 

8.  Pattet'i  d(a/,  or  Flattie  day. — This  species  is  compact,  soft,  or  even  unctuous  to 
the  touch,  and  polishes  wiUithe  pressure  of  the  finger;  it  forms,  with  water,  a  tenacious, 
very  ductile,  and  somewhat  translucent  paste.  It  is  infusible  in  a  porcelain  kiln, 
but  assumes  in  it  a  great  degree  of  hardness.  Werner  calls  'A  pipe-day.  Good  plastic 
clay  remains  white,  or  if  gray  before,  becomes  white  in  tlie  porcelain  kiln. 

The  geolt^cal  portion  of  the  plastic  clay  is  beneath  the  London  clay,  and  above  the 
iftud  which  covers  the  chalk  formation.  Tlie  plastic  clay  of  the  Paris  hssm  is  desciibed  aa 
consisting  of  two  bedj  separated  by  a  bed  of  sand.  The  lower  bed  is  the  proper  plasljc 
clay.  The  plastic  clay  of  Abondant,  near  the  forest  of  Dreux,  analyzed  by  Vauquelin, 
gave— 

Silica,  43-5;    alumina,  33-2;    lime,  0-35;    uon,  1 ;    water,  IS. 


Tills  clajia  employed  ma  Art  elav  for  making  Uiebnogsoi 
sure  cases,  in  which  ctiina  wure  is  Bred. 


Tlie  plastic  clay  of  Doraetsiiire  and  DeTonshira  suppiias  the  great  Staffoi'dsUire  pot- 
tflviee.  It  is  gray-coloured,  leas  unctuous  than  that  of  Dreux,  and  consequently  niuie 
friable.  It  beeomea  vhito  in  tha  pottery  kiln,  and  is  infueible  at  that  heat.  It  causes 
BO  affarveseenee  with  nitric  acid,  but  fells  down  quickly  in  i^  and  beeomea  liifjiiur 
ooloured.  Ito  refractoiiuess  allows  of  a  harder  glftie  being  applied  to  the  ware  fonuuci 
from  it  without  risk  of  the  heat  requisite  for  makiag  the  glase  Mow  afiectina  the  biscuit 
either  in  shape  or  colour.  "  Most  of  the  plastic  elaya  of  France,"  says  M.  Brongniait, 
"  employed  for  the  game  ware,  have  the  disadvantt^e  of  reddening  a  little  in  a  some  wliat 
Strang  heat ;  and  hence  it  becomes  necessary  to  cuat  them  with  a  soft  glaze,  fusible  by 
means  of  excess  of  lead  at  alow  heat,  in  order  to  preserve  the  white  appearance  of  the 
biscuit  Such  a  glaze  has  a  dull  aepect,  and  oraoka  readily  into  iunnmerable  fisBurus  by 
alternations  of  hot  and  Cold  water."  Hence  one  reason  of  the  vast  inferiority  of  tlie 
French  stonn-wara  to  the  Etiglisli. 

i.  Fvrcelaiii  clay  or  Kaolin  earth. — The  Kaolins  possess  very  eharaetaristio  proper- 
ties. They  are  friable  in  the  hand,  meagre  to  tiie  touch,  and  difficultly  form  a  paste 
with  water.  When  freed  from  the  coarse  and  evidently  foreign  particles  interepei'sed 
thi'ougli  them,  thay  are  absolutely  infusible  in  the  porcelain  kiln,  and  retain  their  white 
colour  unaltered.  They  harden  with  heat  like  other  clays,  and  perhaps  in  a  greater 
degree ;  but  they  do  not  acquire  an  equal  oondensation  or  solidity,  at  least  when  tliey 
ai-e  perfectly  pure.  The  Kaolins  in  general  appear  Ui  cunaist  of  alumina  and  silica  iu 
neariy  equal  propoi'tlotis.  Moat  of  tho  Kaolin  clays  contain  some  spangles  of  mica 
which  betray  their  origin  from  didntegrated  granite. 

This  ori^n  may  be  regarded  aa  one  of  their  most  distinctive  features.  Almost  all 
the  porcelain  claj'a  are  evidently  derived  from  tha  decomposition  of  the  felspars,  granites, 
and  principally  those  rocka  of  felspar  and  quartz,  called  graphic  granite.  Uenea  they 
arc  to  be  found  only  in  primitive  mountain  distiitta,  among  banks  Or  biouks  of  granite, 
forming  thin  seams  or  partings  between  them.  In  tlie  same  partings,  quartz  and  mica 
occnr,  being  relics  of  tlie  granite;  while  some  seams  of  Kaolin  retnin  tha  external  form 
of  felspar. 

The  most  valuable  Kaolins  have  been  found; — 

In  Ciiina  and  Japan.  The  specimens  imported  fiMm  these  countries  appear  pretty 
white ;  but  are  more  unctuous  to  the  toucli,  and  more  micaceuua  than  Uie  porcelain 
claj-s  of  France. 

lu  Soxony.  The  Kaolin  employed  in  the  porcelain  manufactories  of  that  country 
has  a  slight  yellow  or  Mesh  colour,  which  disappears  in  the  kiln,  proving,  as  Wallerius 
observing  that  this  tint  is  not  owing  to  any  metallic  matter. 

In  France,  at  Saint-Yriex-la-I'erehe,  about  10  leagnea  from  Limoges.  The  Kaolin 
oooura  tliere  in  a  bed,  or  perEiapsa  vein  of  beds  of  granite,  or  ratlier  of  that  felspar  rack 
called  Pe-tun-tae,  which  exists  liere  in  every  stage  of  decomposition.  This  Kaolin  is 
generally  white,  but  sometimes  a  little  yellowish,  with  hardly  any  mica.  It  is  meagre 
to  the  touch,  and  some  beds  include  large  grams  of  quartz,  called  pebbly  by  the  Cliu-a 
manufacturers.  This  variety,  when  ground,  affords,  without  the  addition  of  any  fosibl* 
ingredient,  a  very  transparent  poi'celain. 

Near  Eavoaue.  A  Kaolin  pcrasesaing  the  lamellated  structure  of  felspar,  in  many 
places.    The  rock  containing  it  is  a  graphic  granite  in  every  stage  of  decomposilJon. 

In  England  in  the  county  of  Cornwall.  This  Kaolin  or  China  clay  is  very  w>iite, 
and  mure  unctuous  to  tha  touch  than  those  upon  the  continent  of  Europe  mentioned 
above.  like  them  it  results  from  the  decomposition  of  tbe  felspars  and  granites,  occur- 
ring in  the  middle  of  these  rooks.  Mr.  Wedgewood  found  it  to  contain  60  of  alumina 
or  pure  clay,  and  40  of  silica,  in  100  parts. 

Pure  clay,  the  alumina  of  the  chemist,  is  absolutely  infusible;  bnt  whan  subjected  to 
the  tire  of  a  porcelain  kiln,  it  contracts  into  about  one-half  of  its  total  bulk.  It  must, 
however,  be  heated  very  eautionaly,  otherwise  it  will  decrepitate  and  fly  in  pieces,  owing 
to  the  sudden  expansion  into  steam  of  the  water  combined  with  its  particles,  which  is 
retained  with  a  couaiderable  attractive  force.  It  possesses  little  plasticity,  and  con- 
sequeutly  atfords  a  very  short  paste,  which  is  apt  to  crack  when  kneaded  into  a 

It  is  not  only  infusible  by  itsel£  but  it  will  not  dissolve  in  the  fusible  glasses; 
making  tliem  merely  opaque.  If  either  lime  or  silica  be  added  separately  to  pure  clay, 
in  any  proportion,  the  mixture  will  not  melt  in  the  most  violent  furnace ;  but  it  alumiiio, 
lime,  and  silioa  be  mixed  together,  the  whole  melta,  and  the  more  readily,  the  nearer  the 
mixture  approaches  to  the  following  proportions : — i  of  alumina,  1  of  Ume,  aud  S  of 
sand.  If  the  sand  be  increased  to  Mva  parts,  the  compound  becomes  infusible.  Thesa 
interesting  facts  show  the  teciptooal  action  of  those  earths  wliich  are  mixedmoat  com- 
monly in  nature  with  alumina. 
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troll  in  email  quantity,  but  in  a  state  not  precisely  deteiinined,  though  ^vobuMy  ol 
protoxide,  does  not  colour  tlte  clays  till  they  aia  Butijeoted  to  a  powerful  heat,  Thert 
are  very  white  claya,  BU«h  as  those  of  Moatireau,  wliith  do  not  become  red  till  calcined 
in  the  )>orcelBiii  kiln ;  the  oxide  of  iron  contained  in  them,  which  cnlonrs  them  in  that 
case,  was  previously  imperceptible.  It  appears  &om  this  oirenmBtance,  that  the  claya 
£t  fur  making  fine  white  atune  ware,  as  also  the  Kaolins  adapted  to  the  manufacture  of 
porcelain,  are  very  rai-e. 

Iron  in  larger  proportion,  usually  colours  the  clays  green  or  slat^-blue,  before  they 
have  been  heat«a.  Such  days,  exposed  to  the  action  of  fire,  become  yellow  or  red  ac- 
cording to  the  Quantity  of  iron  which  they  eontwn.  When  the  iron  is  very  abundant, 
it  I'eiK&rs  the  clays  fu^lite ;  but  a  little  hme  and  silica  must  also  be  present  for  this 
effect,  The  earthenware  made  with  these  ferruj^nous  clays  can  bear  but  a  tnoderate 
baking  heat;  it  is  thick,  porous,  and  possesses  the  advantage  merely  of  cheapness,  and 
of  bearing  considerable  altei'nations  of  temperature  without  breaking. 

Alumina  and  the  very  oluminous  oatnral  clays  which  possess  most  plasticity  are  apt 
to  crack  in  drying  or  to  lose  their  shape.  This  very  serious  defect  for  the  purposes  of 
pottery  is  rectified,  in  some  measure.  t>y  adding  to  tliatearthacertainquantity  of  sand 
or  aiheo.  Thus,  a  compound  is  formed  which  possesses  less  attraction  for  water  and 
drits  more  eqnably  from  tlieoiwunessof  its  body.  The  principal  causes  of  the  distortion 
of  earthenware  vessels,  are  the  unequal  tliivkness  of  their  pai^  and  quicker  desiccation 
upon  one  side  tlvan  another.  Hard  burnt  stone-ware  ground  to  powder,  and  incorpo- 
rated with  clay,  nnswei's  still  better  than  sand  for  counteractidg  the  great  and  irregulai 
contraction  which  natnral  pottery  paste  is  apt  to  experience.  Such  ground  biscuit  is 
called iMjneni;  and  its  grains  interspersed  through  the  ware,  may  be  regarded  as  so 
many  solutions  of  continuity,  nhiuh  arrest  tlie  fissures. 

The  preceding  observations  point  out  tlie  principles  of  those  arts  which  employ  clay 
for  mouldiuff  by  the  wheel,  and  baking  in  a  kiln.    See  Poroblain  and  PoriEBV. 

Tlie  elieniical  corapositiou  of  the  clays  shown  at  tJie  Great  Exbibitiou  was  unfor- 
Innately  not  given,  as  it  ought  to  have  been.  The  injnrions  effect  of  this  ignorance  will, 
by-and-by,  come  nnder  consideration,  when  speaking  of  the  art  of  the  potter;  but,  for 
ibe  present,  we  shall  content  ourselves  witJi  a  hasty  glance  at  the  various  specimens  of 
clay  exhibited  in  Class  L,-rfidilin5  as  osual,  a  few  pi-aetieal  liinls  for  the  analysis  of 
these  sutetanoes,  together  with  some  analytical  investigations  recently  made  upon 
average  market  samples  of  cloy,  for  the  express  purpose  of  elucidating  this  obscure 
subject.  In  a  manufacturing  poLnt  of  view,  clays  may  be  conveniently  divided  into  three 
classes;  for  although  a  fourth  (that  is  to  say,  common  marl  clay)  exists,  yet;  as  its  em- 
ployment  is  limited  to  the  malting  of  bricks  and  other  coarse  articles  in  which  improve- 
ment is  nearly  hopeless,  so  far  as  regards  material,  we  sliall  confine  our  observations  to 
the  three  finer  qualities,  named,  respectively,  obino  clay  or  koolin,  fire-clay,  and  pottei^'s 
clay.  In  china  clay,  Jenkins  &  Courtney,  of  Ti'uro ;  Whitley  of  Tniro ;  0.  Thriaoutt,  of 
St,  Austell  i  the  West  of  England  Cliina  Stone  and  Clay  Company  ;  Tmscott,  Martyn, 
Brown,  Micbell,  and  Wheeler,  Piiilip  &  Co.,  all  of  Bt.  Austell ;  and  W.  Phillips,  of 
the  Morley  Worts,  near  Flympton,  together  with  Sir  Q.  Hodson,  Barf.,  of  Wickiow  in 
Ireland,  exhibit  some  samples  of  great  beauty  and  apparent  purity.  In  fire-elay,  th« 
articles  shown  by  King  &  Co.,  Squires  &  Son,  and  F.  T.  Rnfford,  of  Stourbridge,  with 
those  from  Cowan  &  Ca,  Ramsey  &  Co.,  and  Potter,  of  Beweastle,  ore  excellent;  and 
a  sample  from  Pease  of  Darlington,  also  deserves  notice.  In  potter's  clay,  Wliiteway, 
Watts,  A  Ca,  of  Dorset;  Favle  &  Co.,  of  Thames  Street,  London;  W.  &  J.  Peike, 
of  the  Isle  of  Purbeck;  N.  Burnet,  of  Gateshead;  and  the  North  Devon  Pottery 
Company,  are  the  moat  i-emarkable,  though  tliere  are  many  very  respectable  looking 
samples  from  other  quarters. 

In  the  manufacture  of  earthen  ware  goods,  it  is  indispensably  necessary  to  mix  the  clay, 
in  the  first  instance,  with  some  infusible  material,  wliioli  does  not  contract  or  duninisli 
under  the  inHuence  of  heat ;  for  all  kinds  of  clay  slirink  very  moch  by  the  action  of  a 
high  and  prolonged  temperature,  and  are  therefore  liable,  during  such  exposure,  to  warp 
and  twist  out  of  shape,  or  become  cracked  in  the  furnace.  Hence  a  remedy  is  sought 
as  above  indicated,  and  for  tiiis  purpose,  silica,  in  a  minute  state  of  division,  is  generdly 
preferred  ;  though  felspar,  and  n  kind  of  decomposing  granite,  called  Cornish  stone,  are 
also  used.  But  whatever  may  be  the  material.  Its  introduction  into  flie  body  of  the 
earthenware  is  conducted  on  purely  empirical  principles,  for,  as  the  composition  of  the 
clay  is  unknown,  no  attempt  can  be  or  is  made  to  effect  a  combination  in  nniaon  with 
the  laws  of  chemical  affinity.  The  substances  employed  are  recognised  only  as  clay,  and 
perhaps  ground  flint;  nor  b  any  other  test  used  to  ascertain  the  proper  proportion  of 
each  towards  the  othei-,  tlian  the  nncertain  judgment  of  a  workman,  or  the  equally 
fellacious  practice  of  an  established  rule.  As,  however,  all  clays,  in  a  state  of  natural 
purity,  consist  of  silica  and  alumina,  united  together  in  definite  atomic  proportion^ 
there  can  be  no  doubt  that  perfection  in  earthenware  depends  upon  this  simple  law ;  and 
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tliut  thfl  only  tene  modo  of  faLricating  a  unifomi  and  really  valuable  kind  of  patlcry- 
v/aie,  would  be  to  follow  out  the  indieations  of  nature,  and  oonstanlly  preserve  anatomie 
ratio  in  tlie  admi.vtiii'e  of  tbe  Hint  and  clay  of  wbiuh  that  pottery-waro  ia  coinposed. 
Of  couree,  under  exbting  circuinatanues,  this  is  impossible  ;  for,  aa  we  have  previously 
remarked,  the  preoiae  composition  of  the  ditferent  cUya  used  in  the  arts  is  totally  nn- 
known  ;  and,  independent  of  any  chemiwd.  diffiuolties  Uiat  may  be  presumed  to  exist  in 
determining  thb  important  fact  for  tliemselves,  onr  manufacturers  may  justly  plead  that 
no  eimple  and  satialaotory  mode  of  aoaiyzing  clay  has  yet  been  published.  Henoetlie 
preeetit  empincal  system  is  niiivereal ;  and  tlie  acuideutal  admixtures  it  produees  testily 
to  the  truth  of  our  remarks,  by  cracking  and  flying  to  pieces  under  very  trivial  altera' 
tiousof  temperature,  no  less  to  the  anuoyauee  than  fogs  of  tlie  pnbUo  at  large.  Hor  can 
ttiis  be  wondered  at,  wheu  it  is  remembered  tliat,  in  almost  every  tea-enp,  saucer,  of 

Elate  upon  our  tables,  the  laws  of  natural  combiiiatjon  have  been  violated  by  the  pre va- 
mceof  an  artificial  and  iuoompatible  form  of  airangemenl,  the  work  of  sheer  ignorance 
and  cliaiice.  So  far  as  our  inveatigationsiiave  yet  gone,  it  appears  that  kaolin,  or  china 
Jay,  has  onsen  from  tbe  decompoaition  of  felspar  under  two  dilfereat  conditions;  for  tbe 
resulting  compound  is  not  alike  in  both  casea;  though  to  what  uause  this  dilterenoe  can 
beaaeribed  we  are  unable  with  certainty  to  say.  Felspar,  in  it  original  stat^  has  exactly 
the  same  composition  as  anhydrous  alum,  with  this  exueption,  that  in  tlie  one  ease  the 
bases  are  United  tfl  snlphnrio,  and  in  the  other  to  siUeic  aoid.  Felspar,  Uierrfore,  con- 
sisU  of  one  atom  of  potash  and  one  of  silica,  united  to  two  atoms  of  alumina  and  three 
:■(  silica  ;  or,  in  other  words,  it  is  formed  of  the  silicate  of  potash  and  the  silicate  of 
alumina,  Combined  in  tlie  ratio  of  one  atom  of  the  former  to  twoof  the  latter.  Now,  it 
is  found  thal^  when  felspar  is  long  exposed  to  tlie  action  of  tbe  weather,  it  bocomcs 
distutegrated  and  falls  into  a  state  of  powder,  wliieh,  ultimately,  by  absorbing;  water, 
assumea  a  pasty  eon^tenee,  and  thus  forms  the  article  called  china  clay.  The  natureof 
this  decomposition  is  not^  however,  uniform  or  invariable,  for  analysis  proves  tliat  the 
residuary  produce  has  not  always  the  same  composition.  When  felspar  decomposes  in 
an  absolutely  wet  or  rainy  atmospbei'e,  tbe  silieate  of  potash  would  appearto  be  simply 
washed  away  by  the  excess  of  water ;  and,  in  tliis  eaae,  the  resulting  clay  has  a  composi- 
tion of  tbreeatoms  of  silica  and  twoof  alumina;  but,  when  merely  a  moist  atmosphere 
has  e.tiated,  then  the  silicate  of  potash  itself  seeina  to  become  decomposed,  probably  by 
carbonic  acid,  thus  leaving  tlie  whole  of  the  silica  united  to  the  alumina ;  the  potash 
then  esi^aping  aa  a  carbonate.  Under  such  circumstances,  we  have  found  cliina  clay  to 
consist  of  four  atoms  of  silica  and  twoof  ahimina;  or,  what  is  the  same  thing  of  two  of 
acid  and  one  of  base.  Of  coni^e  an  alternating  atmoapEiere  would  produce  a  mixtiiic 
of  these;  and  such  layers  may  actually  be  traced  in  many  specimens  of  clay,  as  though 
the  aamnier  and  winter  portions  of  the  year  had  each  ntrnished  a  distinctly  separate 
amount  of  decomposed  fdspar.  But  felspar  ia  not  the  only  aource  from  whence  our  sili- 
cate of  alumina  has  been  formed;  as  there  are  many  other  minerals  which,  by  the  action 
of  the  atmosphere,  furnish  claj'sof  different  compositions;  thus,  the  substances  kuowu 
to  mineralogists  nnder  the  names  leucite,  albite,  analcime,  nephelioe,  mesotype,  and 
aodalitfl,  all  yield  silicate  of  alumina,  whicb  contains,  indeed,  various  proportions  of  the 
two  ingredients,  but  is  nevertheless,  in  a  commercial  sense,  clay.  In  point  of  fact  even 
granite  Itas  contributed  ita  quota  to  the  clay  formation,  for  though  slowly  and  imper- 
lectJy,  yet  in  time  it  crumbles  down  into  supersilioate  of  alumina :  as  may  be  noticed 
by  oaretuUy  examining  tbe  once  smooth  surface  of  the  granite  on  Waterloo  and  London 
Bridges,  wliich  is  gradually  assuming  a  cavernous  character.  With  such  evidence  be- 
fore us  of  the  infinite  variety  existing  in  clay,  it  is  surely  high  time  that  the  attention 
of  manufacturers  was  directed  to  the  necessity  of  analysing  this  snbatance,  and  adding 
to  it  neithec  more  nor  less  silica  than  is  sufBcient  to  produce  a  useful  atomic  compound. 
The  proper  pTOportion  might  soon  be  arrived  at  by  a  few  carefully  conducted  experi- 
ments, after  wbi<ji  the  whole  of  the  uncertainty  dow  connected  with  differences  in  the 
material  would  vanish  for  over,  and  with  it  no  small  amount  of  the  loaa  occasionally 
caused  by  earthenware  spoilt  or  broken  in  the  kiln. 

To  determine  the  quantity  of  alumina  in  cloy,  a  ^vea  weight  of  fhia  aubstanee,  say 
100  grs.,  well  dried  and  in  nne  powder,  should  be  mixed  witli  double  its  weight  of  fluor 
ipar,  also  in  fine  powder,  then  the  mixture  placed  in  a  platinum  or  leaden  vessel,  and 
about  400  grs.  ofstrongsulphnrio  acid  poured  over  it  M  est  expose  the  whole  to  a  heat 
of  rrom:J12»  to  260°  Fahr.  for  half  an  hour;  then  odd  three  or  four  ounces  of  woter,  and 
throw  the  mixture  on  o  filter,  adding  a  little  water  at  the  endof  the  filtration,  so  as  to  ob- 
tain the  whole  of  the  soluble  matter.  To  tbe  filtered  fluid  add  now  an  excess  of  a  solu- 
tion of  ommonia,  by  which  the  alumino  will  be  precipitated ,  and  this,  after  being  well 
washed  on  a  filter,  and  dried  ot  a  red  heat^  must  have  its  amount  determined  by  the  bal- 
ance. H,  however,  the  precipitate  thrown  down  by  ammonia  has  a  deep  yellow  or  red 
3oiour,  the  presence  of  iron  is  indicated ;  and  this  must  be  removed  before  drying  the  alu- 
niina.     For  this  purpose,  a  quantity  of  tartaric  aoid  should  be  added,  so  as  to  redissoive 
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the  mixed  precipitate,  UDdthe  solution  slightly  supersaturated  with  carbon  te  of  so  la 
wlien,  on  adding  hydrosulphate  of  aniinonia,  the  iTOn  will  eepai'ite  at  a  bla  k  Ipliu  I. 
leafing  tlie  aluinioa  still  in  solution;  from  whence  it  may  he  obtained  (13  p  a  g 
tlie  wliole  to  dryness,  heating  red  liot,  a,Qd  then  wasliiiig  away  the  alkal  n  salt  bj 
hot  water ;  the  alumina  is  then  left  pure,  and,  after  being  dried,  may  be  n  gh  <i  A 
tlie  presence  of  iron  in  clay  is  a  serious  drawback,  the  quantity  of  bla  k  sul[  hu  t 
formud  becomes  a  good  indication  of  the  Impurity  of  the  sample  onder  exammat  n, 
and  13  therefore  worthy  of  notice. 

Although  the  proportion  of  alumina  in  claj  is  the  chief  coramerctH]  feat  e  quir  1 
by  the  inakera  of  earthenware,  yet  it  may  sometimes  be  requisite  to  determine  also  the 
amount  of  silica  present;  which  may  be  done  by  fusing  togeCher  in  an  iron  crucible  or 
pan,  at  a  full  redheai^  one  part  of  the  elay  in  question  with  three  parts  of  pure  potash, — 
both  beine  in.  fine  powder,  and  carefully  mixed  before  fusion.  The  fused  mass  musl, 
when  cold,  be  boiled  for  sometime  in  water,  until  it  is  tborouglily  disintegrated ;  when 
it  should  be  poured  into  a  porcelain  vessel,  and  supersaturated  with  muriatic  acid ; 
after  which,  by  evaporatiug  to  dryness,  a  residue  will  be  obtained,  that^  ifter  careful 
washing  with  boiling  water,  consists  merely  of  die  silica  contiuned  in  tlie  .<iay  in  ques- 
tion. After  being  heated  rad  hot,  it  may  be  weighed  as  usual  If  lime  be  suspected  to 
exist  with  the  alumina  in  clay,  this  may  he  separated,  wlien  in  solution,  by  means  of 
tartaric  acid  and  carbonate  of  soda,  as  above  indicated;  tor  in  such  eases,  the  lime 
will  fall  at  once  as  a  carbonate,  leaving  the  alumina  behind  in  the  fluid.  Independent, 
howevei',  of  the  defects  in  Biitisb  earthenware  due  to  tlie  non-atomic  admixture  of  its 
ingredients,  there  are  others  arising  out  of  the  nature  of  the  ingredients  themselves; 
so  that,  taken  as  a  whole,  we  cannot  avoid  coming  to  the  unpleasant  conclusion,  tliat, 
in  thegi'eat  arenaof  competition  at  the  Crystal  Palaee,  Cnglaud  is  deuidcdiy  beaten  in 
the  manufacture  of  fine  earthenware,  even  by  countries  groatly  its  inferiora  in  capital, 
intelligence,  and  natural  resources.  France,  Unrmauy,  Sweden,  Denmark,  Spain,  Uua- 
sia,  Turkey,  and  China,  all  exhibited  porcelain  of  a  quality  unmatched  by  onytliiiig 
in  the  British  department,  and  no  more  lamentable  contrast  could  possibly  be  drawn 
tlian  between  the  chemical  apparatus  from  Saxony  and  the  clumsy  abortions,  whicii, 
under  that  name,  disflgured  some  of  the  compartments  claimed  by  one  or  two  of  unr 
btattordshire  mannfactm'ers.  In  the  one  case  we  And  a  realty  handsome,  hght,  and 
elegant  article,  the  glaze  of  which  has  evidently  penetrated  tliroughout  the  entire  sub- 
stance of  the  body,  and  has  converted  the  whole  into  a  uniform  vitrilication ;  in  the  other, 
a  thick,  coarse,  opaque,  and  spongy  mass,  is  merely  glazed  over  on  its  extreme  surface  by 
a  fusible  compound,  having  no  pi'operties  in  common  with  the  body  of  the  article,  and 
indowed  with  very  different  pow "  "~ — ^i-"'—  '■-- '— ■  -  —  "  -'  -ji—  1.,: 1 

1  few  times,  the  glaze  becomes  cm 

een  by  examining  the  eartheuwi.  .   .._  .  __ .  .  

the  unsightly  appearance  caused  by  this  cracking  of  the  glOze  the  whole  evil ;  for 
earthen  vessels  thus  flawed  acquire  the  property  of  absorbing  fluids  into  their  pores, 
and  can  never  afterwards  be  thoroughly  oleaned.  In  spite,  therefore,  of  "warranted 
not  to  absorb,"  and  other  groundless  legends  of  similar  import,  imprinted  upon  many 
British  goods,  a  piece  of  really  non-absorbent  earthenware,  for  common  use,  is  an  actual 
ouriositv  iu  this  country,  and  invariably  suggests  the  idea  of  a  foreign  origin.  JSow 
this  delect  can  be  remedied  only  in  two  ways  ;  and,  as  our  manufacturers  have  vainly 
endeavoured  to  carry  out,  practically,  one  of  these  way^  we  are  not  without  hopes  of 
persuading  them  to  tiy  the  other.    If  a  glaang  material  could  be  discovered,  the  ex- 

Eansiuns  and  contractions  of  which,  by  heat,  exactly  corresponded  with  those  of  the 
iscuit  war^  or  silicate  of  alumina,  under  the  same  influence,  then  the  present  system 
of  covering  a  spongy  body  by  a  coating  of  vitriflable  glaze  would  answer  the  desired  in- 
tention well  enough  ;  for  to  the  cheapness  and  durability  of  earthenware  would  thus  be 
superadded  the  cleanliness  of  glass.  But  this  desideratum  lias  been  sought  for,  over  and 
over  again,  during  the  last  half  century,  and  nothing  but  disappointment  has  resulted. 
In  proof  of  which  we  have  only  to  ask — where  is  that  glaiied  earthen  vessel,  which, 
though  made  expressly  for  tlie  use  of  the  apothecary,  will  I'etain  oil,  after  being  two  01 
tlicee  times  heated  and  cooled!  The  answer  to  this  qnestion  most  beourai'gumeutin 
&vour  of  abandoning  such  a  system  of  glozins,  and  adopting  the  only  other  mode  by 
which  a  non-absorbent  pottery  ware  can  be  fabricated.  The  body  ot  the  wai'e  itself 
must  undergo  a  semivitrification,  as  happens  with  the  finest  kiodofchina;  so  that,  even 
if  by  long  use  the  glaze  come  to  be  fairly  worn  oS,  stiil  the  non-absorbent  principle  would 
remain  as  perfect  as  at  first.  We  know  that  this  is  impracticable  under  existing  circum- 
stances;  and  that,  so  long  as  the  present  empirical  mode  of  compounding  the  materials 
of  which  the  body  of  the  ware  is  made  continues,  no  chance  of  improvement  remains 
A  mixture  of  silica  and  alumina,  in  the  proportion  of  four  atoms  of  the  former  to  one  of 
the  latter,  would  bear  or  require  a  certain  quantity  bf  fusible  material  to  induce  semi 
vitrification  throughout  the  mass;  but  a  compound  of  three  atoms  of  silica  and  one  ul 
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ulumma  would  probabljbe  melted  down  into  n  worthless  slag  by  esaotly  the  same  lui- 
ditiun.  Here  then  lies  the  roat  of  tliat  ditiieulty  which  lia9  hitherto  so  lajuriaiisly  re- 
etritted  the  eTnplojiQent  of  felspar  and  other  yitrifiable  bodies  ia  the  fabrication  ofBnIiiih 
earthenware.  Those  who  have  attempted  to  use  such  substances  have  oceasionallv  sne- 
cceiJed  Ui  admimtian ;  and  nothing  but  tha  unoertainty  of  the  result,  and  repeated 
failures,  have  induced  them  to  abandon  the  employment  of  a  class  of  articles  whith,  if 
capable  of  being  controlled,  erery  intelligent  manulaeturer  admits  would  confer  perfeo- 
tioii  on  his  art.  But  it  is  a  great  mistake  to  suppose  that  these  inequalities  of  aetioii 
arise  out  of  some  peculiarity  in  the  vitrifiable  materials  themselres,  or  are  in  any  way 
the  work  of  cliance.  The  materials  are,  or  ought  to  be,  uniform,  and  certainly  can  Lo 
made  so,  whilst,  for  the  raslv  there  is  no  such  fliing  as  chanco  in  nature, — the  laws  of 
chemistry  are  not  aoeidental  or  Tariable,  they  are  immutable.  We  have  shown,  however, 
tliat  clays  not  only  differ  from  each  otlier,  but,  as  it  were,  from  themselves ;  since,  froia 
the  same  pit,  and  within  a  few  inches  of  tlie  same  apot^  oluys  of  Teiy  contrary  ohaiac' 
ters  may  be  procured.  Plasticity  is  no  more  an  indication  of  the  presence  or  purity  of 
clay,  than  sweetness  is  a  test  of  sugar.  In  a  tough  way  both  these  qualities  have  a 
value ;  but  the  arts  are  now  tast  approaching  an  epoch,  when  all  euoh  fallacious  aids 
must  give  place  to  the  guidanae  of  philosophy ;  and  tlie  sooner  our  manufacturers  be- 
come convmced  of  this  grand  truth  the  better  for  themselves  and  their  country.  The 
propriety  of  knowing  the  exact  composition  of  the  raw  materials  employed  in  any  art  or 
raaijufacture  does  not,  indeed,  admit  of  dispute — it  is  imperative;  and  hence  we  are  tlie 
more  astonished  at  the  scantiness  of  information  respecting  the  analysis  of  so  important 
a  production  as  clay.  In  face  of  such  apathetic  Ignorance,  would  any  one  believe  that, 
iudepeudeutly  of  an  immense  homp  consumption,  our  exports  of  earthenware  last  3'ear 
amouuted  to  a  million  sterling  t  Had  tlie  clays  of  this  country  been  of  a  toternbly  uni- 
form composition,  like  some  of  those  in  China  and  on  the  continent  of  course  mere 
practice  would  long  ago  have  enabled  our  potters  to  produce  articles  of  the  highest 
quality.  But  surely  this  is  a  sorr3'  compliment  to  men  surrounded  by  all  the  resources 
of  science  and  capital.  Whei'e  there  is  no  diflioulty  there  can  be  but  little  merit,  and 
still  less  profit.  It  is  the  great  glory  of  British  enterprise  and  industry  to  despise  so 
low  and  tacile  a  position.  Our  uianufacturers  must  meet  and  overcome  the  trivial 
impedimeiitB  connected  with  variations  in  the  clay  they  purchase,  and,  by  properly  oil- 
justing  the  other  materials  (so  as  to  bring  on  eiLaatly  the  due  amount  of  vitrification 
needed  in  the  body  of  the  ware),  produce,  from  any  kind  of  clay,  articles  identical  witJi 
those  whifeh  other  nations  fabricate  from  the  very  finest  clays  only.  With  the  pro- 
digious commercial  aud  other  advantages  possessed  by  Great  Britain,  the  world  at  lur^o 
ought  to  expect  this  at  our  liands,  auonot  the  sub-mediocre  workmanship  displayed  iii 
the  Great  libihibition. 

Before  quitting  this  subject,  a  few  remarks  upon  the  substances  used  in  the  formation 
of  glazes  may  not  be  inappropriate.  The  million  is  still  supplied  witli  earthenware, 
tlie  glaze  of  which  contains  lead,  and  is,  consequently,  dangerous  to  healtli,  though, 
when  *oll  burned  on,  this  danger  is  greatly  diminished,  from  the  increased  insolubility 
nf  the  silicate  of  lead  in  weak  acids.  It  is,  however,  an  objectionabte  mode  of  glazing 
earthenware,  and  requires  to  be  watched  with  caution,  more  especially  where  borax  is 
used  at  the  same  time,  for  the  borate  of  lead  is  more  easily  acted  onthan  the  silicate.  It 
has  been  lately  su^ested  that  oxide  of  zinc  would  form  a  sufficiently  fusible  compound 
with  silica,  and  is  cheap  ei    '    '  '  '     ■      ■■      '■     ■  ■    ..       ■    ■ 
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suspicions  as  to  the  easy  fusibility  of  silicate  of  zinc,  yet  tiiisis  precisely  one  of  tlioea 
prolilems  which,  from  their  important  sanitary  bearing,  deserve  immediate  investigation. 
On  the  continenta  very  pure  kind  of  felsiiar,  mixed  probably  with  a  little  carbonate  of 
baryta  and  oxide  of  tin,  forms  the  only  glaze  used  upon  porcelain  and  tlie  china  vessels 
intended  for  cliemical  purposes,  Tlus  ^laze  is  practically  perfect.  It  is  so  hard  aa  to 
wiUi^tjnd  the  attack  of  a  file,  and  it  resists  the  action  of  the  strongest  acids  and  aJkal  is 
at  ali  temperatures  below  300°  Fahr, — the  hydrofluoric  acid  and  its  salts  alone  ex- 
cepted. In  the  Frencli,  Saxon,  and  J'rossian  Jepartraenls  of  the  Crystal  Palace,  tliera 
were  several  good  specimens  which  illustrated  the  value  of  tliis  kind  of  glaze 

Amongst  the  English  goods — and  chiefly  those  from  IjtatFordshire — were  a  variety 
of  articles  made  in  what  is  termed  I'arian,  a  compound,  the  unfitness  of  which  for 
statuary  purposes  we  now  briefly  animadvert  upon,  with  reference  however  only  to  its 
emi'ioyment  in  the  liigher  branches  of  Decorative  Art.  The  employment  of  this  ma- 
teriB^  .-  indeet'  any  other  form  of  alumina  where  sharpness  and  symmetry  are  wanted, 
cannot  be  sufficiently  condemned,  since  it  is  totally  contrary  to  the  natural  properties 
of  alumina,  and  betrays  infinite  ignoranoer^ardiug  first  prinelples.  The  philoBophital 
mind  of  Wedgewood  would  have  revolted  at  so  palpable  on  absurdity;  for  not  alone 
v/as  he  well  acquainted  with'  the  centinuous  contractility  of  aluminous  compounds,  bul^ 
taking  advantage  of  that  knowledge,  he  was  able  to  construct  an  instrument  for 
me.isurjng  high  degrees  of  heat,  which,  although  not  rigidly  perfect,  js  at  this  day  still 


uile 


found  tlie  only  available  g\uAe  for  furnace  operations  on  a  large  seale.  And  tlie  value 
of  this  instniraeat  or  pyronieter,  aa  it  is  termed,  depends  upon  tlie  foot,  tjiat  the  longer 
and  higher  the  f^mperatare  t<i  which  elay  is  exposed,  the  emallar  it  beeomea.  '" 
bearing  in  minil  that  oartlienware  is  -  '  '- '  '  -  •  -  -  .■>  ..  i  . 
the  Greek  Slave,  for  example,  correc 

the  heat  of  a  porcelain  fumaee.    The  snmUer  portions  of  the  figure,  ai  .    ^ 

lida,  lingers,  Ac,  would  receive  much  more  of  the  impress  of  tlie  fire  than  the  larger 
ones, — as  Uie  head,  shoulders,  Jio. ;  consequently,  liowever  ajmmetrical  the  originii. 
model  might  have  been,  the  extra  contraetioa  in  the  smaller  parts  most  destroy  every 
thing  like  anatomical  harmony  and  beauty.  Tiie  fingers  would  become  short  and 
dumpy,  and  the  nose  flat  and  snubbed.  But  this  is  asmoll  part  of  the  mischief^  for  since 
elay,  wlien  bm-ni^  is  a  bad  conductor  of  heat,  and  the  action  of  the  fire  is  from  without 
to  within,  the  esterior  of  tlie  figure  must  eoatiaot  vastly  more  tlian  the  interior ;  con- 
sequently, the  outside  becoming  too  small  for  the  inside,  a  scries  of  craclis  or  fissures 
make  their  appearance  to  compensate  for  the  inequality.  These,  of  coorae,  are  filled 
up  by  a  subsequent  operation ;  but,  it  is  needless  to  add,  at  the  expense  of  every  thing 
wbiuh  would  have  rendered  tbo  result  valuable  as  a  work  of  art  The  general  appearance 
of  tlieParian  figui'cs  shown  in  the  Exhibition  bears  us  out  in  this  censure  ;  for  the 
features  are  universally  flat,  soulless,  and  devoid  of  espression  ;  nor  can  we  imagine  a 
more  hopeless  task  than  attempting  to  remedy  this  delect, 

CLOTII,  MANUFACTURE  OF.    See  Cot^n,  Flas,  Weaving,  Wool. 

CLOTH-BISDING.  Nothing  places  in  so  striking  a  point  of  view  the  superior 
taste,  judgment,  and  resonreea  of  London  ti'odesmen  over  those  of  the  rest  of  the  world, 
than  Uie  extensive  substitution  which  they  have  roQently.mode  of  embossed  silks  and 
calieoes  for  leather  in  the  binding  of  books.  In  old  lihi-aries,  cloth-covered  boards 
indeed  may  oecasionaUy  be  seen,  bnt  they  have  the  meanest  aspect,  and  are  no  more 
to  be  coraparedwithourmoderncloth-binding,  than  the /aponol  a  trull  with  the  ballet 
dress  of  Taglionl  The  silk  or  calico  maybe  dyed  of  any  shade  which  use  orfaney  may 
require,  impressed  with  gold  or  silver  fou  in  every  form,  and  variegated  by  omamente 
in  relict;  copied  from  the  most  beautitiil  productions  in  nature.  This  new  style  of 
binding  is  distinguished  not  more  tor  its  durability,  elegance,  and  variety,  than  for  the 
economy  and  diripatch  with  which  it  usbers  the  ofisprmg  of  intellect  into  the  world. 
For  example,  should  a  house  eminent  in  this  line,  such  as  tliat  of  WestJeys,  Friar- 
street^  Doctor's-commons,  receive  6000  volumes  from  Messrs.  Longman  &  Co.  npou 
Monday  morning,  they  can  have  them  all  ready  for  publication  \rithin  the  Ibcredibly 
short  period  of  two  days ;  beiiis  far  sooner  than  Uiey  could  liave  rudely  boarded  them 
upon  the  former  plan.  The  reduction  of  price  is  not  tlie  least  advantage  incident  to 
the  new  method,  amounting  to  fully  CO  per  cent,  upon  tliat  with  leatiier. 

The  dyed  cloth  being  cut  by  a  pattern  to  the  size  saited  U>  the  volume,  is  passed 
rapidly  through  a  roller  press,  between  engraved  cylinders  of  hard  steel,  whereby  it  re- 
ceives at  once  the  impress  characteristic  of  the  back,  and  the  sides,  along  with  embossed 
desiirns  over  the  surface  in  sharp  relie£  The  cover  thos  rapidly  fashioned,  is  as  rapidly 
opphad  by  paste  to  the  stitched  and  pressed  volume;  no  time  being  lost  in  mutual  aJ- 

i'ustmcnts  ;  since  the  steel  rollers  turn  off  the  former  of  a  shape  precisely  adapted  to  the 
itter.  Ilard  glazed  and  varnished  calico  is  moreover  much  less  aa  object  of  depreda- 
tion to  moths  and  other  insecta,  tiian  ordinary  leather  lias  been  found  to  be, 

CLOTH-DBE^IKO,  by  Hegcock  of  Leedi,  without  stretching  the  warp-threads  or 
creasing  the  cloths  from  list  to  list.  He  lays  several  pieces  of  cloth  in  an  extended 
state  above  one  another  upon  a  wooden  platform,  until  a  pile  of  a  suitable  thickness  is 
formed,  a  pei'forated  plate  is  then  brought  down  on  the  cloth  by  screws,  and  steam  is 
admitted  into  a  hollow  chambet  beneath,  from  which  it  penetrates  all  the  folds  of  the 
olotli,  but  is  confined  at  the  sides.    It  seems  to  be  a  purpose-like  invention. 

COAL,  Under  PrrcoiL,  the  composition  of  several  excellent  coals  is  stated,  with 
their  peculiar  qualities,  as  analj'zed  by  me  ;  such  as  theLlangenneck,  Powell's  Dufiryn 
steam  coal,  tlie  Blackley  Hurst  coal,  Lancaehhe,  the  Varley  Kock  vein  coal,  near 
Fontypool.  &e.  The  quantity  of  coals  and  olilm  exported  in  1850  was  8,351,880  tons, 
and  in  1851,  3,47T,060  tons  ;  declared  value  respectively,  1,384,224^.  and  1,302,026J. 

COAL  GAS.  From  what  is  generally  admitted  coneeming  the  impurities  which  exiat 
in  crude  coal-gas,  it  must  be  avideutto  those  conversant  with  the  principles  of  chemistry 
that  these  impurities  can  never  be  thoroughly  removed  by  any  single  reagent,  for  some  of 


whilst  an  agent  capable  of  combining  witt  thelatter,  would  not  at  all  alfeetthe  former 
impurities.  Hence  tlie  process  of  coal  gas  purification,  as  now  carried  on  ^t  the  best 
gas  works,  is  divided  into  two  distinct  parts.  By  one  of  these  the  whole  <(  the  am- 
monia and  a  portionof  the  carbonic  acid  and  aulphurettedhydrogenare  taken  away,  by 
the  other,  the  remainder  of  the  carbonic  acid  and  sulphuretted  hydrogen  are  totally  try 
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moved;  so  that  the  gaa  ultimal^ly  paeaea  forth  to  the  consumer  free  from  all  ooiitami- 
n^itian  either  by  ammonia,  carbonic  acid,  or  sut])hui'etted  liydrogea  gas.  And  tlie  ab- 
sence of  tiieae  impurities  may  at  any  time  be  demonstrated  by  applying  tJie  fuDowiiig 
simple  teats:  —  litmua paper,  aliglitly  reddened  by  an  acid,  wiif  undergo  uo  change 
nhen  held  for  a  few  minutes  iu  a  current  of  the  gas;  thia  proves  the  abtenee  of  am- 
mooia,  for  otherwise  tbe  paper  would  become  blue.  Paper,  dipped  into  a  solution  of 
the  acetate  of  lead,  and  bald  in  a  current  of  the  gas,  wiU  remain  white,  wliieh  ahoivs 
that  the  gas  is  destitute  of  sulphuretted  hydrogen,  as,  under  contrary  eirvuntstatifc^ 
it  would  aaaume  a  deep  brown  or  blacli  Lue.  Lastly,  if  thegaa  be  allowed  to  blow  for 
a  few  minutes  through  a  clear  aoluCiun  of  lime  in  water,  the  solution  will  not  becoine 
milky  and  turbid,  as  it  would  do  if  oarbonio  acid  were  present  in  the  gas.  No  cual  goa 
which  does  not  vindicate  its  puritv  by  reaiating  tiia  analytical  powere  of  the  above 
tesfd  can  be  regarded  as  sufficiently  good  for  the  purposes  of  illumination  and  heating. 
To  separate  the  ammonia  from  coal  gas,  a  variety  uf  modes  is  at  present  ir    " 


:s  the  gas  with  steam,  and  theo  subjec 
la  to  obtain  water,  minutely  divided  ii 
g  a  cousidei'able  surfaun  tor  chemical 


ormes.     With  a  airailar  view  Mr.  Palmi 
the  mixture  to  a  condensing  temperature,  s< 
drips,  lifee  rain  or  dew,  and  therelbre  prest 

action.  Mr.  Johnson  prepares  a  compound,  consisting  of  auiphate  and  biphoaphate  of 
lime,  by  acting  on  burnt  bones  with  sulphuric  acid  ;  and  this  lie  diapones  iii  travs,  so  as 
t4>  absorb  the  ammonia  and  prudui-e  a  minture  of  auiphate  of  ammonia  andphosp'hate  of 
lime,  which,  as  might  be  expected,  ne  finds  an  extremely  eflicient  fertilizing  ]^Feut.  Mr. 
Laming  employe  a  solution  of  chloride  of  calcium  or  muriate  uf  lime,  abeoi'bed  into  saw- 
dust, which  he  disposes  in  the  same  manner  as  that  foilowed  by  Mr.  Johnson,  and  by 
which  the  muriate  of  lime  ia  gradually  deuomposed  with  the  formation  of  carbonate  of 
lime  and  muriate  of  ammonia, — the  reaulting  compound  being  either  valuable  as  a 
maKure,  or  as  a  source  for  the  manufacture  of  sal  ammoniac,  Sulphate  of  lim^  and 
various  other  earthy  metallic  salts,  have  also  been  proposed  and  employed, — such 
as  tlie  sulphates  of  magnesia,  alumina,  zinc,  iren,  and  mangouese,  and  the  chlorides  of 
the  aamo  metals.  With  tlie  exeeption  of  tjie  sulphate  of  Time,  they  do  not,'  however, 
Beem  to  posaeaaany  advantage  over  the  modes  we  have  mentioned  as  now  in  ussforthe 
absorption  of  ammonia;  and  hence  it  may  be  as  well  to  exainiHe  more  minutely  the 
actions  of  those  uiethoda,  and  their  effects  upon  the  gas  uiidergoiug;  purification. 
The  process  of  Lowe  is  entremely  simple  in  theory,  ami,  where  tlie  saving  of  the  a~ 
.^■.^„r«  i^  «„i.  ....  .,K^A.tf  ^i'  i'>i"'^Hance,  has  m"'^  '■  ~" 


.0  object  of  importance,  has  much  to  recommend  it 


Here  tl 

of  the  ac 

ir  the  other  impurities  ore  takeu  away,  with,  however,  tliis 

diflerence  in  tlie  result'. — it  the  gae,  after  quitting  the  condenser,  is  passed  at  once  into 

tlie  lime  purifier,  and  the  scrubber  applied  afWrwarda,  nothing  tut  ammonia  will 

be  removed  by  the  water;  but  if  the  soi'ubber  be  employed  in  the  firat  iastanoe,  then, 

with  every  atomof  amiuouia  taken  away,  one  of  carbuuic  auid  and  sulphuretted  hydro- 

in  will  follow,  and  hence  a  great  economy  of  lime  in  this  way  or-""'  *■"-*' ■- 


either  be  made  before  oi 


hydrosulphate  of  ammonia.'.  It  is.  however,  very  difficult  to  separate  the  whole  of  tbe 
ammonia,  either  free  or  combined  with  carbonic  acid,  by  Lowes  acrubber,  without  the 
application  of  a  very  large  body  of  water;  and  it  has  been  suggested,  that  excessive 
ablution  diminishes  considerably  the  iUuminatiug  power  of  coal  gas.  This  ciruum- 
stance,  if  true — and  it  is  far  from  impivbable — demonati'ates  the  neceasity  of  limiting 
the  action  of  water  upon  gas,  and  must,  in  some  degree,  interfere  with  the  employment 
of  an  otherwise  invaluable  instmment  of  punficatioo.  The  plan  of  Palmer  ia  precisely 
similar  in  its  effect  to  the  scrubber  of  Lowe,  but  more  costly,  and,  ascept  when  con- 
ducted wiih  great  core,  leas  efficacious,  as  the  cntii-e  success  dependa  npou  the  perfection 
of  the  condensation;  for,  unless  the  condensed  water  be  cooled  down  to  tiie  mean  tem- 
perature of  the  atmoaphere,  litUe  or  no  ammonia  will  combine  with  it;  and  tliece  ia, 
moreover,  a  still  greater  danger  of  iiyuriiig  the  iightgiving  power  of  the  gas  by  cou- 
dcuaed  steam,  than  by  an  equal  weight  of  cold  water.  This  method  cannot,  ther^ore, 
be  cooaidered  as  equal  totheformer,mor6eBpeoiall¥wlieu  cool  gas,  of  low  specific  gra- 
vity, is  to  be  purified.  The  mere  recital  of  Johnson  a  proeeaa  almost  details  ite  mode  of 
action ;  and  it  would  scarcely  be  necessary  to  say  more  concerning  it,  but  for  the  con  tiasfc 
it  presents  to  that  of  laming,  and  the  substances  before  alluded  to.  If  the  phosphate  of 
lima  or  bone  eai-ti,  mentioned  as  part  of  Johnson's  mixture,  be  i-egarded  as  a  sfKinge  for 
holding  the  sulphuric  acid  wliiuh  he  employs,  then  tlie  ammonia  is  taken  up  from  the  cos 
by  simple  elective  affinity  with  the  productiuu  of  sulphate  of  ammonia ;  and  this  is.  be- 
yond doubt,  a  true  explanation  of  t]i6  modut  operanS  lU  Johnson's  ease.  Here,  however, 
it  will  lie  noticed  that  nothing  bat  ammonia  ia  removed,  for  the  carbonic  acid  and  sul- 
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[ifini'ettfid  liyilragen  remain  unaffected  ;  consequently  tTiis  Bvstem  might  be  cmplovefl 
either  before  oi-  ai'ter  lime  purifioalion.  Now,  Lamintfs  plan  aiffBrs  altogether  fram  lliis, 
and,  as  willreadilybe  seen,  admits  of  application  only  before  lime  porifleation.  The  foul 
floalgas  from  theeondenaeroontaina  carbonate  of  ammonia  in  a  gaeeons  condition  ;  and 
it  has  lust  been  shown,  that  the  process  of  Laming  depends  upon  the  use  of  muriate  of 
lime.  Eut  at  the  ordinary  temperature  of  this  country  these  two  substances  are  incompa- 
tible with  each  other ;  oiid,  coiisequeatly,  as  fast  as  the  carbonate  of  ammonia  is  bi*ought 
by  the  current  of  gas  into  contact  with  the  murinte  of  lime,  maCual  decomposition  en- 
Euea,  and  both  the  ammonia  and  cavbooic  acid  a.'te  solidified ;  the  former  becoming  con- 
verted into  muriate  of  ammonia,  and  the  latter  into  carbonate  of  iirae,  by  an  interchange 
of  elements  with  tite  munata  of  lime  need  in  the  process  ;  therefore  the  result  differs 
thus  far  from  that  of  Johnson, — tbat  carbonic  acid  as  well  as  ammonia  is  tafaen  from  tlie 


sulphate  of  lime  would  act  in  the  same  way,  though  less  powerfully;  whereas  metallic 
salts,  in  general,  having  more  affinity,  after  decomposition,  for  sulphuretted  hydrogen 
thun  for  carbonic  acid,  will  produce  an  economy  of  lime  by  removing  the  former  and 
not  the  latter  impurity.  Such,  then,  ia  a  descriptive  outline  of  tlie  methods  actually 
followed  at  the  present  day  for  the  purification  of  coal  gas  from  tbe  ammonia  it  con 
tains;  and  although  seemingly  abundant  enough  to  have  exhausted  the  subject,  yet 
there  is  still  an  extensive  field  open  to  improvement  even  here. 

Amongst  the  large  class  of  ammoniaeal  compounds  known  to  chemist^  it  seems 
strange  that  no  one  has  yet  taken  advantage  of  that  interesting  series  which  suil'ers 
decomposition  by  the  mere  application  of  a  moderate  temperatui'c,  evolvinsr  at  the  same 

''^-- [loniacal  gas,  and  yielding,  as  a  residue,  the  substance  oriBinally  employed 

n.     We  ^rnll  enumerate  but  one  or  two  substances  of  this  bind  lor  the 


for  puriOcation. 

pmpose  of  illustrating  our  argument,  leaving  the  whole  question  as  open  as  e' 
practical  investigation.  When  phosphate  of  magnesia  is  exposed  to  the  actioa  oi 
ammoniaeal  gas,  its  acid  becomes  divided  in  such  a  way  as  to.produce  the  triple  sail 
called  ammoniaco-phospbate  of  magnesia ;  and  as  this  is  a  much  niore  insoluble  substance 
than  the  simple  phosphate,  we  have  only  to  pass  impure  coal  gas  through  a  solution  or 
aqueous  mixtui'e  of  tlie  latter,  to  insure  the  precipitation  of  all  the  ammonia  contained 
in  the  gas;  whilst,  at  the  same  time,  the  compound  which  it  haa  formed  with  the 
phosphate  of  magnesia  is  very  easily  decomposed,  so  as  to  admit  of  a  continuous  usage 
of  tlie  same  material ;  foE  at  a  temperature  considerably  below  a  red  heat,  the  triple 
phosphate  of  magnesia  parts  with  all  its  ammonia,  and  becomes  simple  phosphate  again, 
witli  the  renewal  of  its  primitive  power  ae  au  absorber  of  ammoniaeal  vapours.  Boi 
tlie  ammonia  which  is  expelled  by  heat  might  very  easily  be  condensed  in  water,  and 
thus  originate  a  valuable  commodity  for  the  market.  By  this  means  there  eon  be  no 
doubt  phoaph ate  of  magnesia  might  be  employed  over  and  over  again  in  the  purifica- 
tion of  coal  gas,  whilst  the  ammonia  procured  &om  it  would  contain  neither  sulphur 
nor  any  other  impurity.  An  iron  vessel  might  be  used  for  Uie  distillation;  and  if  too 
liigh  a  heat  was  not  given  to  the  phosphate  of  ma^esia,  its  puri^ing  action  would 
remain  unaltered;  thus  presenting  altogether  a  fair  opening. for  tlie  investment  of 
talent  and  iuduatry.  Similarly,  boraeie  acid  deserves  attention,  fwm  the  fecility  with 
which,  even  at  tlie  temperature  of  boiling  water,  it  pai'ts  with  the  greater  poiliou  of 
any  ammonia  previously  uiiited  toil,  at  the  ordiDaiy  heat  of  the  climate  in  thia  country. 
It  offers,  couseyuently,  a  eommodioua  veiiiele  for  collecting  and  conveying  the  ammonia 
of  gas  works  info  puMio  use,  without  the  risk  of  nuisance  or  loss.  Many  other  substances 
possessing  this  double  property  of  absorbing  and  giving  off  ammonia  by  a  trifling  change 
of  tempei-ature  might  be  pointed  out;  but  this  lies  beyond  our  province;  it  is  the  prin- 
ciple only  wliich  we  attempt  to  elucidate,  with  a  view  to  its  practical  application  in 
some  specific  instance. 

Presuming  that  the  impure  gas  has  had  all  its  ammonia  separated  by  proper  treat- 
ment, we  have  now  tooonsider  ia  what  way  the  carbonic  acid  and  sulphuretted  hydrogen 
may  be  most  easily  got  rid  ot  Lime  is  tlie  agent  commonly  selected,  and  all  thiiiga 
dufy  admitted,  there  is  a  great  moss  of  evidence  in  its  favour, — so  much  so,  indeed,  that, 
until  lately,  it  has  had  no  competitor.  At  presenlj  however,  the  oside  of  iron  is  be- 
coming a  formidable  rival;  and  therefoi*  we  prepose  l«  examine  into  their  respective 
merita,  which,  after  all,  are  leaa  alike  than  might  be  supposed  in  two  substances  selected 
to  perform  one  and  the  same  operation.  When  properly  prepared  and  moistened,  lime 
removes  fi'om  impure  coal  gas  botli  carbonic  acid  and  suljihuretted  hydrogen  with 
extreme  energ; ,  and  consequently  effects  thorough  purification  after  tlie  ammonia  haa 
been  got  rid  of.  Oxide  of  iron  combines  only  with  the  aulphuretted  hydrogen  con- 
tained in  the  gaa,  and  not  with  tlie  earbouic  acid;  so  that  coal  gas  purified  in  thia  way 
requires  subsequent  application  of  lime,  or  some  otlier  material  capable  of  combining 
Ivith  carbonic  acid.  Thus  iar,  therefore,  tlieadvantage  is  much  in  favour  of  lime.  But 
whtn  lime  iias  nbsorbed  all  the  impurity  it  can  attract  from  coal  gas,  or,  in  technieol 
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phrase  bfloomaa  "foul,"  it  is  not  only  altogether  useless,  but,  mueh  worse  thantlirs,  iti*» 
Bei'iaus  nuisance,  in  vonaei^iieiice  uf  tlie  evolution  of  aulpliuititted  hydrogen  tlie  aioment 
it  eomes  ID  contact  with  utmosplieric  air,  whiuli  arises  from  the  aution  of  the  atmo 
epheric  carbonio  acid  upon  the  hydroaulpiiate  of  lime  contained  in  the  foul  ninss. 
Gas-lime  refuse  is  therefore  a  grave  iiicunveiiiance  to  many  gas  companies.  Kow  with 
oxide  of  iron  no  such  inconvenience  is  felt ;  for  this  aubstanue  in  uniting  with  sulphu- 
retted hydrogen  produces  a  compound  which  3'ields  nu  noxiousor  unhealthy  emanations 
by  tliB  contact  of  air,  but  is,  under  sueb  influence,  simply  oxidized,  and  in  a  great  measure 
restored  Co  its  primiUve  power,  so  that  it  may  be  used  over  and  over  again,  ten,  twenty. 
or  even  thirty  times  in  suocession.  These  pecniiaritiea  give  tlia  oxide  of  iron  a  deeiiled 
superiority  In  many  situations,  though  up  tu  the  present  moment  its  practical  application 
has  been  extremely  limited.  When  time  contained  in  a  puritier  lins  ceased  to  purify 
gas,  the  general  impi'esMOQ  is  that  in  has  been  wholly  reaolved  ini*  carbonate  and 
hyiirosiilphate  of  lime ;  but  this  is  very  far  indeed  fivm  being  the  cas^  for  even  the 
fualest  lime  seldom  contains  lees  tlian  one-fifth  of  all  its  lime  fi'ee  or  uuoombiued ;  and 
Kaa-llme  refuse  is  occasionally  to  be  had  so  imperfectly  saturated  that  fully  one-half  of 
the  lime  paid  for  by  the  gas  company  may  be  said  to  be  thrown  away.  In  the  tli'st 
place,  it  13  not  customary  to  examine  the  lime  itsel£  so  ai>  to  determine  its  chemic^il 
value  or  combining  prupuHtou,  aud  trtill  worse,  it  is  not  nsual,  secondarily,  to  analyze 
the  lime  refuae  with  a  view  to  ascertiiiu  how  much  lime  is  paaaing  away  unacted  m^ 
As  botli  of  these  desiderata  may  be  aecnred  without  the  a'pplieation  of  any  great 
ohemieal  skill,  we  shall  jiroceed  to  give  a  brief  description  of  the  means  needed  to  solve 
the  trifling  problems,  beginning  with  tlie  lime  itficlt  Having  selected  from  the  bulk  a 
fair  sample  of  lime,  let  this  ba  ground  to  a  fine  powder  in  a  clean  and  diy  mortar;  then 
weigh  out  100  grs.  of  the  powder,  and  place  it  in  a  tumbler  or  other  suitable  vessel, 
where  it  is  to  be  repeatedly  washed  v?ith  a  warm  but  not  hot  solntion  of  sal  ammoniac 
in  water, — the  tfimpei'ature  bring  about  80°  or  SO"  Falir.  Great  cara  must  be 
taken  that,  in  washing  the  lime,  no  solid  particles  are  allowed  to  escape  with  the  ammo- 
uiaca)  solution ;  and,  as  soon  as  it  is  observed  that  the  tluid  containing  the  sal  ammoniao 
ceases  to  restore  the  colour  of  reddened  litmua  paper,  after  it  has  been  poured  upon  Iho 
lime,  tlien  common  water  maybe  used  to  wash  the  remaining  lime;  after  which  it 
must  be  dried  at  a  red  heat;  and  then  weighed ; — tlie  loss  will  indicate  the  amount  of 
pure  lime  present  iii  the  100  grs.  taken.  Tliis  mode  of  analysis  depends  upon  the  fact 
that  lime,  at  the  temperature  indicated,  decomposes  muriate  of  ammonia  and  becomes 
soluble,  but  any  carbonate  of  lime,  silicate  of  lime,  alumina,  or  other  inactive  impurity, 
remains  undissolved,  and  may  therefore  have  its  qnantity  determined  by  the  balance. 
Foul  gasdime,  or  refuse,  is  somewhat  more  complex,  but  nevertheless  far  from  ditK- 
cult  in  Its  analysis.  Havmg  as  before,  selected  a  fair  snmple,  let  200  grs.  be  weighed 
out,  and  placed  in  a  stoppered  bottle,  with  an  equal  weight  of  sal  ammoniac,  and  four 
ounoea  of  water,  heated,  as  before,  to  about  80°  or  80° ;  shake  the  whole  well  together, 
and  tecp  the  mixture  warm  for  twenty  minutes;  then  filter  rapidly  into  a  stoppered 
retort,  and  wash  the  filter  with  two  ounces  of  hot  water,  which  are  to  be  added  to  the 
filtered  solution.  Next  distil  over  one-halt  of  the  fluid  into  a  receiver  containing 
100  gvs.  of  sulpliate  of  copper,  dissolved  in  water,  and  set  the  fluid  remaining  in  the 
retort  aside  to  cool  Collect  the  black  precipitate  now  contained  in  the  receiver  upon 
a  filter,  and  wash  it  well  with  hot  water,  then  dry  and  weigh  it:  it  is  the  sulphuret 
of  copper,  and  contains  one-third  of  its  weight  of  pure  aulphnr.  The  fluid  in  the  i-etort 
must  now  be  mixed  with  an  excess  of  carbonate  of  soda,  and  the  white  precipitate  which 
ei.sues  well  washed,  dried,  and  then  weighed.  One  hundred  grauis  of  this  precipitate, 
which  is  carbonate  of  lime,  indicate  56  grs.  of  pure  Ume;  and  if  from  this  we  deduct 
the  quantity  combined  with  sulphuretted  hydrogen,  as  given  by  the  sulphuret  of  copper, 
the  remainder  will  be  the  total  quantJtv  ol  pure  lime  in  the  200  grs.  of  gas-lime  refuse, 
which  had  not  been  utilized  in  the  pun'fier.  Thus,  suppose  that  200  grs.  of  anj-  snmple 
in  question  have  given  24  gra.  of  sulphuret  of  copper,  and  80  of  carbonate  of  hme,  then 
tie  total  amount  of  lima  will  be  44 '8  gra.,  from  which  14  grs.  must  be  deducted  fo- 
that  united  to  sulphuretted  hydrogen,  since  the  atom  of  sulphur  is  to  that  of  lime  as  16 
to  -28.  and  24  grs.  of  sulphuret  of  copper  contain  8  gra.,  or  one-third  of  its  weight  of  copper, 
which  is  consequently  equal  to  14  grs.  of  pure  lime.  Thb  supposed  sample  has  tliere- 
fore  given  30-8  grs.,  or  l£i'4  par  cent,  of  free  lime.  Thus,  in  place  of  the  mere  rule  uf 
thumb  system,  too  commonly  pursued  m  gas  works,  a  good  gas  engineer  wiU  control  the 


■e  produce  of  his  manufactory  b3'  determining,  first,  the  total  amount  of  sulphur  give 
off  in  a  gaseous  form  by  the  coal  he  uses ;  next  the  chemical  power  of  his  lime ;  an 
lastly,  whether  o: 


IS  form  by  the  coal  he  uses ;  next  the  chemical  power  of  his  li 
f  or  not  the  action  and  arrangement  of  the  purifying  apparatus  is  sucn  as 
e  the  proper  saturation  of  the  lime,  with  the  impure  constituents  of  tha  coal  gas. 
Without  the  occasional  employment  of  analytical  processes,  similar  to  those  previouflj 
given,  it  is  altogether  inlpossible  to  conduct  gas-works  with  that  certainty  ani  con 
fidence  essential  to  perfect  economy. 
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Ii  mzglit  be  supposed  that  with  the  porificafion  of  coal  gas  tho  chief  dlffieiilties 
of  a  giL9  engineer  ended,  but  thia  ia  very  wide  of  the  truth;  for  upon  no  point  ii 
there  greater  diversity  of  opiuion,  and  more  discrepancy  in  result,  than  exista  regai'ding 
the  proper  mode  of  burning  gas  for  the  purposes  of  illumination  and  heating.  At  re- 
gards tlie  farmer  question,  it  aeenis  hitherto  to  have  been  impo&iible  of  solution,  from 
the  fact  that  qnautity  and  intensity  of  light  have  been  confounded  together ;  and  per- 
sons have  been  surprised  to  find  that  a  bright  white  liglit,  of  great  intensity  to  the  eye, 
lias,  nevertheless,  illuminated  a  given  space  worse  tlian  a  large  quantity  of  dull,  yellow, 
smoky-looking  light.  Tlius,  if  when  an  argand  oil  lamp  is  bui-niiig  with  great  bril- 
liancy t)te  central  npertui'c  for  the  admission  of  air  be  closed,  tlie  flaoie  will  immediately 
become  yellow  and  smoky,  yet,  on  examining  tiif  walla  of  the  apartment,  it  will  be 
found  that  they  are  better  illuminated  than  with  tlie  more  bribiant  light  In  the 
former  case,  many  of  the  particles  of  carbon  are  consumed  befoi'ethey  take  on  the  solid 
condition,  whereas  in  tlie  latter,  they  are  all  separated  from  the  hydrogen  of  tlie  oil, 
and  become  red-hot  solid  bodies  ere  they  inter  into  eombuatioD,  But  as  the  quan- 
tity of  light  is  proportioned  to  the  number  of  solid  particles  heated,  and  its  intensity  to 
the  elevation  of  the  temperature  to  which  they  are  heated,  it  folluwe,  that  part  of  the 
carbon  is  employed  in  producing  heat,  t«  give  iutenwty  of  liglit  to  tlie  remainder,  in 
the  one  case,  whilst  in  the  other,  the  whole  of  the  carbon  becoming  solid  reflects  a 
great  quantity  of  light  of  Iceb  intensity.  For  the  ordinary  wants  of  society,  the  latter 
is  tlie  best  light.  A  knowledge  of  these  matters  enables  ua  easily  enough  to  explain  the 
vast  difFereiice  in  illuminating  power  which  one  and  tlie  same  gas  displays  when  con- 
smned  in  different  burners.  Thus,  a  thin  gas,  of  low  specific  eravity,  which  afi'ords  an 
excellent  light  in  an  argand  burner,  will  scarcely  yield  any  light  at  all  with  a  fiali-tail 
or  bat's- wing ;  and  aricheanne!  coal  gas,  well  adapted  to  either  of  the  latter  burners,  re- 
quires infinite  care  to  prevent  it  from  smoking  in  an  ai^and.  In  determiaing  the  relative 
illnminating  powers  of  difi'ei'ent  gases,  it  is  therefore  neceaaary  to  select  for  each^  that 
form  of  burner  best  suited  to  display  its  liglit-mving  properties,  and  not  continne  the 
present  Frocrustcaa  system  of  cutting  down  Die  power  of  the  gas  to  an  arbitrary 
standard  of  burner;  the  only  result  of  which  has  been  a  aeriea  of  assertions  and  con- 
tradictions too  di^raceful  for  fui'ther  notice.  In  pliotometrical  experimenta,  a  sperma- 
ceti candle,  of  a  determined  size,  ia  commonly  employed,  and,  in  a  rough  way,  answers 
I'emarkably  well  But  sperm,  lite  wax  and  tallow,  pves  quantity  of  light,  but  not  of 
an  intensity  equal  to  gas,  as  may  Iieseen  in  amomentbyeontraatitig  the  comparatively 
yellow  flame  of  the  one  with  the  brilliant  white  light  of  tlie  otlier.  They  are  therefore  like 
musical  instruments  tuned  to  a  diflerent  pitch,  andean  neyerharmonize  with  each  other. 
The  better  plan  would  be  to  select  olefiant  gas  as  a  photometrical  standard,  since  this 
compound  13  uniform  in  coinpowtiou,  and  can  be  eaaly  prepared  at  a  few  minutes' 
notice.  It  poaaesaes,  moreover,  the  advantage  of  being  consumed  in  similar  buraera 
to  that  employed  for  the  gas  to  be  tested,  and  is  under  the  influence  of  the  same  baro- 
metric and  thermometrio  variations.  Tlie  Bunsen  photometer,  as  modified  by  Mr.  A. 
King,  of  Livci'pool,  is,  perhaps,  the  best  instrument  to  eniploy  in  experiments  on  com- 
parative illumination.  Regarding  the  ultimate  analysis  of  coal  gaa  little  need  be  said, 
as  the  results  have  no  speeifio  value  or  meaning.  The  only  connect  mode  of  analysis  is 
by  passing  a  known  volume  of  the  gas  over  oxide  of  copper  in  a  tube  heated  red-hot, 
and  collecting  first  the  moisture  by  chloride  of  oalcium ;  secondly,  the  carbonic  acid  by 
hydrate  of  lime  or  solution  of  potash,  as  followed  in  ordinary  organic  analyses;  and, 
lastly,  receiving  tlie  incombustible  residue  over  water  in  the  pneumatic  receiver :  from 
which  tiiree  produota,  the  quantity  of  hydrogen,  carbon,  and  nitrogen  may  be  deduced. 
The  ultimate  analyses  of  coal  gaa,  as  also  the  estimation  of  ite  value  from  the  condensa- 
tion of  what  is  termed  its  olrfant  ga^  wheHier  by  chlorine,  sulphuric  or  nitric  acid, 
are  processes  of  no  praetical  value  to  the  pnblie,  and  serve  only  to  mislead  the  ignorant. 
R'ora  the  vast  reduction  which  is  now  taking  place  in  the  prices  of  coal  gas,  its  calorific 
power  has  become  one  cj  the  most  interesting  questions  of  the  day;  and  when  the  waste 
offuelconsequentupoulightingaeommonfire,  with  tlie  quantity  consumed  after  the 
fire  is  no  longer  wanted,  are  carefully  inquired  into,  it  seems  very  clear,  that  for  at  least 
4  or  6  months  of  the  year  it  is  cheaper  to  cook  by  gas  in  London  than  by  coal,  at  the  es. 
isting  prices  of  these  articles.  An  apposite  illostiation  of  the  correctness  of  this  assertion 
is  afforded  by  tlic  warm  bath  of  Mr.  Uefries,  in  which  45  gallons  of  water  are  heated  from 
the  temperatui'ea  of  5(P  to  100°.Fahr.  by  BO  cubic  feet  of  gas,  and  at  a  cost  of  only  three 
pence.  Sow,  to  effect  this  at  all  by  coal  would  entail  an  espenae  of  at  least  fourpenoe ;  but 
to  do  80  in  the  same  period  of  time  (6  minutes),  would  eeitainly  enUil  an  outlay  of  not 
Ices  than  a  shilling.  Of  coui'se,  where  the  operatjon  is  to  be  repeated,  or  go  on  continu- 
ously, a  dllferent  result  would  ensue;  bat  for  eWemporaneous  use,  coal  gns  will  »lwa]^ 
be  clieaper  than  coal.  But  even  tills  surprising  economy  has  been  exoeeded  by  a  very 
elegant  arrangn.enl^  invented  by  Mr.  F.  L  Evans,  of  Westminster,  in  which  a  coil  of 
iron  tubing  is  so  liisposed,  as  to  present  an  immense  surface  to  the  heating  influence  of 
the  burnt  gas,  and  thus  absorb  the  whole  of  the  heat    In  this  way,  a  current  of  cold 
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water  entering  at  one  end  of  the  tube  flows  out  of  tlie  othBi  eontirmoiiBly,  trad  at  any 
roqutped  temperature,  aooordiiig  to  the  velooitj  of  the  cnn'enl,  and  the  quantity  of  gas 
oonsunied  iu  a  ^van  time.  For  the  requiremeuta  of  the  Humane  Society,  for  the  puhiia 
hospitals  and  diaritiea,  a  simple  appni'iitus  of  this  kind  must  find  a  ready  applieatian, 
and  deserves  to  be  better  known.  Aeeopding  to  direct  experimehta,  made  with  great 
care,  Mr.  Evana  haa  found  that  common  Newcastle  coal  gas,  of  sp.  cr.  -416,  h^  an 
evaporative  value  equal  to  about  22  times  its  weightj  or,  in  otlier  woms^  that  1  lb.  of 
such,  gas  will  convert,  theoretically,  23  lbs.  of  water  into  steam;  and  this  accords  veiT 
well  with  the  results  given  by  Defries  with  his  bath,  in  which  80  oubio  feet  ol 
gas  are  stated  to  lieat  45  gaUons,  or  450  lbs.  of  water  at  50°.  This  is  equal  to  IS  Iba. 
similarly  heated  for  each  cubic  foot  ot  gas,  weighing,  say  206  grains,  or  750  Ihs.  of 
water  iieated  one  degree  by  the  same  means.  This,  estimating  the  latent  heat  of 
steam  at  960,  gives  25  parts  of  water  boiled  off  for  every  one  part  of  gaa  consaraed, 
which  is  very  nearly  three  times  as  gi'eat  as  the  heating  power  of  good  Newcastle 
coal.  But  practiuiil  experimente  were  wanting  to  show  he  real  amount  of  watei 
which  can  ho  boiled  off  by  gas,  as  burnt  in  ordinary  bamtra  beneath  a  boiler.  This 
deficiency  has  been  sapphed  by  Mr.  Evans,  to  whom  we  are  indebted  for  tlie  follow- 
ing tabular  statement; — One  enbio  foot  of  gas,  weighing  about  205  gra.,  and  of  sp.  gr. 
■413.boiledolf  four  tenths  of  a  pound  of  water,  or  13-e  times  its  weight.  One  cabiefoot, 
weighing  about  290  grs.,  andofsp.gr.  '564,  boiled  off  five  tenths  of  a  pound,  or  12  times 
"IS  weight.    One  eubie  foolj  weighing  aboat  360  gra.,  and  of  sp.  gr.  -lOO,  boiled  off  sf — 


tenths  of  a  pound,  o 


ie  of  gas,  o; 


coimnents  on  coal  we  had 
the  fuel  consumed  under  st 
thi^'d  of  all  the  eas  employed  i 


I'remark  that  something"  like  one-half  of  all 
a.  boilers  b  wasted  ;  and  it  now  appears  that  fully  one- 

J,..   ^_  in  our  oulioary  operationa  must  be  thrawn  away,  and 

.e  to  be  so  until  the  hand  of  improvement  is  applied  in  the  proper  quarter. 
There  is,  unquestionably,  much  scope  for  ingenuity  in  devising  the  best  forms  of 
apparatus  for  burning  gas,  and  utiliang  its  waste  heat.  A  very  elegant  little  machine, 
which  promises  to  elucidate  some  obscure  points  as  regards  the  purity  ofgas,  has 
lately  been  added  to  the  ordinary  testing  chemicals  of  a  gas  engineer.  This  con- 
sists of  a  bent  tube,  'forming,  as  it  were,  the  horizontal  flue  of  a  furnace,  in  which  the 
pi-oduots  of  oombnstiou  arioing  from  gas  may  be  condensed,  and  afterwards  examined 
with  reference  to  their  nature.  Mr.  A.  Wright,  of  Westminster,  is  the  inventor  and 
maker  of  the  apparatus  in  question,  and  by  its  means  two  carious  fiiets  may  at  almost 
any  time  be  demonstrated.  One  of  these  la,  that  sulpl(urie  acid  is  an  invariable  jiro- 
ductof  the  combustion  of  coal  gas;  the  other,  that  very  frequently,  and  more  especially 
with  oannel  coal  gas,  a  substance  possessing  all  the  properties  of  aldehyde  makes  its 
appearance.  The  tatter  seems  to  be  a  product  of  imperfect  combustion,  and  gives  rise 
to  that  peculiarly  ofienaive  odour  produced  wherever  lai^e  qnantities  of  coal  gas  are 
burnt  in  a  close  compartment  It  is  commonly  believed  by  chemists,  that  coal  gas 
contains  ammonia,  whieli  in  burning  is  converted  into  nitrous  ornitrie  aoid;  but  the  ap- 
paratus of  Mr.  Wright  demonstrates  at  once  the  fallacy  of  this  opinion,  by  proving  that 
whenever  gas  contaminated  with  ammonia  is  consumed,  the  ammonia  either  passes  off 
unchanged,  or  is  simply  decomposed  into  its  elements;  for  carbonate  of  ammonia,  and 
not  nitrate,  makes  its  appearance  in  the  condensed  products.  Before  quitting  the 
subject  of  coal  gas,  it  is  necessary  to  say  a  few  words  upon  Iha  composition  and  use  of 
what  is  Galled  ammoniacal  liquor.  This  fiuid  condenses  in  the  hydranlio  main,  and 
flows  ont  with  the  tar,  from  which  it  afterwards  separates  by  gravitation.  Its  specific 
gravity  vai'ies,  as  also  does  its  compositiou  ;  hut  the  following  may  be  regarded  as  a 
fair  averpge:  in  one  gallon,  of  specific  gravity  of  1-017,  there  were  found  ofees^uicar- 
bonate  of  ammonia  5984  grainy  hydrosulphate  of  ainmonia  420  grams,  muriate  oi 

ammonia  985  grains,  with  a  trace  of  ferrocyanate  and  sulphocyanate  of '" " 

consequently,  if  the  small  quantity  of  sulphuretted  hydrogen  existing  in  ai 
liquor  be  removed,  as  it  may  be  by  the  application  of  the  requisite  propi 
carbonate  of  lead,  ""  ""■"■ — '-'  --'-'■ •"  '  .... 


niaeal  solution  will  be  produced,  extremely  well  adapted 


In  all  th^e  cases,  ai 
le  price;  but  as  the  ammoniacal  liquor  ot  many 

..  ...... .■ .. — g  sells  for  more  tlian  a 

that  this  very  obvious 
ftpplioation  of  ammoniacal  liquor  slionld  continue  to  be  neglected;  more  especially 
as  the  fluid,  even  after  being  used  as  above  indicated,  is  still  an  excellent  fertilizing 
agent.  In  the  Great  Exhibition,  there  were  but  few  illnsti'ations  ot  the  manufactitrea 
peculiar  to  gas;  a  circumstance  attributable  to  the  risk  of  permitting  the  necessary 
experiments  to  take  place,  bv  which  alone  tJie  actual  value  of  any  improvement  in 
gas  apparatus  can  be  coiTeetly  determined.  Ilenee,  in  the  Crj'Stal  Palnce,  merely 
artiolea  of  established  reputation  were  shown,  which,  having  teen  long  before  '.,h« 
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public  eye,  by  no  means  represented  tlie  existing  Condition  of  this  brunch  of  inanufan. 
turc.  On  this  aevuuiit^  altljou^h  tlie  decision  of  tlie  exeeative  eummtttee  to  exclude 
experimental  gas  a|>[>Hi'atua  seeina  sonieubat  uufot-tunate,  yet,  when  tlie  groat  value 
of  tlie  ^ods  shown  lu  the  tlxliibition  is  dulyuonsidered,  there  ciui  be  but  twoopiiiioiia 
ooncei'niiig  the  propriety  of  tlie  step.  The  vaiioua  samples  exhibited  were  neveltbe 
leas  extremely  guud  of  their  kind,  both  in  the  British  and  Foreign  departmeiits.  la 
clay  I'etorts,  the  best  specimen  waa  iu  Class  27.,  by  Cowan  <b  Co.,  of  Blaydonburn, 
Kcwcastle-on-Tyne;  and  tlie  next  iu  quality  stood  in  the  Belgian  portion  of  Ijie  Kxhi 
bitioQ.  M,  I'auvels,  of  I'aris,  exhibited  a  very  good  retort  also;  and  there  were  eeve- 
I'.tl  satis&etory-loolaag  samples  fi'om  other  quarters. 

Coal  Gas,  Coui'Dsition  of.  Fi'uin  the  most  reuent  inveBtlgations  into  the  compoei- 
tiun  of  coal  aaa,  it  aplhiarg  extremely  doul'tful  whetlier  any  gaseous  compound  exietd 
in  it  to  wtiicu  the  uaiiie  oleliaut  gas  con,  wi  h  propriety,  be  aecurded,  and  it  certainly 
Beeins  to  have  been  assumed  un  very  hasty  and  unfouuded  data,  that  to  the  presence  of 
olefiaiit  gas  the  illuminating  force  of  common  coal  gas  is  chiefly  due.  Without  pi'eteud- 
iiig  to  deny  altogether  the  preeenee  of  the  oleli^l  in  the  gas  uf  our  streets,  it  is  uever- 
thelera  suaceptiUe  of  proof^that  the  quantity  which,  on  tLe  most  liberal  computation, 
can  be  allowed,  is  iu£iiite1y  small  and  insiguiliciant,  and,  in  a  practical  sense,  waiTauts 
the  now  pi'evailing  opinion  that  there  is  really  none.  In  support  of  tliis,  it  can  be  shown 
that  if  uonimon  co^  gas  be  made  to  traverse  very  slowly  a  great  length  of  tube  ex- 
[Htsedtotlie  refi^gei'ating  effect  of  a  bath  of  ice  and  salt,  tiicgos  will  issue  from  tlie  other 

'  of  die  tube  almost  entirely  deprived  of  its  illuminating  [lOwer ;  and  a  similar  result 


on  tlie  supposition  that  the  pliotogeuic  power  of  coal  gas  was  due  to  olefianl^ 

these  results  should  follow,  for  no  such  cold  would  liquefy  olefiaiit  gas,  nor  would 

alcohol  absorb  it  in  anj-  graat  degree.    Moreover,  all  attempts  to  obtain,  through  tlia 


gains  exactly  that  whieli  the  gas  loses  in  illuminating  power,  and,  after  the  experiment, 
it  is  found  to  burn  with  a  bright  white  flame,  and  to  become  milky  wijh  water,     ^ow, 

:iic  power  of  coal  gas  ws  ""*""' " 

such  cold  would  liquef 

a",  .     "  . ' 

........  ^  ,ther  large  scale.  IIence,in  I'egardiiigcoalgaSiitistbeo- 

reticiilly  more  coiTecl  to  consider  its  luminosity,  as  arising  fi-oin  tlie  preseuee  of  varions 
volatile  hj-drocarbons  or  naphthas,  rather  than  from  any  pei'manently  elastic  fluid  what- 
ever. This  view  of  the  case  has  latterly  become  very  prevalent,  and  is  now  leading  to 
the  most  important  improvements  in  the  manufacture  of  illuminating  gas.  It  liae  long 
been  known  that  ordinary  bituminous  cools  will  yield  a  nmchioi'ger  volume  of  gas  than 
may,  with  propriety,  as  rsgai'ds  the  photogenic  {>ower  of  that  gas,  be  taken  away  from 
tiie  euaJ.  This  aiiees  from  iJie  cij'CUmstatice,  that  tlie  first  puitious  of  gas  are  maeh 
richer  in  hydrocarbons  than  the  remainder  of  the  charge,  and  a  period  arrives  at  which 
tJie  gas,  though  still  great  in  qnantity  and  eminently  combusljhle,  ceases  to  possess  any 
value  whatever  as  au  illuminating  agent.  Moreover,  it  is  known  that  the  mixed  ga* 
obtained  bydecomposing  water  through  the  agencj- of  carbon  at  a  red  beat  is  also  com- 
bustible, but  devoid  of  photogenic  power;  and  it  is  owing  to  acoii'ect  appreciating  of 
the  eircumstances  upon  which  the  value  of  common  coal  gas  depends,  that  botli  these 
and  otJier  foi-ms  of  combustible  gas  have  lately  been  rendered  as  peinianeiitly  Inminoua 
and  well-adapted  for  the  production  of  light  as  the  best  kinds  of  common  coal  gas. 
Having  once  clearly  coinpreheuded  tlie  cause  of  luminosity  ui  ordinary  gas.  but  few 
ate[is  are  required  to  perceive  lliat  the  latter  portion  of  a  charge  of  coal,  when  distilling 
in  a  retort,  needs  but  a^ai't  of  the  snrjilus  hydioearbous  of  the  fli'st  portion  to  render  it 
equally  valuable,  and  we  areinsensiblj  drawn  to  tlie  meansof  effecting  the  desired  end. 
'J^us,  if  the  latter  poi'tions  of  the  charge  be  stored  away  sepai'ately,  and  passed  in  regu- 
lar quantities  over  coal  wtiiuli  is  undergoing  the  primary  action  of  destraclivb  distilla- 
tion, it  is  clear  that  such  gas  will  become  chai'ged  with  the  hydi-oearbons  of  that  primary 
distillation,  and  thus,  in  all  respects,  resemble  the  flrst  part  of  the  charge,  or,  in  othec 
words,  be  made  equal  lo  the  best  gas;  at  the  same  time  the  amount  of  labour  and  ex- 
pense incurred  iu  condensing  out  theaesnrplUB  hydrocarbons  must  he  much  diminished 
by  the  presence  of  an  amountof  gas  capable  of  retaining  them  permanently  in  solution 
at  ordinary  temperatures.  Sot  only,  therefore,  is  it  possible  to  pi'ocui^  iu  this  way  a 
mnch  larger  quantity  of  gas  ot  an  overage  illuminating  power  fiom  a  pven  weight  of 
coal,  but  tlie  expense  of  this  production  is  decreased  by  the  diminished  condeiisatioa 
needed  for  tlie  whole,  as  compared  with  that  required  for  a  part  of  tlie  gas  under  the  old 
system.  But  there  is  a  still  greater  advantage  tlian  these,  and  one  scarcely  to  have  been 
expected.  These  poor  gases  consist  chiefly  of  hydrogen  ga%  and  it  has  been  discovered 
that  liiis  gas  possesses  the  remarkable  propeity  of  pi'eventing  the  decomposition  of 
every  form  of  hydi'ocarbon  at  a  red  heat.  The  consequeiice,  therefore,  of  passing  such 
gnu  over  coals,  in  it,s  primer}'  state  of  distillation,  is  to  prevent  the  decomposition  of  tiie 
vuiJuus  iiuphthaa  by  the  lieat  employed,  and  which,  witliout  the  presence  of  hydrogen, 
itmld  be  resolved  into  solid  carbon  and  lii;htcarlioi'e  tied  hydrogen,  tlie  fcvnier  of  which 
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remaining  in  the  retort  impaire  the  utility  of  that  vessel,  whilst  the  illuminating 
jiowBi'  of  tJie  gas  produced  la  grentlj  dimiijisbed  by  tlie  loea  of  eolid  matter.  Kow 
It  lias  been  stated  that  to  these  naphthas  the  luminosity  of  gas  is  to  be  attributed,  and 
tliei-efore  their  preservation  in  the  way  descrihed,  bj  the  action  of  hydrogen,  would  of 
itself  be  an  immense  step  in  advance  of  ovir  former  praetiea;  but  when  to  this  is  added 
the  fact  tliat,  with  a  vastly  increased  preservalioD  of  hydrocarbon,  there  is  also  a  vastly 
inci'eased  producUon  of  combustible  gas  to  render  that  hydrocarboo  available  for 
public  use,  the  real  merit  of  the  new  disooTeries  in  gaB-maiiing  must  Btrika  even  the 
moat  tliooghtless  observer.  Of  course,  the  some  argument  whiuh  applies  to  the  use  of 
the  residuary  gas  from  a  charge  of  coal,  is  equally  fitted  to  illustrate  the  beneficial  ope- 
ration of  the  gases  evolved  by  deoompowng  water  with  red  hot  carbon.  In  this  latter 
instance,  however,  an  important  fact  presents  itself,  for  unless  the  whole  of  the  surplus 
watery  vapour  has  been  removed  or  condensed  fi^m  this  water  gas,  the  hydrocarbons 
arising  from  the  incipient  distilliition  of  the  coal  are  destroyed,  diid,  therefore,  the  ob- 
ject souglit  to  be  gained  is  lost.  This  accounts  perfectly  for  the  innumerable  fiiilures 
whi<:h  have  taken  place  in  attempting  to  employ  steam  and  water  gas  for  tlie  purpose 
of  illumination ;  nor,  until  tJis  subject  was  investigated  by  Mr.  T.  G.  Barlow,  does  any 
one  appear  to  have  formed  a  correct  opinion  of  the  cause  of  such  invariable  want  of 
success.  Mr.  Barlow,  however,  not  only  discovered  the  peculiar  preservative  p<iwer  of 
hydi'ogeu,  bat  also  the  no  less  remarkably  destmotive  action  of  steam,  and  hence,  by 
merely  condensing  this  latter,  he  has  been  enabled  to  employ  water  gas  with  a,  suc- 
CAu  which  bids  fair  to  provs  a  very  prafitable  manufacturing  speculation,  and  for  the 
details  of  which  he  has  secured  her  Majesty's  letters  patent  in  conjunction  with  Mr. 
Gore.  For  the  application  of  the  residuary  gas  from  common  coat  to  the  preservation 
of  the  hydrocarbons  arising  from  fixed  oils  and  fats  during  distillation,  and  for  the 
production  from  coals,  lignite,  tar,  &e,,  of  a  iai^r  amount  of  iUuminating  gas  than 
can  be  obtained  by  the  ordinary  process,  the  public  is  indebted  to  Messrs.  G.  Lowe 
and  F.  1.  Evans,  both  well  known  as  engineers  in  the  sc  f  th 

Company.    That  these  improvements  will,  in  some  meas  1 

facture  of  gas  seems  pretty  obvious. 

To  determine  with  any  degree  of  precision  the  value  of      gas 
agent  is  really  a  very  diiEcuU,  though  seemingly  a  very  s     pi      ff 
neraJ  method  is  by  the  iustrumeut  called  tlie  liunseu  ph  t 
of  this  instrument  (at  best  but  imperfect)  have  been  so  1  rg  ly  u 
ingenious  modifications  made  in  its  use  by  Mr.  Alfred  Ki  g    '  ' 
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uiformstandaidofillumination,  without  which,  asamatter  of  course,  the  indications  of 
tlie  photometer  were  utterly  valueless.  This  indispensable  condition  has  been  in  a  great 
roeuanie  arrived  at  by  Mr.  King,  who  eniploys  a  spermaceti  caudle,  and  nseertnins  the 
amount  of  spermaceti  actually  consumed  during  tlie  experiment,  and  then  reduces  this 
to  one  uniform  rate  of  120  grains  of  spermaeeti  burnt  per  hour  as  con- 
'  trusted  with  an  hour's  consumptjon  ol  the  gas  to  be  tiled  at  the  rate  of 
five  feet  per  hour,  or  in  a  series  of  ratios,  from  2  to  6  feet  per  hour;  theie 
-  'e  however  many  disturbing  causes  in  the  burning  botli  of  the  candle 
J  ft  e  gas,  and  a  e}  s  ous  o  e  u  te  from  IJie  fact  that  the  shape 
I  e  flan  e  of  he  gas  mate  a  I  affe  ts  ts  photogenic  meter,  thus  tlic 
s  le  of  a  batswng  bu  ncr  I  g  ve  almost  one-third  more  light 
a  the  edge  of  the  same  b  no  hough  the  rate  of  consumption,  be 
ed. 


^ 
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th  efo  e  to  adopt  some  other  means  of  determining 
■as  than  by  photometr  and  it  would  appear  that 
may  be  efft  ted  by  the  age  y  of  bromine.  Tliis  substance 
isees  in  a  singular  degree  the  power  of  removing  from  coal  gas  the 
whole  of  the  vapours  upon  which  its  luminosity  depends,  and  if  these 
vapours  were  uniform  in  composition,  all  that  need  be  done  would  be  to 
determine  their  volume  percent.  But  this  is  quite  useless,  for  the  vapours 
differ  in  tJiemselves  to  an  incredible  esrteut,  and  tliereforo  it  ii  not  only 
the  volume,  but  the  specific  gravity  of  these  vapours  also,  which  must  be 
obtained,  or  in  other  words,  tlieir  total  weight,  for  this  weight  repre- 
sents the  value  of  the  gas.  Now  if  we  take  a  tube  bent,  closed  at  one  end, 
and  graduated,  as  shown  in  the  following  figure,  we  possess  at  once  nn 
instrument  for  determining  tlie  value  of  a  gaa  by  volume. 

Tliis  tube  must  ba  filled  in  the  fli-st  place  with  water,  and  so  much  of 
the  gas  passed  up  into  it  as  will  occupy  the  graduated  povtion,  wheu  the 
residuary  water  will  act  as  a  valve.     Having  placed  the  w;iole  for  a  few 


evlindrical  vessel  containing  w 
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lemperature,  tlie  tube  must  be  raised  to  the  water  level,  and  tbe  esuet  quantity  ot 
^iis  fpcorded.  When  tliis  has  been  done,  a  few  drops  of  bromine,  in  all  about  tlia 
ehe  of  a  peii,  are  to  be  droppeiJ  through  the  water  in  the  tube,  and  a  stopper  or  cork 
applied ;  the  whole  most  tlicii  be  well  agitated,  antil  the  gas  beeomes  tinged  with  the 
red  hue  of  the  bromine,  after  whieh  the  stopper  must  be  removed  under  water,  and  a 
few  drops  of  a  strong  solution  of  potash  beiu^  added  the  stopper  is  to  he  replaced,  and 
the  whole  again  agitated  until  the  bromine  tint  of  the  gas  lias  disappeared,  when  the 
stopper  must  be  again  withdrawn  under  wat.er,  and  the  tube  placed  as  at  first  in  a 
vessel  of  water  to  regain  its  original  temperature,  when  the  watei'-level  must  he 
oaee  more  made,  and  we  amount  of  absorption  read  off  and  recorded.  This  operation 
does  not  last  more  than  10  or  15  minutes,  tlie  barometer  need  not  therefore  be  con- 
sulted. Precisely  fiiniilar  to  this,  but  on  a  lai^er  scale,  is  the  first  part  of  the  op<-a- 
tion  for  determining  tJie  weight  of  the  condensed  portion.  In  this  ease  a  vessel  shaped 
ns  i>plrtw  is  neoeEsavy- 

This,  as  ia  evident,  diffens  very  slightly  from  the  tube,  the 
bottom  being  provided  with  tiie  same  water-joint  contrivance 
for  the  introduction  of  the  bromine,  whilst  the  stopper  is 
pierced  by  a  hole,  ju  which  a  atop-ootb  is  very  carefully  fixed, 
so  that  alter  the  action  of  th^  bromine  and  causUe  potash,  the 
gas  may  be  removed  bj'  aa  exhausted  flask  so  L^  'U  its  specific 
gi-avity  can  be  reitdily  deteruiined.  Before  doing  this,  it  is 
however  advisable  to  wash  the  gas  two  or  three  times  with  cold 
water,  which-is  ea^ly  done  if  we  introduce  the  bottle  into  a 
vessel  of  warm  water  so  as  to  expand  the  gaa,  and  thus  expel 
the  fluid  through  the  water-^oint  tube,  which  beinff  effected,  we 
hare  only  to  close  this  opening  and  immerse  tlie  bottle  in  cold 
water,  wliun,  by  witlidrawing  the  stopper  joints  cold  water  will 
rosb  in,  and  this  may  be  repeated  at  pleaaure,  the  object  beina; 
y^to  warfi  the  r^duapj  or  incondensable  gas  thorouglily;  thia 
^^^inif.rfition  renniree  but  a  short  time,  and  if  we  have  tAlti^n  tiptiiri.- 


iperaliion  requires  but  a  short  time,  and  if  we  have  taken  ue^i 
liand  the  specific  gravity  of  the  original  gas,  the  amount  of  its 
condensation,  and  now  know  the  specific  gravity  of  the  incondensable  portion,  it  is  clear 
that  we  possess  tlie  means  of  knowing  the  exact  weight  of  that  which  has  been  condensed. 
Thns.  aoannelcoalgasatWeatminater  was  aiiaiyned  in  this  way,  its  illuminating  power 
by  tlie  photometer  being  20  candles  per  6  feet.  This  ^as  had  a  specific  gravity  of 
■48500,  and  a  condensation  of  a  per  ceiiU,  whilst  the  specino  gravity  of  tlie  uneondensed 
portion  was  '336.  But  if  lOO  weigh  '33HUI),  then  91,  the  amount  of  naoondcnsed, 
must  weigh  '£0576,  and  this  dedaeted  from  -48900,  Jeaves  -1911^4  for  the  condensed 
gas,  which,  as  we  have  seen,  is  equal  to  9'6  per  cent,  and  bringing  this  to  the  uniform 
standard  of  100  measures,  we  have  a-(l9  for  the  specifio  gravity  of  this  condeused  vapour ; 


and  if  this  specific  gravity  be  multiplied  by  the  amount  of  condensation,  we  shall  hi 
,he  true  value  of  the  gas  in  numbers,  whii^,  by  a  singular  coincidence,  run  veiy  c! 
with  the  indications  of  ijie  photometer  as  chosen  by  Mr.  King,  that  is  to  say,  the  di 


ber  of  spermaceti  candles  burning  120  grains  per  hour,  whicli  the  gas  is  equal  to  vhen 
consumed  at  the  rate  of  5  feet  per  hour.  In  this  instance  ttiat  number,  it  will  be  re- 
membered, was  20,  and  SOW,  the  specific  gravity  of  the  condensed  gas,  multiplied  by 
9 '5,  its  per  centa«e  absorption  by  bromine,  gives  20'855,  a  very  close  approximation. 
A  vast  number  of  experiments  have  been  made,  all  of  which  are  equally  uonclu^vc  as 
to  the  value  of  these  indicators. 

Coals  {heating  powert  of).  An  accurate,  systematic,  and  intelligible  report  upon 
the  calorific  properties  of  coal  has  long  been  needed  by  the  manufacturing  and  mercan- 
tile interests  of  th's  country.  In  addition  to  the  vast  unportance  of  such  an  inquiry,  it 
would  be  perhaps  impossible  to  point  out  a  subject  on  wTiiuh  !ess  difference  of  opinion 
exists  as  to  the  extent  and  nature  of  the  itifonuation  wantea  than  the  one  before  us. 
Science,  properly  speaking,  has  little  or  nothing  to  do  with  tlm  luestion ;  the  objeet  in 
view  is  purely  and  exclusively  practical,  and  is  meant  for  the  gm.lance  of  practical  men 
and  for  practical  purposes.  Theory,  above  all  things,  should  be  carefully  avoidid  in 
such  investigations;  and  supremely  indifferent  about  the  assistance  of  any  eminent 
chemist  on  such  an  occasion,  we  should,  nevertheless,  insist  strongly  upon  the  necessity 
of  providing  a  good  stoker.  Mr.  Hume.  M.  P.,  hosiever  thought  otiierwise;  and  to  him 
the  country  is  indebted  for  the  first  report  upon  the  coals  destined  fop  tJie  steam  navy.  Of 
this  report" we  will  venture  to  say  at  once  that  a  more  garblml,  moro  inaccurate,  and  less 


impartial  job  was  never  exhibited — nay,  not  even  in  the  House  of  Commons,    To 
begin  at  ihe  beginning  of  this  dis^oeful  affair,  we  will  merely  remark  that  Mr.  Hume 

ItheLords 
t  their  sala- 
iri'ing  tlieii 


e  honesty  and  integrity  are  beyond  suspicion)  directed  the  attention  of  the  Lord 

ef  iJie  Admiralty  to  a  subject  which,  if  these  Lords  attended  to  anything  but  their  sala- 
•ics,  must  have  occupied  their  attention  years  ago.    Mr.  Hume,  after  referi'ing  tlieii 


I  report,  witli  expariiiiBnta,  on  the  Ofai'Orative  value  of  toala, 

e  uscfuIiiEK  uf 

I'oiia  Tarieti«a;  anS  I  submit  to  your  lordships  that  a  similar  inquiry  alionld  be  inetitutcd 
into  the  comparative  naefulnesa  of  English,  t^cotuh,  and  Irish  coals,  with  the  view  of  as- 
certaining the  best  for  the  naval  steamers  of  this  country.  I  may  be  allowed  to  point 
out  to  your  lordsliips  that  there  is  a  public  establishment  in  Craig's-eourt  perlectly 
qualified  to  apply  the  requisite  direst  and  positive  tests  to  tJie  coals  without  delay ;  and 
to  that  establishment  may  be  added  one  cheoust  of  eminence  to  assist  in  what  is  an 
object  of  great  national  importanee." 

Upon  this  the  Admiralty  applied  to  Sir  H.  de  la  Bouhe,  who,  afler  the  usual  preli- 
niinary  remarks,  observes : — 

"  As  the  funds  of  the  Museum  of  Eoononde  Geoli^y  are,  unaided,  inadequate  to  an 
investigation  of  this  order,  1  would  su^^^t  that  the  Admiralty  be  requested  to  furnish 
aid  to  the  amount  of  euo'.  for  the  remainder  uf  the  year  ending  theSlat  of  March,  1S46. 
With  this  aid  1  have  little  doubt  that  we  should  be  enabled  to  accomplish  much  this 
year  which  maybe  of  value,  and  have  organized  a  system  of  inquiry  alike  effective,  and, 
viewing  its  natiouol  importance,  which  can  be  carried  outatcomparaljvejjsmallcost  to 
the  public" 

We  must  content  ourselves  by  guessing  at  the  meaning  of  the  last  paisgraph,  and,  as 
far  as  this  can  be  done  with  safety,  we  may  conclude  that,  in  the  opinion  of  Sir  H.  de  la 
IScohe,  the  fiinds  of  the  Economic,  plus  eooL,  would  answer  the  oweot  in  view,  to  wit, 
the  obtaining  a  practical  report  upon  the  evaporative  power  of  English,  Scotch,  and 
Irish  coals.  If  anything  else  is  meant,  why  is  SlXIl,  named!  The  question  is  very  fairly 
put  by  Lord  Lincoln,  who,  in  reference  to  the  establishment  iu  Craig's-court,  asks,  in 
plain  Engliali,  "  What  is  the  coarse  you  would  reeoraiuend  for  making  it  effective  for 
the  purposes  to  which  such  an  inquiry  would  be  obviously  directed  r  Sir  H.  de  ia 
Beche  in  answer  mentions  6(H)l.  in  addition  to  tlie  funds  of  the  Museum  of  Econoniis 
Geology;  yet  something  more  appears  to  iiave  been  given  by  the  following  "memo- 

■■  The  Admiralty  having  acceded  to  the  recommendation  made  in  the  foregoing  letter, 
and  subsequently  also  supplied  additional  funds  for  the  investigation,  the  hitter  was  com. 
menced  as  soon  as  the  needful  apparatus  was  erected  and  proper  assistance  procured, 
whiuli  could  not  be  accomplished  until  March,  184H." 

Now,  what  is  tlie  meaning  of  tJie  additional  funds  supplied  for  the  iavestigationl 
Were  the  funds  of  the  Economic,  plus  BOOt,  spent  on  aliparatus  aione  I  And  was  it  to 
the  mere  erection  of  tliis  apparatus  that  Sir  IL  de  la  Beche  alluded  when,  in  1845,  be 
wrote,  "With  this  aid  I  have  httie  doubt  that  we  should  be  enabled  to  accomplish  mucA 
this  year,"  &c.  I 

There  is  a  mystery  about  the  very  commencement  of  that  business.  Seldom  do  we  find 
Government  officials  ready  to  comply  with  tiie  prayer  of  a  petition,  which  has  merely 
public  utility  to  recommend  it ;  but  Mr.  Hume  has  nothing  to  complain  of  on  that 
score  in  the  present  instance,  for  in  addition  to  the  Craig's-court  (stablishraent  he  soli- 
cited but  one  chemist,  when  lol  the  investigation  falls  into  the  hands  of  Dr.  Lyon 
Playfdr,  Mr.  Wilson,  Mr.  J.  Arthur  Phillips,  Mr.  Kingsbury,  Mr.  Wrightson,  Mr. 
Galloway,  Mr.  Hoy,,  and  William  Hutchinson,  all  and  each  endowed  with  qualifi- 
cations of  a  peculiar  and  important  character  bearing  upon  the  investigation  m  hand, 
and  tending  of  course  to  render  the  report  siiperlatively  correct,  useful,  impartial,  &p.,  <tc. 
There  is  an  old  axiom  regarding  broth  made  by  a  multiplicity  of  cooks,  but  perhaps  it 
does  not  applyto  parliamentary  reports  and  chemists. 

The  mystery  does  not,  however,  end  here.  Mr.  Hume  had  requested  that  the  iirqiiiry 
should  be  made  upon  English,  Scotch,  and  Irish  coals.  Saw,  the  following  is  the  list 
if  coals  operated  on : — 


Graigola, 

Anthracite,  Jones  and  Co. 
Old  Castie  Fiery  Vein, 
Ward's  Kery  Vein, 

Llangenneck, 
Pontrepoth, 
Pontrefellin, 
Dnifryn, 
Mynydd  Newydd, 


■ee  Quarter  Rook  Vein, 
m  Frood  Roek  Vein, 
n  Kanty  Gros, 


Bed  was, 
Ebbw  Vale, 
Porth  Mawr, 
ColeshQL 


lliilkeith  Jewel  Seam, 
Dalkeith  C 
Wallsend  Elgin. 


Lydnej  (Foret 


Slierar  Jagli  Irish  Anthracite. 

Frnm  wliieli  it  appears  that  the  inquiry  lias  heen  made  almost  axclusively  upon  Welui 

.';"jiIb,  for,  out  of  tiveiitj--seveii  samples  of  coal  examined, 

13  were  Welsh, 

6      „    Scoteh, 

3     „     English, 

One  of  two  things  is  very  pkinlv  es!)il>ited  by  this  table ;  either  ^ales  is,  above  all 
other  plaoea  in  the  world,  blesaea  with  coals  ''  suited  to  the  steam  navy,"  or  a  most 
unjust  and  anoalled-for  seleetion  has  been  made  for  private  jiurfHRies.  It  is  vaiii  to  talk 
of  a  nest  report ;  it  will  recjuire  years  to  complete  oiLotlier  repoi't,  even  if  sneh  anotJier 
diagrauHful  exhibition  of  partiality  was  attempted ;  and  meanwiiile  our  steam  navy  must 
be  supplieii  with  the  euphonious  productjous  of  Wales,  to  the  eselusion  of  the  vast 
coaiiiBlda  of  Newcastle.  Of  the  two  samples  of  Englbh  coal  esarained  I  am  practically 
acquainted  with  bat  one,  for  of  the  Lydney  coal  I  know  nothing;  as  regards  the 
Bi'ooriihill  coal,  however,  I  can  safely  asaart  that  its  only  I'ecoiomendation  consists  in 
its  belonging  to  Earl  Grey,  for  at  Newcastle  it  is  regardeJ  as  au  unimpoitaut  second- 
rate  coal,  the  very  name  of  which  hasnol  vet  found  its  way  into  tlie  London  market.  It 
is  far  inferior  foi-  steam  purposes  to  the  whole  of  tlie  uiidemieiitioneil  oonla,  many  of 
ivhich  are,  in  faetj  the  best  steam  coals  for  sea-going  vessals  in  the  kingdom  ■ — 
Carr's  Hartley,  West  Hartley, 

IJasting's  Hartley,  Bate's  West  Hartley, 

Iledlay's  Hartley;  Buddie's  West  Hartley, 

Kewoastle  llartfey,  Davidson's  West  Hartley, 

Percy  Nortli  Hartley,  Kelson's  West  Hartley. 

Richardson's  Hartley, 
Why  these  and  many  others  have  been  passed  over  so  nnceremoniously  to  make  room 
for  the  wholesale  introduction  of  the  Weldieoal  remains  to  be  explaineii;  we  will  now, 
however,  examine  the  report  itself! 

The  firat  eirenmstanoe  which  attracts  attention  in  this  report  is  the  appearance  of 
certain  very  simple  equations,  whicli,  although  well  enough  adapted  for  a  boy  just 
commencing  algebra,  are  singularly  out  of  place  here,  since  those  who  understand  such 
things  general^  prefer  to  make  tiieir  own  equations ;  and  those  who  do  not  are  but  Kttle 
likely  to  benefit  by  such  a  display  of  learnmg. 

A  curious  attempt  is  made  at  page  13.  to  prove  that  the  evaporative  value  of  a 
bituminous  coal  is  expressed  by  the  evaporative  value  of  its  coke:— 

"  It  is  easy,"  says  the  report,  "  from  analysis  to  esamine  whetEier  the  duty  performed 
by  the  coal  IB  to  be  attributed  to  its  fixed  ingredients  or  coke,  by  estimating  fjie  work 
which  the  latter  b  capable  of  performing,  "rliis  maybe  done  by  subtracting  the  ashes 
in  the  coal  from  its  amount  of  coke,  and  estimating  the  remainder  as  carbon ;  this 
carbon  multiplied  by  its  beating  power,  X3268,  and  divided  by  965'7,  or  the  latent  heat 
of  steam,  imfieatea  the  number  of  pounds  of  water  which  tlie  coke  by  itself  could 
evaporate  without  the  aid  of  the  combustible  ingredients  of  the  coal.  These  results  are 
placed  in  column  3.  of  Table  6.  (see  nrait  page),  in  juxtaposition  with  the  actual  work 
done  by  the  coal,  and  it  will  be  seen  that,  notwithstanding  several  striking  exccritions, 
which  miirht  have  been  expected,  tliay  on  the  whole  show  that  the  wotfe  capable  of 
being  performed  by  the  cote  alone  ia  actuaUy  greater  than  that  obtained  by  esperi- 
inents  with  the  original  coal." 

K  0  w,  if  tiiis  table  proves  anything,  it  proves  the  very  reverse  of  the  position  attemj^ted 
to  l>e  established,  unless  theory  is  presumed  to  be  equal  to  practice,  which  it  certainly 
is  noti  or  why  the  necessity  of  spending  upwards  of  600/.  in  practiea!  experiments! 
Buttheory  maybe  justly  compared  with  tlieory,and  thenthe  tatile,  sofar  from  proving 
"Uiat  the  evaporative  valueof  a  bituminous  coal  is  expi'essed  by  the  evaporative  value 
of  iis  eoke,"  clearly  proves  that  the  evaporative  power  of  a  bituminous  coal  is  an 
immense  deal  greater  than  that  of  ita  coke ;  indeed  almost  double ;  and  tiiat  fJie  volatile 
bffredienta  of  coalevolve  in  burning  relatively  amuchgi-e.Tter  proportion  of  heat  thai 


.Coo'jIc  - 


the  fixed  coDBtituents )  this  is 


THEOK 

ETICALLY  POSSIBLE  OF  T 

HE  COALS  EXAMINED. 

'•Sitrs 

.rrsKTi 

Old  Castla  Fler/  Vein 
Wqrd'g  Fiery  Vein      - 

8B4 

iS 

Us 

l^":i;*in;n'  :  ' 

10149 

1:i 

'L<I6 

r^ 

i^^^S 

I'UIIIJPCOI      -            r            - 

1-I48 

B-res 

8  360 

Sl,.vnrdn«h          -        - 

inS95 

of  cnrbon.  Tliare  is,  however,  clearly  o  design  throughout  this  report  f«  extol  the 
siithrauite  coola  at  the  expense  of  the  bitumiiioug ;  and,  if  Messrs.  de  la  Beohe  and  Co. 
eould  suoeead  in  establishing  the  faut  that  the  heating  power  of  coal  is  dne  solely  or 
even  priiLoipally  to  its  relative  amount  of  earbon,  it  fiSlows  that  Welsh  coal  mnst  rise 
in  the  market,  for  the  greater  pait  of  the  coal  from  that  diatiiet  is  of  the  anthratit? 


e  greater  pait  ol    ... 
le  of  which  is  ivovked  m  the  north  of  England.    To  prove  the  absurdity,  how 
ever^ofthenboyattttempt,!  will  quote  two  or  three  05— ' "■.i.i,  i.t_  „  . 


a  from  Table  No.  6. :- 


»....».  0..,, 

Th 

cll 

Welsh— 
Graigola  -        -        -        - 
Old  Castle  Hery  Vein      . 
ilynjdd  Nawydd     - 

Scotch — 
Dalkeilh  Jewel  Seam 

ESQIKII— ■ 

Broomhill 

11-301 

io-6o: 

9-881 
e-239 
7111 

IS'563 
14-936 
14-B04 

12-313 

14-863 

2-262-, 
4-33B 
6-073      The  thing 

L      speaks 
a^^l     foritolf 

7-162J 

After  theoreticnlly  demonatratjng  that  "  the  evaporative  value  of  a  bitnniinous  coal 
i^  oxDressed  by  the  evaporative  value  of  its  cobe,  tlie  heat  of  combustion  of  its  volatile 
pi-oduets  proving  in  prnctiee  little  more  than  that  necessary  to  volatjhie  tham,"  we  are 
Builtfenly  Greeted  with  the  following  paragrauh : — 

"  The  wuole  system  of  manufacturing  coke  is  at  present  very  imperfect.  Basidta 
losing  the  volatile  combustible  substances,  whicli,  under  new  adjustments,  might  l.e 
made  of  much  value,  an  immense  quantity  of  ammonia  is  lost  by  being  thrown  intotljs 
atmosphei-e.  Ammonia  and  its  salte  are  daily  becondng  more  valuable  to  agriculture, 
and  it  is  their  comparative  higli  price  alone  which  prevents  their  universal  use  to 
all  kinds  of  cereal  cultivaljoas.  By  a  construction  of  tlie  most  simple  kind  the  coke- 
ovens  now  in  use  might  be  made  to  economize  much  of  the  nitrogen,  -which  invariably 
escapes  in  the  form  of  ammonia.    As  an  inducement  U>  this  economy,,  we  have  ap. 
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Dended  to  Table  6.  two  cohimna  showing  the  qnnntity  of  e 
poudiug  quantitj  of  tonimertial  eulpliato  wliicli  encli  Kio  lbs.  of  the  respective  poali 
maybe  made  to  praduue.  When  it  is  remembered  that  the  price  of  sulphate  ot 
ammonia  is  about  13i.  per  ton,  or  that  lUO  toes  (of  coal,  we  suppose)  in  euking  i! 
(are))  oapnlilc  of  producing  on  an  average  about  sij£  tons  of  this  salt,  ifa  neglett  ia 
highly  i-cfueheusible." 

Ivotliing  has  tended  half  so  much  to  retard  the  cultivation  of  oheniistry  liy  our 
pratlital  niauufacturers  as  tiie  Iiiini  of  atntetiienls  of  whieEi  tJie  above  ia  a  sample. 
Written  by  individuals  wholly  igiiofapt  of  the  siibiect  of  whicU  they  treat,  tlieee 
aaaertJouB  serve  only  to  amuse  iiravtieal  men,  and  to  demonstrate  the  stupeodous  folly 
and  assuraace  of  tlieir  autlioca.  Imperfection  is  an  attiibute  of  humanity,  buttliat 
the  present  system  of  making  coke  is  very  imperfect  remains  to  be  proved. 

The  volatile  combustible  matter  of  the  coal  is.  not  lost;  on  me  contrary,  it  is 
employed  as  a  means  of  eouvertiog  the  oinder  of  the  coal  into  coke,  and  that,  too,  by 
the  heat  wliith  it  evolves  in  burning;  aud  if  that  heat  was  so  inconsiderable  aa  tlie 
report  would  lead  us  to  Bup|K«e,  mei'e  cinder  alone  vnni:)  remain  in  the  cote-oven, 
eveu  after  the  heat  liad  been  kept  up  for  ninety-Bin  hours.  Pei'liapa  the  framera  of  Uie 
report  may  waut  to  know  the  distinctiou  between  cinders  and  coke.  Coke,  if  good, 
sinks  in  water ;  bad  coke  or  eiuder  awiniB.  The  reason  of  this  is  very  simple.  The 
longer  and  higher  thp  iieat  to  which  carbon  from  wood  or  coal  is  expoaed  tlie  more  it 
contract^  and  conaetjUently  the  denser  it  becomea.  The  volatile  combustible  matter  of 
tlie  eual  is  employed,  iJien,  in  prwinciiig  the  reqniBite  temperature  for  coking,  and  the 
oven  ia  so  contrived  as  to  retain  tJie  heat  a  sufficient  tjnie  to  produce  the  necessary 
aggregation  of  tJie  particles  of  carbon,  or,  in  plain  words,  the  ooiidensafioo  of  the  coke ; 
to  assert  tliat  this  volatile  combuatible  matter  is  lost  is  perfectiv  ridicnlous.  We  are 
next  informed  that  "an  immense  quantity  of  amiLonia  ia  lost  by  being  thmwn  into  the 
atmosphere,"  and  tliat  by  "  a  eoiistructiou  of  the  most  simple  kind  this  loss  might  be 
avoided."  Lord  DuudonaJd,  about  fifty  yea*B  ago,  had  tlie  same  idea,  and  tried  it  on 
a  large  scale ;  it  is  unueeeaaary  to  say  that  it  pivved  to  be  a  complete  failure,  altliough 
sulphate  of  ammonia  was  then  woith  lour  or  five  times  its  present  piice.  But  the 
most  abanrd  part  of  this  scieutific  soap-bubble  is  contained  in  the  last  sentence: — "100 
tons  in  coking  is  capable  of  producing  on  an  average  about  six  tons  of  this  salt" 
(sulphate  of  ommouia).  Kow,  let  us  for  a  few  minutes  imagine'my  Lord  Grey 
desirous  as  (we  linve  no  doubt  lie  is)  of  making  the  most  of  hia  Broomhill  coal 
i'aesiug  his  eye  down  column  1.  of  Table  6.,  he  aees  at  a  glance  that  100  tons  ot  coal 
will  produce  8'674  tone  of  sulphate  of  ammonia,  worth  13/.  per  ton.  Making  a  little 
allowance  for  loss,  he  aays  to  himself  "Well,  call  it  8j  tona;  and  now  how  much 
sulphuric  acid  ia  re<juiredr  We  will  auppoae  him  practically  acquainted  with  Dr. 
Wollaston'a  scale,  and  that,  valuing  common  "  chaniber  aeid  at  Uiree  forthings  pw 
cent.,  he  has  arrived  at  tlie  following  conclusion  : — 


A  promising  speculation  truly,  if  his  lordahip  could  only  economize  "  the  nitrogen 
which  invariably  escapes  in  the  form  of  ammonia."  But,  most  unfoi'tunately,  the  ni- 
trogen does  not  "invaiiably  escape  in  the  form  of  ammonia,"  (or  in  practice  nme-tenths 
of  it  invariably  escape  in  Uie  form  of  nitiogen.  as  any  experienced  gas  manufacturer 
can  testify,  and  aa  the  experimeata  quoted  in  the  repoil  abundantly  prove,  for  accord- 
ing^ to  Mr.  F.  C  Wrighleon  (a  pupil  of  Liebig^  wiio  {tide  Report,  page  6.)  had  fitted 
"himself  by  special  study  for  an  nudertaking  requiring  so  much  delicaey  of  manipula- 
tion,"— according,  then,  to  Mr.  Wrighlaon  (page  58.),  the  Binea  coal  and  the  Llangen- 
neck  coal  gave  by  actual  experiment  in  100  paits  O'ilS  of  ammonia,  or  -810  of  sulphate 
of  ammonia.    Kow,  if  we  compare  this  with  Table  6.  we  shall  find  — 

Einea  coal     )  might,  could,  would,  or  (  6-741  I  really  did  J  O'SIO 

Llaogenneck  ( should  produce  (  5-044  j  produce    (  O'SIO 

or  ubout  ith  of  tlie  quantity  theoretically  obtained  by  Sir  H.  De  la  Becheand  Dr.  Lyon 
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riayfair;  yet  these  ore  the  individimU  wlio  find  Ciult  with  oiir  maiiufactqrers,  and 
pTFlcrid  to  improve  our  processes  Witli  quite  as  ninuh  practiual  utility  tniglit  tlie^e 
geiiUemcn  have  detuiled  to  uatlie  quantity  of  pure  diaiaorid  which  thu  coats  iu  question 
wonld  produce,  if  we  knew  liow ;  as  the  amount  of  ammonia  whiuh  tliey  might  give  off 
if  tliey  would.  Of  the  analytical  part  of  the  report  we  will  aay  little  more  than  that  it 
is  it)  perfect  keeping  with  the  rest.  In  the  tirat  place,  chloride  of  oalciucn  is  employed 
to  remove  water  and  ammuuia  from  the  gna,  although  a  very  little  piiiutiual  knowledge 
of  gas  purilioatjon  would  have  taught  the  operator  that,  when  water  and  ammonia  are 
absorbed  by  ctiloride  of  calcium,  carbonic  oeid  is  also  taken  ap,  so  as  to  produce  car- 
bonate of  lime  and  muriate  of  ammuuia ;  and  as  this  carbouic  acid  must  have  bees 
regarded  either  as  ammonia  or  water,  it  follows  that  the  experimeutal  results  are  value- 
less. The  substauos  wtiiub  ought  to  hava  been  employed  to  absorb  water  and  ammonia 
under  the  circumstances  is  the  fused  or  gl.icial  phosphoric  acid ;  but  what  real  value  cnu 
we  attach  to  experiments  made  upon  less  than  half  a  grain  of  coal,  in  which  the  eifors, 
and  errors  there  are,  have  been  multiplied  at  least  800,001)  times)  For  example,  at 
page  68.,  we  find  "  Anthracite,  from  T.  Aubrey  and  Co."  The  quantity  of  tliis  eoal 
taken  for  analysis  was  0'2T6S  of  a  grain,  or  rather  more  than  i  of^a  graiu.  Now,  sup- 
posing it  had  even  equalled  I  of  a  grain,  then  tu  bring  this  to  a  pound  it  must  be  multi- 
plied al,000  tames,  and  to  raiae  this  last  to  the  weight  of  water  which  1  lb.  of  such  coal 
could  theoretically  evaporate,  as  represented  at  column  4.  of  Tabie  6.,  this  21,000  must 
he  multiplied  by  14-333 ;  therefore,  if  any  error  occurred  in  the  analysis  of  this  an- 
thracite coal,  it  has  been  multiplied  upwards  of  30li,4S3  times;  in  regard  to  the 
quantity  of  water  which  1  lb.  of  such  coal  can  evaporate,  a9  exLibited  incolunin  4.  of 
Table  fl.  The  idea,  however,  of  weighing  the  uJmth  of  a  grain  is  perfectly  new  to  ua, 
who  hare  always  regarded  even  the  liath  as  something  too  nearly  approaching  theim- 
ponderable.  'Aiese  remarks  apply  equally  t«  the  experiments  with  litharge;  no  allow- 
ance is  mode,  or  notice  taken  of  the  error  aiising  from  the  presence  of  iron  pyrites  in 
the  coal,  although  this  substance  would  reduce  more  than  9  times  its  weight  of  litharge, 
and  the  error  tlius  prirdueed  has  been  multiplied  upwards  of  (K),000  times  In  column  6. 
of  Table  4. ;  and  in  the  case  of  the  anthracite  ooal  above  mentioned  this  error  has  been 
increased  104,607  times.  Nor  ie  the  quantity  of  iron  pyrites  inconsiderable  in  many 
of  these  coals,  for,  according  to  Table  3.,  the  following  contain  a  portion  of  sulphur 
eqiivalent  to  bisulphuret  of  iron,  as  under:  — 

Slievardagh    .        -        -        -        12-a7perGwt"|  of  iron  pyrites  foi  whii-h 
liesolven         ,        .        -        -  S'SO       „        [no    allowance    has    been 

Bedwos  ...        -  6'56       „        fmade  in  the  litharge  e\ 

Cwm  Nanty  Gros  -        -        -  5-64      „       J  penraenla. 

To  pretend  to  attach  any  value  to  such  experiments,  or  to  the  conclusions  Irawn 
rom  them,  is  a  mere  fiillacy,  and,  as  the  whole  of  the  tlieoietioal  part  is  based  upon 
these  analyses,  with  them  it  must  fall  to  the  ground  as  erroneous  and  illusory  Undnr 
these  ..arcumstaucefl  it  becomes  necessary  to  inquire  most  carefully  into  the  la^ge  and 
practical  essays  made  for  the  purpose  of  determining  the  quantity  of  water  evaporated 
during  many  auocessive  hours  by  considerable  quantities  of  each  particular  coal. 
With  a  few  exoeptiona,  ea«h  ooal  was  burnt  for  eight  hours,  and  the  experiment  repeated 
three  times,  the  quantity  of  ooal  eonsomed  and  of  water  evaporated  being  noted  ic 
each  instance,  and  an  average  drawn  from  the  three  results  obtained  bv  each  coal.  If 
earefolly  conducted,  this  metliod  ought  to  hare  fomished  some  valuable  information, 
but  the  discrepancies  in  respect  to  the  three  results  obtained  from  some  of  the  coals 
are  so  enormous  and  unaccountable  as  to  render  the  whole  table  suspicious,  doubtful, 
and  therefore  valueless  ;  indeed,  the  diffarenoes  observable  between  many  of  the  dif 
ferent  samples  of  coal  are  much  less  than  the.esperimental  differences  given  by  one 
and  the  same  coal,  and  which  oceasionally  amount  to  Kttle  short  of  twenty  per  cent, 
as  the  following  table  will  show  [see  p.  448.]. 

The  idea  of  forming  a  table  fi'om  eiperiments  producing  such  discordant  results  is 
altogether  preposterous,  yet^  turn  in  what  direction  we  may,  the  same  evidence  of 
blundering  and  incapacity  preaenls  itself.  In  the  first  place,  the  selection  of  the  coals 
was  bad  and  unfair  in  the  extreme,  and  no  way  calculated  to  answer  the  practical 
end  in  view;  secondly,  the  proximate  analyses  are  worthless,  from  the  employment  of 
chloride  of  eaieium  tor  a  purpose  for  wiiich  it  was  not  adapted;  thii'dly,  the  ultimate 
analyses  are  made  in  quantities  too  small  to  entitle  them  to  any  confidence  when  their 
results  are  raised  to  practical  purposes ;  fourthly,  the  litharge  experiments  are  erro- 
neous; and  fifthly,  the  practical  esaays  by  means  of  the  Admiralty  boiler  are  so  ooni- 
pletoly  at  vaiiance  amongst  themselves  as  to  defy  all  arrangement  or  computation. 

The  entire  report  is,  in  fact,  a  di^|;raoe  to  the  age  and  country  we  live  in,  and  carries 
with  it  all  the  internal  evidence  of  a  job. 

As  it  is  possible,  however,  that  the  Admiralty  may  really  be  serious  in  ifc=  desire  to 
asiwrtain  the  true  value  of  steam-coal,  we  will  venture  to  throw  out  a  few  hints,  in  oiiler 
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Did  Castle       ■ 

Ward's    - 

Binea      - 

Llangenneek    - 
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Mvnydd 

4-9        ,. 

jtaigoJa 

Lyd.>ey  -        - 

11-S        „ 

" 

ai      „ 

AiithratilB 

5«        " 

Cwm  Naiitj  Gi-03 

Grangenioutli  - 

Broomliill 

Itesolven 

Pontjpool 

l;i'.l        „ 

I'ortliMawr    - 

Ebbw  Vftlo      - 

Fordel  Splint  - 

Coleahill  - 

Wollseiid  Elgin        -        -        - 

IS       „ 

timt  tliat  august  body  of  well-paid  functionaries  niaj'  look  before  tliey  leaj)  iuto  > 
fiiibjeet  BO  iiitimately  tojineeted  with  our  national  inteiests. 

Tn  working  a  senm  of  uou),  experience  lias  shown  that  the  quality  of  Che  coal  is  net 
iiniform,  and  that  a  coal  may  be  improving  or  deteriorating  as  the  workings  are  carried 
on,  in  one  or  anotber  direutjon.  From  this  it  follows  that  any  partieular  coal  eianiined, 
say  in  1S46,  is  by  no  means  tu  be  regarded  us  posseaaing  the  same  value  in  1848,  since  tliia 
may  have  changed  eonsiderably,  if  the  workiiig_  of  the  toal  has  been  carried  on  to  any 
great  extent;  and  it  is  tbe  deteniiiaation  of  tbis  very  fact  which  constitntea  the  real 
Bouroe  of  utility  to  be  derived  from  a  Government  investigatioii.  The  prorimata  value 
of  a  coal  is  soon  determined  by  actual  experiment,  from  Uie  nmomit  ot  work  dune,  and 
a  market  value  is  given  in  accordaaoe  with  these  rough  I'esults;  but,  when  once  that 
valae  has  become  fised,  there  it  remans  for  many  years,  whelier  the  coal  continuea 
uniform  or  not,  and  it  is  only  slowly  and  bydtwi'ees  that  the  change  becomes  apparent 
An  eatablishmest  for  determhiing  maUera  of  mis  kind  is,  therefore,  much  needed,  but, 
to  be  nseful,  it  must  obviously  be  permanent  Again,  an  tlie  transmissioa  of  heat  fmm 
one  body  t«  another  is  proportjonal  to  the  difference  of  temperature  between  thebmliea 
themselves,  it  is  clear  that  the  water  operated  on  should  have  one  uniform  temperature 
in  all  the  experiments,  and  there  are  many  reaauiis  why  this  should  be  the  boiling  pointL 
The  quantity  of  water  evaporated  should  not  be  inferred  from  the  quantity  whidi  hai 
escaped  from  a  boiler  during  an  experiment;  independent  of  the  pos^bility  of  leakage, 
much  water  is  occasionally  carried  off  meehauieally  by  the  steam;  hence  the  origin  of 
"primiBg"  Tlie  most  unobjectionable  method  would  be  to  distil  the  water  and  after- 
waj'ds  measure  it.  tlie  still-head  being  provided  with  a  return-pipe,  as  is  usual,  for  the 
fiuid.mechanically  projeet.ed.  The  oraiuary  modes  of  favouiing  the  ti'ansmiswon  of  heat 
from  the  furnace  to  the  boiler,  and  of  preventing  its  escape  in  any  other  direction  tlian 
into  the  refrigeratory,  should  be  had  reooni'se  to.  A  chemist  is  ol  no  use  for  such  iiivea- 
tigations;  if  any  chemical  question  should  arise  out  of  the  experiments,  it  woidd  be 
better  to  consult  some  one  of  establirfied  reputation.  Hie  stoker  dioqld  be  intellj(i;enl) 
and  practically  noquaintBd  with  tlie  different  modes  of  Hre  iieceesary  for  anthratitie, 
open^urning,  and  bituminous,  or  caking  coal ;  for  whilst  Uie  first  of  these  will  take, 
nay  requires,  eighteen  or  twenty  inches  of  fuel  on  tlie  bars,  the  lost  will  not  bear  more 
than  four  or  six,  witliout  an  enormous  loss  of  heating-power.  To  this  cause  must  be 
a«cribed  much  of  the  disorepanoy  apparent  in  the  expeiimental  results  obtained  by  tJie 
AdiniralW  boiler. — Mr,  Leaia  I'hoi^iiion,  ia  "  The  ClieiiiMai  Tiaiei' /OT  December,  1848. 

COBALT.  This  metal  being  dif&iult  to  reduce  from  its  ores,  is  therefore  very  little 
known,  andhianot  hitherto  been  employed  in  its  simple  state  in  any  of  the  arts ;  but  its 
oiide  lias  been  extensively  used  ou  account  of  the  rich  blue  colour  whicli  it  imparta 
to  glass,  and  the  glaies  ot  porcelam  and  stone-wai'e.    The  principal  ores  of  cobalt  ai'e 
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lho?e  designated  by  mineralogists  under  t 

The  first  contnins,  in  aildiiion  to  coball,  e 

ver,  &c.       The  oilier  is  a  cumpc.und  of  cobalt  wiih  iroi 

Aniriiig  the  gray  cubalis,  ilie  ore  most  esteemed  for  its 

Swelen.     It  is  uAen  in  regular  crystals,  which  possess  1 

Bleel.      The  specific  Jiravily  of  cobalt  pyrites  is  6  36  tu 

alioi-dsd  lo  Klaprolb,  coliaU,  44 1  arsenic,  555  j  sulphur 


s  of  arKskat  coball  and  gray  tobalt. 
-'-  --,  niclic!,  and  occasionally  ail. 
aisenic,  sulphur,  and  nickel, 
juriiy  is  thalof  l^-iabcri  in 
e  tnsire  and  color  of  pulishcd 
■66.     The  Tunaberg  variety 

--, ,  -,,.r--,  a-5j  so  Ihat  it  is  an  arseni- 

5,  however,  contain  much  sulphur  as  well  as  iron.  It  imparts  at  ihe  blowpipe 
■  blue  color  lo  borax  and  other  fluxes,  and  gives  out  arsenical  fumes. 

The  ore  being  picked,  to  separate  its  concomiianl  siony  macier,  is  pounded  line 
and  passed  ihruugh  a  sieve;  and  is  also  occasionally  washed.  The  powder  is  then 
spread  on  the  sole  of  a  reverberatory  furnace,  the  flac  of  which  leads  into  a  Ions  hori- 
zunlHl  chimney.  Here  it  is  eipiised  to  calcination  for  several  hours,  to  expel  the  sul- 
phur and  arsenic  Ihal  may  be  present;  the  former  burning  away  in  snlphurous  acid  gas, 
the  iatler  being  condensed  into  the  white  oxyde  or  ai-seni"as  aci<i,  whence  chirHy  Ihe 
maikrt  is  supplied  wilh  this  article.  This  calcining  process  can  never  disengage  ihe 
whole  of  these  volatile  ingredient",  and  there  is  therefore  a  point  beyond  which  it  is 
Useless  to  push  it ;  but  the  small  quantities  thai  remain  are  not  injurious  (o  (he  subse- 
quent opeiations.  The  niasieJ  ore  is  sified  anew ;  reJneed  lo  a  very  fine  powder,  and 
then  mixed  wilh  2  or  3  parts  of  very  pure  silicious  sand,  lo  be  eonverled  into  what  is 
called  2.(/re.  Wilh  this  product  glasses  aie  aenerally  colored  blue,  as  Well  as  enam- 
els and  potterj-  glaze.  In  the  woiks  wheie  coball  ores  are  treated,  a  blue  glass  is  pre. 
pared  wiih  the  zalfie,  which  b  well  known  under  Ihe  n>ime  of  small  or  azure  htue. 

'^'"  "  "   ■  ■     ■     ajjini;  lo  iiif,  jaffrg  g  ^^  3  pg„g  ^j-  ^^^f,^  according  to  lis  ricn- 

nelling  the  mislure  in  earlhen  crucibles.  The  fused  maf.s  is 
I  mown  out  while  hot  into  waler;  and  is  afterwards  Irilurateil  and  levigated  in  mills 
mounted  for  the  purpose.  There  remains  at  ihe  hollom  of  the  earthen  pot  a  mplajut 
lump,  which  contains  a  little  cobalt,  much  nickel,  arsenic,  iron,  &c.      This  is  called 

As  il  is  the  oxyde  of  coball  which  has  the  coloring  qualily,  the  calcination  serves  the 
purpose  of  ojiydizement,  as  well  as  of  expelling  the  foreign  mailers. 
A  finer  coball  oxyde  is  procured  for  painting  upon  hard  porcel; 


I   cobalt, 


ic  acid,  which  ci 
It  melals  present  in  th 
nay  be  separated  in 


n  acid,  and  combines  it  with  ihe  dif- 
These  arseniaies,  being  unequally  soluble  in  nitric 
1  by  a  cautious  addilinn  of  carbonate  of  stila  or  pol- 
ash  i  and  the  arsrniate  of  coball  as  the  most  soluble  remains  unafi'ecled.  It  has  a  rose 
color,  and  is  eaeil,  dislineuishable,  whence  Ihe  precipiiniion  may  be  slopped  at  the  proper 
point.  The  above  solution  should  be  much  diluted,  and  ihe  alkali  should  be  cauliuualy 
added,  wilh  frequent  agitation. 

The  cobalt  ores,  rich  in  nickel,  are  «posed  lo  slow  ojydizement  in  the  air,  whereby 
the  iron,  cobalt,  arsenic,  and  sulphur  get  oxygenated  by  the  atmospheric  moisiure,  but 
the  nickel  continues  in  the  ineWllic  slate.  This  action  of  ihe  weather  mnst  not  be 
extenled  beyond  a  year,  otherwise  the  nickel  becomes  all'ecled,  and  injures  the  cnball 
blue.  The  ore  hereby  increases  in  weisht,  fiom  8  10  10  per  cent.  Fig.  S82  is  a 
longitudinal  section  of  the  furnace:_^g,  383,  a '     ■      -  ■       ■•  ...... 


sole  of  the  hearth, 
fiie-hricks    or   tiles. 


The    ' 


chamber.     See  lli 


fled  fur  wood  fuel,  and  the  bearlh  is  comjioscd  of 
i  and  gases  disenaaged  in  the  roaslins  pass  off 
inels  A  b,  and  thence  by  c  into  the  common  vent,  or 
ilion  of  the  noison  'ower  if  Allenberg   under  the 


left  at  BUituble  el 


ueans  of 

The  azure  manufaofure  is  cariieJ 
on  (hieliy  in  Tvinter  m  oider  tliot 
tlie  external  cold  maj  favour  the 
more  complete  eondenaation  of  tli 
neids  of  arseuii.  From  3  t«  6  i.t\t 
of  feJiliob  (pasty  ore)  are  roasted  at 
one  operation  and  its  bed  is  Ui  i 
from  5  to  6  inchea  tbioL  AfUi  tno 
hours  it  must  be  turned  ovei  and 
the  stirring  must  be  repeated  eveij 
h-ilf  hour  till  no  more  ar»eni  is  ol 
scned  t  exhale  The  process  b  ing 
tl  en  fin  shed  the  ore  must  be  raked 
out  ot  tl  e  furaiu  e  andanotherchaige 
mtrodueed 


nsjjic 


The  d  a  nn  of  the  roaM  n"  s 
re  ula  pd  [  i  ly  b  he  propt  Ion 
ol  «  Iphu  and  a'^enc  present  a  d 
pa  ll>  by  the  a  noanl  ol  o  cbel 
wh  eh  m  =1  not  be  suffe  ed  lo  b" 
coae  Dxyd  zed  lesi  it  should  'jn  I 
II  e  c  1o  or  11  e  smalt  The  la  er 
0  es  should  be  bul  'liehtly  roa  ed 
'o  a  loeonierl  ihe  n  clielmto  jpe  ss 
The  ii-a'^tnl  ore  niiiBt  be  sifted  in  a 
sifrty  apparatus.  The  loss  ofweiaht 
la  the  niasting  amoiiDts,  upon  (he 
-    "B  per  cent,  Theroasled 


ore  has  a  brovt 


sijlor  in 
Inhaled  into  different  sorts.  F  F  S 
isihe  haesls'i/ra;  F  S,fine;  OS, 
ordiaarr,  and  M  S,  raiddling.  Thrse 
iHiielieS  proceed  from  various  mix- 
lures  of  the  calcined  ores.  The 
roasted  ore  is  sround  np  along  with 
Eand,  elalriated,  and.  when  dry,  i> 
caltetl  iaffre.  Il  is  Ihen  mixed  with 
a  sufficient  qnnntity  of  poiash  fot 

Fi^s  864  and  365,  reprRsent  a 
round  email  fiirnace,  in  two  vertical 
sections,  at  riihl  amies  to  each 
other  The  (ire-plaee  is  vauKed  or 
arched  ,  Ihe  flame  oriRce  a,  is  in  the 
middle  of  the  furnace ;  6  is  the  feed 
hole  ,  c,  a  lunnel  which  serves  as  an 
ash  pii,  and  to  snpply  air;  d,  open- 
laEs  (hroutih  which  the  air  arrives 
at  Ihe  fuel,  the  wood  beini;  placed 
ujKin  Ihe  vaults  c,  knee  holes  for 
t-ikins  out  Ihe  scorice  from  the  put 
bjltoms,  /,  worhiag  orifices,  wilh 
casl-jron  plates  g,  in  fronl  of  thein. 
Under  tht<e  are  Ihe  additional  out- 
Lt:A  The  smuke  and  flame  pass 
off  Ihroush  the  orifice«  i,  which  tcr 
minale  in  espaaded  flues,  wheie  the 
snnd  may  be  calcined  or  the  wood 
mir  he  hated.  Eiehl  hours  are 
sulhcienl  for  one  vilrifj  mg  operiticn, 
during  which   the  glass  is    stirred 

Ihe  ppFi  Ti  III  IL  I  I  L  I  I  I  I  I  s  ol  bine  glass  is  considered  a  secret  in  (ha 
'mellins  «ujI-s  ami  £ij«k"i  wiili  the  iJluwiag  letters  — F  F  F  C,  the  finest;  F  C, 
finSjMC,  middling ,  O  (^  oidiiiaij  A  melting  fuinaei,  containing  8  pots  of  glaas, 
produecfl  lo  2i  hours,  from  24  cwta.  of  the  mistme,  19  ewta.  of  blue  glass;  aud  from 
ito  I  cwt  of  sootUB  or  apeiss  {tpftseX  Tlia  composition  spene,  aouording  to  Berthier, 
IS, — nickel,  *B-0,  arsenic,  87-8,  sulphor,  7  8,  copper,  1  b,  cobalt,  82  in  100.  KickeJ, 
arsenic,  and  sulphur,  are  its  essential  constituents;  the  rest  are  accidental,  and  often 
fcbseat.  The  freer  tiie  cobalt  ore  is  from  foreign  metala,  the  finer  is  the  colour,  and 
the  deeper  is  the  shade ;  paler  tints  are  easily  obtained  by  dilution  with  moi'e  gla^ 
The  presence  of  niekel  gives  a  violet  t«ne. 

The  produetioQ  of  smalt  in  the  Prussian  states  amounted,  in  18S0,  to  7452)  ewts. , 
and  inSaHiuyto9697owta.;  in  1826,  to  12,310  ewts. 

One  process  for  makiiig  fine  smalt  has  been  given  under  the  title  Azure;  I  shall  in- 
troduce another  somewhat  different  here. 

The  ore  oE  cobalt  is  to  be  reduced  to  very  fine  powder,  and  then  roasted  with  much 
care.  One  part,  by  weight,  is  next  to  be  introduced,  in  successive  small  poi-tions,  into 
an  iron  vessel,  in  which  three  parts  of  acid  sulphate  of  potassa  haa  been  previously 
fused,  at  a  moderate  temperature.  The  mixture,  at  first  fiuid,  soon  becomes  thick  and 
firm,  when  the  fire  is  to  be  iuerensed,  until  the  mass  is  in  perfect  fusion,  and  all 
wliite  vapoira  have  ceased.     It  is  then  to  be  taken  out  of  the  crucible  with  an  iron 
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ladle,  Ihe  crucible  is  to  be  recharged  with  acid  sulphate  of  potash,  and  ttie  operalirn 
poniiniied  as  before,  until  the  vessel  is  useless.  The  fused  masF  conlains  «uli>]iHte  of 
eohalt,  nentral  sitlphnte  of  potassa,  and  arseniaie  of  iron,  with  a  little  cuball.  It  is  to 
b''  pnlvtrized,  and  b.dled  in  an  intn  vessel,  with  water,  as  lonK  as  the  puwiler  coniinnea 
riiiih  to  the  touch.  The  while,  or  yellowish  white  resiflue,  mny  he  ailoweil  lo  sepniate 
fnim  the  solution,  eilher  by  deposiiion  or  fiitrnlion.  Carbonate  nf  polassa,  free  fj-om 
silica,  is  then  la  be  adLled  lo  the  solution,  and  Ihe  caibonale  of  cobatl  lliroivn  daivn  is 
lo  he  separated  and  well  washed,  if  possible,  with  warm  waier;  the  same  water  may  be 
Bsed  to  wash  other  portions  of  the  futed  mass.  The  lilteied  liquid  whieh  first  passes 
is  a  saturated  solution  of  snlphate  ofpolassa:  beina  evaparaled  lo  drj'oess  in  an  iron  ve*- 
«el,  it  may  be  reconverted  into  acid  sulphate  by  fusing  it  with  one  half  its  weight  of 
sulphuric  acid :  this  sail  is  then  as  useful  as  al  iii'st. 

The  ojyde  of  cobalt  thus  obtained  conlains  no  nickel ;  so  little  xyde  nf  iron  is  pre- 
sent, that  infiisiiin  of  sails  does  not  show  its  presence;  it  may  cunluin  a  little  cnpper,  if 
thit  metal  exists  in  the  ore,  but  il  is  easilv  separated  by  the  known  methods.  Sometimes 
sulpliureled  hydrosen   will   produce  a  yellow  brown   precipitate  in  the  solution  of  the 

bismnth,  or  a  mixture  of  both. 

It  has  been  found  advanlaseous  lo  add  to  the  fusfd  m 
reiiness,  and  one  tenth  rif  nitre  when  ihe  resiiiue  is  an 

"  :casion  lo  acl  npon  the  residue  a  second  time  for 
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!4i{>00  lbs,  were  rcUinecl  in  1834. 

COCCULUS  ISDICUS,  or  Indian  berry,  is  the  fruit  of  the  Meiti'permnm  Cocrulnt, 
a  laige  tree,  which  crows  upon  the  coasts  of  Makbar,  Ceylon,  &c.  The  fruit  a 
blackish,  and  of  the  size  of  a  larae  pea.  It  owes  ilg  narcotic  and  poisonous  qualiiics  lo 
the  ve^eto-alkaline  chemical  principle  called  picroloxia,  of  which  it  contains  about  one 
fiilieth  part  of  itsweisht.  Ii  is  sometimes  thrown  into  walers  lo  inlosicnte  or  kill  fishes; 
and  il  h  s^d  to  ha»e  been  employed  to  increase  the  inebrialins  qualities  of  ale  or  beer, 
'ts  nse  (or  this  purpose  is  prohibited  by  acl  of  parliamenl,  under  a  penally  of  2O01.  upon 
■  he  brewer,  and  5()0i.  upon  Ihe  seller  of  the  drue. 

COCHINKAL  was  talten  in  Europe  at  Grsl  for  a  seed,  bnt  was  proved  by  the  ohser- 
ralions  of  Lewenhoeck  to  be  an  insect,  beine  the  female  of  thai  species  of  shield-loase, 
or  coccw,  diiicovered  in  Mexico,  so  Ions  ai;a  as  1518.  It  is  bron°ht  to  us  from  Aleiico, 
whire  the  animni  Hvee  npon  Ihe  caclns  opnnlia  or  nopal.  Two  sons  of  cochineal 
are  fathered— the  wild,  from  the  woods,  called  by  Ihe  Spanish  name  griina  aUveilra; 
»(il  the  callivaled,'or  the  granajaia,  termed  also  tnesfeqie,  from  the  name  of  a  Mexican 
province.  The  first  is  smaller,  and  covered  wilh  n  cottony  down,  which  increases  its 
baik  wilh  a  matter  useless  in  dyeina;  jl  yields,  therefore,  in  equal  weight,  much  less 
color,  and  is  of  inferior  price  to  that  of  the  fine  cochineal.  Bnt  these  disadvnnlajes 
are  compensated  in  some  measure  lo  ihe  growers  by  its  beins  reared  more  easily,  nml 
I'.'fa  expensively ;  partly  by  the  effect  of  its  down,  wliich  enables  it  better  to  rosiat  raias 

Tiie  wild  cochineal,  when  it  is  bred  upon  the  field  nopal,  loses  in  part  the  tenacity 
aud  quantity  of  its  cotton,  and  acquires  a  size  doubleof  whatithnson  tliewild  opuutius. 
It  may  therefore  be  hoped,  that  it  will  be  improved  by  persevering  care  in  the  learing 
of  it,  wlien  it  will  approach  more  and  more  to  fine  cocliiueuJ. 

Tlie  fine  cochineal,  wlien  well  dried  and  well  preserved,  eliould  have  a  gray  colour, 
bordering  on  purple.  The  gray  is  owing  to  the  powder,  which  naturally  covers  it, 
ajiil  of  whioh  a  iittlo  adheres ;  so  also  to  a  waxy  fat.  The  purple  eliade  arises  from  the 
colour  extracted  by  tlie  water  in  which  they  were  killed.  It  is  wrinkled  with  parallel 
fiirrowa  across  its  back,  which  ai*e  iutei'seeted  in  the  middle  by  a  longitudinal  one ; 
lieuue,  wlien  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  especially  after  being 
Bwollan  by  soaking  for  a  little  in  wat«r,  it  is  easily  distiiiguislied  I'i'om  tlie  factitious, 
iiiiooth.  glistening,  black  grains,  of  no  value,  called  East  India  cochineal,  with  which  it 
is  often  sLamefully  adultei'ated  by  certain  London  merchants.  The  genuine  eoehiueuJ 
lias  the  sliape  of  an  egg,  bisected  through  its  long  axis,  or  of  a  toi'toise,  being  rounded 
like  a  shield  upon  the  back,  flat  upon  the  belly,  and  without  wings. 

lliese  female  iuaeets  are  gathered  otF  the  leaves  uf  the  no|)iil  plant,  after  it  liOB  ripened 
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ils  fruit,  a  few  only  being  left  for  brood,  and  are  killed,  eilher  by  a  momenlary  immer- 
sion in  boiline  waler,  by  drjing  upon  heated  plales,  or  in  ovens  ;  the  last  become  of  an 
ash-i;ray  color,  consiituling  the  ailcer  cochineal, or  jaspeaita;  (be  second  aie  blackipli, 
called  vegra,  and  are  most  esteemed,  beina  probably  driest  i  the  first  nte  reddish  brown", 
and  reckoned  inferior  to  the  other  iwo.  The  dry  cochineal  beins  siRed,  the  dust,  with 
the  imperfect  insects  and  fragments  whicli  pass  through,  are  sold  under  the  name  of 
gramllo. 

Cochineal  keeps  for  a  long  time  in  a  dry  place.  Hellol  says  that  he  has  tried  some 
130  years  old,  which  produced  the  same  effect  as  new  cochineal. 

We  are  itidebled  lo  MM.  Pelletierand  Caventou  for  a  chemical  investigation  of  cochi- 
neal, in  which  ils  coloring  matter  was  skilfully  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  with  it  a  golden  yellow  color,  amounting 
by  Dr.  John  lo  one  tenth  of  the  weight  of  the  insect.  This  infusion  lefl,  on  evaporation, 
a  fatty  wax  of  Ihc  same  color. 

Cochineal,  enbausted  by  elher,  was  treated  with  alcohol  at  40°  B.  After  30  infusions 
in  the  digester  of  M.  Clievreul,  the  cochineal  continued  to  retain  color,  althongh  ihe 
alcohol  had  ceased  to  have  any  effect  on  if.  The  first  alcoholic  liquors  were  of  a  red 
verging  on  yellow.  On  coolinE,lbey  lei  fall  a  granular  matter.  By  spontaneoas  evapo- 
ration, this  matter,  of  a  fine  red  color,  separated,  assuming  more  of  the  crystalline  ap- 
pearance. These  species  of  crystals  dissolved  entirely  in  water,  which  they  tinged  of  a 
jellowish-red. 

This  matter  has  a  very  brilliant  purple-red  color ;  it  adheres  strongly  to  Ihe  sides  of 
the  vessels;  it  has  a  gran  alar  and  somewhat  ciystalline  aspect,  very  different,  however, 
from  those  compound  crystals  alluded  to  above ;  it  is  not  altei'ed  by  the  air,  nor  does  it 
sensibly  attract  moisture.  Exposed  to  the  action  of  heal,  it  melts  at  about  the  fiftieth 
deEree  cenligrode  (122°  Fahr.).  At  a  higher  temperBtore  it  swells  up,  and  is  decom- 
posed with  the  production  of  carbureted  hydrogen,  much  oil,  and  a  smalt  qminlily  of 
water,  very  slightly  acidulous.    No  trace  of  ammonia  was  found  in  lliese  products. 

The  coloring  principle  of  cochineal  ts  very  soluble  in  water.  By  evaporation,  the 
liquid  assumes  the  appearance  of  sirnp,  but  never  yieldsi  crj'sials.  It  requires  of  this 
mailer  a  portion  almost  imponderable  lo  give  a  perceptible  tinge  of  bright  pniplish  reil  to 
a  large  body  of  water.  Alcohol  dissolves  this  colorini-  substance,  but,  aa  we  have  al- 
ready stated,  the  more  highly  it  is  rectified  the  less  of  it  "does  it  dissolve.  Sulphnric  elher 
does  not  dissolve  Ihe  coloring  principle  of  cochineal;  but  weak  acids  do,  possibly  owing 
to  their  water  of  dilution.  No  acid  precipitates  it  in  its  pare  stale.  This  coloring  prin- 
ciple, however,  appears  lo  be  precipitable  by  all  the  acids,  when  il  is  accompanied  by  tho 
animal  matter  of  the  cochineal. 

The  affinity  of  alumina  for  ibe  coloring  mailer  is  very  remarkable.  When  that  earth, 
newly  precipilaled,  is  pat  into  a  malery  solution  of  the  coloring  principle,  ihis  is  imme- 
diately seized  by  Ihe  alumina.  The  water  becomes  coloiless,  and  a  fine  red  lake  is  ob- 
tained, if  we  operate  at  the  lemperamre  of  the  atmosphere ;  but  if  the  liquor  has  heeo 
hot,  the  color  passes  lo  crimson,  and  the  shade  becomes  more  and  more  violet,  accord 
ing  to  the  elevation  of  the  temperature,  and  Ihe  continuance  of  the  ebullition. 

The  sails  of  tin  exercise  upon  the  coloring  matter  of  cochineal  a  remarkable  action. 
The  mwrintic  piolosjde  of  tin  forpis  a  very  abundant  violet  precipitate  in  the  liqnid. 
This  precipitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  acid.  The  muriatic 
deutoiyde  of  lin  pro'luces  no  precipitate,  but  changes  ibe  color  lo  scarlet-red.  If  gflali. 
nous  alnmina  be  now  added,  we  obtain  a  fine  red  precinitale,  which  does  nol  pass  to 
crimson  by  boiling. 

To  this  colouring  principle  the  name  coraiinium  has  been  given,  because  it  forma  the 
basis  of  the  pigment  called  carmine. 

Tlie  process  followed  in  Germany  for  maldng  carmine,  which  consists  in  pouring  a 
certain  quantity  of  solution  of  alum  into  a  deeooljon  of  eocliineal,  is  the  most  simple  ot 
all,  and  affords  an  explanation  of  the  formation  of  carmine,  which  is  merely  tlie  car 
minium  and  the  animal  matter  precipitated  by  the  exuess  of  acid  in  the  salt,  which  liaa 
taken  down  with  it  a  small  quantity  of  alnmina ;  though  it  appears  that  aluniiua  ought 
not  to  be  regarded  as  essential  to  the  formation  of  ennntne.  In  fact,  by  anatlier  prouese 
called  by  tlio  name  of  Madame  Cenetta  of  Amsterdam,  the  carmine  is  thrown  down,  hj 
poaring  into  the  decoction  of  eoehiueal  n  certain  quantity  of  the  hinoxalate  of  potash. 
When  carbonate  ot  soda  is  added,  then  carminatad  lake  also  falls  down.  That  eaiinina 
is  a  triple  compound  of  animal  taatter,  carminium,  and  an  acid,  appears  Irom  the  cir- 
cumstance, that  liquors  which  have  afforded  their  carmine,  when  a  somewhat  strong 
acid  is  poured  into  them,  yield  a  new  formation  of  carmine  by  the  precipitation  of  the 
last  portions  of  the  animal  matter.  But  whenever  tlie  whole  animal  matter  is  thrown 
down,  the  decoctions,  although  still  muuh  charged  with  the  colouring  prmciple,  can 
afford  no  more  carmine.  Hueh  decoctions  may  be  usefuUy  employed  to  make  car 
minated  lakes,  saturating  the  acid  with  a  slight  excess  of  altali,  and  adding  gelatinous 
alumina.    The  precipitates  obtained,  on  adding  acid  to  tlis  alkaline  decoctions  of 
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e  shops  or  Paris  were  analyr.ed,  and  yielded  the  same  pm- 
ducTs.  They  are  decomposed  by  the  anion  of  heat,  with  the  diffnsinn  at  firsl  of  a  very 
stroni;  smell  of  burnias  animnl  matler,  and  then  of  sulphur.  A  white  powder  remiiined, 
aniountinf;  to  sbont  one  tenth  of  the  matler  employed,  and  which  was  ruun{l  lo  he  alu- 
mina. Other  quantities  or  carmine  were  irpaleil  wilh  a  solution  orcanslic  potish,  which 
completely  dissolved  ihem,  with  the  exee)>lion  ofa  befliiliriil  red  powder,  nol  acied  on  hy 
potash  and  concetilrated  acids,  and  which  was  reaenised  lo  be  red  sulphnret  of  mercnrj 
or  vermilion.  This  matrer,  evidently  foreign  lo  the  carmine,  appears  to  have  been  ad. 
ded  in  order  [o  increase  ils  weight. 

The  preceding  observations  and  experimenls  seem  calcnlated  to  throw  some  liaht  on 
the  art  of  dj^ins  searlei  and  crimson.  The  former  is  effecleil  by  employing  a  cochineal 
bath,  to  which  there  have  been  adilnl,  in  determinate  [.'uporlions,  acidulous  larlraLe  of 
polash,  and  nitro-miiiialic  deutoiyde  of  lin.  The  elfect  of  ihese  two  palls  is  now  well 
Itnown,  The  former,  in  consequence  of  ils  cloess  of  acid,  tends  lo  redden  Ihe  color, 
and  to  precipitate  it  alona  with  the  animal  matler  j  Ihe  laiter  acis  in  the  same  manner, 
at  first  by  ils  escess  of  acid,  then  by  ihe  oiyde  of  tin  which  falls  down  also  with  the 
carmine  and  animal  mailer,  and  is  filed  on  the  wool,  wilh  which  it  has  of  itself  a  strong 
tendency  lo  combine.  MM.  Pelletier  and  Caventim  remark,  that  "  lo  ahloin  n  bcaulirul 
sharle,  the  mnriale  of  lin  oa^ihl  to  be  entirely  at  ihe  mniimum  of  oitrdizement ;  and  il 
is  in  reality  in  this  slaie  that  it  mnsl  exist  in  Ihe  solution  of  tin  prepared  according  to 
the  proporlions  prpscrihed  in  M.  Berthollet's  tri'aliar-  on  dyeins-" 

We  hence  see  why,  in  dyeing  scarlet,  the  employment  of  alum  is  carefully  avoided,  as 
this  salt  tends  to  convert  the  shade  In  a  crimson.  The  presence  of  an  alkali  would  seem 
less  lo  be  feared.  The  alhati  would  occaMon,  no  donbt,  a  criirson-coloied  balhi  bul  ic 
would  be  easy  in  this  case  lo  restore  Ihe  color,  by  asina  a  laree  qiianiityof  larlar.  We 
should,  therefore,  procure  the  advantage  of  having  a  bath  heltsr  charged  with  coloring 
mailer  and  animal  substance.  It  is  for  experience  on  the  larse  scale  to  determine  this 
point.  As  to  the  earthy  salts,  they  mast  be  carefully  avoided  ;  and  if  the  waiers  be  se- 
lenilish,  it  would  be  a  reason  foi  addinv  a  -ittle  alkali. 

To  obtain  crimson,  it  is  suOicient,  as  we  know,  to  add  alum  to  the  cocMnpsI  balh,fr 


of 


irlet  cloth  in  alum  water.    II  i^  also  proper  to  diminish  the  dose  of  the  salt 

t  is  found  to  counteract  the  a  tjnn  of  the  alum. 
The  alkalis  ought  lo  he  rejected  as  a  means  of  chanaing  scarlei  to  crimson.     In  fact, 
imsons  by  this  process  cannot  be  permanent  colors,  as  they  pass  into  reds  by  the  action 


According  lo  M.  Von   Grotthuss,  carmii 
,  M.   Hersctiel,  color   maker 


may  be  deprived  of  its  golden  shade  h] 
ic  acid  and  alcohol.  Since  this  fact  was 
t   Halle,  has   prepared   a    most    beautilul 


The  officers  of  Her  Majesiy's  Customs  have  lately  detected  a  system  of  adulterating 
cochineal,  which  has  been  practised  for  many  years  opon  a  prodiRious  scale  by  a  mercan- 
tile house  in  London.  I  have  analyzed  about  100  samples  of  such  cochineal,  fmta  whicb 
it  appears  that  the  eenuine  article  is  moistened  wilh  gum-water,  asrilated  in  a  boi  ol 
eatber  bag,  fireb,  with  sulphate  of  baryta  in  fine  powder,  afterward  with  Imiie  of  ivi>ry 
black,  to  give  it  the  a|ii>earance  oinegra  cochineal,  and  then  dried.  By  tliis  meiins  about 
13  per  cent,  of  worthless  heavy  spar  is  sold  aC  the  pric  of  cochineal,  to  the  enrichment 
of  the  sopbisticators,  and  the  m^graae  and  injury  of  Biitish  trnde  and  mMiiufitctiirea, 

Tlii^  specific  gravity  of  genuine  coeliineal  is  l-US;  thnt  of  the  cnchineal  loadi^  wit)i 

tlifl  barj lie  Bill phate,  r33.    This  was  taken  in  oil  of  turpentine  and  reduced  to  water  as 

unity,  beunuae  iJie  wnxy  fut  of  tlie  i^seets  prevents  tlm  iiitininte  contact  of  the  latter 

liquid  wi til  them,  and  iJie  ready  expulsion  of  air  from  their  wriilkUd  Burfad.     ITiejare 

>t  at  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  espeeially  when  they 
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la  the  year  1136,  there  was  imported  into  EuropB 
value  of  15  millions  of  francs.  [Is  high  price  had 
1;  out  for  cheaper  sulistitutes  in  dyeing  red,  and 

•odnceci  so  many  improvements  in  tinctorial  processes,  both  madder 

ind  lac  have  been  made  to  supersede  cochineal  to  a  very  great  extent     Its  iwice  has,  " 
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BonBeqiience  of  this  substitution,  as  wall  its  from  more  anoceKifal  modes  of  ooItivatJon, 
falJifii  wry  greatij  of  late  jenrs.  In  Janiiar}',  1SS2,  the  pricex  of  Hondiirns  cochinenl 
ranirad  fiotn  2«.  9'L  in  6s,  per  lb„  anil  Mexiwin  from  as.  Id.  to  Ss.  4ii:  p.T  Ih. 

COCOA,  STEARINE,  and  ELAINE,  Mr.  Soames  obtained  a  palenl  in  Seplejnbei-, 
IS2lt,  for  niakint;  these  aseful  arlictes,  bf  (be  followiiig  process  :  — 

He  lakes  the  snb9t!tnee  cailed  cocoa-nut  oil,  in  ihe  siale  of  lard,  in  which  il  is  imporled 
into  ihii  cuunlry,  and  submits  it  Id  a  strong  hydraulic  pressure,  having  maile  it  up  in  small 
puckages,  3  or  4  inches  wide,  2  feet  loni;,  and  I  or  1|  inches  thick.  These  packages  art 
formed  by  first  wrapping  np  the  said  substance  in  a  strong  linen  cloth,  of  close  teiturf^ 
and  Lhen  in  an  outwaiil  wrapper  of  stixing  sail  cloth.  The  packages  are  to  be  pluced  sidl 
by  side,  in  single  rows,  between  the  plates  of  the  press,  allowing  a  smaH  space  between 
the  packages  for  the  escape  of  the  etaine. 

Tlie  leinperalure  at  which  the  pressare  is  begun,  should  be  from  about  50  to  55  decrees, 
or  in  eujnmer  as  nearly  at  this  pitch  as  can  he  obtained,  anJ  the  packages  <if  the  said 
eubslarice  inlended  fui  pressore,  should  he  exposed  for  stveial  hours  previonslj  to  aboot 
ihe  same  triniieratore.  When  the  packages  will  no  longei  yield  their  oil  or  elaiue  freely 
aC  this  temperature,  it  is  lo  be  gradaally  raised ;  but  il  must  at  no  timoeKceetl  65  degrees, 
and  llie  lower  the  temperature  at  which  Ihe  separation  can  be  effected,  the  beller  will  be 
the  rjualiiy  of  the  oil  expressed. 

When  the  packages  are  sufficiently  pressed,  thai  is,  when  they  will  give  out  no  more 
oil,  or  yield  it  only  in  drops  at  long  inlervals,  the  residimm  in  them  is  to  be  taken  out  and 
cleansed  and  purified,  which  is  done  by  melting  il  in  a  well-tinned  copper  vessel,  which 
is  fixed  in  an  outer  vessel,  having  a  vacant  space  between,  dosed  at  the  lop,  into  which 
steam  is  admitted,  and  the  heal  is  kept  up  moderately  for  a  sufficient  time  10  allow  the 
impurities  to  subside;  but  if  a  still  higher  desree  of  purity  is  requii-ed,  it  is  necessar;  to 
pass  il  through  filters  of  tjick  flannel  lined  with  blotting  paper. 

Having  been  thus  cleansed  or  purified,  it  is  fit  for  the  manufacture  of  candles,  which 
ere  made  by  the  oi^naiy  process  used  In  making  mould  talluw  candles.  Having  thus 
disposed  of  the  stearine,  or  what  is  called  the  Si's!  product,  he  proceeds  with  the  elaine 
or  oil  expressed  from  il^and  which  he  calls  the  second  product,  »3  follows:  that  is  lo 
say,  he  pui  ifies  it  by  an  adinixtur^  according  lo  Ihe  degree  of  its  apparent  foulness,  of 
from  I  to  2  per  cent,  by  weight  of  the  snlphuric  acid  of  commerce,  of  about  1-80  specific 
gravity,  diluted  with  sis  times  ils  weight  of  water.  The  whole  is  then  lo  be  violently 
agilaled  by  mechanical  means,  and  he  prefers  for  Ihis  purpose  the  use  of  a  vessel  con- 
structed on  the  principle  of  a  common  barrel  chum.  When  sufficiently  ).,,«i1aled,  it  will 
have  a  dirly  wliitish  appearance,  and  is  then  to  be  d  awu  ofi'inlo  another veaicl,  in  which 
it  is  lo  be  allowed  to  setlle,  and  any  scum  that  rises  is  to  be  carefully  take^  jrt'.  In  a 
day  cr  two  the  imparilfes  will  be  deposited  at  Ihe  bottom  of  the  oil,  wliich  will  lhen  be- 
come clear,  or  neariy  so,  and  it  is  to  be 'filtered  through  a  ihickwoollen  cloth,  afier  which 
il  will  be  fit  for  burning  in  ordinary  lamps  and  for  other  uses. 

The  process  of  aeparaling  the  elaine  from  the  stearine,  by  pressure,  in  manner  afore- 
said,  had  never  before  beec  applied  to  the  substance  called  cocoa-nut  oil,  and  consequealty 
no  product  had  heretofore  ^een  obtained  thereby  from  that  substance,  fit  for  being  ma- 
nufacturea  into  candles  in  the  ordiniu^  way,  or  for  being  refined  by  any  of  the  nam/ 
moaes,  jo  as  to  burn  in  ordinary  lamps,  both  which  objects  are  obtained  by  this  delho"! 
of  preparing  or  manufacturing  the  said  substance. 

Candles  well  made  from  the  above  material  are  a  very  superior  article.  The  light 
produced  is  more  brilliant  than  from  the  same  sized  candle  made  of  tallow  ;  the  ilame  is 
MCrfectly  colorless,  and  the  wick  remains  free  from  cinder,  or  any  degree  of  foulness  do- 
ling combustion. 

COFFEE.  The  cofiee  is  the  seed  of  a  tree  of  the  fiimily  rubiacun,  and  belongs  to  the 
Penlandria  monoeynia  of  Linuffius.  There  are  several  species  of  Ihe  genns,  but  Ihe  only 
one  cultivated  is  the  Coffaa  Anibha,  a  native  of  Upper  Ethiopia  and  Arabia  Felix.  It 
rises  lo  the  height  of  15  or  20  feet;  its  trunk  sends  forth  opposite  branches  in  pairs  above 
and  at  riehl  angles  lo  each  other;  the  leaves  resemble  those  of  the  common  laurel,  al- 
though not  so  dry  and  thick.  Prom  the  angle  of  the  leaf-slalks  small  groups  of  white 
flowers  issue,  which  are  like  those  of  (he  Spanish  jasmine.  These  flowers  fade  very  soon, 
and  are  replaced  by  a  kind  of  fruil  not  unlike  a  cherry,  which  contains  a  yellow  glairy 
fluid,  enveloping  two  small  seeds  or  heiries convex  upon  one  side,  flat  and  furrowed  upon 
Ihe  other  in  the  direclion  of  the  long  axis.  These  seeds  are  of  a  horny  or  cartilaginous 
nature ;  they  are  glued  logether,  each  being  surrounded  wilh  a  peculiar  coriaceous  mem- 
brane.   They  constilale  the  cofiee  of  commerce. 

It  w.TS  not  till  towards  the  end  of  the  I5th  century  thai  the  cofiee-tree  began  to  be  cul- 
tivated in  Arabia.  Historians  usually  ascribe  the  discovery  of  Ihe  use  of  cofiee  as  a  he- 
rerage  lo  the  superioi-  of  a  monastry  there,  who,  desirous  of  preventing  the  -monks  from 
ileeping  at  Iheir  noctamal  services,  made  them  drink  .he  infnsion  of  coffee  upon  Ihe  re- 
port of  shepherds,  who  pretended  Ihal  Iheir  flocks  were  more  lively  after  browsing  on  the 
ftuit  of  thai  -)lanl.    The  use  of  coffee  was  soon  rapidly  spread,  but  it  encountered  much 
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d  this  acl  of  sappression  was  renewed  unrler  the  minorily  of  Mahomel  IV, 
tt  was  not  t[l)  1554,  under  Solyman  the  Great,  Ihal  the  drinkingofcofieewas  accredited  In 
Coiistanlinople ;  and  a  cenlnry  elapsed  before  il  was  known  in  London  and  Paris.  Soly- 
man  Asa  inirodnced  its  ttse  into  the  latter  city  in  1669,  and  in  16T2  an  AFmenian  estab- 
lisliei!  the  fir't  cafe  at  the  fitir  of  Saint  Germain. 

When  coffee  became  somewhat  of  a  necessary  of  life,  from  the  influence  of  habit 
amonEt  the  people,  all  the  European  powers  who  hail  colonies  between  the  tropics,  pro- 
jected to  form  plantations  of  coffee.trees  in  them.  The  Dutch  were  the  first  who  trans- 
ported the  coffee  plant  from  Moka  to  Balavia,  and  from  Balavla  to  Amsterdam.  In 
17  L4  the  magistrates  of  that  city  sent  a  root  to  Louis  XtV.,  which  he  caused  to  bs 
planted  in  the  Jardin  dn  Roi.  This  became  the  paieov  iloch  of  all  the  French  coffee  plan- 
tations in  Martinique. 

The  most  extensive  culture  of  coffee  is  still  in  Arabia  Felij,  anil  principally  in  the 
kin^om  oT  Yemen,  towards  the  cantons  of  Aden  and  Moka.  Allhoui;h  these  countries 
are  very  hot  in  the  plains,  they  possess  mountains  where  the  air  is  mild.  The  coffee  is 
generally  grown  half  way  np  on  their  slopes.  When  .cnltivaled  on  the  lower  grounds  it 
is  always  surronnded  by  large  trees  which  shelter  it  from  the  torrid  sun,  and  prevent  its 
fruit  from  witherina  before  their  maturity.  The  harvest  is  gatherwi  at  three  periods ;  the 
most  considerable  occurs  in  May,  when  the  reapers  beein  by  spreadinE  cloths  under  the 
trees,  then  shaking  the  branches  strongly,  so  as  to  make  the  fruit  drop,  which  they  collect, 
and  eipose  upon  mats  lo  dry.  They  then  pass  over  the  dried  berries  a  very  heavy  roller, 
to  break  the  envelops,  which  are  afterwanis  winnowed  aivay  with  a  fan.  The  interior 
bean  is  again  dried  before  being  laid  up  in  store- 
In  Demarara,  Berbice,  and  some  of  onr  West  India  islands,  where  much  (rood  coffee 
is  now  raised,  a  different  mode  of  treating  the  pulpy  tVuit  and  carin?  the  beans  is 
adopted.  Whpn  the  cherry-looking  berry  has  assumed  a  deep-red  color  it  is  jtathered, 
and  immediately  subjected  to  the  operations  of  a  mill  composed  of  two  wooden  rollers, 
furnished  with  iron  plates,  which  revolvi  near  a  thiol  fixed  roller  called  the  cftojij. 
The  berries  are  fed  into  a  hopper  above  the  rollers,  and  fallini;  down  between  them  and 
the  chops,  they  are  stripped  of  their  outer  skin  and  palp,  while  the  twin  beans  are  se- 
parated from  ench  other.  These  beans  then  fall  npon  a  sieve,  which  allows  the  skin  and 
the  pulp  to  pass  Ihroagh,  while  the  hard  beans  accumulate  and  are  progressively  slid 
over  the  edge  into  baskets.  They  are  next  steeped  for  a  night  in  water,  thoronghly 
washed  in  the  morning,  and  afterwards  dried  in  the  sun.  They  are  now  ready  for  the 
peelins  mill,  a  wooden  edge  wheel  turned  vertically  by  a  horse  yolied  to  the  extremity  o( 
its  horizontal  axis.  In  travelling  over  the  coffee,  it  bursts  and  detaches  the  coriaceoni 
or  parchment-like  skin  which  surrounds  each  hemispherical  bean.  It  is  then  freed  from 
the  membranes  by  a  winnowing  machine,  in  which  four  pieces  of  tin  made  fast  lo  an  asle 
are  caused  to  revalve  with  great  velocity.  Corn  fanners  would  answer  belter  than  this 
rude  instrument  of  nearo  invention.  The  coffee  is  finally  spread  npon  mats  or  tables, 
picked  clean,  and  packed  up  for  shipment. 

The  itiosi  highly  esteemed  coffee  is  that  of  Moka.  It  ixi  a  smaller  and  a  roundn 
bean;  a  more  agreeable  taste  and  smell  than  any  other.  Its  ^or  is  yellow.  Next 
to  it  in  European  reputation  are  the  Martinique  and  Bourbon  coffees;  the  former  ii 
larger  than  the  Arabian,  and  more  oblong;  it  is  ronnded  at  the  ends;  its  color  is  ^reen- 
I'h,  and  il  preserves  almost  always  a  silver  gray  pellicle,  which  comes  off  in  the  roasting, 
n  e  Bourbon  coffee  approaches  netrest  to  the  Moka,  l>om  which  it  originally  sprung. 
The  Sajnt  Domin'o  coffee  has  its  two  extremities  pointed,  and  is  much  less  esleemed 
thin  the  preceding 

The  crffee  tree  fionrishcs  in  hdly  districts,  where  its  root  can  be  kept  dry,  while  its 
leaves  are  refreshed  wilh  fiequenl  showers.  Rocky  ground,  with  rich  decomposed 
m  uld  in  the  fissures,  agrees  best  with  it.  Though  it  would  grow,  as  we  base  said,  to 
the  height  of  15  or  20  feet,  yel  it  is  usually  kept  down  by  pruning  to  that  of  five  feet, 
lir  increasing  the  production  of  the  fruit,  as  well  as  for  the  convenience  of  erop- 
pii"  It  begms  to  yield  fiuit  the  third  year,  but  is  not  in  full  bearing  till  the  fifth, 
does  not  thrive  beyond  the  twenty  fifth,  jnd  is  useless  in  general  at  the  thirtieth. 
In  the  coflee  husbindrir,  the  plants  should  be  placed  eight  feet  apart,  as  the  trees  throw 
D  It  extensive  horiionlal  branches,  and  in  holes  ten  or  twelve  feet  deep,  lo  secure  a  con- 
stant supply  of  moiature 

Cjffee  has  been  anahzed  b>  a  great  many  chemists,  with  considerable  diversity  of 
results  The  best  analysis  perhaps  is  that  of  Scbrader.  He  found  that  the  raw  beans 
distilled  with  water  in  a  retoit  communicated  to  it  their  flavor  and  rendered  it  lorbid, 
whence  Ihev  seem  to  contain  some  volatile  oil.  On  reboiling  the  beans,  filtering,  and 
-iapnrating  the  liquor  lo  a  sirup  adding  a  lillle  alcohol  till  no  more  matter  was'preci- 
pilaled,  and  then  evapirating  t    drjness,  he  obtained  17'58  oer  cent,  of  a  yellowish 
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broivn  ti-nnapnrent,  exl.r«ot.  whipli  conaMtntPs  the  chnmciteristio  part  of  coflfee,  tlio\iffh  il 

renclion  [s  its  producini;,  with  boih  the  protoxyile  aniJ  the  perujjde  ?alt9  of  iron,  a  fine 
press  ereen  color,  wliile  a  dark  ereen  precipiiate  Falls,  which  re  dissolves  when  an  acid 
Is  ponied  into  the  liiuor.  It  praiiiices  on  Ihe  solution  of  the  salia  of  copper  scnicelj 
any  effect,  till  an  alliali  be  adiletl,  when  a  very  beautiriil  creen  color  is  produced,  nrlikh 
miij'  be  employed  in  painting.  Cofl'?e  b^ans  conlain  also  a  resin,  and  a  fatty  substance 
somewhat  like  suet.  Aeconlini  to  Rohirinet,  ether  extracts  fi^m  collee  beans  nearly  10 
per  cent,  of  resin  anil  fat,  hul  he  probably  exaszerates  the  amount.  The  peculiar  sub- 
stance cafi^ine  contained  in  llie  ahove  extract  is  crystallizable.  It  is  remarkable  in 
rci^ard  to  composition,  that  aller  area  and  (he  uric  add,  it  is  amonx  organic  products 
the  richest  in  azole.  Il  was  discovered  and  described  in  1820  by  Runae.  Il  does  not 
possess  alkaline  properties.  PfnlT  obtained!  only  HO  eratns  of  (^ofeine  from  six  pounds 
of  eoffee  beans.  There  is  nW  an  acid  in  raw  cofl>e,  to  which  the  name  of  ci/eic  acid 
has  beea  given.     When  distilled  to  dryness  and  decomposed,  it  has  the  smell  of  roasted 

Coffee  underioes  important  changes  in  the  process  of  roaatins.  When  it  is  roasted 
to  a  yellowish  brown  it  loses,  acoonlins  to  Cailet,  I2|  per  ct-nl.  of  its  weight,  and  is  in 
this  state  didiciiU  to  grind.  When  masted  to  a  clipstnut  brown  it  loses  IS  per  cent., 
and  when  it  becomes  entirely  black,  ihoneh  not  at  alt  carbonized,  it  has  lost  23  per  cent. 
Schrader  lia<  analyzed  roasted  coffee  comparatively  with  raw  coffee,  and -he  found  in 
the  first  13^  per  cent,  of  an  extract  of  coffee,  soluble  in  water  and  aleolio!,  which  pos- 
sesses nearly  the  properties  of  the  extract  of  the  raw  coffee,  nllhonlh  it  has  a  deeper 
brown  color,  and  softens  more  readily  in  the  air.  He  fonnd  also  10-4  of  a  blackish 
brown  ^um ;  5'7  of  an  oxygenated  extract,  or  rather  apo'heme,  soluble  in  alcohol,  inso- 
luble In  water;  3  of  a  fiitty  substance  and  resin;  6!)  of  burnt  veEetable  fibre,  insoluble. 
On  dislillini;  roasted  coffee  with  water,  Schrader  obtained  a  product  which  contained  ihe 
aromatic  principle  of  coffeci  it  reddened  litmns  paper,  and  exhaled  a  strong  and  agree- 
able odor  of  roasted  coffee.  If  we  roast  coffee  in  a  retort,  Ihe  first  portions  of  the  aro- 
matic principle  of  coffee  condense  into  a  yellow  liquid  in  the  receiver  ;  and  these  may  be 
added  to  the  coffee  roasted  in  the  common  way,  ftom  which  this  matter  has  been  expel. 
led  and  dissipated  in  the  air. 

Chenevix  affirmed  that  by  the  roas'ing  of  coffee  a  certain  qnanlily  of  tannin  possessing 
the  property  of  precipilaling  gelatin  is  gooerated.  Cadet  made  the  same  observation, 
and  found,  moreover,  that  the  tannin  was  most  abundant  in  the  lightly  roasted  coffee,  and 
that  there  was  nearly  none  of  it  in  coffee  highly  roasted.  Payss4  and  Schrader,  on  the 
contrary,  stale  that  solution  of  gelatin  does  not  precipitate  either  ihe  decoction  of  roast- 
ed coffee  or  the  alcoholic  extract  of  (his  coffee.  Runge  likewise  asserts  that  he  could 
ol.tain  no  precipitate  with  gelatin  ;  but  he  says  that  albumen  precipilales  from  the  de- 
coction of  roasted  coffee  the  same  kind  of  tannin  as  is  precipitated  from  raw  coffee  by  the 
acetate  of  lead,  and  set  free  from  the  learl  by  scLphureleil  hydrogen.  With  these  resalH 
my  own  experiments  agree.  Gelatin  certainly  ices  not  disturb  clear  infusion  of  roasted 
coffee,  but  the  salts  of  iron  bkcken  it. 

Schrader  endeavored  to  roast  separately  the  different  principles  of  coffee,  but  none  of 
them  exhaled  the  aromatic  odor  of  roasted  coffee  except  the  horny  librouK  matter.  He 
Iheicfoie  concludes  that  this  substance  contributes  mainly  to  the  characteristic  taste  of 
roasted  coffee,  which  cannot  be  imitated  by  any  other  vegetable  mailer,  and  which,  asw« 
have  seen,  should  be  ascribed  chiefly  to  the  altered  cafeic  acid.  According  to  Garot,  wa 
may  extract  the  cafeine  wilhoul  alteration  fiom  roasled  coffee  by  precipitating  its  decoc- 
tion by  fubacetate  of  lead,-  treating  the  washed  precipiiate  with  sulphuceted  hydrogen, 
and  evaporating  Ihe  liquid  pnidact  to  dryness. 

Of  late  years,  much  ingenuity  has  been  expended  in  contriving  various  forms  of  appa- 
ratus for  making  infusions  of  colTee  for  the  table.  I  have  tried  most  of  them,  and  find, 
after  all,  none  so  good  as  ai^afeltire  a  la  jBe/?oy,  the  coffee  "lig^in,  with  the  pel ibrated  tin- 
plate  strainer,  especially  wben  the  filtered  liquor  Is  kept  siiomering  in  a  close  vessel,  set 
over  a  lamp  or  sleam  pan.  The  useful  and  agreeable  matter  in  coffee  is  very  soluble  :  it 
EOFnes  off  wiih  ihe  first  waters  of  infusion,  and  needs  no  boiling. 

To  roast  coffee  rightly  we  should  keep  in  view  ihe  proper  objects  of  Ihis  process,  which 
are  to  develop  its  aroma,  and  destroy  its  toughness,  so  that  il  may  be  readily  gronnd  to 
powder.  Too  much  heal  destroys  those  principles  which  we  should  wish  to  preserve,  and 
substitutes  new  ones  which  have  nothing  in  common  with  the  first,  bnt  add  a  disagreed 
ble  empyreunintic  taste  and  smell.  If,  on  the  other  hand,  the  rawness  or  greenness  il 
not  removed  by  an  adequate  heat,  it  masks  Ihe  flavor  of  the  bean,  and  injures  iHe  bev 
crage  made  with  it.  When  well  roasled  in  Ihe  sheet-iron  eylindeiB  set  to  revolve  over  a 
fire,  it  should  have  a  uniform  cbocolale  color,  a  point  readily  hit  by  experienced  roasiers, 
who  now  manage  the  business  very  well  for  the  principal  coffee-dealei-S  bolh  of  Lond.fl 
ami  Paris,  so  far  as  my  ju%ment  can  determine.    The  development  of  the  proper  aroma 
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tB  R  criterion  by  which  coffee  rosstera  freqnentTy  regulate  their  operati<na,  Wlieti  it 
loses  more  thin  20  per  cent  of  its  weiglit,  ooffes  is  sura  to  be  injured.  It  should  never 
be  gi'oniid  till  immediately  before  infusion. 

Liubi^a  viewB  of  the  process  of  nutrition  have  gtreu  fj'esh  interest  to  every  sualysis 
of  artieles  of  food.  A  watery  iofoslon  of  coffee  la  used  in  almost  every  country  as  o 
beveiage,  and  yet  it  19  uncertain  wliether  it  is  an  article  of  nutrition  or  nseroly  a  con- 
diment. A  minute  exaniiniitjon  of  tEie  raw  seed,  or  coffee  l>ean  as  it  is  called,  must 
C recede  the  determinntion  of  that  disputed  point.  Caffeine  is  tlie  principle  beet  known, 
cing  most  easily  separated  from  Ilia  other  suhetances,  resisting  most  powerfuHy  ch«rr.l 
eal  reagents,  and  by  asEuroing  a  crystalline  state  is  discoverable  in  very  small  qnan 

The  constJtiientB  of  coffee  ore :  .1.  Vegelahlefibrine,  which  is  the  largest  constituent, 
being  an  elastic  hoi'uy  substance,  in  which  tiie  otlier  substances  are  incorporated.  If  we 
dry  the  bemis  iiC  tlie  heat  of  boiling  water  fur  several  weeks  we  can  easily  reduae  them 
to  a  fine  powder,  and  by  washing  with  ether,  and  tlien  boiling  in  alcohol  and  water,  we 
extract  I  he  soluble  matter  from  the  fibrine,  which  may  then  be  boiled  with  weslc  solution 
of  jiotash,  and  afterwards  weak  muriatio  a«id,  as  long  as  any  matter  Is  taken  up.  Tiie 
purification  being  completed  by  boiling  in  water  tlie  fibrine  remaiiis;  and  when  rub- 
bed in  a  mortar  resembles  starch;  when  roasted  it  gives  out  tlie  odor  nearly  of  wood. 

2.  FtUlg  matter:  tlie  beans  digested  in  ether  give  out  a  yellow-colored  matter,  which 
on  evaporation  becomes  buttery  witli  an  odor  of  raw  coffee,'  and  auiouata  to  104  ot  the 

3.  Caffeine:  the  ethereal  solution  contains  cafteine,  which  may  beremo\*.d  by  shaking 
niih  a  sulm.ian  of  water. 

4.  Legvmine:  in  addition  to  an  oHd  which  agrees  in  its  properties  with  £he  siid 
found  in  oak  and  cineliuno,  wafind  in  the  coffee  beans  leguniine  similar  to  that  of  beans. 
The  tcgnmiue  contains  siilpbar,  which  is  the  cause  of  their  blackening  a  silver  vessel  in 
which  the  beans  may  be  boiled  with  an  alkalL  Legnmine  and  caffeine  pre  the  only  ni- 
tri^enous  ooiistituents  of  Coffee  beans,  consequently  the  only  substances  wliich  could  be 
nutritions,  but  tbcy  are  not  suluble  in  hot  walt-r  as  they  exist  in  roasted  coffee,  and 
therefore  it  may  be  reckoned  merely  an  exhilarating  bevert^e. 

Konsted  coffee  affords  a  much  ricliei'  infusion  to  hot  water  containing  »  minute  quan- 
tity of  carbonate  of  soda,  aud  imiiruves  the  quality  of  coffee  on  the  stomach,  by  nei> 
trnlizing  tlie  caffi-ie  acids. 

Coffee  is  sold  in  the  ehops  in  its  roasted  and  ground  state  often  adulterated  with  a 
variety  of  substances,  but  chiefly  with  chicory.  This  is  tiie  dried,  roasted,  and  ground 
rootof  a  plant  called  Gehorium  Intylru\  better  known  under  the  name  of  wild  anccory. 
The  chicory  imported  from  Belgium  and  Prussia  is  lietter  than  the  Britieh,  which  is 
usually  colored  with  VcnetJan  red,  and  is  sold  at  a  cheaper  rate ;  chicory  itself  is  fre- 
quently very  impure,  containing  roasted  peas  and  coffee  flights,  which  are  the  mem- 
branous voat  of  the  bean  separated  in  the  act  of  roasting;  If  a  little  genuine  ground 
coffee  be  thrown  in  a  wineghissfull  of  water,  it  mostly  floaty  and  slowly  mobtens,  com- 
municating scarcely  nny  color  to  the  liquid.  Powdei-ed  chicory  treated  in  the  same 
way  very  speedily  alu<orbs  moisture,  communicates  a  deep  reddish  brown  tint  to  the 
water,  and  in  a  feiv  niinutes  falls  to  tiie  bottom.  Hambro'  powder  contains  roasted 
Btfli'oh,  and  acquires  a  deep  purplish  color  when  moistened  with  a  solution  of  iodine. 
The  microscope  shows  in  tlie  chicory  ]iowder  fragmeiita  of  dotted  dncts  which  do  not 
exist  in  coffee.  There  is  anotlier  substance  which  is  mixed  with  coffee,  called  refining 
powder;  it  is  merely  caramel,  or  burnt  sugar.  It  is  used  for  enabling  drained  coffee  to 
afford  a  dark  eolored  infusion. 

If  tannin  exists  in  roasted  i->ffee,  as  maintained  long  ago  by  Chenevix,  and  generally 
admitted  since,  it  must  be  very  jiiferent  fi-oin  the  tannin  present  in  tea,  eatechn,  kino, 
oak-bark,  willow-bark,  and  other  astringent  vegetables;  for  I  find  that  it  is  not,  like 
them,  pi-eoipitated  by  either  gelatine,  albumen,  or  sulphate  of  quinine.  With  regard 
to  the  action  upon  tlie  animal  eoononiy  of  coffee,  tea,  and  cocoh.  which  contain  one 
eoiiimon  ehemical  prineii>Ie  called  caffeine  or  tiieine,  Liebig  has  lately  advanced  some 
ingenious  view%  aud  hao,  in  partioulHr,  endeavored  to  show  ihni,  to  persons  of  sedentary 
hahita  in  the  present  rutiiiea  state  of  society,  they  afford  eminently  useful  beverages, 
which  contribute  to  tiio  formation  of  the  eharaoteriatic  principle  of  bile.  This  important 
secreted  fluid,  deemed  by  Liebig  to  be  subservient  to  the  function  of  respiration, 
reijuires  for  its  formation  much  azotised  matter,  and  that  in  n  state  of  comliination 
Bitali^ous  to  what  esists  in  caffi'ine.  The  quantity  of  this  principle  in  tea  and  coffee 
being  only  from  2  to  6  per  cent  might  lead  one  to  suppose  thatit.cauld  have  little  effect 
uputi  the  system  even  of  regular  drinkers  of  their  infusions;  but  if  the  bile  contains  only 
one-tenth  of  solid  matt.er,  called  choleic  acid,  which  contains  less  than  4  per  cent,  of 
uzute,  then'it  may  be  shown  thjit  3  grains  of  caffeine  would  impart  to  GOi)  grains  of 
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Ooe  atoro  of  caffeine,  9  ntoiua  of  oxj'gen,  and  9  of  wnter,  being  placed  tog«t1ier, 
produoe  tlie  compuaition  of  2  atoms  of  taurine.  Now  tliis  [s  it  very  simple  combiiio- 
tJOD  for  the  living  organism  to  effect;  one  nlrenilj  pnralltiJed  in  tlie  generation  uf  liip- 
p\irio  aeid  in  urine,  bj  the  introfliiotion  of  banzoio  ncid  into  the  Btomaoh ;  a  pbyeiohigi- 
a]il  diBoovery  mnde  %  a\y  Eon,  wliicli  is  likely  to  lead  to  a  mora  evmceEsfol  trentnient 
of  eome  of  ttie  most  formidable  diaenaes  of  man,  panieulnrly  gout  and  gravel. 

If  the  preceilingviawa  be  eatnblished,  they  will  juatify  the  instinctive  love  of  mnnUina 
for  tea.  aoffee,  and  ooeoa,  in  spit«  of  the  denuiiciationB  and  veto  of  neuropaii.ie.  kmtece- 
pathie,  and  hydropathie  doetora;  sorry  pathologials — Iioc  oenus  oiniie.    See  Tea. 

In  tlie  years  ending  6th  January,  1651  and  18S3,  tbe  importiS  of  eoftea  were  as  fol- 
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Tbe  duty  is  Sci  per  lb.  The  exports  in  the  above  yeara  were  respectfully  12,1  B9,752 
Iba.  and  22,'!12,8o9  Iba.  of  which  S  ■i99  8^3  II  a.  and  13,606,833  lbs.  were  tlie  produce 
of  Bi'itiBh  Poasessions,  and  8  770  419  iba  and  10  106  626  Ibe.  ware  Foreign. 

CoFrEE  RoAariNQ  Ara>  GKiBDn-s  The  ftrntrfnlneBB  of  the  beverilge  afforded  by  tliis 
seed  depends  npon  manv  e  run  iiattinoes,  which  Bra  seldom  nil  oombined.  The  nature  o! 
tl  e  BO  1  tlia  climate,  seed,  mode  of  culture, 
and  onre,  inflnenoa  greatly  the  quality  of 
tl  e  fr  t  But  when  all  these  partionlara 
u  our  and  the  berry  is  of  tbe  fir.eat  aort, 
a  d  moat  highly  appreciated  by  the  im- 
\o  ter  t  may  be  ruined  in  the  roasting; 
ib  f  aome  berries  be  under  and  some 
0  et  dona,  the  whole  when  ground  will 
yeld  an  nnpoiatnble  infueioo.  The  due 
po  tto  which  the  torrefaetion  should  be 
c  rr  ed  may  be  determined  partly  by 
tie  color,  and  partly  by  the  loaa  of 
we  git  which  points,  however,  are  dif. 
fei  ei  t  for  each  aort  of  cotfee.  Bnt  perfect 
equality  of  ustulatinn  is  difRenlt  of  attain- 
ment with  the  oi'dinary  cylindrical  ma; 
chinea.  Messrs.  Law,  of  London  and  Ed- 
iiibviigh  ooffee  merehnnts  to  the  Queen, 
had  loi  g^  been  dissntiafied  with  tlie  partial 
n  annel  in  which  tlie  cylinder  performed 
Its  duty,  as  it  generally  left  some  part  of 
ita  LontfiiitS  black,  soma  dark  brown,  and 
olhers  paler  ;  results  which  greatly  injure 
.•~^-~^^^S^  the  flavor  of  ihe  beverage  made  witli  the 
coffee  Mr.  WiUiam  Law  has  conqnsred 
oil  these  d  fticnltiea  I  >  hia  linp)  y  invention  of  the  globular  roaster,  netnated  by  a  ecun- 
ponnd  motion  like  tliat  of  our  earth,  lliis  roaster,  with  its  double,  rotary  motion,  is 
heated  not  over  an  open  fire  bnt  in  an  atmosphere  of  hot  air,  thron{sh  a  oaat  metal  casing. 
The  globaiaao  mounted  aa  to  revolve  hoiizoiitally,  and  also  from  time  to  time  vertically, 
whereby  the  iiicluiled  beans  were  tossed  about  and  intermingled  in  nU  directions.  In- 
equality of  torrpfaction  becomes  impoesible.  Tlie  ooneequonos  is  the  production  of  an 
article  which  on  boins:  ground  evolves  tlia  must  frngrant  aroma,  and  when  infused  the 
most  grateful  and  eKiillaraliug  beverage.     Tlia  position  of  the  globe  \afi3.  366  shows 
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it  na  l.nmed  up  by  a  powerful  lavernga  out  of  the  cnst-irou  heater,  preparatory  to  it* 
bein;;  emptied  and  re-cliHiged. 

TLu  oufftej  tlius  eqiinlly  I'oasted,  is  finely  ground  in  a  mill  between  horizontal  etone^ 
lilic  thirt  of  a  eoni-mill,  and  is  thsiBby  o«paUl«  of  giving  out  all  its  ^irtnea  to  eitliec 
boiliiis  or  cold  water. 

CUKE  is  oiirliDiiiaed  piUoal.    See  Charcoal  ;  and  Pitcoal  at  t)ie  end. 

Iq  inaniifactnring  coke  on  the  large  Eciile,  Mr.  'WilkiiiBon  of  Jarrow,  near  Gates- 
head, liHB  ooiitrivecfa  ejetem  of  mneliiuery  for  saving  niannal  labor  in  disuhni^iiig  Ilia 
enka  froni  the  oyens,  wljite  he  has  bo  arranged  thu  ovena  thuinaelves,  as  to  equalise 
the  distribution  of  air  among  the  coals,  and  to  improTo  the  produce  and  invreaee  its 
— intity.  Tlie  preferable  size  of  oven,  in  hia  opinion,  ia  14  feet  long  E  feet  wide,  with 
Hijor  raised  one  foot  abovu  the  level  of  tlie ground,  and  having  an  inclination  totlia 
front  of  6  inches  in  Che  length  of  the  bottom  j  'he  per|ienilicular  heiglit  of  tlie  walls, 
up  to  (he  Bpr'nger,  being  8  leei,  wbile  the  radius  of  Uie  arch  is  4  feet.  He  connects 
ci'ystalli^ng  and  evaporating  pani  for  chemical  purposes  wiih  a  range  of  12  coke  ovena. 
Tlie  patpnteo  elaims  as  inrentiona  bia  funning  in  the  walla  of  coke  ovens,  flnes  wiih 
lateral  openings  for  supplying  wr  to  the  interior  of  the  oven,  as  also  his  peonliar 
niei^hanicid  apparatus  for  disuliurging  the  coke,  aud  hia  plan  of  economizing  heat  by 

COLCOTHAR  OF  VITKIOL  {/ion^  d^Angleterrs,  Fr.;  Rothes  Eisenoxgd,  Germ.) 
ia  llie  brown-red  pero>:iile  of  nun,  pruduued  by  calcining  sulpiiate  of  iron  willi 
n  strong  heat,  levigating  the  resultiug  masa,  and  elutriatin(j  it  into  an  impalpable  pow- 
der. A  better  way  of  making  it  eo  ua  to  vomj>let«  the  separatiun  of  the  acid,  la  to  mix 
100  parts  of  the  gi'cen  sulphate  of  iron  with  42  of  eoinnion  salt,  to  calcine  the  mixture, 
wash  away  the  resulting  sulphate  of  soda,  and  1evigat«  the  reaidunm.  The  anlphuric 
ai'i'l  in  thia  case  expels  the  chlorine  of  the  salt  in  the  form  of  muriaCio  aoid  gas,  and 
saturates  ita  alkaline  base  prciducwt  by  the  chemical  reaeljun ;  whence  an  oxide  will  be 
obtained  free  from  acid,  mueh  anperiur  to  what  is  cnnimonly  found  in  the  ahups.  The 
best  Bort  of  polishing  powder,  called  jetneller'g  red  roTige,  or  plate  powder,  ia  the  precipi- 
t'lted  oiide  of  iron  prepared  by  adding  solution  of  soda  toaolution  of  copperas,  washing, 
di'ving,  and  calcining  the  powder  in  aliallow  vessels  with  a,  gentle  heat,  till  lb  assuiues 
a  deep  brown-red  color.    See  Iron. 

COLLODIOX  £1.  Malguigne  has  recently  communicated  to  the  French  Medical 
Journals,  some  remarks  on  the  preparation  of  gun-cotton  for  anrgical  purposes. 
Several  French  chemists,  at  the  su^estion  of  M.  Midgiiigne,  attempted  to  make  na 
etberciil  aolution  of  this  compound,  liy  pursning  the  process  recommended  by  Mr. 
Maynard  in  the  American  Journal  of  Medical  Sciences,  but  Ihey  failed  in  procuring  tlie 
cotton  in  a  state  in  whicli  it  could  be  diwolved  in  ether.  It  appears  that  these  experi- 
ment^dists  had  employed  a  mixture  of  nitric  and  suljihiirio  acids ;  but  M.  Miallie  ascer- 
tained, after  many  IrlaK  that  the  collodion,  in  a  state  fitted  for  solution,  was  much 

— isily  procured  by  iiang  a  mixture  of  nitrate  of  putaah  and  sulphuric  acid. 

'"  " "  "      ■!      —  ■  •  .     ,■  .  .     'y  tiiis  new  adhesive 

a  preparation.     It 

luroi,  is  nut  tJiB  beet  fitted  for  making  the  ethereal  solution — 

PBita  ])y  weight. 
Finely  powdered  nitrate  of  potash     -  -  -  -  -     40 

Coneenti'ated  sidphuiie  acid    -  -  -  -  -  -     00 

Carded  cotton  -  -  -  -  -  -  -      2 

Mix  the  nitral«  wkh  the  sulphuria  acid  in  a  porcelain  vessel,  then  add  the  cotton,  and 
agitat^e  the  mass  fur  three  minutes  by  tlie  aid  of  two  glass  rods.  Wa^  the  cotton,  with- 
out first  pressing  it,  in  a  large  quantity  of  water,  and  when  all  acidity  is  reniuved 
Sndicated  by  litmus  paper)  press  it  iirmly  in  a  cloth.  Full  it  out  into  a  loose  roasa,and 
ry  it  in  a  stove  at  a  moderate  heat. 

The  compound  thus  obtained  is  not  pure  fulminnting  cotton;  it  always  retains  a  small 
quantity  of  anlphuric  acid,  is  less  inflammable  than  gun-c<>1(on,  and  it  leaves  a  cnrbo- 
naoeuns  residue  after  explosion.  It  lias,  however,  in  a  raniai'kHlile  d^ree,  the  projierty 
of  solubility  in  ether,  especially  when  mixed  with  a  liltle  alcohol,  and  it  forms  Ihere- 
witli  a  very  adhesive  solution,  to  which  the  name  of  cullodiun  lias  been  applied. 
Preparation  of  Collodion. 

Piepiired  cotton         -...-.-         8 
Rectified  enlphnrio  ether      -  -  -  -  -  -     125 

Rectified  alcolio!        ...-.-.        8 

Put  the  cotton  with  the  ether  into  a  we11-sh>pped  bottle,  and  shake  the  mixture  lui 

IODIC  minutes.    Then  add  iJie  alcohol  by  degrees,  and  continue  to  shake  until  the  whole 


mure  easily  [irocureu  oy  using  a  imxiiure  oi  niiraoe  oi  puLaaii  anu  suipi 

For  the  information  of  our  readers  whn  may  be  di9]insed  to  try  thi 

material,  we  here  give  a  descriptiun  of  M.  Miallie's  process  for  jta  ] 

appears  from  the  rcaulta  obtained  from  thia  chemist,  that  cotton,  in  its 
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160  COMB. 

of  the  liquid  acquires  ft  eyrnpy  eonsislerpy.     It  mny  be  then  paeaed  (hrotigh  a  clt<th, 
the  reeiilue  strongly  pressed,  and  tlje  liquid  kept  in  a  trell-seciired  bottle. 

Collodiun  thus  pre[i(ired  poBaessea  reiHsrtalily  adhesive  (iroperties.  A  piece  of  linen 
or  cotton  cloth  covered  with  it  nnd  mnde  lo  ndliere  by  ev<i)iorBt!an  to  the  ptilin  of  tlis 
bund,  will  support  a  weight  of  twenty  or  thirty  poanda  Ite  adheave  power  is  so  great 
thnt  the  cloth  will  coinnionly  be  torn  before  it  gives  way.  The  collodion  cnnnot  be 
regnnled  as  a  perfect  solution  of  the  cotton.  It  coiilniiis  suspended  and  floating  in  it 
a  qnnntity  of  vegetHlile  fibre,  whieli  bus  escaped  tlie  eiilvent  action  of  the  ether.  The 
llijiiid  portion  may  be  separated  fj-om  these  filjres  by  a  filter,  but  it  Is  doubtful  whether 
this  is  an  advantage.  In  the  evaporation  of  (be  liquid,  these  undissolved  fibres  by  felt' 
ing  with  each  oUier  appear  to  jpve  a  greater  degree  of  tenacity  and  resistanca  to  the 

lu  the  preparation  of  collodion  it  is  indispensable  to  avoiti  (he  presence  of  water,  oa 
this  renders  it  less  adhesive ;  hence  the  ether  as  well  as  the  aicohol  should  be  purely 
rectified.  The  parts  to  which  (he  collodion  is  applied  sliould  be  first  tlioronghlj  dried, 
and  no  water  allowed  to  come  in  contact  with  thein  nntil  all  the  ether  is  eyiiporated 
t«  dryness  by  a  steam  heat,  which  must  be  continued  for  some  time  so  as  entirely  tu 
expel  the  alcohol  or  ether.  Tlie  residuary  matter  should  have  the  transparency  and 
geui'rnl  characters  of  common  resio. 

COLOPHANY,  black  rosin,  the  solid  residunm  of  the  distillation  of  turpratin?,  when 
all  ihe  oil  bus  been  worked  off. 

COLOKING  MATTEK.  iSTaliirr.  toIorante,FT.i  farbaloff.  Germ.)  See  Dyeing, 
the  spvera]  dvc-stufls  and  pismenls. 

COLUMBiUM,  B  pecnlinr  mPlal  eitracled  from  a  rare  mineral  brooghl  from  Haddom, 
in  Connecticut.  It  is  bIsii  called  Tantalinm,  fmm  the  mineral  liiwalilt  nnd  yilro-iunlalilt, 
found  in  Sweden.     It  has  hilherlo  no  application  to  the  aits.    It  combines  with  two  suc- 

COLZA  IS  a  variety  of  cabbage,  ihe  fcrnj'icoo/erawa,  whose  feeds  afford,  by  pressure, 
an  oil  much  employed  in  France  and  Belgium  for  hnrnin*  in  lamps,  and  for  many  other 
purposes.  This  planl  reiiiirea  a  rich  bul  liirht  soil ;  it  docs  not  succeed  upon  either  sandy 
ir  clayey  lands.  The  around  for  it  must  be  deeply  ploMghed  and  well  dunged.  It  should 
be  sown  in  July,  and  be  afierward  replanted  in  a  richly -manured  field.  In  October  it  ia 
to  he  planted  out  in  beds,  15  or  18  inches  apart.  Coha  may  also  be  sowed  in  furrows  3 
or  10  inches  asunder. 

Land  which  has  been  jnst  cropped  for  wheat  is  that  usually  destined  to  colza;  it  may 
be  fief:h  duneed  wi'h  ailvnnlagp.  The  harvest  takes  place  in  July,  with  the  sickle,  ft 
litile  before  the  seeds  are  completely  ripe,  lest  they  should  drnp  ofi".  As  the  seed  h  pro- 
ductive of  oil,  however,  only  in  proportion  to  its  ripeness,  the  cnt  plants  are  allowed  to 
complele  Iheir  maturation,  hy  laying  thein  in  heaps  under  aity  sheds,  or  placing  them  in 
a  stack,  and  thatching  it  with  straw. 

The  cabbage-slalUs  are  thrashed  wilh  Bails,  the  seeds  are  winnowed,  sifted,  spread  out 
in  the  air  to  dry ;  then  packed  away  in  sacks,  in  order  to  be  subjected  to  the  oil  mill  at 
the  hesinning  of  winler.  The  cU-cake  is  a  very  agreeable  food  lo  cattle,  and  serves  lo 
iacton  them.    It  is  reckoned  to  defray  the  cost  of  the  mill. 

Colza  iiapoierishes  (he  soil  very  much,  as  do,  indeed,  all  ihe  plants  cultivated  for  tht 
lake  (d*  their  oleaginous  seeds.  It  must  not,  Ihercfoiv,  be  come  back  upon  again  for  sil 
years,  if  line  crops  be  desired.  The  double  ploughing  which  it  reqoires  effectually 
cleans  the  ground.    See  Oils,  Unctuous. 

COMB,  the  name  of  an  instrument  made  of  a  thin  plale  either  plane  or  curved  of  wood, 
horn,  turtoise-shell,  ivory,  bone,  or  metal,  cut  out  npon  one  or  both  of  its  sides  or  edi;es, 
into  a  seiies  of  somewhat  long  leelh,  not  far  apart^  which  is  employed  for  disentangling, 
lajinB  parallel  and  smooth  the  hairs  of  man,  horses,  or  other  animals. 

4  Ibin  sleel  saw  bow,  mounted  in  an  iron  or  wooden  handle,  is  the  iraplemenl  nsed 
by  the  comb-mabei;  lo  cut  the  bone,  ivory,  and  wood  into  slices  of  from  a  twelfth  to  a 
quarter  of  an  inch  thick,  and  of  a  size  suitable  lo  that  of  the  comb.  The  pieces  of 
torioise- shell  as  found  in  commerce  are  never  flat,  or,  indeed,  of  any  regular  curvature, 
such  as  the  comb  must  have.  They  are  therelore  steeped  in  boiling  water  sufliciently 
Ions;  to  Eolien  them,  and  set  10  cool  in  a  press  belween  iron  or  brass  moulds,  which  im- 
parl lo  them  the  desired  form  which  they  preserve  alter  cooling.  After  receiving  their 
outline  shape  and  curvature,  by  proper  fiat  files  or  fine  rasps,  the  place  of  the  teeth  is 
marked  wilh  a  triansulai-  file,  and  then  ihe  teeth  themselves  are  cut  out  with  a  double 
sav,  composed  of  two  thin  slijis  of  tempered  steel,  snch  as  the  main-spring  of  a  walwl,, 
notched  with  very  fine  sharp  teeth.  These  slips  are  mounted  in  a  wooden  or  iron  s1ocI( 
or  handle,  in  which  they  may  be  placed  at  dilferenl  distances,  lo  suit  the  widlh  of  the 
comh-teelh.  A  comb-maker,  however,  well  provided  in  tonls,  has  an  Bssorlmeni  of 
double  saws  set  at  every  oi-dinary  wilh.  The  two  slips  of  this  saw  have  iheir  leelh  in 
diDerent  planes,  so  that  when  it  begins  to  cut,  the  most  prominent  slip  alone  acts,  and 
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wJien  the  teetli  of  this  oiia  have  fnirly  prtereil  into  the  comb,  the  other  pni'iillel  'jlii''e 
begins  to  saw.  The  workman,  tneanwhi].>,  Iirs  fixed  iJie  plnle  of  tortoise  shell  op  iv.iry 
belween  the  flat  jaws  of  tivo  pieces  of  wooti,  like  a  vice  niaJe  fast  to  a  bench  so  thai 
tbe  coirib  inlenJed  10  be  CHI  is  ptaeeil  al  an  angle  of  45°  with  the  horizon.  He  mw  snws 
pprpfniliculail)',  foiming  two  leelh  nl  a  lime,  proceeding  truly  in  II le direction  of  Ihe first 

A  much  brtler  mode  of  making  comhs  Is  to  fix  upon  a  shnl^  or  arbor  in  a  lathe  a  sc- 
ries of  circular  saws,  wilh  inlerveninj!  brass  washers  or  dises  to  kei'p  them  al  suitable  liis- 
tances;  lo  set  in  a  frame  like  a  vice,  in  front  of  these  saivs,  ihe  piece  of  ivory  or  hum  to 
be  cut ;  and  to  presK  it  forward  upon  the  saws  al  an  anele  of  45  degrees,  bji  means  of  a 
i^s^lnted  screw  molion.  When  the  teelh  are  thus  cut,  they  are  smoothed  and  polished 
with  files,  and  by  robbing  with  pumice-stone  and  iripolj. 

Mr.  Bundy,  of  Camden  Town,  obtained  a  patent  so  hmg  a  so  as  1796,  for  an  apparatus 
of  that  kind,  which  had  an  additional  arbor  fitted  with  a  series  of  circular  saws,  or  rather 
files,  for  sharpening  the  points  of  the  comb-teeth. 

More  recently,  Mr.  Lyne  has  invented  a  machine  in  which,  by  means  of  pressure,  twe 
combs  are  cut  out  at  once  with  chisels  from  any  EoheIi  material,  such  as  hofn  or  tortoise- 
shell,  somewhat  softened  at  the  moment  by  ihe  applieStion  of  a  heated  iron  lo  ll.  The 
|.icce  of  horn  is  made  fast  to  a  carriage,  which  is  moved  forward  by  means  of  a  screw 
until  it  comes  under  the  action  of  a  ratchet-wheel,  toothed  upon  a  part  of  its  circHm- 
fercree.  The  teeth  of  this  wheel  bring  a  lever  inio  action,  furnished  with  a  chisel  or 
itnire,  which  cuts  out  a  double  comb  from  the  flat  piece,  ihe  teeth  of  which  combs  are 
opposite  to  each  other.  By  this  means,  no  part  of  the  substance  is  ,osl,  as  in  sawing; 
o"l  combs.  The  same  carriaie  may  be  used,  also,  to  bear  a  piece  of  ivory  in  the  hard 
state  toward  a  circular  saw,  on  the  principles  above  explained,  with  such  precision,  that 
from  fiO  to  100  teelh  can  be  formed  in  the  epace  of  one  Inch  by  a  proper  disposition  of 

Bullocks'  horns,  after  the  tips  are  sawed  ofT,  are  roasted  in  the  flame  of  a  wood  life, 
till  they  are  sufficiently  softened  ;  when  they  are  slit  np,  pressed  iri"  a  machine  between 
two  iron  plates,  and  then  plunaed  into  a  Iroush  of  cold  water,  whereby  they  are  hard- 
ened. A  paste  of  quleklime,  litharge,  and  water  is  nsed  to  stain  .he  Iiorn  to  resemble 
lorloi<e.shell.     See  Horn. 

COMBINATION  (ComWnoison,  Ft. (  Verblmliing,  Germ.);  a  chemical  term  which 
denotes  llie  intimate  union  of  dissimilar  particles  of  niaiter,  into  a  homo^neous-look- 
ins  compound,  possessed  of  properties  generally  different  from  those  of  the  separate 

COMBUSTIBLE  (Eng.  and  Fr. ;  Branns/o/'.Germ,)  ;  any  substance  which,  exposeil  in 
the  air  lo  a  certain  temperature,  consumes  fporlaneously  with  Ihe  emission  of  Iicbi 
and  liKhl.  All  such  combnslibles  as  are  cheap  enough  for  common  use  go  imder  Ihv 
name  of  Fuel;  which  see.  Every  combustible  requires  a  peculiar  pitch  of  temperature 
to  be  kindled,  catted  its  accendtWe  point.  Thos  phosphorus,  sulphur,  hydrogen,  carbu- 
reted hvdrogen,  carbon,  each  takes  fire  at  saccessively  hiirher  heals. 

COMBUSTIBLE  SUGAR.  When  su^nr  is  Hctea"on  by  a  mixtnre  of  nitric 
and  sulphuric  acids,  a  peculiar  suUtHnee  is  producer!,  having  a  cloac  reeerablonce  to 
common  resin,  not  Only  in  its  appearance  and  physical  characters,  but  also  in  regard  tjj 
its  Boluliilit.jin  alcohol,  ether,  volatils  oils,  &e.,  and  ineoSubility  in  water.  This  BJibstnnce 
is.  however,  estremely  inflamninble  and  explosive,  and  rosseBsea  man v  of  the  properliet 
ascribed  to  the  celebrated  Greek  fire.  Its  affinity  for  alcohol  and  ether  ia  so  great  that 
water  will  not  remoTB  these  fluida  from  it  "  Not  having  yet  succeeded  in  producing 
with  it  any  definite  basio  compound  wliieh  would  enable  me  to  control  my  results,  ] 
have  not  attempted  its  analysis.  The  only  purposes  to  whicli  I  liave  applied  it  are  t« 
the  formation  of  fusees  for  shells,  and  to  the  preservation  of  gunpowder  and  pyrotech- 
jijenl  ai-ticlea  from  damp  and  moisture.  Asa  fusee,  it  is  easily  lighted,  burns  with  great 
regularity,  and  appears  absolutely  incapable  of  being  extlngnished.  circumstances  whiuh 
would  render  it  of  great  use  in  ricochet  prnetiee.  As  a  means  of  preventing  the  mis. 
chievous  effsct  of  damp  and  moisture  on  gunjiowder  it  is  of  great  value.  The  best 
mode  of  applieatJon  is  to  plunge  the  gnnpowder  for  a  few  seconds  into  an  alcoholic  or 
etbereat  solution  of  the  sugar  compound,  then  withdraw  it  and  allow  it  to  dry  at  a 
gentle  heat,  say  120°  Fahr.,  though  there  is  no  danger  of  an  eiiplosion  at  212°.  In  this 
way  tlie  gimpowder  is  covered  by  a  coat  of  varnish  easy  of  ijfriition  and  insoluble  in 
WHter,  which  cannot  therefore  penetrate  U>  Ihe  gnnponder,  the  explosive  nature  of 
which  is  rather  augmented  than  diminished  by  this  treatment.  An  ethereal  solution  of 
gun-cotton  does  not  answer  so  well  for  this  purpose,  nor  is  it  so  manageable,  I  have 
not  ascertained  how  far  this  new  substance  is  useful  in  retaininj;  the  edges  of  wounds 
in  approximation,  but  its  alooliolie  solution  merits  a  trial.  The  fidlowing  is  the  method 
wiiich  I  have  found  most  succesafu)  in  the  manufacture  of  tliis  compound : — 

"Mix  together  sixteen  parts  of  concentrated  sulphuric  acid  and  eight  parts  ct  nitris 
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Bciil,  spec  grar.  1-50 ;  place  the  niisture  in  0(ili3  water,  and  wlien  tlie  temperature  1ib» 
faller  tn  60°  or  leas,  al.ir  in  one  pnrt  of  linely-powclereJ  piigar.  wljieh  will  tiecome  pasty 
in  a  few  Beoonds,  and  is  then  to  bereinoveiJand  plunged  in  oold  wal«r,  when  more  sugar 
may  tlien  be  added  to  the  acid  mixture,  and  removed  as  hefore.  The  compound  b  to 
be  wsahed  in  water  and  diaaolted  in  alcohol,  to  which  a  solution  of  carbonate  of  potash 
ntuat  be  added  in  eicess,  so  as  ti:,  precipitate  the  substance,  and  neutralize  its  uncom- 
tiined  acid.  After  careful  washing  with  water,  it  is  again  to  be  dissolved  in  alcohol  or 
ethtr,  and  oantiouslj  evaporated  to  dryness  by  a  steam  best,  which  inuet  be  continued  foi 
anme  tiTne,  BO  aa  entirely  to  expel  the  alcohol  or  ether.  The  residuary  matter  should 
have  tliB  transparencj  and  genera!  oharact^r  of  oomuion  rosin." — Mr.  L,  Thompson, 

COMBUSTION  (Eng.  and  Fr. :  Verbrmmm^,  Germ.)  results  in  common  cases  ham 
the  mutual  chemical  reaofion  of  tlie  combustible,  and  the  oxygen  of  the  atmos|ihere, 
whereby  a  new  compound  is  formed ;  the  heat  and  light  evolved  being  most  probably 
produced  by  the  rapid  mutiotis  of  the  jMrtioles  during  the  progreHS  of  this  combination. 

COMPOUND  COLORa  If  the  effects  of  the  coloring  particles  did  not  vary  aeeurd- 
ing  to  the  combinations  which  they  form,  and  the  actions  exercised  upon  them  by  Ihe 
different  snbetaitcea  present  in  a  dyeing  bath,  we  might  determine  with  precision  the 
shade  which  ought  to  result  from  the  mixture  of  any  two  colore,  or  of  the  ingredients 
affording  tliese  colors  separately.  Though  the  olieniical  action  of  the  mordants  and  of 
the  liquor  in  the  dye- bath  often  changes  the  result,  yet  theory  may  always  predict  them 
within  a  onrtain  degree.  It  is  not  the  color  appropriate  («  the  dye-stiifls  wliicii  is  to 
he  considered  aa  the  constituent  part  of  compound  colors,  but  ttiat  which  tliey  nmat 
assume  with  a  certain  morfant  and  dye-luith.  Our  attention  ought  therefore  to  be 
directed  prineipslly  to  the  operation  of  the  chemical  agents  employed. 

1,  The  mixture  of  blue  and  yellow  dyes  produecB  green,  D'Ambonrney,  indeed, 
says  that  he  haa  estraoted  a  fast  green  from  the  fermented  juice  of  tJia  hen'ies  of  the 
buckthorn  (rkamtaia  friffula),  but  no  dyer  would  trust  to  such  a  color. 

2.  The  mixture  of  red  and  bltie  produces  violet,  purple,  columbine  (flove-color). 
pansy,  amaranth,  lilac,  mallow,  and  a  great  many  other  aliades,  determined  by  the  na- 
ture and  tone  otLtha  red  and  blue  dye-stufis,  as  well  as  their  relative  proport.iuns  in  the 
bath. 

8.  The  mixture  of  red  and  yellow  produces  orange,  mojjiforl, 
briek,  capuchin ;  with  the  addition  of  blue,  olives  of  various  sh 
instead  of  yeilowa,  chestnut,  HuufE,  must  and  other  tints. 

4  Blacfca  of  the  lighter  kinds  constitute  grays;  and,  mixed  w  ra 

duoe  marfaiie  (marroons),  coffees,  damasecnes.    For  furtlier  d 
ject,  see  Calioo  PuiNniio,  Dyeing,  as  also  the  individual  celors  ti 

places. 

CONCRETE.  The  name  given  by  archilwls  to  a  compact  m  »!S  p  bb  es  sand 
tad  lime  cemented  together,  in  order  to  fotm  Ihe  fonndaiions  o  Se 

rays  that  the  best  proportions  are  60   parts  of  pebbles,  each  abo  8 

weight,  40  parts  sharp  river  sand,  and  10  of  good  lime;  the  la^  be  m 

water  to  a  ihinnish  eont^islence,  and  grouted  in     It  has  been  foun     h     T  ha 

as  taken  from  the  bed  of  ihe  river,  consists  nearly  of  2  pai  is  of  pe 
therefore  answers  exceedingly  well  for  makins  concrete;  with  froro         se 
eishth  part  of  lime.      The  best  mode  of  maliinK  concrete,  accor     g       M     GoO 
is  (0  mix  the  lime,  previously  nround,  with  the  ballast  in  a  dry  sta  tR 

is  now  thrown  over  it  to  eflecl  a  peifect  mixture,  afier  which  it  sh 
least  twice  with  shovels,  or  oRener;  then  put  into  barriiws,  and  wheeled  away  for  use 
instantly.  It  is  geneinlly  found  advisable  to  employ  two  sets  of  men  lo  perform  Hiis 
operation, with  three  in  each  set;  one  man  to  fetch  the  water,  itc.,  while  the  other  iwo 
turn  over  the  mixture  to  the  second  set,  and  they,  repeatinE  Ihe  process,  turn  over  the 
tonciete  to  the  harrow-men.  After  being  put  into  Ihe  barrows,  it  should  at  once  he 
U'heeled  up  planks,  so  raised  as  lo  give  it  a  fait  of  some  yards,  and  thrown  Into  Ih; 
foandntion,  by  which  means  Ihe  particles  are  driven  closer  lojiether,  and  gi-ealer  eolidilj 
is  given  to  the  whide  mass.  Soon  after  being  thrown  in,  the  mixture  is  observed  usually 
10  he  in  commotion,  and  much  heat  is  evolved  with  a  copious  emission  of  va|ior. 
The  Irarrow.load  of  -oncrete  in  the  fall,  spreading  over  ihe  ground,  will  form  generally 
n  stratum  of  from  7  .o  9  inches  thicb,  which  should  be  allowed  to  set  before  throwing  in 

A nother  method  of  making  concrete,  is  Itrst  to  cover  Ihe  foundation  with  a  cerlain 
inantity  of  water,  and  then  to  throw  in  Ihe  dry  mixlure  of  ballast  and  lime.  It  is  nexl 
turned  and  levelled  with  shovels;  after  which  more  water  is  pumped  in,  and  the  operation 
is  repealed.    The  former  method  isundoubtediy  preferable. 

Iq  some  cases  it  has  been  Ibund  necessary  to  mix  the  ingredients  in  a  pug-mill,  es  in 
mixing  clay,  &c.  for  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  harden- 
ing  should  be  rapid,  no  more  water  should  be  used  than  is  absolutely  necessaij  to  elfed 
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a  perfect  mixture  of  the  in^adianta.  Hot  water  aeeelerntes  tha  induration.  There  ia 
about. one  fifth  of  oonlrHetJon  in  volume  in  tlie  coneret*,  in  reference  to  the  bulb  uf  ira 
ini^redieiite.  To  form  a  eiibical  yard  of  concrete,  about  30  feet  cube  of  ballast  and  JJj 
feet  *ul)e  of  Brniind  Irine  must  be  employed,  witli  it  Bofficient  quantity  of  wster. 

CONGELATION  (B>ic.  and  Fr-.j  G'/rieruvg,  Germ.);  the  act  of  froeiing  liqinds. 
Many  means  are  supplied  by  chemiatryfur  effeeting  or  yironiotiiig  this  process,  but  they 
do  not  eonstitnte  any  peculiar  art  or  manufaotitre.    See  Ick-Hoose. 

COOLING  OF  FLUIDS.  In  Mr.  Derosnea'a  method,  the  cooling  agents  employed 
ere  a  current  of  atmospberio  air,  and  warm  water  of  the  snme  or  nearly  the  same  Ifta 
pernture  aa  that  of  the  vapors  which  are  to  be  operated  upon. 

Fig.  867  representa  merely  a  diagram  of  iJie  general  features  of  an  apparatUB  con- 
ilrucied  upon  the  principles  proposed  to  be  eu.plojed,  which  will  serve  lo  expltkin  Ihc 
Dal  lire  of  ihis  improvement. 

Let  A  be  Ihe  source  ol 
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This  pump 

pi|>pB  B  and  r,  in  which  cham  mm  p 

tcinperalure  of  tlie  vopora  i  ed 

pierced  through  its  under  pnrl,  and  whence  ihe  1 
a  ccinlinued  shower  of  rain.  To  the  end  of  the  pipe 
which  is  placed  beneath  the  colander  h.      The  enl 

be  bound  round  wilh  linen  or  cotton  cloth,  as  r  coo 

be  continuallj'  moistened  by  [he  rain  in  i(B  descenl  from 
has  been  heatrd  in  passinj-  alnni;  llie  tube  c,  Ihe  shov 
colnoder  will  beat  a  hicher  lempeiatiire  Ihan  that  of  Ihi 

pnjfdiced  through  the  coils  of  the 

If  the  colander  and  the  worm-n 

R  K,  open  at  top  and  bottom,  a  ci 

Ihe  descending  shotcer  of  hot  wa 


The  pipe  G,  through  which 
the  vapor  passes  as  it 
rises  in  the  boiler,  is  siir- 
ronnded  by  anotber  lube 
arger  diameter,  closed 
th  ends.  A  pump  i>, 
d    ws  from  therescrvoir  e. 

h      been  heated  by  its  prc- 

tlirongh   the  ap|ia. 

la       in  contact  with  the 

ceofthe  vapor  pipes, 

pa  hamber  between  the 

ipe  G,  it  acquires  the 

nveys  th"  water  ftom 

m       tude  of   ^all   holes 

m  water  descends  in  the  form  of 

distiller's  worm  1 1,  is  connected, 

length  of  the  worm-pipe  should 

tor  of  the  heat,  which  cloth  will 

n  Ihe  ciilander.       As  this  water 

descending  from  iho 

iphere,  and,  consequenily, 


Conseqnenlly,  it 


is  of  the ! 


I  it  descends,  a  considerable  ni)WBrd  draft  will   be 
irm-pipa. 

;  are  enclosed  within  a  chimney  or  upriaht  lube,  as 
enl  of  aseindirg  air  will  be  produced  within  it  by 
',  similar  in  efl'ect  to  that  which  would  be  produced 
;  with  a  furnace,  or  lo  that  of  the  burner  of  an  argonn 
be  perceived  thai  in  opposition  lo  the  detcending  rain,  a 
will  blow  through  that  part  of  the  C3'linder  k  k,  whicli  is 
the  air  first  enters  the  lower  aperture  of  the  chimney  oi 
■erature  and  moislnre  as  the  exiernal  atmosphere  ;  but  in 
ets  wilh  a  warmer  and  damper  atmosphere,  caused  by  the 
heat  iiven  out  from  Ihe  hot  fluid  continnally  passing  through  (be  pipes,  and  by  ihe  hot 
shower  of  rain,  end  also  by  Ihe  steam  evolved  fmm  the  Enrfaces  of  ihecoils  of  the  worm, 
which  are  continually  wetted  by  Ihe  descending  rain,  the  evaporation  being  conBiderohly 
ansmenled  b)  lb;  cloih  bound  round  (he  worm-pipe,  retaining  the  walcr  as  itdeacends  in 
drops  from  coil  t,  coil. 

The  atmosphere  within  Ihe  lube  being  of  a  higher  temperalnre  than  without,  a 
current  of  air  constantiy  ascends  and  escapes  nl  the  upper  aperture  K,  and  ita  place  is 
Fiipplied  by  fiesh  air  fr<im  the  forronndina  olmnspliere,  entering  the  lube  below.  The 
fresh  air  thus  admitted  at  Ihe  botliim  of  Ihe  lube,  being  cold  and  dry,  will  be  suited  to 
take  np  ll,e  heat  and  moislure  within,  because  the  waterwilhin  Ihe  lube,  beins  in  a 
Elate  of  dispersion  as  raio,  presents  lo  the  air  many  points,  or  a  very  eilended  surface, 
anS  alto  because  it  is  of  a  higher  lempercture  than  the  air;  and,  besides,  cold  dry  air  is 
eoffl  inually  renewed,  and  a  source  of  warmth  is  furnlsiied  by  Ihe  Ictert  caloric  lo  lh( 
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steaiu,  as  fast  as  it  is  «Ti>lve<1.  Thus  a  portlnn  of  the  descending  rain,  or  water,  l* 
eTaponitei),  and  tlie  effect  cif  this  evMpor»'.ioii  is  (o  alistrnet  cnlorio  not  only  from  llie 
>aler  held  in  contact  witli  (he  coila  of  (he  wonn-pij*  by  llie  dutli  enveloping  it,  liul.  nlso 
from  the  hot  vspors  which  pass  lliroiigh  the  wuriii.  This  prucesa  of  cvaporau'on  has, 
tht-refore,  a  cooling  power,  wliich  ia  bnt  aligliC  in  tlie  lower  part  of  the  ehiitiney  or  tubs 
z,  liecuuBe  the  temperature  of  ihe  water,  ni'  rain,  anil  of  the  worm,  at  this  poH^  are  of 
a  lower  temperature;  bnt  ila  refrigemtiiig  power  inoreaeea  bb  it  rises  tawnnla  the 
eolHnder,  and  there  it  aequirea  lis  maximum  of  iiitenwtj,  so  lliat  at  anj'  point  between 
the  lower  apertnre  of  the  cylinder  and  the  colnndei'  the  current  of  air  is  always  a  little 
cooler  than  the  atmosphere  of  the  regiiin  tbmugh  whiiOi  it  pasBes  (that  is,  as  its  maxi- 
mum) ;  and  in  passing  this  region  of  higher  leniiHTature,  it  is  uot  only  put  in  equili- 
orinui  of  temperature,  but  alM  made  to  tnbe  up  an  additional  qnanttlyofaqueoaK  vapora, 
which  equalizes  the  new  lemperalure  il  acqaires  with  it'  capacity  of  saluralion.  The 
couhns  cau=ed  by  the  evapomtiiMi  acts  in  an  incessunt  and  pi'o°i'essive  manner  from  Ihe 
lower  aperture  of  the  cyliniter  la  Ihe  under  side  of  the  cotander;  and  this  cooling  nol 
only  acts  as  an  agent  of  the  evaporation  which  ihe  current  of  air  cools,  but  it  refrise- 
rates  also,  because  it  beennies  wanned  in  abstracting  caloric  from  Ihe  vapors  or  liiiuida 
passing  throagh  the  worm;  and  this  lefriseralion  acts  also  incessantly  and  progressively 
from  the  lower  part  of  the  tube  oi'  chimney  to  the  colander. 

The  patentee  states,  in  conclusion,  thai  "  the  velocity  or  force  of  the  current  of  air 
that  passes  through  the  chimney  or  tube  K,  can  be  accil-raled  hy  artilicial  means,  either 
by  condnctinc  Ibe  air  and  vapor  parsing  from  the  upper  spermre  of  the  cylinder  into  the 
chimney  or  fines  of  a  furnace,  or  by  means  of  a  revolving,  forcing,  or  exhausting  fan,  or 
ventihitor,  or  any  other  contrivance  which  wiil  produce  an  increased  current  of  air,  but 
■which  is  not  necessary  to  he  pnriiculf  riy  described,  as  I  only  wish  to  Mplain  the  prin- 
ciples of  a  simple  appsralu',  constructed  in  any  convenient  form ;  and  I  would  remark, 
Ikat  the  area  of  the  lower  aperiure  through  which  the  air  is  introduced  into  the  chimney 
or  lube  K,  and  also  the  area  of  Ihe  upper  aperinre.  or  that  through  which  it  passes  to 
the  atmosphere,-should  be  in  accordance  with  the  effect  intended  to  be  obtained. 

"  It  is  further  to  be  remaiUeil,  that  in  oider  to  obtain  from  this  apparatus  the  best 
eflect,  the  velocity  of  the  current  of  air  must  he  itself  a  maximum  ;  and  as  the  speed  ".- 
velocity  of  the  current  of  air  is  owing  to  and  determined  by  the  excess  of  Ihe  tempe- 
rature of  the  descending  waier,  or  rain,  and  of  the  cuils  of  the  worm  to  thai  of  the 

maximum.  Bat  this  excess  of  temperature  is  a  maximum  only  when  the  source  of  the 
rain  is  at  the  same  temperature  as  the  vapors  to  be  condensed;  if  less  warm,  it  would 
attract  less  air;  or,  if  warmer,  it  would  augmcnl  the  temperaiure  of  the  vapors  inlcndHi 
to  lie  cimdensed.  Consequently,  the  shower  of  waier  employed  in  the  lube  k,  as  Ihe 
agent  fir  cooling,  bestows  its  maximum  of  effect  when  it  is  as  warm  as  Ihe  vapors  to  be 
condensed j  therefore,  I  may  express  this  proposition,  viz.,  'That  in  refrigerating  with 
water,  less  of  it  may  be  expended  when  il  is  warm  than  when  il  is  cold,  and  that  the 
least  quantity  of  water  will  be  evaporated  when  it  is  as  warm  as  the  aqueous  or 
Epiriiuous  vapors  upon  which  il  is  to  operate.' 

"This  proposition  may  appear  strange,  nevertheless  it  is  conformable  to  the  laws  of 
nature  ;  and  appears  only  stranae,  because  until  now  warm  water  bai  not  been  emplojed 
with  currents  of  air  for  refiinerating. 

"  Hence  it  is  necessary  to  raise  the  temperature  of  the  water  in  the  colander  to  the 
lemperalure  of  the  vapors  to  he  condensed ;  tberefoie,  I  cause  the  lukewarm  water, 
pumped  from  the  reservoir  e,  to  circulate  in  Ihe  chambfr  c.  In  Ihis  circulation  it  also 
begins  to  act  as  a  refrigerating  medium,  taking  up  a  portion  of  heat  from  the  valors  that 
pass  Ihroueh  the  pipe  b,  and  afterwards  it  acts  as  a  furiher  condenser  in  the  cylinder,  in 
the  way  described.  Finally,  the  portion  of  this  water  that  is  stilt  in  Ihe  fluid  state,  aller 
having  fallen  down  from  coil  to  coil,  arrives  lukewarm  to  the  inclined  surface  l,  which 
conducts  it  into  Ihe  reservoir  e,  from  whence'it  is  pumped  up  into  the  chamber  c,  as 
before  described. 

"  The  tube  or  chimney  k  may  have  more  or  less  altitude ;  the  higher  il  is  the  greater 
IS  the  current  proJuced,  The  force  or  velocity  of  the  current  of  air  can  be  governed  by 
the  areas  of  the  inlroduction  and  exit  apertures.  If  the  ci  linder  rises  only  lo  the  height 
of  the  sieve,  the  eifect  is  much  less  than  when  it  is  pi-olonled  beyond  this  height.  I 
would  further  remark,  that  if  the  cylinder  was  removed,  a  slight  effect  might  be  pro- 
iuced,  provided  that  a  current  of  aii-  be  preserved  in  Ihe  cylindrical  space  limited  by  the 
roils  of  Ihe  worm,  and  also  if  the  current  was  produce.1  between  the  coils  ;  or  a  centiid 
passa;^  might  be  formed  in  an  anpnratus  of  another  shape  thnn  that  above  described. 

"  I  have  only  shown  Ihe  applicaiion  of  the  worm,  bfcause  intending  only  to  expjiin 
Ihe  principles  of  this  method  of  condensing  and  refrigeralins. 

"  The  small  quantity  of  wnfr  wasted  in  this  manner  of  condensation,  (Ihat  is,  that 
portion  passed  off"  to  the  atmosphere  in  Ihe  form  of  vapors,  at  the  upper  npertuie  of  the 
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cj![nder  k),  may  bo  replaced  by  a  small  stream  of  cold  water,  wliioli  may  be  lirovigljl 
III  tlie  appiiratas,  and  perliii|)s  \nost  mnvenieiitly  intcoduced  iutu  tbe  restsrvuir  ^or  iiiUi 
tliii  eliHiiiljer  between  liie  pipes  u  and  o.  When  operating  ujion  nqvieoiis  vajHirs,  the 
w;iate  of  waters  is  always  leas  in  weight  than  tliat  of  tbe  vupoi's  iiqimiied,  Wiien  tliis 
njT^inratus  is  applied  to  the  purposes  of  distill Htion,  tlie  end  uf  tlie  worm  should  teniii- 
iiate  in  a  vessel  M,  which  is  to  receive  the  ]iroduoe  of  tlie  condensation.  It  will  be  seen 
that  this  improved  jiroceas  is  applicable  tjj  vnrioiis  piir]>os«fl,  where  condensation  or 
refii^eration  ia  required;  for  instance,  in  tbe  builiiig  or  concentration  of  sugnr;  to  con- 
densing^ and  refrij^rating  (liatilled  vajwrs,  oc  steam,  or  saline  liqnids,  either  in  vaminni 
or  Liot;  to  cooling  brewers'  woito;  and  to  tbe  refrigeratjoii  of  other  liquors,  op  any  utbi-r 
pi'oi^essea,  when  it  may  he  required." 

I  h]ive  inserted  the  specifiuation  of  this  pnt«nt  verbatim.  M.  Beroene  has  bneied  him- 
self during  a  long  life  with  a  prodigious  number  of  ingeniune  little  vonti'ivani;es  fur 
clarifying  and  boUing  syrnps,  diatillation,  &e.,  but  he  has  -n  this  invention  liken  a 
bolilcr  flight,  having  secured  the  exclusive  privilege  of  condensing  vapors,  and  cooling 
liquors,  with  liot  water,  in  jireference  to  cold,  ^o  man  at  all  vcrsant  in  the  Ecientifle 
doctrines,  or  the  praetjual  a]>|ilicationB  of  caloric,  will  ever  eeek  to  meddle  with  his  mo- 
nopoly of  such  a  acbeme.  He  nmy  fiinl,  perhiips,  some  needy  coppei'aznitli  ready  to 
" '~  ■'•- '  ~~  any  other  eqaally  foolish  project,  pii  vided  a  productive  job  can  be 
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itiade  of  it,  against  creduluna 

For  sorno  rational  metlioihi  of  cooling  liquors  and  condensing  vapory  si 
ICON,  S-rrLt,  anil  Susab. 

COPAL,  a  resin  wliich  exudes  spontaneouely  from  two  trees,  the  Rfiui 
and  the  EtaoearptK  copalifer,  the  first  of  whicli  grows  in  America,  mid  the  e 
Ka»t  Indies.  A  third  apcres  uf  copal-tree  grows  on  tlie  coasts  uf  G-niiien,  eepecially  on 
tbe  banks  of  lorlie  riven,  among  whose  Bands  the  refill  is  found.  It  occurs  in  lumps  of 
vai'iouB  sizes  and  of  various  abndea  of  color,  from  iJie  palest  ({reenixli  yellow  to  darkirb 
bi-own.  1  found  ita  specific  gravity  to  vary  iu  difisrent  speeirneiiB  fwiin  n]69  to  11J7I, 
bein^  intermediate  in  deneiry  belween  its  two  kindred  reeins,  anini^  and  amber.  Some 
rate  it^  specifio  gravity  so  high  as  1-189,  which  I  should  tliink  une  of  the  errors  wilh 
which  chemical  cnmpilatioiis  teem.  Copal  is  too  hai'd  to  l:e  scratched  liy  the  nail, 
u  hence  the  eiccllenoe  uf  ib  varnish.  It  has  a  conclioidal  fracture,  and  is  without  sruell 
or  taate.  When  exposed  to  heat  in  a  glass  retort  over  a  spirit  lamp,  it  readily  melts 
into  n  liquid,  which  being  further  heated  hoils  with  explosive  jets.  A  viscid,  oily-looking 
matter  then  distils  over.  After  contitining  tbe  proceas  for  some  time,  no  succinic  acid 
is'found  in  the  receiver,  but  the  copal  blackens  in  the  retort  Aidiydrous  alcohol 
boiled  upon  it  causes  it  to  swell,  and  transforms  it  by  degrees  into  an  elastic,  viticid 
siilistAnce.  It  is  not  solulde  in  alcohol  of  0826  at  the  boiling  pointy  as  I  have  nscer- 
l.ained.  Copal  dissolves  in  ether,  and  this  ethereous  solution  may  be  mixed  with  aleo- 
hiil  witliout  decomposition.  Caoutchoucine  acts  very  slightly  upon  it  by  my.  experi- 
liienls,  even  at  the  boiling  temperature  of  this  very  volahle  flnid ;  hut  a  mixture  uf  it 
with  alcohol  of  0'8S5,  in  equal  ports,  dissulvea  it  very  rapidly  in  the  cold  into  a  perfectly 
liquid  varnish.  Aleutgot  holding  camphor  in  solution  also  dissolves  it,  bnt  not  nearly  so 
wi-ll  OS  the  last  Bolvent.  According  to  Unverdorben,  copal  may  be  coinpleteiy  dissoived 
by  digesting  one  part  of  it  for  24  honrs  with  one  part  and  a  halt  of  alcohol  (probably  an- 
hydrous),  because  that  portion  of  copal  which  is  insrjuble  in  alcohol  difsolvea  in  a  very 
c<>nnentrat«d  solution  of  tbe  aoluble  portion.  Oil  of  petroleum  and  turpentine  dissolve 
only  1  or  a  f>er  cent,  of  raw  copal.  By  porticiilaruianagement,  indeed,  oil  of  turpentine 
intiy  he  combined  wilh  eimal.  as  we  shall  describe  under  tbe  article  Varmise, 

Fuaed  copnl  possesses  dilfercnt  properties  from  tlie  substance  in  its  solid  state;  for  it 
thi'n  may  be  made  to  combine  both  with  nleotiol  and  oil  of  turpentine. 

Unvcrdorben  has  extracted  from  the  copal  of  Afrirn  five  different  kinds  of  resin,  none 
of  which  ha^  however,  been  applied  to  any  use  in  the  arts. 

The  ultimate  constituents  of  copal  by  my  analysis  are^  carbon  ^9*87,  hydrogen  900, 
ovj-gen  1  ri ;  being  of  liydrogan  7-8  in  eacess  above  the  quantity  necessary  to  form 
water  with  the  oxygen. 

Much  information  has  been  received  from  vaHoiis  sources  concerning  this  somewhat 
ill -understood  product  of  laf.e  years.  It  is  now  known  that  (iiere  are  three  different 
kinds  of  copal  m  commerce,  but  nothing  is  known  of  their  diatinguishingcharaetcrislii's. 
We  have  East  Indian  and  West  Indian  copal,  and,  under  the  latter  name,  two  very  dif- 
fiTcnt  Biibatancee.  The  East  Indian,  called  also  African,  is  more  colorless,  sofl^  andtmns- 
pnrent,  than  the  olliers;  it  forms  a  fine  surface,  and  when  hent*d  enn'ts  an  agreeable 
udur.  It  furnishes  the  finest  Tarn isb.  Fresh  essence  of  turpenline  dissolves  it  com- 
[iptely,  but  not  old.  Ksse  nee  digested  upon  sulphur  will  dissolve  double  its  own  weight, 
ivithout  letting  any  fall.  Preah  rectified  oil  of  rosemary  will  dissolve  it  in  any  propor 
tion,  but  if  the  oil  is  thickened  by  age  it  serves  only  to  Bwcll  this  copal. 
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with  Tpom  2  W>  3  of  pure  nieohol. 
becomes  very  hard  and  dorahla. 

Tlia  West  India  species,  or  Amei'ican,  comes  to  vis,  not  in  lumps  of  a  globiilnr  form, 
but  in  small  fl«t  frna;menlB,  which  HPe  hard,  rough,  and  without  taste  or  smelL  It  ia 
iisuallj  yellow,  and  never  colorless  lilie  tha  other.  Insects  are  very  rarely  fonnd  in  it. 
It  comes  from  the  Antilles,  Mexico,  and  North  America.     It  will  not  dissolve  in  essence 

TJie  third  kind  of  copal,  hnown  also  ns  West  Indian,  was  fonnerly  sold  as  a  product 
of  tlie  East  Indies.  It  is  found  in  fragments  of  a  concavo-convex  foim,  ths  outer  cover- 
ing of  which  aj'pears  to  have  been  removed.  It  contains  many  insects.  When  rnblied 
it  emits  an  aromatic  odor.  It  gives  on(  much  ethereous  mid  empyreumatic  oil  when 
melted.    It  forms  a  soft  varnish,  which  dries  slowly. 

Fnael  oil,  or  nmyle  spirit,  has  been  lately  used  as  a  solvent  of  the  hard  copal ;  but  it 
does  not  diy  into  a  very  solid  varnish. 

Annexed  is  an  account  of  tho  import  of  anime  and  copal,  in  the  undermentioned 

1811.  1812.  1843.  1B<4. 

Quantities  imported             owls,                 —  3336  3359  64B3 

Quantities  exported             cwts.                 —  1403  151)8  2467 

Retained  for  consumption  cwts.                 —  2081  2085  2770 

Nett  revenue                                £               6S5  295  117  157 

COPPER  is  one  of  the  inetala  most  anciently  known.  It  was  named  from  the  island 
of  Cyprus,  where  it  was  extensively  mined  and  smelted  by  the  Greeks.  It  has  a  red- 
dish tirown  color  inclining  to  yellow:  a  faint  but  nauseous  and  rather  disagreeable 
taste  ;  and  when  rubbed  between  the  fingei's  it  imparts  a  srnell  somewhat  analogous  tfl 
its  tnste.  Its  speciflo  gravity  ia  from  88  to  8-9.  It  is  much  more  malleable  than  it  ia 
ductile ;  so  that  far  liner  leaves  may  l>e  obtained  from  it  than  wire.  It  mclCs  at  the 
27th  degree  of  Wedgewood'a  pyrometer,  and  at  a  higher  temperature  it  evaporates  in 
fumes  wliieh  tinge  the  flame  of  a  bluish  green.  By  ex|>osure  to  beat  with  access  of  air, 
it  is  rapidly  converted  into  blaolt  scales  of  peroxide.  In  tenacity  it  yields  to  iron;  but 
surpasses  gold,  Mlver,  and  platinum,  oonsiderably  in  this  respect. 

In  mineralogy,  the  genos  copper  includes  about  IS  different  species,  and  each  of  these 
contains  a  great  many  varieties.  These  ores  do  not  possess  any  one  general  esterior 
character  by  which  they  can  be  recognised ;  but  they  are  readily  distinguished  by  chem- 
ical re-agents.  Water  of  ammonia  digested  U]ion  any  of  the  cupreous  ore  in  a  pulvel^ 
ized  slate,  after  they  have  been  calcined  either  alone  or  with  nitre,  assumes  an  intense 
blue  color,  indicative  of  copper.  Tiie  richest  of  the  ordinnry  ores  appear  under  two 
aspects :  the  first  class  has  a  matnllio  Instre,  a  oonper  red,  brass  yellow,  iron  gray,  or 
blackish  gray  color,  sometimes  inclining  to  blue ;  the  second  is  without  metallic  appear- 
ance, has  a  red  color,  vetoing  upon  purple,  blue,  or  green,  the  last  tint  being  the  most 
usual.'  Few  copper  ores  are  to  be  met  with,  indeed,  which  do  not  betray  the  presence 
of  this  metal  by  more  or  less  of  a  greenish  film. 

Dr  Scherer,  of  Ftcyberg,  has  arranged  tha  ores  of  copper  as  follows : — 

Symbol.  Cupper  in  loa 

1.  CtKpperni&nx  UCupferglaien)  CujS  79-7 

2.  Kupferkies,  Copper  pyrites,  Cui^  FciSs  848 

3.  Buntkupferen  8  CujS,  FejSa-  55-7 

4.  Fiihlerz  4  (CmS,  FeS,  ZnS,  AgS  (Sb  Ss  As  Sj)  14—41 

5.  Rothkupfererz  CiiaO  889 

6.  Malaehita  CuO,  COj-t-HO  674 

7.  Kupferlasur  (2  (CuO,  C03)  +  CuO.HO  553 
Both  Ffllilera  and  Buntkapfererz  vnry  greatly  in  their  proportion  of  copper.    Fahleri 

is  very  difficult  to  convert  into  pure  copper  by  smelting,  on  aoconnt  of  liie  presence  of 
antimony  and  arsenic  in  it.  Kupferglanz  is  a  disulphuret  of  copper.  Buntkiipfererz  ia 
purple  or  variegated  copper  ore.  Rothknpfererz  is  tlie  orange  or  red  oxide  of  copper. 
Kuferlasnr  is  blue  carbonate  of  copper. 

Pure  copper  may  be  obtained  in  the  solid  state  either  by  the  reduction  of  the  pow- 
ieT  of  the  pure  oxide  by  a  stream  of  hydrogen  gas  pasaed  over  it  in  an  ignited  tube,  o) 
by  the  galvanoplastie  process.    See  ELEcrtto-MCTALLUBOv,  or  ELEcntonptE. 

1.  Native  Copper  occurs  in  crystals,  branches,  and  filaments,  its  most  common  lo- 
cality being  in  pi-iraidve  roefea.  It  is  found  abundantly  in  Siberia,  at  the  mmes  of 
Tourinski,  in  those  of  Hungary,  of  Fundo-Moldavi  in  Gallioia,  of  Fahlnn  in  Swedea 
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nt  Cornwal],  &c.  The  ean^nes  of  native  copper  are  granite,  sneks,  mica-plate,  cJay 
slate,  quartz,  carbonate  or  fluate  uf  limp,  sulphate  o(  baryies,  Stc.  The  most  rfmarlia- 
hie  masses  i>f  native  copper  hilheito  ohserved  were — first,  one  in  Brazil,  M  leasiies  frnm 
Qaita,  which  weished  3<il6  poundsj  and  secondly,  another  which  Dr.  Francis-le-Bari>n 
discnvereit  in  America  lo  the  south  of  Lake  Superior.    It  was  PEariy  15  feci  in  circum- 

2.  Sulpknrtl  of  Copper,  Iht  vUreous  ore  of  BrodiaaU  The  lexlnre  of  this  ore  is  con., 
rid;  ils  fi'aclnre,  conchcida],Fitrrace5ometimefi  dull;  culor,jron  black  or  lead  uray,  often 
bluish,  iridiEcent,  or  reddish  fVom  a  mixture  of  prolnxyde.  It  is  easily  melted  even  by 
tlie  heat  of  a  candle ;  bnt  more  difficult  of  redaction  (ban  (irotoxyde.  This  ore  yields  tt 
the  knife,  assuming  a  metnllic  lustre  when  cut.  Its  density  mries  Trom  4*8  to  5-34.  Its 
cnmpusilion,  according  to  BLtaprolh,  is  T8-5  copper,  IS-5  sulphur,  nith  a  little  iron  and 
silica.  Its  equivalent  conftiiution  hy  theory  is  80  copper -f- 20  sulphur  =  100;  whence 
7S-5  or  metal  shontd  be  associated  with  l»-6  d*  sulphur.  This  ore  is  therefore  one  of 
the  richest  ores,  and  fom^s  very  powerful  veins,  which  likewise  contain  ^^ome  orange  pro- 
toKvde.  It  is  to  be  found  in  all  Considerable  copper  districts  ;  in  Siberia,  Saxony,  Sweden, 
nnd  especially  Cornwall,  where  the  finest  crystals  occur. 

3.  Copper  Pyriles  resembles  in  its  metallic  yellow  hue,  sc^nhuret  of  iron  i  bnt  the  latter 
is  less  pale,  harder,  and  strikes  fire  more  easily  with  s("el.  It  presenis  the  most  lively 
rainbow  colors.  Ils  specific  sraiit;  is  4'3.  It  contaiiii  generally  a  eooil  deal  of  iron, 
as  the  following  analysis  will  show  i  copper  30,  sulpliur  3T,  iron  33,  in  100  parts.  Ac- 
cording lo  Hisinger,  the  Swedish  pyrites  contains  63  of  copper,  12  of  iron,  nnd  25  of  sul- 
phur. These  ores  occur  in  primitive  and  transition  districts  in  vest  masses  and  powerful 
veins  :  and  ate  commonly  accompanied  with  gray  copper,  sulphuret  of  iron,  sparry  iron 
sul|>huiets  of  lead,  and  zinc. 

4.  Gray  Copper  has  a  steel  sray  color,  more  or  less  deep,  either  shinintr  nr  dull ;  frac 
'.nrp  uneven;  a  distinct  metallic  lustre;  dlfficntt  of  fusion  at  the  blowpipe  ;  it  cotniunni- 
cates  to  glass  of  borai  a  yellowish-red  culor.  Its  density  in  crystals  i»4-fi6.  Its  compo- 
sition is  very  variable  ;  consisting  essentially  of  copper,  iron,  antimony,  and  sulphur.  The 
esploralion  of  this  ore  is  prtjfitable,  in  consequence  of  the  silver  which  it  freqnenlly  con- 
tains. It  occurs  in  piimilive  mountains ;  and  is  ofien  accompanied  with  red  silver  ore, 
copper  pyrites,  and  crystallized  quartz. 

5.  Proloxyde  Of  Capper,  or  nd  oxyile  of  Copper :  its  color  is  a  deep  red,  sometimes 
Tery  lively,  especially  when  bmised.  It  is  friable,  difficult  of  fusion  at  the  blowpipe,  re- 
ducible on  bnrniog  chiirciial,  soluble  wiih  effervescence  in  nitric  acid,  forming  a  green 
lui-jid.     Ils  constitution,  when  pure,  ts  88-9  c(mper+  1 M  oxyeen  =  100. 

S.  Black  oxyde  of  Capper  is  of  a  velvet  black,  inclinina  someiimes  to  bl-own  or  blue  ; 
and  it  acquires  the  metBllie  lustre  on  b*'ine  rubbed.  It  is  infusible  at  the  blowpipe.  Ils 
composilion  is,  copper  PO  +  oiygen  20  :  beini  a  true  peroxyde. 

7.  Hydroailicatt  of  Copper  consists  essentially  of  oxyde  of  copper,  silica,  and  water. 
Its  color  is  green  ;  and  its  fracture  is  conchoidal  with  a  resinous  lustre,  like  most  minerals 
which  contain  water.  Ils  specific  gravity  is  2'73.  Il  is  iofusi"ble  at  the  blowpipe  alone, 
bui  it  mells  easily  with  borax. 

8.  Dioplase  Copper,  or  Emerald  Molacliile;  a  beauliful  bnt  rare  cupreous  mineral,  con- 
sisting of  oxyde  of  cnpper,  caib^nale  of  lime,  silica,  and  water  in  varj'inj  proportions. 

9.  Carbonate  of  Copper,  Malachite,  is  of  a  blue  or  green  color.  It  occurs  often  in 
beautiful  crystals. 

10.  Sulfkale  of  Copper,  Blue  Vitriol,  similar  to  (he  arlificial  sail  of  the  laboratory 
The  blue  water  which  flows  from  certain  copi>er  mines  is  a  solution  of  this  sail.  The 
copper  is  easily  procured  in  the  metallic  slate  by  plunsinc  pieces  of  iron  into  il. 

11.  Photphaleof  Cojiper  is  of  an  emerald  green,  or  verdigris  color,  with  some  spots  of 
black.  It  presents  fibrous  or  luberculotis  masses  with  a  silky  lustre  in  Ihe  fracture.  It 
dissolves  in  nitric  acid  without  effervescence,  formine  a  blue  liquid;  melts  at  the  blow- 
pipe, and  is  reducible  upon  charcoal,  with  the  aidof  alilde  grease,  into  a  melaHic  globule. 
Ils  powrler  does  not  color  flame  green,  like  the  powi  er  of  mm  iate  of  copper. 

12.  Muriale  of  Copper  is  green  of  various  shades  ;  its  powder  imparls  lo  flame  a  re- 
markable Mae  and  green  color.  Il  dissolves  in  nitric  acid  without  rflervescence  ;  and  is 
easily  reduced  before  the  blowpipe.  Its  density  is  3'5.  By  Klaprolh's  analysis,  it  con- 
sisis  of  oxyde  of  copper  73,  muriatic  acid  10,  water  17, 

13.  .^rjenia(c  of  Copper.  Il  occurs  in  beautiful  blue  crystals.  Before  the  blowpipeit 
mell!,  e\hB]ing  fumes  of  a  ftirMe  odor,  and  il  affords  metallic  globules  when  in  contact 
wit):  -harcoal.    See  nwre  upon  the  ores  at  the  end  of  this  arli-le. 

In  the  article  Mktallubgv.  I  have  described  the  mode  of  work  in  e  certain  coppei 
mines:  and  snail  content  myself  here  with  givins  a  brief  account  of  imo  cupreous  forma- 
tions, interesting  in  ageolosicnl  point  of  view;  that  of  the  copper  slate  of  Mansfeldl,  and 
ef  the  copper  veins  of  Cornwnil. 

The  curious  strata  of  bilurainous  schist  in  the  first  of  these  localities,  art  amons  lh« 
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mosi  ancipnt  of  nny  wliicli  conlain  the  exnvise  of  oi'saniied  bodies  not  Ifslaceou*.  FroB 
amoii?  iheir  labular  slabs  ihp  vast  mnltiludes  of  fossil  fi-h  were  exlmcled,  which  nave 
rendereillhecantonsofMansfeldl,  Kisleben.Ilmcnau,  and  other  places  in  Thuringia  ancJ 
Voiglland  so  ctlebraleil.  Manj  of  the  fish  are  transformed  into  copper  pyrites.  Here 
also,  liRVc  been  found  the  fossil  remains  of  the  lizard  fainil]',  called  Moiiiiors. 

Such  is  the  influence  of  a  wise  admin islratton  upon  (he  prosperity  of  mines,  that  (he 
Ihin  layer  of  slate  in  this  formation,  of  which  100  pounds  commonly  contain  but  one 
pound  and  a  halfof  copper,  occasionally  argentiferous,  has  been  lor  several  centuries  the 
object  of  smelling  works  of  the  greatest  importance  to  the  territory  of  Mansfeliit  and  the 
adjoining  counlrj. 

The  frequent  derangements  which  this  metallic  deposile  experiences,  led  sliilfnl  directors 
of  the  under-iround  operations  at  an  early  period  to  study  the  order  of  snperposition  ol 
the  accompanjin?  rocks.  From  their  observations,  there  resulted  a  system  of  facts  which 
have  served  to  guide  miners,  not  only  in  the  country  of  Mani,'"''ldl,  but  over  a  great  poj 
tion  of  Germany,  and  in  several  other  countries  where  the  sami  series  of  rocks,  forming 
the  immediate  envelope  of  the  cupreous  schists,  were  found  to  occur  in  the  same  ordei 
of  snperposilion. 

Of  the  Eitgliih  copper  tforfcs. — The  deposites  of  copper  in  Cornwall  occur  always  1,1 
veins  in  granite,  or  in  the  schistose  rojits  which  surround  and  cover  it;  and  hence,  ihe 
Cornish  miners  work  mostly  in  the  granite  or  greenish  clay  slate ;  the  former  of  which 
Ihey  call  grauian,  the  latter  Mllas.  But  tin  is  sometimes  disseminated  in  small  veins  in 
porphyry  or  etvan,  which  itself  forms  great  veins  in  the  above  rocks,  No  stratification 
has  been  observed  in  Cornvrall. 

The  copper  veins  are  r.bundant  in  the  killas  and  rare  in  the  eronile ;  hut  must  numer- 
ous near  the  line  of  junction  of  the  two  rocks.  The  ditferent  kinds  of  mineral  veins  in 
Cornivnil  may  be  classed  as  follows  ! — 

1.  Veins  of  elvan  ;  elvan  courses,  or  elvan  channels. 

2.  Till  veins,  or  tin  loiei ;  the  latter  word  being  osed  by  the  Cornish  miners  to  signify 
a  veio  rich  in  ore,  and  the  word  course,  to  signify  n  barren  vein. 

3.  Copper  veins  runninti;  east  and  west  i  east  and  west  copper  lodes, 

4.  Second  system  of  copper  veins,  or  contra  copper  lodes. 

5.  Crossing  veins;  cross  courses. 

fi,  Modern  copper  veins  ;  more  recent  copper  lodes. 

7,  Clayveinsi  of  which  there  are  two  sets,  the  more  ancient,  called  Croat-Flndkam  ; 
and  the  more  modern,  Called  Slide!. 

There  are  therefore  three  systems  of  copper  veins  in  Cornwall ;  of  which  the  first  is 
considered  to  be  the  most  ancient,  because  it  is  always  traversed  by  the  two  others,  and 
because,  on  the  contrary,  it  never  cuts  them  off.  The  width  of  these  veins  does  not  ex- 
ceed 6  feet,  though  occasional  enlargements  to  the  extent  of  12  feet  sometimes  take  place. 
Their  lensth  is  unknown,  but  the  one  explored  in  the  United  Miiiei  has  been  traced  over 
an  extent  of  seven  miles.  The  eangue  of  these  Teins  is  generally  qijartz,  either  pure,  or 
mixed  with  green  particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  sul- 
pharel,  and  several  other  compounds  of  copper,  such  as  the  carbonate,  phosphate,  arse- 
niate,  mnriate,  &c.  The  most  part  of  the  copper  veins  are  accompanied  with  small  ar- 
Eillacenus  veins,  called  by  the  miners  fiudcan  0/  lh(  lode.  These  are  oflen  found  upon 
both  sides  of  the  vein,  so  as  to  form  cheeks  or  salebandes. 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes  an 
object  of  interest  to  the  miner  and  geologist.  In  SB):ony  it  is  regarded  as  a  aenerol  fact 
that  the  rejected  portion  is  always  to  the  side  of  the  Mvie  angle  1  this  also  holds  gener- 
ally in  Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  Ihe 

The  great  copper  vein  of  Carharack,  in  the  parish  of  Gwenap,  is  a  most  instructive 
example  of  intersection.  The  power  of  this  vein  is  8  feet ;  it  runs  nearly  from  east  tt 
wist,  and  dips  toward  the  north  at  an  inclination  of  2  feet  in  a  fathom.  Its  upper  pari 
IS  in  the  killas,  its  lower  parfin  the  granite.  The  vein  has  suffered  two  intersections ; 
the  first  results  from  encountering  the  vein  called  Slevea'a  Jlvckan,  which  runs  from  nortli- 
east  tc  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  cansed  by 
another  vein,  almost  at  riaht  amies  to  the  first,  and  which  has  driven  =t  20  fathoms  out 
n.  the  right  side.  The  fall  of  the  vein  occurs,  therefore,  in  one  case  t.;  the  ri;ht,  and  in 
tlie  other  to  the  left;  but  in  bcith  instances,  it  is  to  the  side  of  the  obtuse  angle.  This 
disposilion  is  very  singular;  ftr  one  portion  of  the  vein  appears  to  have  ascended,  while 
another  bus  gunk. 

The  miniaj  works  in  the  copper  veins  are  carried  on  by  reverse  steps;  see  MtNES 
The  grand  sliaAs  for  drainage  and  extraction  are  vertical,  and  open  upon  the  roof  side 
of  the  vein,  ti'aversing  it  to  a  certain  depth.  These  pits  are  sunk  to  the  lowest  point  of 
the  exjiloration  ,■  and,  in  proportion  as  the  workings  descend,  by  means  of  cxcavationn 
in  the  vein,  the  pits  are  deepened  and  put  into  communication  toward  their  bottom  with 
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psch  new  gallery  of  elongation,  by  means  of  transverse  galleries.  At  present,  llie  main 
shntis  ore  fully  160  (alhums  deep.  Their  horizontal  section  is  oblong,  and  is  diviJcd  into 
two  compartments  i  tlie  one  destined  for  exlraefion,  the  other  for  the  pumps.  Their  lim 
bering  has  nothing  remiirkibli",  but  is  executed  with  erery  attention  to  economyj  the 
whole  wood  em]>loyed  in  these  mines  being  brought  from  Norway, 

The  liescent  of  the  workmen  is  effected  by  inclined  shafts  scooped  out  of  the  Tein ;  the 
ladders  are  slightly  inclined;  they  are  interrupted  every  10  fathoms  by  floors;  the  steps 
are  made  of  iron,  and,  to  pievent  them  from  turning  under  the  foot,  the  form  of  a  miner's 
panch  or  jamper  has  been  given  them,  the  one  end  being  round,  and  the  other  being 
wedse-shnped. 

The  ore  is  raised  either  by  means  of  horse-gins,  or  by  stesm-ensine  power,  most  fre 
quently  of  hish  pressure.    I  shall  lake  the  ConsaliJaled  Sfiiiex  as  an  example. 

The  draining,  which  is  one  of  the  most  considerable  sources  of  es;pense,  both  from  the 
quanliiy  of  water,  and  fiom  the  depth  of  the  mine,  is  executed  by  means  of  sucking  and 
forcing  pumps,  the  whole  piston-rods  of  which,  120  feel  lon^,  are  attached  to  a  main-rod 
suspended  at  the  eitremily  of  the  working  beam  of  a  steam-engine. 

On  this  mine  three  steam-engines  are  'erected  of  Tery  |reat  power,  for  the  purpose  of 
drainage ;  the  one  called  the  Maria  engine  is  of  the  first-rate  force,  and  most  improved 
conslroction.  The  cylinder  is  90  inches  in  internal  diameter,  and  the  length  of  the 
stroke  is  9  feet  11  inches.  It  works  singie  stroke,  and  is  incased  in  a  coating  of  bricks 
to  prevent  dissipation  of  the  heat.'  The  vapor  is  admitted  nt  the  upper  end  of  the 
cylinder  during  the  commencement  of  the  fall  of  the  piston,  at  a  pressure  capable  of 
formin;  an  equilibrium  with  a  column  of  60  inches  of  mercury.  The  introduction  of 
the  steam  ceases  whenever  the  piston  has  descended  throngh  a  certain  space,  whicli  may 
be  increased  or  diminished  at  pleasure.  During  the  remainder  of  the  descent  the  piston 
is  pressed  merely  by  this  vapor  in  its  progressive  expansion,  while  the  under  side  of 
tile  piston  coznm'unicaies  with  the  condenser,  Jt  ascends  by  the  counterweight  at  the 
pump  end  of  the  working  beam.  Hence,  it  is  Only  during  the  descent  of  the  piston  thai 
the  effective  stroke  is  exerted.  Frequently  the  steam  is  admitted  only  during  the  sixtd 
part  of  the  course  of  the  piston,  or  18  inches.  In  this  way  the  power  of  the  engine  is 
proportioned  to  the  ivork  to  be  done ;  that  is,  to  the  body  of  water  to  bo  raised.  The 
innxiiimm  force  of  the  above  engine  is  about  310  horses;  though  it  is  often  made  lo  act 
with  only  one  third  of  this  power. 

The  copper  mines  of  the  Isle  of  Anglesey,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south  west  of  Scotland,  of  the 
Isle  of  Man,  and  of  the  sonlh  east  of  Ireland,  occur  also  in  primitive  or  transition  rocks. 
The  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine  of  Eclon  in 
Staffordshire,  and  that  of  Cross-zill  burn,  near  Alston-moor  in  Cumberland,  occur  in 
transition  or  metalliferous  limestone. 

The  copper  ores  extracted  both  from  the  eranitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  iron  pyrites; 
the  red  oxyde,  carbonate,  arsen;.ite,  phosphate,  and  muriate  of  copper,  are  very  rare  in 
these  districts. 

The  workingof  copper  in  the  Isle  of  Anglesey  may  be  traced  to  a  very  remote  era.  It 
appears  that  the  Romans  were  acquainted  with  the  Hamlet  mine  near  Holyhead  ;  bnt  it 
mas  worked  with  Utile  activity  till  about  70  years  ago.  This  metallil'erous  deposile  lies 
in  a  greenish  clay  slate,  passing  into  talc  slate;  a  rock  associated  with  serpenline  and 
euphotide  (gabbro  oC  Von  Buch).  The  veins  of  copper  are  from  one  to  two  yards  thick, 
and  they  convei^  townrds  a  point  where  their  union  forms  a  considerable  mass  of 
ore.  On  this  mass  the  mine  was  lirst  pierced  by  an  open  excavation,  which  is  now 
upwards  of  300  feet  deep,  and  appears  from  above  like  a  vast  funnel.  Galleries  are 
formed  at  different  levels  upon  the  flank  of  the  excavation  to  follow  the  several  small 
veins,  which  run  in  all  directions,  and  diverze  from  a  common  centre  like  so  many  radii. 
The  ore  receives  in  these  galleries  a  kind  of  sorting,  and  is  raised  by_  means  of  hand 
windlasses  to  the  summit  of  a  hill,  where  it  is  cleaned  by  breaking  and  riddling. 

The  water  is  so  scanty  in  this  mine  that  it  is  pumped  up  by  a  six-horse  steam-engine. 
A  great  proportion  of  it  is  charged  with  salphate  of  copper.  It  is  conveyed  into  reser- 
voirs containing  pieces  of  old  iron ;  the  sulphate  is  thus  decomposed  into  copper  of  ce- 
m»niation.  The  Anglesea  ore  is  poor,  yielding  only  from  2  to  3  per  cent,  of  copper ;  a 
portion  of  its  sulphur  is  collected  in  roasting  the  ore, 

l^echamcal  preparation  of  the  mpper  oru  in  Cornwall. — The  ore  receives  a  first  sort- 
ing, either  within  the  mine  itself,  or  at  its  mouth,  the  object  of  which  is  to  separate  all 
the  pieces  larger  than  a  walnut.  These  are  then  reduced  by  the  hammer  to  a  smaller 
!  after  which  the  whole  are  sorted  into  four  lots,  arnording  to  ileir  relative  richness. 
e  pounded  in  the  stamps  so  that  the  metallic  portion  may  be 


The  fragment!  if  poor 
scpnraled  by  washing. 
The  rich  ore  is  broken  ii 


small  bits,  of  the  size  of  a  nut,  with  a  flat  beater,  formeij 
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or  a  iiiece  of  iion  6  inches  square  and  !  inch  thick,  adapted  lo  a  wooden  handle.  Th« 
■jre  to  he  tiiuken  is  placed  upon  plates  of  casl-iron ;  each  ahonL  IH  inches  sqnare  and  1} 
inch  thick.  These  iron  plates  are  sei  towards  Ihe  edge  of  a  small  mound  about  a  yard 
high,  consttuclpd  with  dry  stones  rammed  with  earth.  Tlie  upper  surface  of  this 
iQuund  is  a  lillle  inclined  from  behind  forwards.  The  work  is  performed  by  wumen, 
each  fninisJyed  with  a  healer;  Ihc  Ore  is  placed  in  front  of  ihem  beyond  the  plates;  they 
tirenk  it,  and  strew  it  al  their  feel,  whence  il  is  lifted  and  disposed  of  lo  the  smelting- 


The  smaller  (ire  is  washed  on  a  sieve  by  shaking  il  in  a  stream  of  water,  which  carries 
away  the  lisliler  stimy  pieces,  and  leaves  the  denser  metalliferous.  They  are  then 
sorted  by  hand.  Thus  by  beating,  stamping,  and  riddlin;;  in  water,  the  stony  substances 
are  in  a  great  measure  scpaiated.  The  finer  gronnd  mailer  is  washed  on  a  plane  table, 
over  which  a  cnrrent  of  waier  is  made  to  flow.  Finally,  the  ore  nearly  fine  is  pat  into 
a  lariie  tub  wiih  ivater,  and  briskly  stirred  about  with  a  shovel,  aller  which  it  seilles  in 
the  order  of  richness,  the  pure  metallic  ore  beina;  nearest  the  bollom.  The  stamps  used 
for  cupper  ore  in  Cornwall  are  llie  same  as  those  used  Jar  (in  ores,  of  which  we  shall 
speak  in  trealin:;  of  the  latter  metal,  as  well  as  of  the  boxes  for  washing  (he  ^ne  powder 
or  slimt.  These,  in  fact,  do  not  diller  essentially  from  the  slainpins  mills  and  washing 
apparatus  descrihed  tn  the  article  Metallurgy.  Crushing  rolls  are  of  late  years  much 
employed.    See  Lead  and  Tin, 

Cornwall  bcine  destitute  of  coal,  the  whole  copper  ore  which  (his  coonly  produces 
is  5en(  for  smelling  lo  South  Wales.  Here  are  15  copper  works  upon  the  Swansea  and 
Neaih,  which  pursue  a  nearly  uniform  and  much  improved  process,  consisdna  in  a  seriea 
of  calcinations,  fusions,  and  toaslings,  executed  upon  the  ores  and  (he~  matters  resnllinj 

The  furnaces  are  of  (he  reverberalory  construction;  they  vi   , 
in  the  nunnber  of  (heir  openines,  acciirding  to  Ihe  operations  for  which  they  n 
ended.    There  are  5  of  Ihem  :~1.  The  calcining  furnace  <-.r  cnlciner;  2.  The  mclling 


,;  rufna«c  or  roaster  j  4.  'ihe  refining  fori 
or  ^nitins  furnace. 

1.  The  calcining  furnace  rests  upon  a  vault,  c,  inlo  which  the  ore  is 
beinti:  calcined;  it  is  built  of  brichs, and  bound  with  iron  bars,  as  shown 
^g.!i68.  Thehearth,UB,j?yi.  368  and870,is  placed  upon  a  level  with  tl 
IbI  hindina  bar,  and  has  nearly  (he  form  of  an  elli]ise,  truncaled  at  (he  t' 
Its  steal  axis.    It  IS  hoiizontal,  bedded  with  lire-bricks  i 


5.  The  healing 


in  the  fi  I'll  re  aie  l>-lt  ^n  th:  shelves  before  each  door,  c  c,  through  which  (he  roasted  ore 
is  let  fill  into  the  subjacent  \Bult  The  dimensions  of  (he  hearth  a  u  aru  immense,  being 
from  17  to  19  feet  in  length  and  from  14  to  16  in  breadth.  The  lire-place,  A,Jig.  370,  ii 
from  4i  lo  o  feet  lone  and  3  feel  wide  The  bridge  or  low  wall,  b,fin.  37*,  which  sepa- 
mles  the  lire-place  from  (be  hearth,  is  2  feet  thick  ;  and  in  Mr.  Vivian's  smelting-worka 
is  hollow,  as  shown  in  (he  Rgarp,  and  commiinicaies  a(  its  (wo  ends  with  Ihe  atntosphere, 
in  order  to  conduct  a  supply  of  fresh  air  to  Ihe  hearth  of  (he  furnace.  This  judicioiw 
e  will  be  dc^ribed  In  explaininjr  (he  raaaliiig  operation.  The  arched  n>of  of 
;e  Slopes  down  from  the  bridge  to  the  beginning  of  (he  chimney,  ./i^igi.  B6a, 
isht  above  (he  hearth  being  at  the  first  point  about  26  inches,  and  from  G  to  12 
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e  melled  a 
wiih   Infusible  s; 


reTprberultirj  hearlh.  Il  Ihelete  3,  2  of  Ihem  are  plBCfd  belireen  the  verlfcal  bimlinB 
bars  upon  one  side,  anil  &  third  upon  the  opposite  side  uf  Ihe  fuiiiHce  ;  if  lliere  lie  4,  ^ 
aie  placed  upon  each  side,  facing  one  another.  These  openines  are  12  inches  square, 
and  are  bound  wilh  iron  frames.  Tlie  chimney  is  about  22  feet  liigh,  and  is  pluced  n1 
one  angle  of  the  Jieartli,  as  at/, Jig,  370,  beins  joined  by  an  inclined  Sue  to  the  fumsce. 
For  eharsins  it  nith  ore  there  are  asuall;  placed  above  tiie  npper  part  of  the  vault  3 
hoppers,  6  E,  ia  a  line  wilb  the  doors ;  Ibey  are  formed  of  4  plates  of  iron,  supported  in 
in  iron  frame.  Beneath  each  of  them  there  is  an  oriflce  for'lettine  the  ore  down  into  the 
hr^arth. 

These  furnaoes  serve  for  calcinin?;  the  ore,  anil  the  mails  m  crude  coppers  :  for  the  latter 
purpose,  indeed;  furnaces  of  two  stniipsare  sometimes  employed,  as  represented  in _fig.  HIH. 
The  dimensions  of  each  floor  in  tliis  case  are  a  little  less  than  the  preceding.  Two  doors, 
c  c,  correspond  to  each  hearth,  and  the  morkmen,whi!e  employed  it  the  upper  sturj',  stand 
npon  a  ^^ised  tnuveable  platform 

2  Mer'itigf<inii..r..figs.S'il  and  312.  The  form  of  Iht 
hearth  is  also  ei.iptical,  bat  the  dimensions  are  smaller  ^han 
'i^'^  in  the  ciicmint;  furnace.  The  length  does  not  exceed  11  or  j.,  J 
feet,  and  the  breadth  varies  from  7  to  8.  The  fire-plaee  is 
however  larger  in  proportion,  its  length  being  from  3^  feet 
to  4,  and  ila  breadth  from  3  to  3|;  Uiis  size  being  requisite 
to  produce  the  higher  lemperatiire  of  thisfomace.  It  has 
feuer  openings,  there  being  commonly  three;  one  to  the 
fire  place  at  d,  a  second  one,  o,  in  the  side,  kept  generally 
vl  at  and  used  only  vhen  incrustations  need  to  be  scraped 
ell  the  hearth,  or  when  the  furnace  is  to  be  entered  for 
lepair-'  and  the  third  or  working-door,  0,  placed  on  the 
front  of  the  furnace  beneath  the  chimney. 
EcoriEe  are  raked  out,  and  t 
pnddled,  &c. 

The  hearth   is  bedded 
slightly  towards  the  side  di 

the  metaL  Above  this  door  there  is  a  hole  in  tlie  wall  of  the 
chimney  (fig.  S72)  for  letting  the  metal  escape.  An  iron  gutter,  o,  leads  il  into  a  pit,  k, 
bijlti.med  with  an  iron  receivioa-pot,  which  maybe  lifted  out  by  a  crane.  The  pit  m  is 
filled  with  water,  and  the  metal  becomes  granulated  as  il  falls  into  the  receiver.  The 
melting  furnaces  are  surmounted  bv  a  hopper,  i,  as  shown  in^g'.  S71. 

Melting  furnaces  are  sometimes  nsed  also  for  calcination. 

There  are  some  such  near  Swansea,  which  serve  ihisdoiible 
purpose,  they  are  composed  of  3  floors  ^g.SIS.)  The  floor 
A  IS  destined  for  melling  the  calcined  ore ;  the  other  two, 
B  c,  "ierve  for  calcination.  The  heat  being  less  powerful, 
upon  the  upper  sole  c,  the  ore  gets  dried  upon  it,  and  begins 
111  he  calcined  —  a  process  completed  on  the  nes;t  floor, 
bquare  boles,  rf,  left  in  the  hearlhs  B  and  c,  put  them  in 
communicHtion  with  each  other,  and  with  the  lower  one  A  ; 
the-e  perforations  ace  shut  during  the  operation  by  a  shi  et 
of  iron,  removeable  at  pleasure. 

The  hearths  b  and  e  ate  made  of  bricl>s,  they  fire  horizonal  at  top  and  slightly  vauliea 
bLueath,  they  are  2  bucks  thick,  and  their  dimensions  are  lai^er  than  those  of  the  infe- 
rior hearlhs,  as  they  extend  above  the  fire-place.  On  the  floors  deslined  for  calcination 
the  furnace  has  two  doors  on  one  of  its  sides  :  on  the  lower  story  there  are  also  two ;  but 
Ihey  are  diflerenlly  collocated.  The  first,  being  in  the  front  of  llie  furnace,  serves  for 
drawing  off  Ibe  scorite,  for  working  the  metal,  &c. ;  and  the  second,  upon  the  side,  admits 
workmen  to  make  necessary  repairs.  Bflow  this  door  the  discharge  or  lap-hole  a  is 
placed,  which  communicates  by  a  cast-iron  eulter  with  a  pit  filled  with  mater.  The 
dimensions  of  this  furnace  in  leneth  and  breadth  are  nearly  the  same  as  (hose  of  -lie 
ineUing  furnace  above  described;  the  lotal  hefeht  is  nearly  IS  feet.  It  a  charged  by 
means  of  one  or  two  hoppers. 

3.  liaasiU,g  fnmace.  —  The  furnaces  employed  for  this  purpose  are  in  general  onaio- 
gous  to  the  calcining  ones ;  but  in  the  smellins  works  of  Hafod,  the  properly  of  Messrs, 
Vivian,  these  furnaces,  alluded  to  above,  present  a  peculiar  eonslruotion,  for  the  purpose 
of  inlrodocine  a  continuous  current  of  air  upon  the  metal,  in  order  to  facilitate  its  oxy- 
diieraent.  This  process  was  or^nally  invented  by  Mr.  Sheffielil,  who  disposed  of  his 
pRtfnt  rizht  to  Messrs.  Vivian. 

The  air  is  admitted  by  a  channel,  ec,  throush  the  middle  of  the  fire- bridge,  ;jp.  374,  and 
exlendins  all  its  length;  il  communlcales  with  the  atmosphere  at  its  two  ends  cc- 
Ruare  holes,  b  b,  left  at  right  angles  to  this  channel,  conduct  the  air  into  the  fur 
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naet.  This  very  simple  :»nslruclion  prodiicca  a  powerful  effect  in  ihe  rnsstin?  opeiB. 
:mn.  11  not  only  promoles  the  o»jdizemenl  of  ihe  melals,  bul  burns  the  smoke,  and  as 
sisis  in  the  vaporization  of  the  sulpliur  ;  while  by  keeping  the  bridge  cool  it  preserves  il 
Trum  waslirrg,  and  secures  aniformity  oriemperatiiro  10  ibe  hearth. 

i.SeJinivg  J'uniace.—-ln  liiia,  as  in  the  melling  furnace,  the  sole  slopes  towards 
|he  door  in  front,  instead  of  towards  the  side  doors,  because  in  the  Jyfininj;  furnBce  Ihe 
copper  collects  into  a  cavity-formed  in  the  henrlb  towards  the  front  door,  from  whioh  il 
IS  lilled  out  by  ladle?;  whereas,  IB  the  melting  fnrnaces,  the  metal  is  run  out  by  a  tap- 
hale  in  the  side.  The  hearth  sole  is  laid  with  sand ;  but  Ihe  roof  is  higher  than  in  the 
meltini;  furnace,  being  from  32  to  36  inches.  If  the  lop  arch  were  loo  much  depressed, 
there  mj^ht  be  produced  upon  Ihe  surface  of  the  melal  a  layer  of  o>yde  very  prejudicial 
lo  ihe  quality  of  Ihe  cupper.  When  the  metal  in  that  ease  is  run  out,  its  surface  so- 
lidifies and  cracks,  while  the  melted  enpppr  beneath  breaks  through  and  spreads  irregH- 
larly  over  tite  cake.  This  accident,  called  the  rising  of  Iht  copper,  hinders  it  h'm  being 
laminaled,  and  requires  it  10  be  exposed  to  a  iVesh'  refining  process,  when  lead  must  be 
added  lo  dissolve  the  oxyde  of  copper.  This  -s  the  only  occasion  upon  which  Ihe  addi- 
tion of  lead  is  pmper  in  refining  copper.  Wnen  the  melRl  10  he  refined  is  mixed  with 
others,  particularly  with  tin,  as  in  extraclins  copper  from  old  bells,  then  very  wide  fur- 
naces mnsl  be  employed,  lo  expose  Ihe  metallic  balh  upon  a  great  surface,  and  in  a  thin 
etraium,  to  the  oxydizing  action  of  the  air. 

The  door  g,  ^g.  3'72,  upon  the  side  of  Ihe  refining  furnace,  is  very  large,  and  is  shut 
nilh  a  framed  hrich  door,  balanced  by  a  co'ntcr-weighl.  This  door  being  open  during 
the  rejining  process,  the  beat  is  slroniier  at  h  than  at  A,(fig.'i.  ST  1,3^2.) 

5.  Heat  lag /uniaces,  being  deslined  to  heat  the  pigs  or  bars  of  copper  to  be  laminateil, 
as  well  as  the  copper  sheets  themselves,  are  made  mnch  longer  in  proportion  lo  iheir 
breadth.  Their  hearth  is  horizontal,  the  vaull  nol  mnch  depressed  ;  they  have  only  one 
door,  placed  upon  (he  side,  bul  which  extends  nearly  Ihe  whole  length  of  the  fuinoce; 
this  door  may  he  raieed  by  means  of  a  counter- we^hl,  in  the  same  way  as  in  the  furnaces 
for  the  fabricallsn  of  sheet-iron  and  brass. 

Series  0/  operations  lo  xchich  Ihe  ore  is  svikcled.  —  The  ores  which  are  swelled  in  the 
Swansea  works  are  cupreous  pyriles,  more  or  less  minaled  with  gaiigve  (vein-stone).  The 
pyrites  is  composed  of  nearly  equal  proportions  of  sulphuret  of  copper  and  sulphuret  of 

The  earlhy  matters  which  accompany  Ihe  pyrites  are  usually  silicious,  though  in  some 
mines  the  melalliferons  deposile  is  mixed  with  clay  or  flume  of  lime.  Along  wi lb  these 
substances,  pretty  uniformly  dislribuled,  [in  and  arsenical  pjiiles  occur  occasionnlly 
wilh  the  copper ;  and  though  these  Iwo  metals  are  not  chemically  combined,  yet  they 
cannot  be  separated  entirely  in  (he  mechanical  preparalions.  The  conslilnent  parts  of 
the  ore  prepared  for  smelling  are,  therefore,  copper,  iron,  solphnr,  with  tin,  arsenic, 
and  earthy  mailers  in  some  cases.  The  difierent  ores  are  toixed  in  such  proponions 
tliat  the  average  metallic  contenis  may  amount  lo  8|  per  cent.  The  smelting  process 
consists  in  alternate  roastings  and  fusions.  Tlie  followins  description  of  il  is  cl.iefly 
taken  from  an  excellent  paper,  published  by  John  Vivian,  Esq.,  in  Ihe  Annals  of  Phili>- 
sophy  for  1823. 

In  Ihe  roasting  operation  the  volatile  substances  are  disengaeed  mostly  in  the  gaseous 
stale,  while  the  metals  that  possess  a  strans  affinily  for  osygen  become  oxydizcd.  In 
:he  fusion  the  earlhy  sub^^tances  combine  with  these  oxydes,  and  form  glassy  scoriie  or 
slogs  which  float  upon  the  surface  of  the  tnelled  metal. 

i'hese  calcinations  and  fusions  take  place  in  the  following  order  1  — 

1.  Calcination  of  Ihe  ore,  2.  Melting  of  Ihe  calcined  ore.  3.  Calcination  of  the 
warse  melal.  4.  Melting  of  the  calcined  coarse  melal.  5.  Calcination  of  ihe  fine 
metal  (second  mati).  6.  Melting  of  ihe  calcined  fine  melal.  7.  Roasting  of  the 
coarse  copper.  In  some  smeltini-  works,  this  roasting  is  repealed  four  times;  in 
which  case  a  calcinaliun  and  a  melting  are  nmitled.  In  ihe  Havod  works,  however, 
the  Kanie  saving  is  made  without  increasing  Ihe  number  of  roastings.  8.  Refining  or 
toughening  the  copper. 

Besides  these  oiierntions,  which  constilule  Ihe  Irealment  of  copper  properly  speaking, 
(WO  others  are  sometimes  performed,  in  which  only  Ihe  scoricc  are  melted.  These  may 
he  designated  by  the  letters  a  and  6.  a  is  ihe  re-melling  of  Ihe  ponion  of  the  scoiife 
of  the  second  process,  which  contain  some  metallic  granulations,  i  is  a  particular  melt- 
ing of  the  scorice  of  Ihe  fourth  operation.  This  fusion  is  intended  lo  concentinle  the 
piulicles  of  copper  in  tlie  scoria*,  and  is  not  praclised  in  all  smelting  worhs. 

First  opa-alion.  Caldiialimt  of  Ihe  ore. —  The  difl'erent  ties,  on  arriving  from  Corn- 
wall and  other  distiicts  where  Ihey  are  mined,  are  discharged  in  continnoos  cargoes  al 
Ihe  smelling  wotks,  in  snch  a  way,  thai  by  taking  out  a  portion  from  several  heaps  al 
■  lime,  a  tolerably  uniform  mixinre  of  ores  is  obiainedj  which  is  very  essential  in 
t,  foundry,  because,  the  ores  being  different   in  qualities  and   contents,  they  art  ai 
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fliises  upon  edcli  olhef.  The  ore  Ihns  Diiscd  is  iran^ported  to  the  works  in  wondcE 
measures  that  hold  a  hundred-wpiohl.  The  woikmen  intrusted  with  Ihe  calcin.lioP 
convey  the  oie  into  ihe  hoppers  of  the  calcinina  furnaee,  whenee  it  falls  inlo  Ihc  hi-Brlh' 
otliei-  workmen  spread  it  nniformly  on  the  smface  by  iron  rakes.  The  chaiee  of  n  fur- 
nace is  from  Ihree  tons  to  three  tons  and  a  halt  Fire  is  applied  and  eradually  increased, 
till,  lomards  the  end  of  the  operation,  the  temperature  be  as  high  as  the  ore  can  eiipport 
itilhoul  DiellinK  or  acelntinaling.  To  prevent  this  runninii;  together,  and  to  aid  Ihe  ex- 
trica'ioii  of  the  sulphur,  the  snifacPB  are  renewed,  by  stirring  up  the  ore  at  Ihe  end  of 
titcy  hour.  The  cttlcinalion  is  usually  completed  at  the  end  of  12  hours,  when  ihe  ore 
15  tumbled  inlo  the  aich  under  the  sole  cjf  the  furnace.  Whenever  the  ore  is  cold  enough 
»  W  moved,  it  is  taken  out  of  the  arch,  and  convej'ed  to  ihe  calcined  heap. 

The  ore  in  this  process  hardly  chances  weiphi,  hasin?  gained  in  oxydizement  nesrly 
as  muFh  as  it  has  losl  in  sulphur  and  uisenic;  anil  if  the  roasting  has  been  rightly  man- 
aged, (he  ore  is  in  a  hlacli  powder,  owin"  to  Ihe  o\yde  of  iron  present. 

Second  operalion.  Ftisiori  of  the  a  cJ  rf  or  —The  calcined  ore  is  likewise  given  to 
the  niellers  "in  measures  containins  ah  d  «  w  gh  They  loss  it  into  hoppeis,  and 
afier  it  has  fallen  on  ihe  hesrih,   h  y    p    ad  rnily.    They  then  lei  down  the 

door,  and  lute  it  tiiblly.  In  this  fu  n  Ih  e  a  added  ♦out  2  cwt.  of  tcu.  ^  pro- 
ceeding ftom  the  nieliing  of  the  ca  n  d  ma  h  nlerwards  described.  The  obJFCl 
of  tliis  addition  is  not  only  to  ext  ac  he  crp  ha  these  scoris  may  contain,  but 
especially  to  increase  the  fnsibilily  of  he  n  Siinetimes  alsc,  vhen  ihe  compost- 
lion  of  (he  ore  requires  it.  Hire,  sa  d  o  fi  p  added;  and  parlicularly  Ihe  lust 
flujing  arlicle. 

The  furnace  being  cliars"'!,  fire  is  applied,  and  the  sole  care  of  the  foondcr  is  lo  keep 
up  the  heat  so  as  lo  have  a  [*rfecl  fusion;  Ihe  workman  then  opens  (he  door,  end 
stirs  about  the  liquid  mass  to  complete  the  separnlion  of  ihe  metal  (or  ralher  of  the 
matt)  from  the  scoriee,  is  well  as  to  hinder  the  tnelled  matter  from  slicking  \ii  Ihe  sole. 
The  furnace  being  ready,  thai  is,  Ihe  fusion  being  perfect,  Ihe  founder  lakes  oul  Ihe 
pcoriie  by  Ihe  front  door,  by  means  of  a  rake.  When  Ihe  malt  is  thus  freed  from  the 
scoriffi,  a  second  charge  of  calcined  ore  is  1hen  imroduced  to  increase  the  metallic  bath  ; 
which  second  fnsion  is  eieculed  like  Ihe  first.  In  ihis  way,  new  chaises  of  roasted  ore 
E  e  put  iu  lill  Ihe  matt  eollecled  on  the  hearth  rises  lo  a  level  with  the  door-way,  which 
happens  commonly  afterlha  third  charge-  The  lap  hole  IS  now  opened;  the  matt 
flcui  out  into  (be  pit  filled  with  waler,  where  it  is  eranulated  during  its  immersion; 
and  It  collrcls  in  Ihe  pan  placed  at  Ihe  bol'om.  The  granulated  malt  is  next  con- 
If  jtd  mio  the  matt  wai-ehonse.  The  oiydation  with  which  Ihe  grains  eel  covered  by 
ite  adun  of  the  watfr  does  nol  allow  the  pioper  color  of  the  matt  or  coarse  melal  lo 
be  dielineui^bed ;  hul  in  the  hils  which  slick  In  the  gntler,  it  is  Been  to  be  of  a  steel 
eiav  its  fiaclure  is  compact,  and  iis  Insire  melallic.  The  scotite  often  conlain 
metallic  eraiiis;  they  are  broken  and  picked  wiib  tare.  All  Ihe  porlions  which  include 
some  metallic  panicles  ai-e  re-melled  in  an  accessory  process.  The  rcjecled  scoiise 
have  been  found  to  be  composed  of  siliciims  matter  59,  ojyde  of  copper  1,  oxjde  of 
tin  0-7. 

In  Ibis  operstion,  the  copper  is  eoncenlrali'd  by  the  separation  of  a  great  parr  of  Ihe 
mailers  wilh  which  it  was  uiixed  or  comhired.  The  sranulaled  malt  produced,  contains 
in  general  33  percent,  of  copper;  it  is  Iheiefore  four  times  richer  than  ihe  ore;  and  its 
mass  is  consequently  diminished  in  thai  proportion.  The  eonslilueiit  parts  are  princi- 
pally copper,  iron,  and  sulphur. 

The  mosl  imponanl  point  to  hit  in  Ihe  fusion  jiisl  described,  is  to  make  a  fusible  mix- 
lure  of  the' earlV.s  and  llie  ojydes,  so  that  ihe  matt  of  copper  may,  in  virtue  of  ils  greater 
specific  ffi-avity,  All  lo  the  undci-part, and  sepaiale  eiaclly  from  the  slag.  This  point  is 
ailaineil  by  means  of  the  melallic  oyydes  contained  in  Ibe  scoriiE  of  the  fourth  operalion, 
of  which  2  cwt,  were  added  (o  the  charge.  These  consist  almost  entirely  of  black  oiyde 
of  iron.  When  the  ores  are  very  difficult  to  mell,  n  measure  of  about  half  a  hundred- 
weisbl  of  fluor  Epar  is  added;  but  this  must  be  done  wilh  precaotion,  for  fear  of  in- 
creasing ihe  scoria;  loo  much. 

The  business  goes  on  dny  and  night.  Five  chartes  ar^  commonly  put  Ihroagh  hands  in 
the  course  of  24  hoars ;  but  when  all  circumslances  are  favorable— Ih  a  I  is  lo  say,  whpn 
the  ore  is  fusible,  when  the  fuel  is  of  the  first  quality,  and  when  the  furnace  is  in  good 
condition,  even  six  charges  a  day  have  been  despatched. 

The  charge  is  a  ton  and  «  half  of  calcined  ore,  so  ihnt  a  mclLing  fiirnBce  correfpotHJs 
nearly  to  a  calcining  furnace;   the  latter  turning  out  nearly  7  Ions  of  calcined  oie  in  24 

The  worlmen  are  pajd  by  Ihe  Ion. 

Tkiril  t^.zli<m.  Cakaialion  of  Ihe  coarse  melal,  or  Ike  mn((.— The  object  of  Ihis 
operalion  is  principally  lo  osydiie  the  iron,  an  oxydalion  easier  lo  execute  Ihan  jn  Ihe  fiisl 
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tixicinmir,  tfcause  the  metfil   is  now  disensaged  Trom  the  eaitay  subslance*,  whicl 
icreeiipJ  it  (nm  the  action  of  Uie  air. 

This  CBlciiiolinn  is  eseeuled  in  the  furnace  alrfady  repreFenled,/gs.  368,369,370. 
p^e  470,  exBClly  in  the  some  \\bj-  as  the  ore  was  cBlcinecJ.  The  metal  muai  bt  (letpetu' 
ally  Glirred  ahont,  10  expose  all  its  surfaceg  to  the  aclion  of  the  hoi  air,  and  to  hinder  Ihe 
clotting  logelhcr.  The  operation  lasts  S4  honrs;  dunnK  ihe  fiist  six,  the  fire  should  be 
Very  motleiiite,  and  thereafter  gradiiail)'  increased  to  Ihe  end  of  Ihe  calcination.  Thp 
charge  is,  like  that  of  the  first,  3  tons  and  a  hnlf. 

Fiiurlh  ojieroiiov.  Helling  of  Ihe  coldvtd  coarii  welal,  or  calcined  mall. — In  Ihe 
fusion  of  this  iirsi  calcined  itiBtl,  some  Gcorice  of  the  latter  o]ierat  ions  mast  be  added,  whicfc 
are  very  rich  in  oiyde  of  copper,  and  some  cruets  from  llie  heanb,  which  aie  liliewise 
impre^natfd  with  it.  The  proportion  of  these  EUbstances  varies  according  to  the  qvalit; 
of  the  calcined  matt. 

In  this  second  fosion,  the  rayde  of  coppfr  contained  in  the  scoria?  is  redncfd  by  the 
affinity  of  the  sniphiir,  one  portion  of  which  passes  to  Ihe  slate  of  acid,  while  the  other 
fiiims  a  subsulphuret  with  the  copper  become  free.  The  matt  commonly  emtalns  a  suf 
ficienl  quanlily  of  sulphur  to  reduce  the  oxyde  of  eo,^per  completely ;  hot  if  not,  whicl. 
may  happen  if  the  calcinalion  of  the  jt.kU  has  been  pnthed  loo  far,  a  fmall  qoanlily  of 
nncalcined  mall  must  he  introduced,  vhich,  hy  furnishing  sulphur,  diminishes  the  rich- 
ness of  (he  scoria,  and  facilitates  the  fusion. 

The  f  eorite  ai-e  taken  out  by  the  front  rionr,  by  drawine  Ihem  forirard  n'ilh  a  rake. 
They  hare  a  srral  specific  praTilyj  ate  brillisnl  with  melallic  lustre,  very  ciyslalline, 
and  present,  in  the  caTities,  crystals  like  those  of  pyioienej  ihey  break  easily  into  very 
sharp-edsed  fi-asmenls.  They  conlain  no  fiianulaleil  metal  in  Ihe  inletior ;  but  it  some 
times  occurs,  on  account  of  Ihe  smell  Ibicknesses  of  the  stralnm  of  scoriie,  that  llieee  car 
ry  elf  wiih  ijicm,  tvhen  they  ere  withdrawn,  some  melallic  pailicles. 

These  scoiice,  as  we  have  already  slated,  under  the  fusion  of  the  roasted  ore,  are  in 
general  melLed  with  it.    In  some  cases,  however,  a  special  melfiuR  is  assigned  to  them. 

Ihe  rmall  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  piee  (insois),  according  to  the  mode  of  treatment  which  it  is  to  andeigo. 
This  mall,  called  by  tiie  smellers  ^*e  tne'al  when  it  is  granulaled,  and  bheTPelal  when  it 
is  ia  pii's,  is  of  a  Il^ht  gray  color,  compact,  and  bluish  ai  the  surface.  It  is  collected 
in  the  firit  foim  when  it  is  lo  be  calcined  anew ;  and  in  the  secind,  when  it  must 
immediately  andereo  the  operation  of  roo»(mg'.  Its  contents  in  copper  aie  60  per  cent. 
This  operation,  which  is  sometimes  had  recourse  lo,  lasts  5  or  6  hours.  The  charge  is  1 
Ion. 

<fc)  Parlic^dar  fusion  of  ihe  scoriic  of  Ihe  fovrlh  operalion. — In  re-melling  these  scorlas, 
the  objed  IS  lo  procure  Ihe  copper  which  Ihey  conlain.  To  effect  this  fusion,  ihe  scorite 
are  mixed  with  pulverized  coal,  or  other  carbonaceous  mailers.  The  copper  and  seveial 
other  melnis  are  deoxydized,  and  furnish  a  while  and  britile  alloy.  The  scorife  resulting 
from  this  melting  ore  in  pari  employed  in  Ihe  first  melting,  and  in  part  thrown  away. 
They  are  cryslalline,  and  pre-ent  crjslflls  often  in  the  cavities,  which  appear  lo  helonj 
lo  b'^ilicnle  of  iron.  They  have  a  metallic  lustre,  and  break  inlo  very  sharp-edged 
frasmenis.  The  while  metal  is  melted  again,  and  then  united  to  the  product  of  the 
seconil  fusion. 

Fiflh  operation.  Calcinalion  of  Ihe  second  inalt,  or  fine  mcfa!  of  Ihe  smtlier.—Thh  is 
eieculed  in  precisely  the  same  way  as  ihalof  Ihe  first  mall.  It  lasls  24  houiS!  and  Ihe 
charge  is  usually  3  tons. 

Siclh  operalioa.  MelHvg  of  the  calcined  Jtne  melal. — This  fusion  is  conducled  like 
that  of  Ihe  first  mall.  The  black  copper,  or  coarse  copper,  which  it  produces,  contains 
from  70  lo  80  per  cent,  of  pore  melal;  it  is  run  into  ingols,  in  order  lo  undergo  the 
operation  of  roasting. 

The  scorifc  are  rich  in  copper  i  they  are  added  lo  the  fusion  of  Ihe  calcined  coarse  metal 
of  the  fourth  operation. 

In  the  smeltinij  houses  of  Messrs.  Vlvian,_al  Hafod,  ni 
operations  have  been  omitled  of  late  years, 
name  of  bine  melal,  to  be  immediately  exposed  lo  the  roosiing. 

The  disposilion  of  Ihe  canal  n  "a, ^g.  374,  which  introduc-^  a  continuous  current  of  Bit 
to  the  hearth  of  the  furnace,  accelerates  ond  facililates  the  calcinalion  of  the  maltj  an 
advantase  which  has  simplified  the  treatment,  by  diminishing  the  number  of  caleiilaiions. 

Sevtnlh  operolion.  Soasling  of  the  coarse  copper,  Ihe  prodnci  of  ihe  ^xlh  operalioti, — 
TIlc  chief  object  of  this  operation  is  oxydizement  ■  it  is  performed  either  in  an  ordinary 
roastine  lurnace,  or  in  the  one  belonginz  lo  fig.  374,  which  admits  a  constant  current  of 
■ir.  Tlie  pi!;s  of  melal  derived  from  Ihe  preceding  me?iing  are  exposed,  on  the  hearth 
oflhe  inrnsce,  lo  the  aclion  of  the  air,  which  oiydizes  the  iron  and  other  fureisn  metals 
Vilb  which  the  copper  is  still  containinated.    The  duration  of  Ihe  roasting  varies  frOD 
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13  to  Z)  honrs,  according  to  the  degree  of  purily  of  the  crude  copper.  The  (empernlure 
ihoulJ  I  e  iirailaated,  in  order  ihal  the  oxf dizetncnt  may  have  time  to  complt^te,  and  iKal 
(he  volaliie  substances  wtiich  the  cuppi^r  siiJl  reinins  may  escape  in  the  gaseous  furui. 
Ihe  fusion  uinsi  take  place  only  towaids  the  end  uf  the  operation. 

Tlie  ciiirge  varies  from  a  Ion  anJ  a  quarter  lo  a  |i)n  and  a  half.  The  metal  obtained 
ii  runout  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  steel  of  cementation; 
whence  it  has  gut  the  name  of  blistered  copper.  In  the  interior  of  these  piss,  the  copper 
pre^^ents  a  porous  texture,  occasioned  by  the  ebullition  proiluceii  by  the  escape  of  the 
);u~es  during  the  moulding.  The  cupper  being  now  almost  entirely  purged  from  the 
sulphur,  iron,  and  the  other  subslances  with  which  it  was  combined,  is  in  a  fit  siale  to  be 
relined.  This  operation  affords  sume  scoriie  j  thej  are  very  heavy,  and  contain  a  great 
deal  of  oxyde  of  copper,  sometimes  even  metallic  copper. 

These  scurire,  as  wefi  as  those  of  the  third  meliin^  and  of  the  refining,  are  added  to  the 
second  fusion,  as  we  have  already  slated,  in  describing  the  fourth  operaliun. 

In  some  worlis,  the  roa-'ling  is  repeated  several  times  U[Kin  the  blve  meSu!,  in  order  to 
biiiig  it  to  a  state  lii  lor  refining.      We  shall  afterwards  notice  this  modification  uf  the 

Eighth  aptration,  Hefiiihig  or'toughenitig,  — The  pi^  of  copper  intended  for  refining 
are  put  upon  the  sole  or  the  relininj  'urnace  throngh  the  door  in  the  side.  A  slight  heat 
is  first  given,  to  finish  the  roa^tini:  or  oxydation,  in  case  this  opei-ation  has  not  already 
been  pushed  far  enough.  The  Hie  is  lo  be  increased  by  slow  degrees,  so  that,  by  the  end 
of  6  houis,  the  copper  may  besia  to  How.  When  aU  the  melal  is  melted,  and  when  the 
heat  is  cunsiderable,  the  wcrkmim  lifts  up  the  door  in  the  front,  and  withdraws  with  a 
raUe  ihe  few  scoiite  which  maj  cover  the  copper  bath.  Tliey  are  red,  iameilaled,  very 
heavy,  and  closely  resemble  protoxyde  of  copper. 

The  refiner  takes  [lien  an  nssay  with  a  small  ladle,  and  when  il  cools,  breaks  it  in  a 
vice,  to  see  the  slate  of  the  copper.  From  the  appearance  of  the  assay,  ihe  aspect  of  tlie 
bath,  the  state  of  the  fire,  &c.,  he  judges  if  he  may  proceed  to  the  (oughening,  and  what 
quantity  uf  wooden  spars  and- wood  charcoal  he  must  add  to  render  the  metal  malleable, 
01,  in  [he  language  of  the  smelters',  bring  it  lo  the  proper  pitch.  When  the  operation  uf 
refining  beijins,  Ihe  copper  is  brillle  or  dry,  and  of  a  deep  red  color  approaching  to  purple. 
Its  grain  is  coarse,  open,  and  somewhat  crystalline. 

To  execute  the  refining,  the  surface  of  the  metal  is  covered  over  with  wood  charcoal, 
and  stirred  about  with  a  spar  or  rod  of  birch  wood.  The  gases  which  escape  from  the 
wood  occasion  a  brisk  effervescence.  More  wood  charcoal  is  added  from  time  to  time. 
GO  that  Che  surface  of  Ihe  metal  may  be  always  covered  with  it,  and  the  stirring  is  con- 
tinued with  the  rods,  (ill  the  operation  of  refining  be  finished,  a  circumstance  indicated 
by  the  assays  taken  in  succession.  The  grain  of  Ihe  copper  becomes  finer  and  finer, 
and  its  color  gradually  biighlens.  When  the  grain  is  extremely  fine,  or  closed,  wlicn 
the  (rial  pieces,  half  cut  thi-oughand  then  broken,  present  a  silky  fracture,  and  when  the 
copper  is  of  a  fine  light  red,  the  refiner  considers  the  operation  lo  be  completed  ;  but  he 
verifies  slill  further  the  pniity  of  Ihe  copper,  by  trying  its  malleability.  Tor  this  pur- 
pose, he  takes  out  a  sample  in  his  small  ladle,  and  pours  il  into  a  mould.  When  Ihe 
copper  h  sulidified,  but  slill  red-hot,  he  forces  il.  If  il  is  soft  under  the  hammer,  if  it 
does  not  crack  on  Ihe  edies,  the  refiner  is  satisfied  with  its  ductility,  and  he  prononnoes 
il  to  be  in  its  proper  alale.  He  orders  the  workmen  to  mould  il ;  who  then  lift  Ihe 
copper  out  of  ihe  furnace  in  lar^e  li-on  ladles  lined  with  clay,  and  pour  it  into  moiiiil* 
oflliesize  suitable  to  Ihe  demands  of  commerce.  The  ordinary  dimensions  of  the  ingoU 
or  piss  are  12  inches  broad,  18  long,  and  from  2  to  2^  thick. 

The  period  of  ihe  refining  process  is  20  hours.  In  the  first  six,  the  melal  heats,  and 
suffers  a  kinfl.of  roasting  ;  at  the  end  of  this  lime  it  mells.  It  takes  four  hours  lo  reach 
the  point  at  which  the  refining,  properly  speaking,  begins;  and  this  last  pari  of  Ihe 
process  lasts  about  4  hours.  Finally,  6  hours  are  required  lo  arrange  the  moulds,  cast 
the  ingots,  and  let  the  furnace  cool. 

The  charge  of  copper  in  the  refinins  process  depends  upon  the  dimensions  of  the  fur- 
nace. In  the  Hafod  works,  one  of  the  must  important  in  England,  Ihe  charge  varies  from 
3  to  5  tons;  and  the  quantity  of  pure  copptrrnanufaclured  in  a  week  is  from  40  loSUtons. 

The  consumption  of  fuel  is  from  lo  to  18  parts  of  coal,  for  one  part  of  refined  copper 
in  pigs. 

When  the  copper  offers  difficulties  in  the  refinins,  a  few  pounds  of  lead  are  added  to 
il.  This  meial,  by  the  facility  with  which  it  scorifies,  acts  as  a  purifier,  aiding  the 
oxydalion  of  the  iron  and  other  metals  Ihal  may  be  present  in  the  copper.  The  lead 
ought  to  be  added  immediately  afler  removing  the  door  lo  skim  the  surface.  The  copper 
shoulJ  be  constantly  stirred  up,  lo  expose  the  grealesl  possible  surface  to  the  action  of  the 
nir,  and  to  produce  the  complete  oxydalion  of  the  lead  ;  for  the  smaljest  quantity  of  thji 
melal  alloyed  in  copper,  is  difficult  to  clear  up  in  the  lamination;  thai  is  to  say,  the 
scale  of  oxyde  does  not  come  cleanly  from  the  surface  of  the  sheets. 
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The  operalfon  of  refinins  copper  is  delicate,  and  i-equires,  upon  the  part  of  the  wom 
men,  sreal  skill  and  allcniion  lo  sive  Ihe  metal  its  due  dnclilUj,  Its  surface  ought  to 
be  putirely  coTereil  with  wood  charcoals  without  this  precaulior.,  the  refinii.g  uf  the 
metal  would  go  back,  as  the  workmen  say,  during  the  long  interval  which  elaiTses  in  Ihe 
moulding ;  whenever  ihis  aiciJent  happens,  the  metal  must  be  stirred  up  anew  with  th* 
womlen  pole. 

Too  long  employment  of  the  wooden  rod  gives  hiilh  lo  another  remarkahle  accident 
for  liie  copper  hecomes  more  brittle  than  it  was  piior  to  Ihe  commencemeni  of  the  re^ 
fining  i  that  is,  when  it  was  dry.  Its  color  is  now  of  a  very  brilliant  yellowish  red, 
and  its  fracture  is  fibrous.  When  this  circumstance  occurs,  when  the  refining,  as  the 
wfcikmen  say,  has  goiJ*  loo  fur,  Ihe  refiner  removes  the  charcoal  from  the  lop  of  the 
mellid  metal;  he  o|>ens  the  side  door,  to  eipose  the  copper  lo  the  action  of  the  air,  and 
it  then  resumes  its  malleable  condition. 

Mr.  Vivian,  to  whom  we  owe  Ihe  above  very  sraphic  acconnt  of  the  processes,  ha! 
eiplained,  in  a  very  happy  manner,  Ihe  theory  of  refining.  He  conceives,  we  may  con- 
clude, that  the  copper  in  Ihe  dry  stale,  before  the  refining,  is  combined  with  ti  small  por 
tion  of  oxygen,  or,  in  other  words,  that  a  small  piirtiun  of  oiyde  of  copper  is  difinsed 
through  the  mass,  or  combined  with  it;  and  that  this  proponion  of  oxygen  is  eipellea 
by  Ihe  deonydizins  action  of  the  wood  and  charcoal,  whereby  the  metal  becomes  malle- 
able. 2.  That  when  the  refining  process  is  carried  too  far,  the  copper  gels  combined  with 
a  little  charcoal.  Thus  cpper,  like  iron,  is  brittle  when  combined  with  oxygen  and 
charcoal ;  and  becomes  mnlleabie  only  when  freed  enliiely  from  these  two  snbslanccs. 

It  is  remarkable,  that  copper,  in  the  dry  alaie,  has  a  very  strong  action  upon  iron  ;  and 
that  Ihe  lools  emplored  in  stirring  the  liquid  metal  become  very  glislenins,  like  those 
D=ed  in  a  farrier's  fonte.  The  iron  of  the  lools  consumes  more  rapidly  al  that  time,  thnn 
when  Ihe  copper  has  Bcr)nlred  lis  malleable  state.  The  meial  requires,  also,  when  dry, 
more  lime  lo  become  solid,  or  to  cool,  than  when  it  is  refined ;  a  circumslance  depending, 
probably,  upon  the  ditTeience  in  fusibility  of  Ihe  cupper  in  the  two  stales,  and  which  seems 
to  indicate,  ns  in  Ihe  case  of  iron,  the  presence  of  cxygen. 

When  the  proper  refining  point  has  been  passed,  another  very  remarkable  circnm- 
slaace  has  been  observed  ;  namely,  that  thesurface  of  the  copper  oiydizes  more  difiiculily, 
and  that  it  is  uncommonly  biilliant;  refiectins  clearly  the  bricks  of  the  furnace  vault. 
This  fact  is  favorable  to  the  idea  suggested  above,  (hat  the  niclal  is  in  that  case  combined 
with  a  small  quantity  nf  carbon;  which  absorbs  the  oxygen  of  the  air, and  thus  protects 
lire  metal  from  its  action. 

Copper  k  brooEhl  into  Ihe  market  in  different  forms,  according  lo  the  purposes  which 
it  is  to  serve.  What  b  to  be  employed  in  the  man  n  fee  lure,  of  brass  is  granulated.  In 
this  condition  it  presents  more  siiiface  to  the  action  of  zinc  or  calamine,  and  combines 
with  it  more  readily.  To  produce  this  granulatinn,  Ihe  metal  is  ponced  into  a  large 
ladle  piereed  with  holes,  and  placed  above  a  cistern  filled  with  water,  which  mnsl  be 
hot  or  cold,  according  to. ihe  form  wished  in  the  grains.  When  it  is  hot,  round  grains 
are  obtained  analogous  lo  lead  shot;  and  the  copper  in  this  slate  is  called  bean  thai. 
When  Ihe  melted  copper  falls  into  cold  water  peipelually  renewed,  the  granulations  are 
irregular,  thin,  and  ramified;  constituting /eafAeral  snol.  The  bean  thai  is  the  form  em- 
ployed in  brass  making. 

Copper  is  also  mnde  into  small  ingots,  aboot  6  ounces  in  weight.  These  are  intended 
for  exportation  to  the  East  Indies,  and  are  known  in  commerce  by  Ihe  name  of  Jap^Q 
copper.  Whenever  these  little  pieces  are  folidified,  Ihey  are  thrown,  while  hot,  into  colli 
water.  This  immersion  slfehily  oxydizes  the  surface  of  the  copper,  and  gives  it  a  fine  red 
color. 

Lastly,  the  copper  is  ofler  -"dnced  into  sheets,  for  the  sheathing  of  shi|is,  and  many 
jther  purposes.  The  Hallid  works  possess  a  poweiful  rolling  mill,  composed  of  four 
paif  of-  cjlinders.  Il  is  moved  by  a  eleam  engine,  whose  cylinder  has  40  inches 
diamelo;.  See  the  represenlaiiun  of  the  rolling  mill  of  the  Eoyal  Mini,  under 
Coin. 

ThB  cylinders  for  rolline  copper  into  sheets  are  usually  3  feet  long,  and  15  inches  in 
diameter.  They  are  unlfoim.  The  upper  roller  mnj  be  approached  to  the  bnder  one, 
by  a  screw,  so  that  the  cylinders  are  brouglit  cluser,  as  the  sheet  is  to  be  made  thinner. 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverbcralory  furnace  to  be  heated  ; 
they  are  placed  alongside  each  other,  and  they  are  formed  into  piles  in  a  cross-like  ar- 
rangement, so  Ihal  the  hoi  air  may  pass  freely  round  them  all.  The  door  of  the  furnace 
is  shut,  and  the  workman  looks  in  through  a  peep-h<p|e  from  time  to  time,  to  see  if  Ihey 
have  taken  the  requisite  temperature;  namely,  a  dull  red.  The  copper  is  now  passed 
between  the  cylinders  ;  but  althongh  this  metal  be  very  malleable,  the  ingots  ciinnot  be 
reduced  to  sheets  without  being  several  limes  healed  ;  because  the  copper  cools,  and  ac 
quires,  by  compression,  a  lextnre  which  slops  ihe  progress  of  the  lamination. 

These  successive  heatings  are  given  in  the  furnace  indicated  above;  though,  when  the 
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jheels  are  to  have  s  very  great  size,  Turnftces  somewhat  different  are  had  recourse  <n. 
They  are  frum  12  lo  15  feel  luns,  an.l  5  Hide.    See  Brass. 

The  eijpper,  by  successive  hentinR  and  laminalion,  gels  covered  with  a  cohl  ofo^ijde, 
wliieJi  is  remuved  by  sleeping  Ehe  sheets  for  a  few  days  in  a  pit  Shed  with  urine )  the} 
bre  then  pui  apon  the  sole  of  the  henliiis  furnace.  Ammonia  is  formed,  which  act'i  on 
llio  cnpper  oxyde,  and  lays  bare  the  metallic  suiface.  The  sheets  are  next  rubbeil  with 
a  piece  u{  wood,  then  pluneed,  wliile  still  hot,  into  water,  to  make  the  oxyde  scale  off; 
inU  lastly,  they  are  passed  cold  Ihroush  Ihe  rollins  press  to  smooth  tliem.  They  are  now 
nt  square,  and  packed  up  for  home  sale  or  exporialion. 

The  Wlowing  estimate  has  been  riven  by  MM,  Dufrenoy  and  El ie  de  Beaumont  of 
ISiB  expense  of  manufacturing  a  ton  of  eoppev  in  South  Wales. 


12J  tons  of  ore,  yielding  8^  per  ce 

20  ions  of  coals 

Workmen's  wages,  rent,  repaiis,  J 


.  of  copper  5a    0 


7fi     0    0 


The  exhalations  from  the  copper  smelling  works  are  very  detrimental  to  both  vegetalie 
and  animal  life.  They  consist  of  sulphurous  acid,  sulphuric  acid,  arsenic,  and  arsenions 
Bcids^  various  gases  and  fluoiic  vainrs,  with  scjlid  particles  mechanically  swept  away  into 
liie  air,  besides  the  coal  smoke.  Mr.  Vivian  has  invented  a  very  ingenious  method  of 
passiniE  the  exhalations  from  the  calcinini;  ores  and  matta  along  horizontal  llttes,  or  rather 
galleries  of  great  dimensions,  with  many  cros^inss  and  windings  of  the  current,  and  ex- 
posure duiins  the  greater  part  of  the  circuit  to  copious  shorfers  of  cold  water.  By  this 
*ini]ile  and  powerfnl  sytlem  of  condensation,  the  arsenic  is  deposited  in  the  bottoms  of 
the  flues,  the  sulphurous  acid  is  in  a  great  measure  absorbed,  and  the  nuisance  is  re- 
markably abated. 

The  following  f^ures  represent  certain  modificalions  of  the  copper  calcining  and 
smtlting  copper  furnaces  of  Swansea. 

Fig.  376,  is  the  section  of  the  roasting  furnace  lenathwise;  fis,  375,  the  ground  plan 


5  the  fire-door ;  b 


the  fure-bridgcj  d  the  c 


e  working 


aperture'  on  each  of  the 
ong  tides  of  the  furnace, 
through  which  the  ore  is  in- 
troduced, spread,  and  turned 
over,  /■/■  cast  iron  hoppers; 
ggopenrng'  m  Ihe  vaulted 
roof,  A  the  hearth-sole;  i  i 
holes  m  Ibis,  ka  vaulted 
=pace  under  the  hearth.  The 
hearth  has  a  suitable  oval 
shape,  and  is  covered  with 
a  flal  arch  Its  length  is 
"3?Sv      36  feel  breadth  ISJ,  mean 

Iting  furnace,  fig  316,  the  ground  plan, 

in  which  a  IS  the  hredmr,  ft  the  crate ,  c  me  hre  h  idje,  rf  the  chimnej  ,  c  the  side 

openinas,  /  the  working  doors,  g  Ihe  rnking  out  hole,  h  iron  spoufi,  which  conduct 

Ihe  raelled  metal  into  pits  filled  with  wnte- 

The  melting  furnace  is  altogether  smaller;  b 
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Tl  e  principal  ore  smelted  at  Chesay  if 
th"  Bzure  copper,  which  was  discoverea 
fj  accideiH  in  1812.  Red  copper  ore,  also, 
hie  come  into  operation  lliere  since  1825. 
riiB  average  metallic  conlenls  ol"  the  richesl 
B/nre  o  e  are  from  33  to  3fi  per  cent,  j  of 
the  pcmrer,  fiom  20  to  24.  The  red  ore 
conlaitis  from  40  lo  67  parts  in  !00.  The 
ore  IS  sorted,  80  that  the  mean  contents  of 
metal  may  be  27  per  cent.,  lo  which  20 
per  cent,  of  limestone  are  ailde.1  ■  whence 
Ihe  cinder  will  nmounl  lo  50  pei  rent,  of 
the  ore.  A  few  per  cents,  of  red  copper 
slag,  with  some  qnjcklime  and  gahrslag,  are 
adcifd  lo  each  charge,  ivhich  consists  of 
200  pounds  of  the  ahove  mixtnre,  and 
150  ponnds  of  coke.  When  the  fnrnace 
;  Scolch  smelting  hearth,  under  Lead)  is  in  good  aclion, 
s  woi  ked  in  12  hours.  When  the  crueiblo  is  full  of  mclal 
at  Ihe  end  of  this  period,  during  which  the  cinder  has  been  frequently  raked  ofi;  the  blast 
is  stopped,  and  the  matle  floating  over  the  metal  being  sprinkled  w  w 
off",  leaves  the  hlack  copper  to  be  treated  in  a  similar  way,  and  ed 

Thf  refining  of  this  bkiik  copper  is  performed  in  a  kind  of  reverbera 

The  cinders  produced  in  this  redaction  process  are  eithCT  v 
which  are  most  abundant;  cellular,  black,  imperfectly  fused  fr  m 
lastly,  red,  dense,  blislcry,  from  defect  of  lime,  from  loo  much  he 
proloxyde  into  Ihe  cinders.    They  consist  of  silicate  of  alumin 
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the  discharge.     The  tv.o  hearths  a 

re  placed  i 

fei't  in  diameter,  16  inches  deep  , 

le  floored 

?ith  well  t 


a  bed  of  brickwork  c.  Be- 
neath this  there  is  a  slag 
bollom  d;  e  is  the  apper, 
and  f  the  under  discharee 
hole.  The  hearth  is  egg- 
shaped  j  Ihe  longer  axis  be- 
ing 8  feel,  the  shorter  6| 
feetj  in  Ihe  middle  it  is  10 
id  lo  each  of  ihe  Splfiss-heaiibs 
ks  1 1,  till  the  proper  peririd  of 
iLion  bv  a  canal  ft .-  they  are  3J 
It  coal  ashes,  and  receive  about 


lU  the  gtale;  m,  the  fire  brirlge;  n,  the  boehps  in  which  the  (ujtri 
chimne),  p,  ihe  workins  door  Ibroush  which  the  ehgt  miv  be  diawn 
tins  IS  u  small  cbimnej,  to  carry  off  the  flame  and   smoke  whenever 

The  smelling  post  or  charce,   lo  be  purified  at  nnci 
topper,   10  «hieh  a  little  granular  copper  and   copper 


',  Ibe 


ratrfy  thicl 


off      This  la  the  first  sitimmin;  ot 


layer  of  cinder,  n  hict 

and   bj,  a  second  hvi  _       ..  .   _.  .._   

novetl;  and  Ihia  sliimmms  is  repeated,  lo  allow  the  blast  to  act  upun  fresh  melsllio 
faces.    After  4  or  5  hours  "o   more  sifts  nppenrs,  and  tlien  the  fiie   is  increased, 
begins  w  boil  or  work  (IraraiUer),  and  continues  so  lo  do,  for 
in  hour,  after  wliich  (he  motion  ceases,  though  the  fire  be  kept 
now  taken;  but  the  metal  is  seldom  fine  in  less  than  f  of  an 
over.    Whenever  the  mttal  is  run  off  by  the  tap-hole  into  the 
■HEABTHS,  a  reddish  vapor  or  mist  rises  iVom  its  surfnce, 
mber  of  minute  globules,  which  revolve  with  asliinishing 
ig  what  the  Germans  called  spralzen  (cracklinK)  of 


about  S  of  an  hour,  or  . 

up.    The  gahrproof  is  r 

hour  after  the  boil  is  « 

two  basins  i  i,  called  sp 

coniiHised  of  an  infinite 

velocity  upon  their  ases, 

the  copper.    They  ore  composed  of  a  nucleas  of  metal,  covered  with  a  film^ofpi 

and  are  used  as  sand  for  strewing  upon  manuscript.   The  copper  is  separated,  as  usnat  by 

sprinkling  water  upon  the  surface  of  the  melted  metal,  in  the  state  of  roseller,  which  are 

immediately  immerseJ  in  a  stream  of  water.    This  refining  process  lasts  about  16  or  IT 

hours;   the  skimmings  weigh  about  51)  cwi, ;   the  refuse  is  from  15  to  17  per  cent, ;   the 

loss  from  2  to  3  per  cent.    The  gakralag  amounts  to  1 1  cwt. 

The  refiiiin!  of  the  eliiuated  copper  (called  darrlinge)  from  which  the  silvpr  has  been 
sirealed  oat  by  the  intenention  of  lead,  can  be  performed  only  m  smill  hearths.  The 
following  IS  (he  reiiresentalioQ  of  such  a  furnace,  called,  m  (ierman,  Kn p/ergnbrheerd. 
Fig.  3ai  13  the  section  lengthwise  ,  Ji^   382  is  the  section  across,   and  Jig.  383  is  the 
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ground   plan,  in  which  a  is  the  hearth-hollow ,   6, 
■hieh  the  hearth  is  forn-ed,   d,  cast  iron  plates  c 


mnnms  oil  llie  [iquU  slag:;  /,  a  small  wall;  g,  iron  curb  for  keeping  Ihe  coali 
tospllier. 

The  hearth  being  healed  witii  a  bwl  of  charcoal,  |  cwl.  oCdair/itige  are  laiJ  o^ki  ii, 
and  covered  wilh  more  fuel ;  whenever  this  chaise  is  meltpd,  another  layer  of  the  coiJ 
and  •lanliiige  is  introduced,  and  tdus  in  saeceiision  till  tlie  hearth  become  full,  or 
contain  f.om  SJ  (o  2|  cwt.  In  Neusladi  7|  cvl.  of  darrlhige  hate  been  refined  in  one 
furnace,  fmni  *hioh  5  cwt.  of  gakTiopper  lias  been  obtained.  The  blast  oxjilizes  the 
foiei^n  melnl?,  namely,  the  lead,  nickel,  cotiall,  and  iron,  will)  a  little  copper,  fcrniing 
the  gahrslag!  which  is,  nt  first,  rich  in  lead  oxyde,  and  poor  in  copper  oxjde  j  bul,  at  the 
end,  this  order  is  reversed  The  slag,  al  first  blackish,  assumes  progressively  a  cupper 
red  tint.  The  slag  flows  off  spontaneously  along  tbe  channel  t,  from  the  surface  of  Ihc 
hearth.  The  gahre  is  tested  by  means  of  a  proof-rod  of  iron,  colled  gakr-euai,  IhrusI 
ihousii  the  layh-e  into  the  melted  copper,  then  drawn  out  and  plunged  in  cold  water. 
As  soon  as  the  gahnpan  (scale  of  copjier)  sppears  brownish  red  on  the  outside,  anil 
cupper  red  within,  so  thtn  that  it  seems  like  a  nel-^vork,  and  so  deficient  in  lenacily 
Ihal  it  cannot  be  bent  withont  breaking,  the  refinins:  is  finished.  The  blast  is  then 
slopped  ;  the  coals  covering  the  Eurfai.j,  as  also  the  cinders,  must  be  raked  ofl'  the  copper, 
afier  beins  \e(t  to  cool  a  little;  the  surface  is  now  cooled  by  sprinkllDK  water  upon  it, 
and  the  thick  cake  of  coHEealed  metal  (roiideUe)  is  lifted  olT  with  tongs,  a  process  called 
sdJeisseit  (slicing),  or  shc^nreissen  (shaving),  which  is  continued  till  ihe  last  convex  cake 
at  the  bollom  of  the  furnace,  styled  the  kiiigspkct,  is  withdrawn.  These  TOiidelUt  are 
immedialely  immersed  in  cold  water,  lu  prevent  the  oxjdalion  of  the  copper;  whereupon 
Ihe  metal  becomes  of  a  cochineal  red  color,  and  gfts  covered  with  a  thin  film  uf 
proluxide.  lis  nnder  surface  is  studded  over  with  points  and  hurks,  Ihe  result  of 
teaiinK  Ihe  congealed  disc  from  the  linuid  metal.  Such  cakes  are  called  rostlle  copper. 
When  the  metal  is  very  pure  and  free  from  proloxyde,  these  calies  may  be  obtained  very 
thin,  one  S^th  of  an  inch  ibr  example. 

Tlie  refining  of  two  cwls.  and  a  halfofd      7' ff  t  k     th       q      t        f       h  d 

yields  one  cwt.  and  a  half  of  gahrcopper  in        0=  m     g  & 

copper  generally  contains  from  IJ  to  2i  p  g       th 

silver,  iron,  and  alnminum. 

Smelling  0/  Ihe  Matmsfeld  copper  sehisl,  or  m     JWer  el       f        T 

ore  is  first  roasted  in  large  lieai>s,  of  2000    w  rs  ra  ili      w  h  hru  h        d        d 

Willi  some  states  rich  in  bituminous  matte    m    ed  w  h  th  Tlie»«  h 

3  ells  hi^h,  and  go  on  burnin?  15  weeks  in  nd  20      ra       w      h         T  m 

is  decomposed ;  the  sulphur  is  dissipated  chi  11         h        m  h  d      h 

gets  partially  OKydiaed,  particularly  the  iron,  which  is  a  Tei-y  desirable  circumstance 
towards  the  production  of  a  ^ood  smelling  sla;.  The  calcined  ore  is  diminished  one 
tenth  in  bulk,  and  one  e^hth  in  weight;  becoming  of  a  friable  leitnre  and  a  diny  yellow 
gray  color.  The  smelling  fnmaces  are  cupolas  (schachlo/en),  14  to  18  feet  high  ;  Ihe 
fuel  is  partly  word  charcoal,  partly  coke  from  ihe  Berlin  gas-works,  and  Silesia.  Tlie 
blast  is  given  by  cylinder  bellows,  recently  subsllmled  for  the  old  barbarous  SlastbSlgen, 
or  wooden  bellows  of  the  household  form. 

The  cupreous  slate  is  sorted,  according  to  its  composition,  inio  slate  of  lime,  clay,  iron, 
tc.,  by  a  mixture  of  which  the  smeltina  is  facililaled.  For  example,  1  post  or  charge  may 
consist  of  20  cwt.  of  the  ferruginous  slale,  14  of  the  calcareous,  6  of  the  ai^llaceons,  with 
3  of  fluor  spar,  3  of  rich  copper  slags,  and  other  refuse  matters.  The  nozzle  at  the 
tnyire  is  lenglhened  6  or  8  inches,  tu  place  the  melting  heat  near  the  centre  of  Ihe 
furnace.  In  15  hours  I  fodder  of  48  cwis.  of  Ihe  above  miiiare  may  be  Emelitd, 
wherehy  4  lo  6  civts,  of  malU  (crude  copper,  called  KiipfeTslfm  in  Germany)  and  a 
lai^e  body  of  slugs  are  obtained.  The  nia/!e  contains  from  30  to  40  per  cent,  of  copper, 
and  from  2  lo  4  ic/Js  (1  to  2  oz. )  of  silver.  The  slags  contain  at  limes  one  tenlh  iheii 
weight  of  copper. 

The  malle  is  composed  of  the  sulphurefs  of  copper,  iron,  silver,  7inc,  along  with  some 
arsenical  cobalt  and  nickei.  The  shity  slag  is  raked  olf  the  surface  uf  Ihe  melted  malU 
from  time  to  time.  The  foimer  is  either  aflec  being  roasled  six  snccesfive  times, 
smelted  into  black  copper ;  or  it  is  siihjt  -led  to  the  fullowing  concentralion  process.  It 
is  broken  (o  pieces,  roasted  by  brushwood  and  cools  three  several  limes  in  brick-walled 
kilns,  conlainii^  60  cwts.,  and  turned  or er  afier  evei?  calcination;  a  process  of  four 
weeks'  duration.  The  ihrice  roasted  mass,  called  ipnrriisl,  being  melted  in  the  cupola 
fig.3Ki,  wilh  ore-cinder,  yields  Ihe  s;iK>-f/ei»,  or  con  central  ed  matie.  Fiom  30  to  40  cwls. 
of  sporroElare  smelted  in  24  hours;  and  from  48  loCO  percent,  of  jpnrsinn  are  obtained, 
the  slag  from  the  slate  smelling  being  •■mployed  as  a  flux.  The  spurstein  conloins  from 
60  lo  60  per  cent,  of  copper,  combined  with  the  sulphurets  of  copper,  of  iron,  and 


,Coo';lc 


COPPER. 


4S\ 


brnBhwond  atlfl  charcoa.; 


a  process  which  requires  from  7  to  8  weeks.  Flie  product  of 
Ihjs'  sii-loM  cnlcinBliiin  is  IhE  Ga)irro«t  of  Ihe  Germans  (done  and  puriSed);  !l  has  a 
color  like  red  cupper  ore,  varyius  '■'"in  blue  sray  inlo  cochineal  red  ;  a  granular  fiac- 
tiire)  il  contains  a  litlle  of  llie  metal,  and  may  be  immedislelt  reduced  into  nielallic 
copper,  called  kupftrmachen.  But  before  smelang  the  mass,  it  is  liiiviated  with  walrr, 
to  extract  from  it  ihe  soluble  sulphate,  which  is  concctitrated  in  lead  pans,  and  ciys- 
Ullized. 

The  lixiviated  gaftrcj/e  mixed  with  from  J  to  J- of  the  lixiviated  diiwBs/einrM/,  and  lio.'- 
of  the  copper  slate  slag,  are  smelted  with  charcoal  or  coke  fuel  tn  Ihe  course  of  24  hoii  , 
in  a  mass  of  60  or  80  cwts.  The  product  is  hlach  copper,  to  the  amooni  of  about  \  the 
weight,  and  j.  of  dunnileia  or  Min  matle.  Thlj  black  copper  contains  in  the  cwt.  I'mm 
12  to  20  lolhs  (fi  to  10  oz.)  of  silver.  The  dunnstein  consists  of  from  60  to  70  per  cent, 
of  copper  combined  witii  sulphur,  sulphurel  of  iron,  and  arsenic:  and  when  Ihrica 
roaslel,  yields  a  poilion  of  metal.  The  bl^ck  copper  lies  undermost  .o  the  crucible  of 
Ihe  furnace;  above  it  is  the  dvitasteiii,  covered  with  the  stone  slag,  or  copper  cinder, 
resulting  from  the  flate-smelling.  The  slaas  being  raked  off.  and  the  crucible  sufficiently 
full,  the  eye  or  nozzle  hole  is  shut,  the  dvntisteiji  removed  by  cooling  the  suifsce  anii 
brcBkintr  the  cru>.t,  iihicb  is  abo'it  J  to  i  inch  thiet  Thr  tame  method  Is  adopted  fur 
(aUing  oat  the  black  copper  in  sucoes-tielajers  For  the  de  sihermg  of  ihis  and  similar 
bhck  loppert,  see  Sil\eh 
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the  dolled  hne  c  d  or/g.387.  a 
!■<  the  sh»ft  of  the  fu.nace,  6  Ihe 
rest,  c  c  (he  forms;  d  the  sole  or 
hearth  sione,  which  has  a  slope 
ot^  3  inches  towards  the  front 
wall  ee,  ^c  casing  walls  of  fire 
hncka  //,  &c  fillin;  up  walls 
built  of  rubbish  stones ;  g  g  a 
ma=s  throuEh  which  (he  heat  is 
slowly  conducted ;  fi  fl  (he  two 
boles  Uiroush  one  or  olher  of 
which  alternately  the  product  of 
the  smettma  process  is  run  oIF 
into  the  fore-hearth.  Benealh 
the  heaith-sole  there  is  a  soliiF 
body  of  loam ;  and  the  fure- 
hearlh  n  furmed  with  a  miilure 
of  coal-dust  and  clay;  k  is  the 
discharee  outlet.  Fig.  366  is  a 
horizontal  section  of  thefurnaee 
throush  ihe  hole  or  ej'e  in  the 
dotted  line  e  f  of /g.  384 ;  fig. 
387,  a  horizontal  section  of  ihe 
shaft  of  Ihe  furnace  through  ihe 
The  height  of  Ihe  ehafi,  fram  the  line 

.  ,   „  ^^  .s  14  feet    liomE  10  a  25  inches    (Vom  c  to  Ihe  line  below 6,  2  feet ; 

Irom  ihit  line  to  the  1  ne  opposite  f  g,  2  feet     The  width  at  Ihe  line  g  p  is  3  feel  3  inchi*, 
and  at  c  26  inches     The  ba-ins  t  t/fis  386,  are  3  feet  diameter,  and  20  inches  deep. 

The  refining  of  copper  is  said  lo  be  well  executed  at  Seville,  lu  Spain ;  and,  iherefote, 
some  account  of  the  mode  of  operating  there  may  be  acceptable  \ai  the  reader. 

The  iiist  object  is  to  evaporate  in  a  reverhera'iry  furnace  all  the  volatile  sobslanies, 
tnch  vs  snlphur,  arsenic,  antimony,  &c.,  which  may  be  associated  with  the  sulphur;  ani 
the  second,  to  ojjdize  and  lo  convert  into  scorite  Ihe  filed  substances,  such  as  iron,  lead, 
&c.,  with  Ihe  least  pussible  expense  and  waste.  The  minute  quanlilies  of  g"ld  and  sil. 
vcr  which  resist  oxydaiion  cannot  be  in  any  way  injurious  to  the  copper.  _  The  nearih 
is  usually  made  of  a  refractory  sand  and  clay  with  ground  charcoal,  each  mixed  in  equal 
volumes,  and  worked  up  into  a  doughy  consistence  with  water.  This  composition  i? 
boat  firmly  into  the  furnace  bottom.    But  a  quartzose  hearth  is 
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o  be  far  more  durable;  such  as  a  bed  of  fire- sandstone. 

Before  kindling  the  furnace,  its  inner  surface  is  smeared  over  with  a  eream-con- 
(islenced  mixture  of  fire-clay  and  water. 

The  cast  pigs,  or  blocks  of  bind;  or  crude  copper,  are  piled  upon  the  hearth,  each  suc- 
cessive lavcr  crossins  at  riijht  angles  the  layer  beneath  it,  in  order  that  the  fleme  ma^ 
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liave  access  In  play  nimn  the  SHrface  of  llie  hcarlh,  and  to  heat  it  tn  a  proper  pitcli  foi 

.The  weii,'ht  of  the  charge  shoijlii  he  proportional  lo  the  capacity  of  the  furnace,  and 
such  that  (he  level  of  the  metallic  hath  maj  be  ahout  an  inch  above  fhe  nozzle  of  the 
Bellows !  for,  were  it  higher,  il  wunlJ  obstruct  its  operation,  and  were  it  loo  low,  it.e 
stream  of  air  wotild  strike  but  imperfecLly  (he  surface  of  the  metal,  and  would  fail  to 
flfect,  or  would  retard  at  least,  li.e  refining  process,  by  leaving  the  oiydation  and  vola- 
lilizniion  of  the  foreign  melals  incomplete. 

As  the  soorije  fuira  upon  the  surface,  they  are  drawn  off  with  an  iron  rabble  fixed  to 
the  end  of  a  wooden  rod. 

Soon  after  the  copper  Is  melted,  charcoal  is  to  be  liindled  in  three  iron  basins  lined 
with  loam,  placeJ  alonitside  the  furnace,  to  prepare  them  far  receiving  the ir  charge  o( 
copper,  whirrh  is  to  be  converted  in  ihem,  into  Toselks. 

The  bellows  are  not  long  in  action  before  the  evaporation  of  ihe  mineral  sobsfances 
is  so  copious,  as  to  give  the  bath  a  boiling  appearance;  some  drops  rise  op  to  the  roof 
jf  the  reveiberalory,  others  escape  by  the  door,  and  fall  in  a  shower  of  minute  spherical 
globules.  This  phenomenon  proves  (hat  the  process  is  going  on  well;  and,  when  it 
ceases,  the  operation  is  neariy  completed.  A  small  proof  of  copper,  of  Ihe  form  of  a 
wstch-case,  and  therefo'e  called  monire,  is  taken  oat  from  time  to  lime,  upon  the  roond 
end  of  a  polished  iron  rod,  previously  heated,  '''hia  rod  is  dipped  two  or  three  inches 
into  the  balh,  then  wi'hdrawn  and  immersed  in  cold  water.  The  copper  cap  is  delached 
from  Ihe  iron  roil,  by  a  few  blows  of  a  hammer ;  and  a  judgment  is  formed  from  its  thick- 
ness, color,  and  piili^h,  as  lo  the  desrec  of  piirity  which  the  copper  has  acijuired.  But 
these  watches  need  not  he  drawn  till  the  Small  rain,  above  spoken  of,  has  ceased  to  fall 
At  the  end  of  about  1 1  hours  of  firinj,  the  numerous  small  holes  observable  in  the  first 
watch  samples  be^in  to  disappear ;  the  outer  surface  passes  from  a  bright  red  to  a  darker 
hue,  the  inner  one  becomes  of  a  more  uniform  color,  aod  always  less  and  less  marked 
with  yellowish  spots.  It  will  have  aciuired  the  greatest  pitch  of  purity  ;hat  the  process 
can  bestow,  when  the  viatches  become  of  a  dark  crimson  color. 

Care  must  be  taken  lo  stop  this  reliniig  process  at  the  proper  time ;  for,  by  prolong- 
ing it  unduly,  a  small  quanlilj  of  cupreous  oxyde  would  be  formed,  which,  finding  no 
oxygen  to  reduce  it,  woulJ  render  the  whole  body  of  copper  hard,  brittle,  and  incapable 
of  lamination. 

The  basins  must  now  be  emptied  of  their  burnins  charcoal,  the  openini  of  the  tnyire 
must  be  closed,  and  the  melted  copper  allowed  to  flow  into  them  thronjh  the  taj'-hole, 
which  is  then  closed  with  loam.  Whenever  the  surface  is  covered  with  a  solid  crust,  it 
is  bedewed  with  water;  and  as  soon  as  the  crust  is  about  14  inch  thick  it  is  raised  upon 
hooks  above  the  basin,  to  drain  off  any  drops,  and  then  carried  away  from  the  furnace. 
If  these  cakes,  or  rosettes,  be  suddenly  cooled  by  plunging  them  immediately  in  water, 
they  will  assume  a  fine  red  color,  from  the  formation  of  a  film  of  myde. 

Each  refining  0|)eralion  produces,  in  about  13  houre,  IJ-  tons  of  copper,  with  the  con- 
sumption of  about  J  of  a  tonof  dry  wood. 

Care  should  be  taken  that  thecOpper  cake  or  roie(fe  be  all  solidified  before  pliin^in" 
it  into  water,  otherwise  a  very  dangerous  explosion  mi^ht  ensue,  in  consequence  of  the 
sudden  extrication  of  oiysen  from  the  liqnid  metal,  in  the  act  of  conderisalini 
other  hand,  the  cake  should  nut  be  alloweii  10  cool  too  long  in  Ihe  air,  lest  il 
dized  upon  the  surface,  and  lose  those  fine  red,  porple,  and  yellow  shades,  d 
of  the  protoxyde,  which  many  dealers  admire. 

When  a  little  oxyde  of  antimony  and  oxvde  of  copper  are  combined  with  copper, 
they  occasion  the  appearance  of  micaceous  scales  in  (he  fractured  faces.  Such  metal 
IS  hard,  brittle,  yellowish  within,  and  can  be  neither  laminated  nor  wire-drawn.  These 
defects  are  not  owing  lo  arseoic,  as  was  f.rmerly  iniasi.ie.li  hot,  most  probably,  to 
antimony  in  the  lead,  which  is  Sometimes  used  in  refining  copper.  They  are  more 
easily  prevented  than  remedied. 

According  to  M.  FrSrejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Dauphiny,  too  low  a  temperature,  or  too  much  charcoaf,  eives  to  the  metal  a  cubical 
stroctnre,  or  that  of  divergent  rays ;  in  either  of  which  states  il  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxvgen,  gives  it  a  brick  red  color,  a 
radiated  crystallization  without  lustre,  or  a  very  fine  grain  of  indeterminate  form;  the 
last  structure  being  unsuitable  for  copiier  that  is  to  be  worked  under  Ihe  hammer  or  in 
the  rolling-press.  The  form  which  indicates  most  tenacity  is  radiaKd  with  minulp 
fibres  glistening  in  mass.  Melted  copper  will  sometimes  pass  successively  through 
these  three  states  in  the  space  of  ten  minutes, 

fig.  388  represents  a  roa.siin^  momii  of  copper  pyrites  in  the  Lower  Hartz,  near  Goslar, 
Where  a  portion  of  ihe  sulphur  is  collected.  It  is  a  verlical  section  of  a  truncated 
quadrangular  pyramid,  A  layer  of  wooden  billets  is  arrangeil  at  the  base  of  the  pyramid 
W  the  line  a  a. 
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e,  a  wooden  chimney  wfiith  elsnJs  in  ihe  centre  of  Ihe  mnmid  wilh  a  smnll  pile  o( 
riiarcoal  al  us  bullciiii,  c  ;  il  d  are  laige  lumps  vf  ore  surrounded  lij  smaller  pieces;    '"/ 
loQ  1       n    I  are  rnbbish  and  eanb  lo  form  a  covciing 

A  cuirenl  of  air  is  admilled  nnder  Ihe 
billels  hy  an  opening  in  the  middle  of 
each  of  [ho  four  eiiles  of  the  base'  a  a, 
so  thai  Iwo  priiici|ial  currents  of  air 
1   nnder   the   \ 
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Tl  e  fire  is  applieJ  throush  the  ehimnej  c 
a  a  are  kindUd.  The  sulphureons  oics,  d  /, 
to  eipcF  the  sulphur  in  the  slate  of  vapor.  . 

In  Ihe  Lower  Hariz  a  roasting  mound  cunlinues  burnini:  during  fonr  inonlhB.  Some 
[lays  aAer  it  is  Ijimlled  the  sulphnr  beiiire  to  exhale,  utid  is  condensed  by  the  air  at  the 
upper  surface  of  the  pyramid.  When  this  setms  iiiipr(¥;nBled  wilh  it,  small  basins  1  i 
are  exeavaleti,  in  which  some  liquid  salphiir  ccillecls;  il  is  removed  from  lime  lo  lime 
wilh  iron  ladies,  and  thrown  into  water,  where  it  soJidifies,  ll  is  then  refined  and  cast 
i[ilo  roil  hrunsliine. 

A  similar  roaslinfr  mound  conliiins,  in  the  Lower  Harlz,  from  100  lo  i.O  Ions  of  ore 
and  T30  cubic  fei-t  of  wood.  It  yields  in  four  monihs  about  one  Ion  and  a  half  of 
sulphur  from  copper  pyjilefi.    Lead  ore  i«  treaied  in  Ihe  same  way,  but  il  furnishes  less 

There  are  usualW  from  12  lo  15  roasting  heaps  in  action  al  once  for  Ibrre  smelting 
works  of  the  Lower  Hanz.  Anerlhe  fii-sl  roaslin!;  two  heaps  are  uniled  lo  form  a  Ihird, 
which  is  calcined  anew,  but  nnder  a  shed;  the  ores  are  liien  stirred  up  and  roasted  for 
the  Ihird  lime,  whence  a  crnde  mixture  is  procured  for  the  smelt  in  g-honse. 

The  most  favoiable  seBsonsi  for  riastini;  in  the  open  air  are  sprinc  and  autumn  ;  Ihe 
be^t  weather  is  a  light  wind  accompanied  with  gentle  lain.  When  the  wind  or  rniii 
oi>struc(s  the  operation,  this  inconvenience  is  remedied  by  plonks  distributed  round  the 
upper  surface  of  the  truncated  pyiamid  over  Ibe  sulphur  basins. 

JWonn/oeluring  assays  of  copper. — The  fiiBt  thing  is  to  make  such  a  sample  as  will 
represent  the  whole  mass  V>  be  valued ;  wilh  which  view,  fra^menis  must  be  taken  tVom 
diflerent  spots,  mixeii,  weighed,  and  ground  toeelber.  A  portion  nf  this  mLilare  being 
tried  by  the  blow  pipe,  will  gliow,  bj  the  gailic  or  sulphurous  smell  of  its  fumes,  wheiher 
arsenic,  sulphur,  or  both,  be  the  mineralizers.  In  the  lalter  case,  which  oflen  occitrs, 
I<X)  gr.  or  1000  gr.  of  the  ore  are  lo  be  mixed  with  one  half  ils  weight  of  ?BW-dust, 
then  imbned  with  oil,  and  healed  moderately  in  a  cracible  till  all  the  arsenical  fumes  be 
dissipated.  The  residuum,  beinK  cooled  and  trilnraled,  is  to  be  exposed  in  a  shallow 
earthen  cup  lo  a  slow  roastins  heal,  lill  Ibe  sulphur  and  charcoal  be  burned  away.  "What 
remains,  being  ground  and  miied  with  half  ils  weight  of  calcined  boi'as,  one  twelflh  lis 
weight  of  lamp  black,  nexl  made  into  a  donah  wilh  a  few  drops  of  oil,  is  (o  be  pressed 
down  into  u  crucible,  nhich  is  lo  be  covered  wilh  a  luled  lid,  and  to  be  subjected,  in  a 
powerful  air  furnace,  first  lo  a  dirll  red  heal,  and  then  to  vivid  igniliun  for  20  minutes. 
On  cooline  and  breakine  the  crucible,  a  buiron  of  melallic  cr.pper  will  b.'  oblained.  lis 
color  and  malleability  indicate  prelly  well  Ihe  quality,  as  does  its  weisbl  the  relative 
value  of  the  ore.  It  should  be  :upelled  wilh  lead,  lo  ascertain  if  il  conlains  silver  or 
gold.     See  Assay,  and  SrLVEit. 

If  the  blow-pipe  trial  showed  no  arsenic,  the  firsl  ealcinalion  may  he  ooiilleiJ :  arnj  if 
neither  sulphur  nor  arsenic,  a  portion  of  the  ground  ore  should  be  'tried,  iind  treaied 
directly  wilh  birraii,  lamp-blncb,  and  oil.  It  is  Tery  ccBilnon  lo  uB^e  a  urv  assay  ui 
copper  ores,  by  one  roastini;  and  one  fusion  along  wilh  3  parls  of  black  R•^\  -.  irom  m.. 
weisht  of  Ihe  meiallic  bnlton  Ihe  richness  of  Ihe  ore  is  inferred. 

The  humid  assay  is  more  eiad,  but  il  requires  more  skill  and  lime. 

The  sulphur  and  Ihe  silica  are  easily  cot  rid  of  by  Ihe  acids,  which  do  not  dissoIvR 
them,  but  only  Ihe  melallic  ojydes  and  the  other  earths.  These  oxydes  may  then  be 
Ihroivn  down  by  their  approprinle  reagerls,  the  copper  being  precipilaled  in  lire  slate  of 
either  Ihe  black  oxyde  or  ]rure  melal."  105  parls  of  black  oxyde  represent  100  of  cnpper. 
Before  entering  iipi^n  the  compiele  analysis  of  an  ore,  preliminary  trials  should  be  made, 
to  ascertain  whal  are  its  chief  constiments.  If  it  be  snipburet  of  copper,  or  coppet 
pyrites,  without  silver  or  lead,  100  grains  exactly  of  ils  averaee  powder  may  be  weighed 
out,  treaied  in  a  matrass  with  boiling  muriatic  acid  for  some  time,  gradually  adding  a  few 
drops  of  nitric  acid.  111)  all  action  ceases,  or  till  the  ore  he  all  dissolved.  The  insoluble 
Effitter  found  floating  in  Ihe  liquid  eontains  most  of  the  sulphur  i  it  may  be  separaicd 
upon  a  filttr,  washed,  dried,  and  weighed  \  Iben  verified  by  burning  away.  The  incom- 
bustible residuum,  treated  by  muriatic  acid,  may  leave  an  insoluble  deposite,  which  is 
lo  be  added  lo  the  former.    To  the  whtde  of  the  filtered  solutions  carbonate  of  potash  if 
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ji  be  adilpd ;  and  the  resuliin?  precipitate,  liein^  washed,  and  digested  repeatedly  in  w» 
ler  of  Btnmonia,  all  its  cuprio  oxyde  will  have  been  dissolved,  whenever  the  ammonia  ii 
ro  Inn  Her- rendered  blue. 

Caustic  potash,  boiled  with  the  ammoniacal  solution,  will  leparale  the  copper  in  the 
stale  of  black  oxyde  i  which  is  to  be  thrown  apon  a  filter,  washed,  dried,  and  weialied. 
The  ainlter  leO  nndissotved  by  th(;  ammonia,  consists  of  oxyde  of  iron,  with  probably  a 
Utile  alumina.  The  latter  beina  separated  by  caustic  potash,  Ihe  iron  oiyde  may  be  also 
washed,  dried,  and  weighed.    The  powder  which  originally  resisted  the  muriatic  acid,  is 

Assay  of  topjier  ores,  which  conlaxn  irtm,  vtlphnT,  silver,  had,  and  anlimony. 

100  g:i'ains  oF  these  ores,  previously  sampled,  and  pulverized,  are  to  be  boiled  with 
nitric  acid,  adding  fiesh  portions  of  it  from  time  to  time,  till  no  more  of  the  matte'  be 
dissolved.  The  whole  liquors  which  have  been  Buccessively  dieesled  and  decanted  ufF, 
are  lo  be  filtered  and  treated  with  common  salt,  to  precipiiate  the  silver  in  the  state  of  a 

The  nilric  acid,  by  its  reaction  upon  the  sulphur,  having  peneraled  salphuric  acid.  Ibis 
will  combine  with  the  lead  osydized  at  the  same  time,  constituting  insoluble  sulphate  of 
lead,  which  will  remain  mixed  with  the  gangue.  Should  a  little  nitrate  of  lead  remain 
in  the  Lfinid,  it  may  be  thrown  down  by  sulphate  of  soda,  afler  the  silver  has  been  sepa- 
rated. ThedDute  liquid,  bein?  concentrated  by  evaporation,  is  to  be  mixed  with  ammo- 
nia in  such  excess  as  to  dissolve  all  the  cnpric  oxyde,  while  it  throws  down  all  (he  oxyde 
of  iron  and  alumina ;  which  two  may  be  separated,  as  nsnal,  by  a  little  caustic  pot- 
ash. The  portion  of  ore  insoluble  in  the  nitric  acid  being  digested  in  muriatic  acid, 
everything  will  be  dissolved  except  the  sulphur  and  silica.  These  being  collected  upon 
a  filler,  and  dried,  the  sulphur  may  be  burned  awaj',  whereby  the  proportion  of  each  is 
determined. 

Ores  of  Ihe  oxyde  of  copper  are  easily  analyzed  by  solution  in  nitric  acid,  ihe  addition 
of  ammonia,  lo  separate  the  other  metals,  and  precipitation  by  potash.  The  native  car- 
bonate  is  analyzed  by  calcining  100  grains;  when  (he  loss  of  weight  will  show  the 
amount  of  water  and  carbonic  acid ;  then  that  of  (he  latter  may  be  found,  by  expelling  it 
froTn  another  100  grains,  by  digestion  in  a  given  weight  of  sulphuric  acid.  The  copper 
is  finally  obtained  in  a  metallic  state  by  plunging  bars  of  zinc  into  (he  solution  of  (he 
sulphate. 

The  nalii-e  nrseaiaUs  of  copper  are  analyzed  by  drying  them  first  at  a  moderate  heatj 
after  which  they  are  to  be  dissolved  in  nitric  acid.  To  (his  solution,  one  of  nitrate  of 
lead  is  to  be  added,  as  long  as  it  occasions  a  precipitate;  the deposite is  to  bedrained  up- 
on a  filter,  and  the  clear  liquid  which  passes  through,  being  evaporated  nearly  lo  dryness, 
IS  to  be  digested  in  hot  alcohol,  which  will  dissolve  everything  except  a  little  arseniateof 
lead.  This  being  added  to  the  arseniala  first  obtained,  from  the  weight  of  the  whole,  the 
arsenic  acid,  constituting  35  per  cent.,  is  directly  inferred.  The  alcoholic  solution  being 
now  evaporated  to  dryness,  the  residue  is  lo  be  digested  in  fvaler  of  ammonia,  when  Ihe 
cupric  osyde  will  be  dissolved,  and  theoxyde  of  iron  will  remain.  Thecoppcr  is  procured, 
in  the  state  of  black  oiyde,  by  boiling  the  filtered  Bnunoniaca!  solution  with  the  proper 
quantity  of  potash. 

The  analysis  of  mwriafe  of  copper— atacamite — is  an  easy  process.  The  ore  being 
dissolved  in  nitric  acid,  a  solution  of  nitrate  silver  is  added,  and  from  the  weight  of  (he 
chloride  precipitated,  the  equivalent  antountof  marlate  or  chloride  of  copper  is  given  ;  fot 
100  of  chloride  of  silver  represent  93  of  chloride  of  copper,  and  43-8  of  its  metallic  basis. 
This  calculation  may  be  verified  by  precipitating  the  copper  of  the  muriate  froni  its  solu- 
tion in  dilate  sulphuric  add,  by  plates  of  zinc. 

The  phosphate  of  copper  may  be  analyzed  either  by  solution  in  nitric  acid,  and  precipi- 
tation by  potash ;  or  by  precipitating  the  jihosphoric  acid  present,  by  means  of  acetate  of 
lead.  The  phosphate  of  lead  thus  obtained,  after  being  washed,  is  to  be  decomposed  by 
dilute  sulphuric  acid.  The  insoluble  sulphate  of  lead,  being  washed,  dried,  and  weiahed. 
indicates  by  its  equivalent  the  proportion  of  phosphate  of  lead,  as  also  of  phosphate  ol 
copper;  for  100  of  sulphate  of  lead  correspond  to  92-25  phosphate  of  lead,  and  89-5  pho» 
phate  of  coppery  and  (his  again  to  52-7  of  the  black  oxyde. 

Copper  forms  the  ba-is  of  a  greater  number  of  important  alloys  than  any  other  metal 
With  zinc,  it  forms  Brass  in  all  its  varieties ;  which  see. 

Bron/e  and  Bell  Mktal  are  alloys  of  copper  and  (in.  This  compound  is  prepared  in 
erucibles  when  only  small  quantities  are  required;  but  in  reverberatory  hearths,  when 
statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected  as  much  as  pos- 
sible diirini;  their  combination  from  contael  of  air  by  a  layer  of  pounded  charcoal,  other- 
wise two  evils  would  result,  waste  of  Ihe  copper  by  combustion,  and  a  rapid  oxydiz=menl 
flf  the  tin,  so  as  to  change  the  proportions  and  alter  the  properties  of  the  alloy.  The  fused 
materials  ought  to  be  well  mixed  by  stirring,  to  give  uniforinitj'  lo  the  compound.    See 


perfect  impressions, 

ornaraenlal  clocks, 
6,  iron  1-44,  in  100 

and  H  of  tin  is  said  by  M.DviBsnusfy  to  furnish  tools,  which. 
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An  adoT  nf  100  of  copper  and  4"  17  of  tin  has  teen  proposed  by  M.  C.naiidei  (or 
randy  TOanulaciure  of  medals.  After  mpltin?  this  alloy,  he  casts  il  in  moulds  tnade 
eiich  bone-Bsh  as  is  used  for  cupels.  The  medals  are  afterward  suojecled  to  the  acl 
of  the  L'oinin?  press,  not  for  striking  Ihem,  for  the  mould  furnishi  "    ' 

but  for  linishing  and  polishin!?  them. 

By  a  recent  analysis  of  M.  Berlhier,  the  bells  of  the  pendnlc!, 
made  in  Paris,  are  found  to  be  composed — of  copper  72-00,  tin  2 

An  alJoyof  lOOofcoppi 


hardened  and  sliarpened  in  the  manner  of  the  ancients,  afford  a;i  edge  nearly  equal  li 
tliat  of  sleel. 

Cymbals,  pongs,  and  the  tamtam  of  the  Chinese  are  made  of  an  alloy  of  100  of  copper 
vith  aboat  25  of  tin.  To  give  this  compound  the  sonorous  property  in  the  highest  de' 
gree,  it  must  be  subjected  to  sudden  refVi^eralion.  M.  D'Arcet,  to  whom  this  discovery 
is  due,  recommends  to  ignite  the  piece  alter  it  is  cast,  and  to^  plnnge  it  immediately  into 
cold  wnter.  The  sudden  Coaling  eives  the  panicles  of  Ih^  alloy  such  a  disposition, 
that,  with  a  regnlated  pressnre  by  sliilful  hammerine,  (hey  may  be  made  lo  slide  over  each 
other,  and  remain  permanenlly  in  their  new  position.  When  by  this  means  the  instru- 
ment has  received  its  intended  form,  it  is  to  be  heated  and  allowed  to  cool  slowly  in  (be 
air.  The  pailicles  now  lake  a  difl'erent  arrangement  from  what  they  wontd  have  done 
by  sudden  refriaeration  i  for  instead  of  bein?  ductile,  they  possess  such  an  elasUciiy, 
that  on  being  displnced  by  a  slight  compression,  they  return  (o  tlieir  primary  position 
afier  a  scries  of  pslremcly  rapid  vibrations ;  whence  a  very  powerful  sound  is  emitted. 
Bronze,  bell-metal,  and  probably  all  the  other  alloys  of  tin  with  copper,  present  the  same 

The  alloy  of  1(10  of  copper  with  from  60  to  33  of  tin  forms  common  bell-mdal.  It  ts 
yellowish  or  whitish  gray,  brittle,  and  fonoious,  bnt  not  so  much  so  as  the  preceding. 
The  raR'al  of  house-clock  bellscontains  a  litile  more  tin  than  that  of  church-bells, anil  (he 
bell  of  a  repeater  contains  a  little  zinc  in  addition  lo  the  other  ingredients. 

The  bronze-tbuniler  should  study  to  obtain  a  rapid  fusion,  in  order  to  avoid  the  causes 
of  waste  indicated  above.  Beverberalory  furnaces  have  been  long  adopted  for  this  opers- 
tior. ;  and  among  these,  the  elliptical  are  the  best.  The  furnaces  with  spheroidal  domes 
are  used  by  the  bell-foundtrs,  because  their  alloy  being  more  fusible,  a  more  moderate 
melting  heal  is  required ;  however,  as  the  rapidity  of  the  process  is  ajways  a  matter  of 
consequence,  they  also  would  find  advantage  in  employing  the  elliptical  hearths,  (jff  the 
form  of  the  -meliiKg  famare,  as  figured  wider  Smelling  of  copper  ores.)  Coal  is  now 
universally  preferred  for  fuel. 

The  alloy  of  100  of  copper  with  50  of  tin,  or  more  ejiactly  of  32  of  the  former  with 
I4|  of  the  ^tter,  constitutes  spemlum  metal,  for  making  mirrors  of  reflecting  telescopes. 
This  compound  is  nearly  white,  very  brittle,  and  snsceptible  of  a  fine  polish  with  a  bril- 
liant surface.  The  following  compound  is  much  esteemed  in  France  for  mal;ing  specula. 
Melt  2  parts  of  pure  copper  and  1  of  grain-tin  in  separate  crucibles,  incorporate  thor- 
oughly wilh  a  wooden  spatula,  and  then  run  the  metal  into  moulds.  The  lower  suiface 
is  the  one  that  shoald  be  worked  into  a  mirror. 

Mr,  Edwards,  in  the  Nautical  Almanack  for  1787,  gave  the  following  instructions  Jbr 
maliing  speculum  metal. 

The  quality  of  the  copper  is  lo  he  tried  by  making  aseriesof  alloys  with  tin.  In  the  pro- 
portion of  100  of  the  former  to  47,  to  48,  to  49,  and  to  50  of  the  latter  metal ;  whence 
the  proportions  of  the  whitest  compound  may  be  ascertained.  Beyond  the  last  proportion, 
the  alloy  begins  lo  lose  in  brilliancy  of  ftactare,  and  lo  lake  a  bluish  tint.  Having  deter- 
mined (his  point,  take  32  parts  of  the  copper,  melt,  and  add  one  part  of  brass  and  as  much 
silver,  covering  the  surface  of  (he  mixture  with  a  little  black  flux ;  when  the  whole  is 
melted,  stir  with  a  wooden  rod,  and  ponr  in  from  15  lo  16  parts  of  melted  (in  (as  indica- 
ted by  the  preparalory  trials),  stir  the  miiwre  again,  and  immediately  pour  it  out  into 
cold  water.  Then  melt  again  at  the  lowest  heat,  adding  for  every  IS  parts  of  the  com- 
pound 1  pari  of  white  arsenic,  wrapped  in  paper,  so  that  it  may  be  thrust  down  to  the 
bottom  of  the  crucible.  Stir  with  a  wooden  n>d  as  long  as  arsenical  fumes  rise,  and  then 
pour  it  into  a  sand  mould.  White  still  red  hot,  lay  the  metal  in  a  pot-full  of  very  hot  em- 
bers, thai  it  may  cool  very  slowly,  whereby  (he  danger  of  its  cracking  or  flying  into 
splinters  is  prevented. 

Having  described  the  diScreut  alloys  of  copper  and  tin,  I  shall  now  treat  of  (he  method 
of  separating  these  melals  fi'om  each  other  as  tSey  ejist  in  old  cannons,  damaged  bells, 
Sc.  The  process  employed  on  a  very  great  scale  in  France,  during  the  Revolution,  foi 
obtaining  Copper  from  bells,  was  contrived  by  Fourcroy  ;  founded  apon  the  chemical  fad 
that  tin  is  more  fusible  and  osydiznble  than  copper. 

1.  A  certain  quantity  of  bell  metal  was  completely  oxydi zed  by  calcination  n  a  rrver 
beratory  furnace;  the  onyde  wns  raked  out,  and  reduced  to  a  fine  powder. 

2.  Into  the  same  furnace  a  fresh  quantity  of  the  same  metal  was  introduced  j  it  wa! 
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tnttlecl,  and  there  wa?  adijed  lo  il  one  half  of  its  weiehl  of  Ihe  oxvie  formed  in  the  first 
operation.  The  lempenilure  wa>>  increased,  and  the  mixlure  well  incorporated;  al  the 
pnd  of  a  few  hours,  there  was  ohtoined  on  the  one  hand  copper  almi'St  pure,  wliich  sub. 
silled  in  a  liqnid  elate,  nnd  spread  itself  upon  the  sole  of  tlie  hearlli,  while  a  compound 
of  oxyde  of  tin,  oxvde  of  copper,  with  sOme  of  the  eartliy  matleraof  the  furnace,  colle^led 
on  Ihe  surface  of  the  metallic  bath  in  a  pasty  form.  These  scorite  wpre  removed  with  a 
ralie,  and  as  soon  as  the  surface  of  the  melted  copper  was  laid  bare,  il  was  run  out.  The 
Bcoiiffi  were  Icvijated,  and  the  panicles  of  metallic  copper  were  obtained  after  elulriation. 
By  ihis  process  f'Otn  100  pounds  of  bell-melal,  about  50  pounds  of  copper  were  exlracied, 
ranlaiiiins  only  one  per  ceat.  of  foreign  matters. 

3.  The  washed  scoris  were  mixed  with  J  their  weiehl  of  pulverized  charcoal ;  the  mix- 
lure  US'  triturated  to  effect  a  more  intimate  di-^tiibulion  of  the  charcoal;  and  ilwas  Iben 
put  into  a  leverberalory  hearth,  in  which,  by  aid  ofa  hish  beat,  a  second  rednction  was 
effected,  jieldine  a  fluid  alloy  consislinsof  about  60  parts  nf  copper  and  20  of  tin;  while 
Ihe  sui  face  of  the  bath  got  covered  with  new  scorite,  containing  a  larger  proportion  of 
liti  than  Ihe  llrsl, 

A.  The  alloy  of  60  of  copper  with  40  of  tin  was  next  calcined  in  the  same  reverbera- 
tory  furnace,  but  with  slirrin?  of  the  mass.  The  air,  in  sweeping  acros«  the  surface  of  Ihe 
balh,  oiydized  the  tin  more  rapidly  than  the  copper ;  whence  proceeded  crusts  of  osyde 
that  were  skimmed  off  from  lime  lo  lime.  This  process  was  coniinued  till  the  metallic 
alloy  was  bronzht  to  Ihe  same  standard  as  betl'iaetal,  when  il  was  run  out  to  be  subjected 
to  the  same  operations  as  the  metnt  of  No.  1. 

The  layers  of  oiyde  successively  removed  in  this  way  wtic  mixed  with  charcoal,  and 
reduced  in  a  Jbunieaii  a  maticke,  or  Scotch  lead  smelling  furnace. 

1  sliall  not  prosecute  any  fiirlher  the  details  of  this  eumplicated  process  of  Fourcroy ; 
because  it  has  been  superseded  by  a  much  belter  one  contrived  by  M.  Brcant.  lie  em- 
ployed a  much  larser  quantity  of  charcoal  to  reduce  the  scoria  rich  in  tin  ;  and  increased 
the  fusibility  by  adding  crushed  oyster-shells,  bollle  glass,  or  even  vitrified  scoriffi,  ac- 
cording to  the  natnre  of  the  substance  to  be  reduced ;  and  he  treated  them  directly  in  a 
reverbeialory  furnace. 

The  melal,  thus  procured,  was  very  rich  in  tin.  He  exposed  it  in  masses  on  a  sloj-'ng 
hearth  of  a  reverberaiory  furnace,  where,  by  a  heat  regulaled  accordina  to  thn  proportions 
of  the  two  metals  in  ihe  alloy,  he  occasioned  an  eliqiiation  or  sweating  out  of  ihe  tin  Me- 
tallic drops  were  seen  to  transpire  round  Ihe  alloyed  blocks  or  piits,  and,  falling  lilie  Tain, 
floweJ  down  the  sloping  fluorof  the  furnace;  on  whose  concave  bottom  Ihe  metal  collect- 
ed, and  was  ladled  out  into  moulds.  When  the  alli>y,  thus  treated,  conlained  lead,  Ihis 
melal  was  found  in  the  first  portions  that  sweated  out.  The  purest  tin  ned  came  forlh, 
while  the  last  portions  held  more  or  less  copper  in  solution.  By  fraclioning  the  products, 
therefore,  there  mas  procured — 

1.  Tin  with  lead. 

2.  Tin  nearly  pure. 

3.  Tin  alloyed  with  a  little  copper. 

A  spongy  mass  remained,  exhibiting  sometim*^  beautiful  crystallizations ;  this  mass, 
eommonly  too  rich  in  copper  to  afford  tin  by  liquation,  was  treated  by  oxydizemenl.  In 
this  manner,  M.  Breant  diminished  greatly  the  roduclious  and  oxydalions;  and  therefore 
incurred  in  a  far  less  degree  the  enormous  waste  of  tin,  which  flies  off  with  the  draught 
of  air  in  hish  atid  lung-continued  heats.  He  also  consumed  less  fuel  as  well  as  labor, 
and  obtained  purer  products  of  known  composition,  ready  lo  be  applied  directly  lo 
many  arts. 

He  treated  advantageously  in  this  manner  more  than  a  million  of  kilogrammes  (1000 
tuns)  of  scorite,  for  every  2  cwls.  of  which  he  paid  40  ceiiMmes  (four-pence),  while  sev- 
eral miUion  kilt^rammes  of  much  richc/  scorise  had  been  previously  sold  lo  other  refinerj 
at  5  rt »  inies  or  oiie  joms. 

I  hare  said  that  the  aneienis  made  their  tools  and  military  weapons  of  Bronze.  SeT- 
ernl  of  these  have  been  analyzed,  and  the  results  are  inleresting. 

An  antique  sword,  found  in  1799,  in  the  peal  moss  of  the  Soinme,  consisted  of  copper 
S7-4T:  lin  12-53,  in  100  parts. 

The  bionze  springs  for  the  biJisJre,  according  lo  Philo  of  Byzantium,  were  made  of 
co|»per  97,  tin  3. 

Hard  and  brittle  nails  afforded  by  analysis,  92  of  copper,  and  8  of  tin. 

Of  three  antique  swords  found  in  the  environs  of  Abbeville,  one  was  found  to  consist 
of  85  of  copper  to  15  of  tin.  The  nails  of  the  handle  of  Ibis  sword  were  flexible  ;'they 
were  composed  of  copper  95,  tin  5. 

Another  of  the  swords  consisted  of  90  of  cooper  and  10  of  tin  ;  and  the  third,  of  98 
copper,  Willi  ■!  tin. 

A  fragment  of  an  ancient  scythe  afforded  lo  analysis  92-6  copper,  and  7'4  tin. 

The  process  of  coaling  copper  with  lin,  exemplifies  the  strong  affinity  between  the 
'Wi.  metals.      The  copper  surface  lo  be  tinned  is  first  cleared  up  with  a  smooth  sand- 


COPPEH.  487 

Etone;  then  il  is  hpated  ar.d  mtitied  ovprwith  a  lilDe  sal  ammoniac,  till  it  be  perfecllj 
clean  and  briehti  the  lin,  along  with  snme  pounded  rosin,  is  now  placed  on  Ihn  Kopper, 
which  is  made  so  hoi  as  to  melt  the  lin,  and  allow  of  its  being  spread  over  the  suriacewilh 
a  dussil  or  pad  of  low.  The  layer  thus  fised  on  the  copper  is  exceedingly  thin  ;  Eayen 
louncl  Ihal  a  copper  pan,  9  inches  in  diameler  and  3J  inches  deep,  beini  weighed  imuie- 
dialely  before  and  after  tinning,  became  only  31  grains  heavier.  Now  as  the  area  linn eil, 
includins  the  bollom,  amounted  W  155  square  inches,  1  grain  of  tin  had  been  spread  ovei 
nearly  7 J  square  inches  i  or  only  20  grains  over  every  square  foot. 

Copper  and  ^Tseiiic  form  a  while-colored  alloy,  sometimes  used  for  (he  scales  of 
thermometers  and  barometers;  for  dials,  candlesticks,  &c.  To  form  this  compuund,  suc- 
cessive layers  of  copper  clippings  and  while  arsenic  arc  pul  into  an  earthen  cruciblei 
which  is  then  covered  with  sea  salt,  closed  with  a  lid,  and  gradually  heated  to  redness. 
If  S  parts  of  arsenic  have  been  used  with  6  of  copper,  the  resulting  compound  com 
monly  contains  one  tenth  of  its  weight  of  metallic  arsenic.  It  is  while,  slightly 
ductile,  denser,  and  more.fusibie  than  copper,  and  wiihoul  action  on  oxygen  at  ordinary 
tempeiulures;  hut,  at  higher  heais,  it  is  decomposed  with  the  exhalation  of  atsenious 
acid.  The  while  copper  of  Ihe  Chinese  consists  of  40-4  copper;  31'6  nickel;  25-4 
zinc;  and  2  6  iron.  This  alloy  is  nearly  silver  white;  it  is  very  sonorous,  well 
polished,  malleable  at  common  lemperatiiies,  and  even  at  a  cherry  red,  bul  verv  brittle 
at  a  red-white  heat.  When  healed  with  contact  of  air,  it  oxydlzes,  burning  with  a 
white  flame.  lie  specific  gravity  was  8''132.  When  woflfed  wiih  great  care,  il  may 
he  red-iced  to  thin  ieaves,  and  to  wires  as  sniJll  as  a  needle.    See  Germah  Silveh, 

Tulenas,  formerly  confounded  with  while  copper,  is  a,  different  composition  from  the 
above.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron;  and  Dick  describes  it  as  a 
short  metal,  of  a  grayish  color,  and  scarcely  sonorous.  The  Chinese  exporl  it,  in  large 
quantilies,  to  India. 

CopPEH,  Whitk,  or  German  siirer.  M.  Gersdorf,  ofVienna,  states,  that  the  proper 
linns  of  Ihe  melals  in  Ibis  alloy  should  vary  according  lo  the  uses  lor  which  it  is  destined. 
When  intended  as  a  substitute  for  silver,  it  should  be  composed  of  25  parts  of  nickel,  25 
of  zinc,  and  50  of  copper.  Ad  alloy  better  adapted  for  rollins,  consists  of  £5  of  nickel, 
20  of  zinc,  and  60  of  copper.  Castings,  such  as  candlesticks,  bells,  &e.,  may  be  made 
of  an  alloy,  consisting  of  SO  of  nickel,  20  of  zinc,  and  60  of  copper;  to  which  3  of  lea< 
are  added.  The  addition  of  2  or  2}  of  iron  (in  the  shape  of  tin  plate  1)  renders  the  pack 
fong  much  whiter,  bul,  at  the  same  time,  harder  and  more  brittle. 

Kcfeislein  has  Eiven  the  following  analysis  of  the  genuine  German  silver,  as  madeftot 
the  original  ore  found  in  Hihlburghausen,  near  Siihl,  in  Henneberg; — 
Copper         -         -  -         40-4 

Nickel Sl'G 

Zinc  ■         .         .         ,         23-4 


Chinese  pnckfong,  accordins  to  the  same  authority 
ed  with  7  paits  of  nickel,  and  7  parls  of  zinc. 

The  best  alloy  for  making  plummcr  blocks,  bushes, 
geons  and  pivols  of  machinery  lo  rnn  in,  is  said  t< 

A  facliiions  protoxyde  of  copper,  of  a  line  red  color,  may  be  made  by  melting  together 
with  a  gentle  heal,  100  parls  of  sulphate  of  copper,  and  59  of  cnibonate  of  soda  in  crys 
tals,  and  continuing  the  heat  till  the  mass  become  solid.  This  being  pulverized  and 
mixed  exactly  wiih  15  parts  of  copper  filings,  the  mixture  is  lo  be  heated  lo  whileuess,  in 
a  crucible,  during  the  space  of  20  minutes.  The  mass,  when  cold,  is  (o  be  reduced  ti 
powder,  and  washed.  A  beauiiful  metallic  pigment  may  be  thus  prepared,  at  the  cost 
of  29.  a  pound. 

All  Ihe  oxydes  and  salts  of  copper  are  poisonous;  they  are  best  counleracted  by  ad 
miiii''lerinir  a  larze  qunnlity  of  sugar,  and  sulphureled  hydroze 

The  following  scientific  summary  of  copper  or     ' 
ceplahle  to  many  readers,  amid  the  present  perplex 
compounds  in  mineralogical  systems. 

J .    ^rsmiall  of  Copper. 

A.  Ermte,  rhomboidal  nrseniate  of  copper,  micaceous  copper,  kupferglimmer. 
Smerald  ereen:  specific  gravity  4'043;  scratches  calc-'par;  yields  waler  by  heal; 
fusible  at  the  blotr pipe,  and  reducible  into  a  white  metallic  globule.  Soluble  in  nitrit 
acid;  the  solution  throws  down  cupper  by  irtm.  It  consists  of  arsenic  acid  33-7R( 
oxyde  of  copper  59-24;    waler  5;    alumina  1-77.      It  is  found  in   Cornwall,  Ireland, 

B.  LirocosiH;  octahedral  arseniate  of  copper;  lens  ore,  so  called  from  the  fiatnesi 
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:J-H?  COPPEfc. 

of  ihe  crystal..  Bl.ie;  sperifie  jrravity  2-88;  sfratclies  talc-spnr.  It  consist*  of  atseiiu 
»p[il  14;  dxjde  of  cnpper  49;  water  35.  Il  is  found  in  HuelJlIutrtl,  HLel'Jjorlsnil, 
lliiel- Unity,  tnines  in  Cornwall. 

C.  OUtfhite;  right  priptnalic  arseniate  of  copper ;  olive-ore.  Dull  green;  specific 
ETttvity  4'S8  i  scratebes  fluiir  j  yields  no  water  by  heal;  fusible  at  the  blowpipe  into  a 
(■Inssy  bead,  enclosine  a  while  metallic  grain.  It  consists  of  arsenic  acid  45,  oxyde  of 
cogiper  50-62.  Il  affords  indications  of  phosphoric  acid,  which  the  analysts  Ecem  lo  have 
overlooked     It  occurs  in  Ihe  above  and  many  other  mines  in  Cornwall. 

D.  ^phattete.  Trihedral  arseniate  of  copper.  Bluish  ^reen,  becoming  gray  upon  Ihf 
snrface;  specific  gravity  4'28i  scarcely  scratches  calc-spar;  yields  water  with  heat ;  an^ 
liaees  of  phosphoric  acid. 

The  fibrnus  varieties  called  wood  copper,  contain  water,  and  resemble  the  iasl  apeciei 
in  com  position. 

E.  CortHwa/e  of  Copper. 

A.  ^nitrite;  kupferlazur.  Blue.  Cryslallizes  in  oblique rhomboidal  prisms;  specjht 
gravity  3  (0  3-83;  sciaiches  culc  spar,  is  scratched  by  fluor;  yields  water  with  beat, 
and  hlBcbens.  Its  consliluents  are,  carbonic  acid  25'5 ;  oxyde  of  copper  69'  1 ;  waler 
5'4.  The  Chessy  and  fianai  azurite  is  most  profitably  employed  to  make  sulphate  of 
copper. 

B.  Malachile  ;  green  carbonate  or  monnlain  ereen.  Crystallizes  in  right  rhomhoidal 
prisms  ;  specific  ^ravilv  3'5 ;  aftbrds  water  with  heal,  and  blackens.  II  consists  of  car- 
bonic acid  18-5;  onyde  of  copper  72-2;  water  9' 3. 

C.  Mysorint;  anhydrous  carbonaie  of  copper,  Darli  brown  generally  stained  creen 
or  red;  conchoidal  fiacture;  sofl,  seelile;  sprcinc  Bravily  2"62.  Il  consists  of  carbonic 
acid  16-7 1  oxyde  of  copper  60-75 ;  peroxyde  of  iron  195;  silica  2-iO.  This  is  a  rare 
mineral  found  io  the  Mysore. 

3.  Chromale  of  CojipeT  mid  Lead;  vauquelinite.  Green  of  vorioua  shades;  specific 
gravity  6fi  (0  7-2;  brittle;  scratched  by  fluor;  fusible  at  the  blowpipe  with  frolh  and 
Ihe  production  ofa  leaden  bead.  It  consists  ofchroniic  acid  28-33  ;  oxyde  of  If  ad  60'87; 
oxyde  of  copper  10-8.    It  occurs  at  Berezofin  Siberia  along  with  chromale  of  lead. 

4.  Dioplaat;  silicale  of  copper;  emerald  copper.  Specific  gravity  3-3;  scratches 
glass  with  ditficiilly;  affords  water  with  heal,  and  blackens;  in  fu  si  hie  at  the  blowpipe. 
It  consists  of  silica  43-18;  oxyde  of  copper  45-46;  water  11-36.  This  rare  subslance 
comes  from  the  government  of  Kirais. 

The  silicate  of  Dillenher^  is  similar  in  composition. 

5.  Gray  copper  ore  called  Psnabase,  from  the  number  of  metallic  bases  which  il 
contains;  andFshleii.  Steel  eray  ;  specific  giavity  4-79  lo  5-10;  crystallizes  in  regular 
tetrahedrons;  fnsihle  at  Ihe  blowpipe,  with  disengagement  of  fumes  of  antimony  and 
occasionally  of  arsenic;  -swells  npand  scorifies,  affording  copper  with  soda  flm.  Is  acted 
upon  by  nitric  acid  with  precipitation  of  antimony  j  becomes  blue  with  ammonia ;  yields 
a  blue  precipilnle  with  ferrocyanide  of  potassnm  ;  as  also  indications  freqnenllv  of  zine, 
mercury,  silver,  fee.  Its  composition  which  is  verv  complex  is  as  follows;  sulphur  26-83 ; 
antimony  12-46;  arsenic  10-19{  copper  40-60;  iron  4-66;  Kinc  3-69;  silver  0-60 
Some  specimens  contain  from  5  li'  31  per  cenl.  of  silver.  The  eray  copi'er  ores  are  very 
common;  inSaxony;  theHarlz;  ^irnwall;  al  Dillenhens;;  in  Mexico)  Peru,  &c.  Thej 
are  important  on  accounLboth  of  Iheir  copper  and  silver.  Tennatilile  is  a  variety  ol 
Fahlerz.  Il  occurs  in  Cornwall.  Its  conslituenls  are,  sulphur  28-74 ;  arsenic  11-84; 
copper  45-32;  iron  9-26. 

6.  HydraUd  litieaU  ofCopper;  or  Cbrjsocolla.  Green  or  bInPsh  green;  specific 
gravity  2-03  to  2-16;  scratched  by  steel ;  very  brittle,-  affords  waler  with  heal,  and 
blackens;  is  acted  upon  by  acids,  and  leaves  a  silicious  residuum.  Solution  becomes 
blue  with  ammonia.  Its  consliluents  are  silica  26 ;  oxyde  of  copper  50 ;  water  17 ; 
carbonic  acid  7. 

7.  Marialt  of  Copper.  Glakamite;  green;  eryslollizes  in  prisms;  specific  gravity 
4-43.  Its  consliluents  are,  chlorine  15-90;  copper  14-22;  oxyde  of  copper  54-23  ;  water 
14'16;  oxyde  ofirnn  1-50.  The  greet)  sand  of  Peru,  collected  by  the  inhabllants  of 
Atikama,  is  this  substance  in  a  decomposed  state. 

8.  Oxyile  of  Copfier. 

A,  Black,  or  Melaconise ;  a  Hack  earthy  looking  substance  found  nt  Chess:  and 
olher  places.     Il  is  deoloxydc  of  copper. 

B.  Protoxyde  or  red  oxyde  of  copper ;  liegeler?.  Cryslalliies  in  the  regular  oclahc 
drnn;  specific  sravily  5-69;  scratches  calc-spar;  fusitle  at  the  blo-wpipe  into  the  black 
oxyde;  and  redncible  in  the  smoke  of  ibe  flame  lo  cnpper;  ncwd  upon  by  nitric  acid 
Willi  disengagement  of  nitrous  gas;  solo(jon  is  rendered  blue  by  ammonia.  Its  conslitu- 
enls are  oxvgen  1 1-22 ;  copper  88-78.  It  occurs  near  Chessy,  and  upon  the  eastern  slope 
of  the  Altai  rooontnins. 

9.  Pkosphaie  of  Copptr.  Daik  Ereen;  crystallizes  in  octahedrons;  specific  graWly 
3-6lo3-8i   scratches  calc-spar ;   yields  water  with  heat;   and  affords  melulUc  coppei 


whh  godi  flux;  acted  on  by  nitric  aciii.    Its  constituents  are,  phosphoric  acid  28-7 , 
nxjrle  of  copper  63  91  wh let  7-4.     It  occurs  at  the  mines  of  Libethcn  in  Hnngoij. 

10.  I'yriious  Copper;  Kupferkies;  a.  meMllic  lookini!  substance,  of  a  bmnze-jellow 
color,  crystal! iziTi 5  in  octahedrons  which  pass  into  telrnhedrons ;  specific  gravily  4'lfij 
fusihle  at  the  blowpipe  into  beads  atliaclable  by  the  magnet,  and  which  ailcrwards 
afibrd  copiier  with  a  soda  flax;  scdiible  in  nitric  acid}  solution  is  rendered  blue  by  am- 
monia, and  affords  an  abundant  precipitate  of  iron.  lis  composition  is,  sulphur  36i 
copper  34-5;  iron  30-5;  being  a  combined  Eulphurel  of  these  two  melals.  This  is  the 
most  important  metallurgic  species  of  copper  oies.  It  occuis  chieflj  in  ptimilivo  forma- 
tions, as  among  gneiss  and  mica  slate,  in  vein«,  or  more  frequently  masses,  in  very 
many  parts  of  the  world— Cornwall,  Anglesea,  Wicklow,  &c  It  is  found  amons  tha 
early  secondary  rocks,  in  Shetland,  Yorkshire,  Mannsfeldt,  &,c.  The  finest  crjsiallized 
specimens  Come  from  Cornwall,  Derbyshire,  Freyherg,  and  Saint  Marie-aux-Mines  in 


11.  Sekuiate-qf  Copper  ( 
ble  at  the  blowpipe  into  a  gray 
consists  of  selenium  40  ;  coppe 

12.  Sulphate  of  Copper;  Cy 


;  soluble,  &c.  lite  the  artificial  sulphates, 


Brochaatile  is  a  subsulphate  of  copper,  observed  in  smal  crystals  at  Ekatcrinenboni 
in  Siberia. 

13.  Salpkurel  of  Copper,  Kopferelanz,  Of  a  steel  gray  metallic  aspect ;  crystallizi 
:„  -L_w,:.,,.  . — :c.  --ijHy  j-gg;  gomewhal  seetile,  yet  brittle;  fusible  wiih  inli 


e  blowpipe,  and  yields  a  copper  bead  with  sodaj  soluble  in 

ith  ammonia,  but  lets  fall  scarcely  any  osyde  of  iron.    Its 

sulphur  19;  copper  79-5  i  iron  0-75;  silica  I'OO.    It  occurs  in  small  quantities  ij 


■s  blue  with 


Cornwall,  &c. 

The  chemical  preparations  of  copper  which  constitute  distinct  manufactures  are.  Blue 
or  Roman  vitriol ;  for  which  see  Siitphale  of.  Copper  ;  Scheele's  green  and  Schweinurth 
green.  Verditer,  and  Verdigris,    See  these  articles  in  their  alphabetical  places. 

The  copper  minetv  now  so  iniportant,  were  so  little  worked  until  a  reoent  period,  that 
in  1190  we  iir6  told  in  a  Report  on  tha  Cornish  mines,  "it  was  not  until  the  begin- 
ning of  the  last  century  that  eopppr  was  discovered  in  Britain."  This  is  not  correct  for 
in  1260;  a  copper  mine  was  worked  "ear  Keswick  in  Cumberland,  Edward  IIL 
granted  an  indenture  to  John  Ballanter  and  Walter  Bolbolter,  for  worliing  all  "mines 
of  gold,  silver,  and  copper ;"  bui  that  the  quantity  found  was  very  small  is  proved  from 
the  fact  that  Aols  of  Parliament  were  passed  in  the  reigns  of  Henry  Till  and  Edward 
TI.  to  prevent  the  exportation  of  braaa  and  copper,  "leat  there  should  jiot  be  metal 
enough  left  in  the  kingdom,  fit  for  making  guns  and  other  engines  of  war,  and  for 
household  utensils;"  and  in  1685  the  calamine  works  were  eneoitraged  by  the  govern- 
ment^ as  "the  continuing  tlieae  works  in  England  will  occasion  plenty  of  rough  copper 
to  be  brought  in." 

At  the  end  of  the  seventeenth  centary  some  "gentlemen  from  Bristol  made  it  tlieir 
baainess  to  inspect  the  Cornish  miues,  and  bonght  the  copper  for  2t,  10s,  per  ton,  and 
scarce  ever  more  than  il.  a  toit" 

In  llOO,  one  Mr.  John  Cosier  introduced  an  hydraulic  engine  into  Cornwall,  by 
which  he  succeeded  in  draining  the  mines,  and  "be  taught  the  people  of  Cornwall  also 
a  better  way  of  assaying  and  dressing  the  ore." 

The  value  and  importance  of  copper  mines  since  that  period  has  been  regularly 
inereaaing.  During  a  term  of  about  80  ycHrs  230  mines  have  sold  their  ores  at  th< 
public  sales.  The  following  table  (p.  490)  from  a  report  by  Sir  CImrles  Lemon,  Bart. 
M.  P., *-'■- -:---» ■  ■       '        ■    .-"- 


1.  P.,  represents  tJie  progress  of  copper  mining,  from  1771  to  1837. 
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146, 6U3 

13.218 

817.740 
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140,753 

10,823 

908,613 
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eount.y  was 


improvements  in  the  eonetraotion  of  llio  steam-engine,  the  fncilitips  fo( 
mines  hnva    been    iiiurenseil,     The  fust  sleHin  engine   employed  In  the 

el  U,  work  at  Unel  Vor  tin  mines,  nenr  Helstone,  in  1713,  by  Newoomen  ; 

it  until  the  reeonstnietion  of  the  engine  was  effected  by  Watt  thnl  stesra 

power  was  generally  employed  for  draining  tlia  mines,  Tlie  rapid  advanoe  made  by 
Cortiiali  en^iiiifers  in  the  perfection  of  Iheir  enj^nee  will  beeeen  by  the  following  retarQ 
of  the  duty,  that  is,  the  perfumianee  of  eaeh,  whith  ia  reekoned  by  tlie  number  of 
inilliuiie  of  poaniia  lifteil  a  foot  liigli  by  the  eoiisumption  of  a  bushel  of  coals :— 


Nsmo  (Jf  nine. 

KisbrM  Diry. 

Stray  Park,  1818            ...           - 

Doleonth,  1816               .... 

Consolidated  Mines,  1822 

Consolidated  Mines  1827 

Fowcy  Consols,  1834       .             .             -             - 

United  Mines,  1842          .... 

29,000,000 
40,000,000 
44,000,000 
67,000,000 

B7,OOaOOO 
108,000,000 

Copper  exported : — 
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17(i9 

4019 
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4787 
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3909 

)0,OIJ 
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IS  142,1139 
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Staliitia  of  Copper  foi  OortHnailin  \SZ'!. — The  totnl  qHfintityof  oresold  i 
tons  {i>r  SI  owCs.)  yielding  an  average  produce  of  eiglit  per  c«iit.;  tbe  qnannbj'  •!•  uuo 
'    'ig  11,209  tuna  I  cwt. ;  aad  tlie  aveiSfre  pHue  of  tlia  ore  Bl.  iSs.  6d.;   Oia 

._ it  of  Uieanlea  fi.r  Uie  twelve  months  being  822.B16i.    The  standard  upoi: 

the  £th  of  Jannnrj  woB  12Tl^  iSf.;  tliis  was  the  higli«st  fur  tlie  ^ear.  Upon  the  22J  vf 
June  it  WHS  at  the  lowest,  being  only  93/.  ISs.  It  went  up  ngaio  to  1201.  Ids.  upon  llic 
etli  of  Oetober;  but  declined  with  some  eltglit  fluctuation  to  107/.  ISv.  upon  the  28th 
of  December.  The  largest  qaanlitj  aold  at  any  one  ticketjiig  was  4670  t«ns,  upon  Ihe 
Ith  of  May;  and  tlie  siniilleat  1088,  upon  tlie  17th  of  Augnat  Tlie  highest  pro.iuce 
was  nine  and  five  eiglillis  per  cent,  iipoti  lite  ISIh  of  July ;  and  the  lowest,  seven,  upon 
the  '2«tli  of  January.  The  greatest  weekly  total  waa  2&,SS7l.,  upon  the  2d  of  Novem- 
ber, and  the  least  5694/.  upon  the  17tli  of  August.  Tlie  orerase  autn  per  week  was 
15,817/.* 


(Quantity  of  Copper  pi-odiip 
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;  of  the  produce  of  Copper  Ores  and  fine  Metal  in  Cornwall,  from  1( 


Y..... 

Or... 

M..d. 

v.Woro™. 

M.t.l. 

Average  St»hd.,d. 

Tani  of  21  Cuii 

n...   c«,. 

£ 

Per  Cent.  nJOrt. 

Pricrer  T.n. 

iRoo 

65,981 

5187    0 

550,925    0 

^ 

133    3    6 

5268    0 

476,331     0 

0 

117    8    0 

(S02 
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1801 
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0 
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II 
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0 
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ISlO 

66,048 

5682  19 

570,035    8 
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8 
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0 
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7 
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0 

7 
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0 
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The  following  tflble,  extracted  from  the  London  Mining  Journal,  July  18, 
gives  the  oomparative  averagea  of  the  weekly  ailes  of  Copper  Ores  for  ten  years,  t( 
second  week  in  July,  1852,  at  the  Koyal  Hotel,  Truro,  Cornwall. 


ig  Eerieiv,  Feb.  28,  1B38. 
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A  h    q  ea      F        g    wrought  and  unwronght  Copper,  and  Coppei 

O  poddpd  Bh  mpouglit  and  unwrouglit  CoppKr  exporled 

from  tha  United  Kingdom;  togellier  with  the  quiintitjea  and  valus  ol  Copper  Ore 
smelted  in  Cum  wall  and  SwaiiseH,  and  the  quanUty  of  Copper  produced  in  those  plaees ; 
and  in  tha  oounty  of  Devon  ;  Ij^ether  with  the  mmket  priues  of  elieet  and  cake  Cop 
per.  ia  the  year  ending  5lh  January,  13S6: — 


Foreign  Coppfr  imporltd  ; 
Unwrought  in  brickB  or  pies,  r 
Pan  wtonght,  viz.,  bars,  rods, 


Wroughl  plates  and  coin      .        .        .  . 

—      old  for  re-Kanufaclure  -        .  - 

Copper  ore  Foreign      -        -     '   - 

Manufaclures  of  copper,  enlercd  by  weight  - 

—  entered  al  value  - 

Foreigi 


Univi 
per- 


i  pigs, t 


ivroushl,  viz.,  bats,  rods,  or  ingots,  hammer 

Old,  fit  only  for  re-mannfaefiire     - 
Smelted  in  the  United  Kingdom  from  foreign  ore 
Wanufaclures  of  copper,  entered  by  weisiht  - 
—  entered  at  value 


Quantity  of  oi 
Value  of  ilitti 


-  Tens 

-  Tom 


_  jantily  of  melal         ... 
Standard      -.--...- 
Produce  per  cent.        .-.--- 
Ores  sold,  &,c.  in  Swansea : — 

Quantity  of  ore Tons 

Value  of  ditto 

Quantity  of  metal Tons 

Standard     ....---. 
Produce  per  cent.        -,--.. 
Copper  sold  in  Devonshire   J  ^''^^^i  |     -        -        -  Toitj 
Total  quantity  of  copper  raised  in  Ihe  United  KinEdom,  1 
■  excl:tsive  of  Anglesea  and  Staffordshire,  and  deduclins  | 
10S3  tons  ot"  metal,  value  8R,207/.,  Ihe  produce  of  4B86  [ 
I     ^toni  of  fcreigo  ore  sold  at  Swansea,  included  al 


323,958    0    0 


,  Coo'j 


COPPER. 

Qimntity  of  copper  ore  roieed  in  Cornwall  in  tlie  yen 
796.1Sii/,  6s.  6d. 
Quantity  raised  in  the  jenr  1847,  165,985  tons;  tbIiii 
Quantity  of  luotfilllc;  copper  pi'oiiuued  in  tlie  furniei' ; 


i,  160,431  tons;  Talue 
i9,287/.  Os.  6rf. 


t  7^  and  SJ  respeotively.    .See  Metjiuo  Statistics. 
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316,075 

d  'anfiiges  wliioh  would  arise  from  per- 
nnetHl^  sttcli  ne  iron  and  zinc,  could  be 

d  Messra.  Eisner  &  Pliilip,  of  Berlin,  to 
ta     if  eneh  could  not  be  effected  more  ecr> 

potasaium,  and  in  tliia  tliej  have  been  eui!- 
t  be  well  cleaned  in  rain  or  eoft  water,  and 
rubt>«d  before  immerBing  it  in  the  eolution,  wliieh  may  be  eillier  chloride  of  poCassinm, 
chloride  of  sodium,  willi  a  little  caustic  ammonia  addr.d,  or  tartrate  of  potash,  with  a 
sniull  portion  of  carbonate  of  potneh.  At  the  extremity  of  the  wire,  in  connection  with 
the  oojiper,  or  negative  pole  of  tlie  battery,  is  fixed  a  thin  flattened  copper  plate,  and 
the  article  to  be  coated  is  attached  to  the  wire  from  the  ^nc,  or  positive  pole,  and  both 
are  then  immersed  in  the  exciting  solution,  the  cof  per  plate  only  partially.  The  liqnid 
should  be  kept  at  a  temperature  of  from  15°  to  ilP  Centigrade,  and  the  success  of  the 
operation  dependagreatlyontliesUength  and  jniformityofthegalvaniccnrrent.  When 
the  chlorides  are  employed,  the  coating  is  of  a  dark,  natural  cop||er  color;  and  with  tar- 
trate of  potash,  it  asBuiiiea  a  red  tinge,  similar  to  the  red  oxide  of  copper.  When  suffi- 
ciently cuvered,  the  anicle  is  rubbed  in  sawdust,  and  eiiposed  to  a  current  of  warm  air 
to  dij,  when  they  will  take  a  fine  polish,  and  resist  all  atmospheric  influence.  In 
coating  zinc  with  copper,  tiie  same  general  principles  will  appl^-  as  for  iron,  only  ob- 
serving that^  in  proportion  to  the  eiis  of  the  article,  the  galvanie  current  must  be  less 
powerful  for  anc.  Tlie  surfaces  must  be  perfectly  smooth,  and  fcr  this  reason  it  is  well 
to  rub  thom  thoroughly  with  fine  sand,  and  polish  with  a  brush.  Tartrate  of  potash  is 
the  best  existing  liquid  for  coating  zinc  By  very  simple  means  large  articles  in  iron 
and  zinc  may  be  coated  with  copper  by  the  above  cheap  chemical  solutions,  which 
eould  not,  at  any  former  period,  he  effected  from  the  high  price  of  cyanuret  of  potas- 

CopPEE  Medats  and  Medailioks  may  be  readily  mads  in  the  following  way; — 
let  black  oxide  of  copper,  in  fine  powder,  be  reduced  to  the  metallic  state,  by  es- 
posing  it  to  a  stream  of  hydrogen,  in  a  pin-barrel,  heated  barely  to  redness.  The 
metallic  powder  thns  obtained  is  to  be  sifted,  through  crape,  upon  the  surface  of 
the  mould,  to  the  ttiickness  of  J  or  )  of  an  inch,  and  is  then  to  be  strongly  pressed  upon 
it,  first  by  the  hand,  and  lastly  by  percussion  with  a  hammer.  The  impression  tiius 
formed  is  beautiful; "but  it  acquires  mucli  more  solidity  by  exposure  to  a  red  heat,  out 
of  contact  with  air.  Such  medals  are  said  to  have  more  tenacity  than  melted  copper, 
and  to  be  sharply  delined. 

M.B(ettgerproposes  the  following  improvement  upon  the  above  plan  of  Mr.  Osnnn: — 
He  prepared  the  powder  of  copper  easier  and  of  better  quality,  by  precipitating  a 
boiling  hot  solution  of  sulphate  of  copper,  with  pieces  of  anc,  boiling  the  metallic 
powder  thus  obtgined  with  dilute  sulphuric  acid  for  a  littie,  to  remove  all  traces  of  the 
zino  or  oxide,  washing  it  nest  with  water,  and  drying  it  in  a  tubulated  retort  by  tlie 
heat  of  a  water  bath,  while  a  stream  of  hydrogen  is  passed  over  it  This  cuprous 
precipitate  possesses  so  energetic  an  affinity  for  oxygen,  that  it  is  difficult  to  prevent  its 
passing  into  the  state  of  orange  oxide.  If  it  be  mixed  with  one  half  its  atomio  weight 
of  precipitated  sulplinr,  and  the  two  be  ground  together,  Uiey  combine  very  scon  into 
anlphnret  of  copper  with  the  evolution  of  light 


XToogll; 


Wi  COPEOLITES, 

CoFFEH,  PuBiTvisG. — Copper  maj  be  purified  by  melting  100  purte  of  it  with  ]C 
pHMs  of  copper  Bcnles  (black  oxide),  along  with  10  parte  of  ground  .tiottle'glass  or  other 
Hnx.  Mr.  Lewis  Thompson,  who  reoeived  a  gold  med^d  from  ibe  Society  of  Arts  for 
(IdA  invention,  says,  tbat  after  theoopper  has  been  lieptin  fusion  for  half  an  hour,  it  will 
l«  found  at  the  bottom  of  the  cruuible  perfectly  pui'e ;  wliile  the  iron,  lead,  arsenic,  Ac, 
with  wliich  this  metal  b  usually  Gontaminatei^  will  be  oxidized  by  the  scales,  and  will 
dissolve  in  the  Sux,  or  be  Toiiililized.  Tlitis  he  has  ohtrdined  perfectly  pure  copper 
friHii  brnsa,  bell-metal,  gun-metal,  and  several  olher  alloys,  contnining  from  4  up  to  50 

Eer  cent,  of  iron,  lead,  antimony,  bismuth,  arsenie,  &a.  The  scales  of  copper  are  cheap, 
eiiii;  rhe  prodnct  of  every  lai^  manufactory  where  that  metid  is  worked. 

COPPERAS.    (OouperoieveTle,Pr.:  Eisenvitriol,Q':rm.)    Sulphate  of  iron. 

COPROLITES,  OK  FOSSIL  MANURE.  Wherever  (here  is  an  outcropping  of  the 
upper  i^reen  sand  (the  stratum  i»  which  coprulites  are  found) — and  it  extends  a  con 
sidenible  distance  around  Cambridge — there  these  peculiar  nodules  may  be  met  with. 
An<i  tlii^  the  surface  bottom  of  an  ancient  deep  sen,  appears  to  have  been  the  receptjicia 
of  the  bones  and  fecal  matter  of  ita  inhabitants  for  a  long  period,  which  matter  is  now, 
by  the  nnited  penetrating  researcEies  of  the  chemist  and  geuloKist^  brought  to  light,  as 
containing  the  tertiliang  principle  and  pahulum  of  vegetable  lif^  verifying  the  axiom 
of  ohemistry,  that  nothing  is  lost  in  organic  Bl.ams,  and  that  the  refuse  of  tanner  ages, 
in  an  indirect  manner,  prodnovs  (be  food  of  the  present.  Tlie  parish  of  Barnwell  con- 
tains au  extensive  area  of  these  coprolit«s  or  fossil  dung; 

The  appearance  of  these  noilnlts  is  in  shape  various ;  generally  a  hard,  blach,  water- 
worn  looking  stone,  with  excrescences;  some  with  convoluCeil  marks,  bearing  the 
imjiresB  of  the  intestine,  and  rounded  oif  atthe  extremities;  the  surface  of  all  exhibits 
ing  lines  from  ttie  decomposition  of  its  more  destructible  component  parts.  ForlJons 
of  coral,  ammonites,  crustncea,  spcmges,  Aa,  may  he  foimd  in  the  agglutinated  mass. 
They  vary  in  size  from  a  small  liii'd'e  e^  to  masses  tlie  size  of  a  fist  A  large  selection 
from  our  own,  as  welt  as  from  distant  localities — the  Una  of  Lyme,  the  chalk  of  Farn- 
hnm,  tlie  slate  of  Newliaven,  and  tile  crap;  of  Suffolk — are  open  for  the  inspection  of 
Ihoxe  interested  in  most  geoto^cal  collections. 

The  process  which  they  go  through  to  render  them  available  for  use  is  as  follows:— 
Afttr  being  selected  from  the  soil,  ihey  are  well-  washed  by  rotary  machinery  erected 
on  the  s]jot,  and  then  conveyed  by  rail  to  the  manufactory,  where  they  are  ground  to  a 
vei'y  Hue  powder;  an  operation,  fi'om  their  hardness,  of  no  small  difliciilty,  vertical 
granite  and  bulir  stones  being  required.  The  powder  is  mixed  with  ahout  an  equal 
portion  liy  weight  of  strong  sulphuric  acid.  Tiiis  is,  I  believe,  a  part  of  tlie  process 
nseii  in  the  manufactory  of  Mr.  Lawes,  who  produces  a  very  superior  article,  and  t 

whom  we  are  much  indebtei?   *      ' '         '       .     ..  .  s  !_..  j 

for  ]>bos|)hrites  as  artificial  m 
from  digging  over  a  four-acre  I 
producing  to  the  fanner  a  nil 
In  an  article  var  ' 
i  parts  materially  c 
their  composition,  100  parts  containing— 

Earthy  phosphates  -  ■  -  -  61 
Carbonate  of  lime  and  iron  -  -  -  24 
Insoluble 12 


Mr.  LnwpB,  from  a  sample  fi'om  the  same  locality,  made  1  more  parts  of  phoEplintes, 
and  Mr.  Potter  4  less,  than  the  aUive  analysis. 

Tliere  is  a  prevalent  idea  that  iJiese  eoprolites  are  almost  the  same  as  guano.  Tiiia 
is  »  great  mistake ;  for  although  onr  own  production  yields  a  larger  proportion  of  ihe 
pbosplmtes,  it  is  devoid  of  salts  of  urea  and  ammonia,  which,  in  eombination  with  the 
phoHphiites,  increases  to  a  considerable  extent  the  fertilizing  ^rineiple  for  which  that 
foreign  article  is  so  celebrated.  It  has  been  the  object  nf  artificial  manures  to  supply 
svnthetii-jiUy  tlie  composition  of  guano  nt  a  much  reduced  rate. 

'  III  respect  to  the  value  of  coprolitus  in  Suffolk,  besides  pving  emp!<^ment  at  the 
slack  season  to  many  idle  hands,  a  bonus  has  been  given  for  the  right  of  royalty  over  the 
soils,  and  5*.  per  ton  is  paid  the  proprietor  for  all  raised.  This,  with  labor,  washing- 
a  ti'outilesorne  and  tedious  process — and  rail  charges  for  delivery  iu  London,  coats  from 
35".  to  40a  per  ton. 

To  show  the  comparative  value  of  the  different  snbstanoes  containing  the  plio=phate9, 
and  that  of  guano,  an  analysis  of  a  good  sample  is  here  given,  and  that  of  tlie  j^bos- 
[4ial-ia  and  carbonate  of  lime  in  various  bones.    Tliat  purtiun  contained  in  the  fossii 


COPEOLITES. 

\s  H  beautiful  ilinstration  of  the  Roodnfss  of  the  ■ 
«h,  after  being  interred  thousands  of  veal's,  are  1; 
nto  action,  that  llieir  elementary  par'ta  maj  lie 

Analysis  of  Guano  from  Pmt 


PlmsphnWa, 

C.,-.o.,a,..fU... 

Re 

eut  human  bones            .         .         .         . 

81-09 

An 

ient  ditto  fr.im  Roman  liimnl':s     - 

ho« 

il  kine  from  the  «rag  -        -        -        . 

Sli 

ho 

es  of  the  hen 

88-oa 

95-02 



9109 

5-0,'i 

Tlie  following  two  samples  froTJ 

iVal.er  with  s.  little  orgauio  ranttel 

kits  soluble  in  water  (diluride  o 

eoiiinm  and  eulphate  of  soda) 


rii<.^i>h«te  of  lime  (3  Ca  O,  P0'>)  -    109; 


e9-099—PO6  31-924 


Phos|.liftte  of  alumina  {2  Al"  0= 
;i  i'ly)    -  -  -  - 

OsideofMauganeBe 

Fhiopide  of  eaieiuin 

Sllieia  acid  colored  red  by  a  little 
uiideeaniposed  silicate  of  iron    • 


6-850— P0'>  3-244 


I,  of  n 


leofai 


■PO'^  36-889  lOODOO— PO*  87.1fi 

e  powder,  when  burnt  with  potash   lime, 

ionium,  whitli  is  equivalent  to  00254  per 

is  said  that  the  coprolitesi  which  Mr.  Lawea  employs  in  the  manufncture  of  hh 
well-known  "  CoproHta  manure,"  are  obtained  from  the  Suffolt  coast,  and  are  similar  in 
eiiai-HOter  to  Che  above. 

In  an  excellent  paper  "On  the  PJioaphoricStrntaof  the  Chalk  Formations,"  pobliShed 
in  the  first  number  of  tiie  Journal  of  the  Koyal  Agrioultui-al  Society  of  Etijjland 
for  Ihe  last  year,  Mr.  Way  observes,  that  he  has  found  the  coprolitea  fi-orn  this  disiriet 
to  contain  from  62  to  64  par  cent  of  bone-oartii  phosphate ;  and  that  Dr.  Gilbert  had 
infcrined  him,  that  io  several  analyeos  wliieh  be  liad  made  of  anmptes  taken  from 
Baveriil  t«na  of  the  ground  coprolites,  he  had  foand  tlia^  proportion  of  fihoaphate  of 
lime  to  rary  between  55  and  67  per  cent.  Mr.  Neabit  (Quart  Journ.  of  Chein.  Soo. 
Part  m.  p.  235)  found  from  22-SO  to  38-74  per  cent  of  phosphorio  acid,  which  ia 
equivalent  to  from  48-31  to  69-07  at  tribaaio  phosphate,  in  those  from  the  tertiary 
deiKisiia  of  this  county. 

11.  Tliis  one  waa  brought  from  the  same  part  of  the  coast  as  the  preceding;  but 
differed  from  them  in  iU  irresfularily  of  form,  and  in  exhibiting  imperfect  evidences  of  a 
bony  Btructure.  The  apeaific  gravity  it  waa  found  impossible  to  dete 
of  lis  numerous  nir  cavities  it  contained. 


(96  CORAL. 

Analgia  sbon'ed  i6  to  possess  tlie  following  per  ceni 
W(it«r  driven  off  at  from  800°  to  35i)°  F. 

do.  and  oi^anio  matters  expelled  at  a  red  heat 
Cliloi'ide  of  Bodiam,  ite. 
Carbonatuoflime 

do.         magn-sia  - 

SHlphateoflime 
Plius()hate  otiime  (tribiisit) 

do.        magnesia 
Perplioaplmto  of  iron 
Plioe]>l>ate  of  alumina     >  ■  ■ 

Peroxide  of  iron 

Alumina  .... 

Fluoride  of  ealcium 


:om  position 
2-600 
9  ■000 


O'sao 

distinct  traooa 
15'860— PO'6-2S7 


la'asu— PO^  12.409 


The  proportion  of  nitrogen  in  this  speeimcn  was  not  estimated. 

]  [1.  This  coproUte  was  disoovered  in  the  lias  strata  of  Lyme  Regis. 

It  was  rathar  large,  being  ahova  9  ozs.  in  weight,  was  of  a  gi'njish  color,  and  wheiv 
broken  exhibited  some  traces  of  crystalline  structure.  It  was  considerably  softer  thai) 
either  of  the  preeedin^  and  furnished  a  grayish-whita  fK)wder.  Miiny  scales  of  dif- 
ferent extinct  fishes,  and  other  orji;aiitu  remain^  wers  to  be  perceived  an  the  external 
surface;  the  greater  proportion  of  tliem  appeared  to  belong  to  a  species  of  fish  which 
is  known  to  ichthyologists  by  the  name  of  PholidnpboTns  liinhatas.  lis  specifio  graTity 
was  about  2*644  or  2'TOO^  and  tlie  com  position  per  cent  was  as  follows : — 


■\Val*r  driven  off  nt  from  800° 

o 

330°  F.    - 

2-560 

2-ees 

2-ai40 

Water  and  organic  matters  expelled 

at  a  red  heat       - 

3-880 

3-45« 

3.5680 

sulphate  of  soda - 

Carbonate  of  lime  - 

-       23-040 

23-708 

23-6740 

do,    of  magnesia 

none 

none 

1-740 

1-801 

1-7705 

Phosphate  of  do.  (tribasie) 

-      eO'72B 

60-613 

60-76B5— PO''  28-047 

a  litUe 

a  litUo 

3-980 

4-135 

4-057  5— PC  1-922 

Pliosphata  of  alumina 

n  littl. 

a  little 

a  little 

Peroxide  of  iron     - 

2-094 

1-894 

1-9940 

Alumina       - 

Silicio  acid,  with  fluoride  of  enlciu 

and  loss  - 

1-580 

1-525 

1-5525 

lOOWO 

00-000 

100-UOOO— PO>  29 -96  9* 

The  proportion  of  nitrogen  in  th: 

specimen  vtbs. 

rather  large,  being  0-0836  per  cen 

37toralon  J.  llerapath. 

CORAL  (Corail,  Fr. ;  Koralte,  Gferm.)  is  a  calcareous  snbstflnfle,  formed  by  a  species 
of  sen  polypus,  which  construct  in  concert  immense  tamiSed  habitationf,  consisting 
of  an  assemblage  of  small  cells,  each  tlie  abode  of  an  animaL  The  coral  is,  therefore,  a 
real  polypary.whichresemhlesa  tree  stripped  of  its  leaves.  Ithas  noroola,butafootnot 
unHkeaheraisphericai  skull-cap,  which  applies  closely  to  every  point  of  the  surface  upon 
which  it  stands,  and  is  therefore  difficult  to  detach.  It  merely  serves  as  a  basis  or  sup- 
port to  the  coral,  but  contributes  in  no  manner  to  its  growth,  like  the  root  of  an  ordi- 
nary tree,  for  detaohed  pieces  have  been  often  found  at  the  bottom  of  the  sea  in  a  state  of 
increase  and  repTodoclJon.  Fi-om  the  above  base  a  stem,  usually  single,  proceeds,  which 
seldom  surpasses  an  inch  in  diameter,  and  from  it  n  small  iinmber  of  branches  ramify  in 
very  irregular  directions,  wbi<^h  studded  over  -with  cells,  each  containing  an  insect 
The  polypi,  when  they  extend  their  arms,  feelers,  or  ten/at'ila,  peaenible  flowers,  whenae, 
as  well  as  from  the  form  of  tlie  coi-al,  Ihey  were  classed  among  vegetable  productions. 
Tbey  are  now  styled  loophites  by  the  writers  opon  Natural  History. 

The  finest  coral  is  found  in  the  Mediterranean.  It  is  fished  for  upon  the  coasts  of 
Provence,  and  constitutes  a  considerable  branch  of  trade  nt  Marseilles.    The  coral  is  at- 


lOHe  BnnlyRPS.  thfl  pbo'phorlo 


tOHlBd  by  M.  achnlze-s 


leBiod,  aa  -per- 


CORK. 

lactied  to  Ihe  sabmarine  rocks,  as  a  trpe  is  by  it 
growing  upwards,  shimt  downiFanls  towards  the 
lEivorable  to  breaking  them  off  and  bringing  tlicm 
men,  who  are  eictUpnt  dirers,  equip  a  felucca  or 
line.  They  carrv  with  Ihem  a  larije  wooden  cros 
each  hearing  a  stooi  oag-nel.      They  allach  a 


it  down  horizontally  into  Ihe : 
to  smu  it.    The  diver  follows  the  cross,  pu«nea  one  ar 
lows  of  the  rocks,  so  as  to  enlanale  the  eoral  in  the  nel 
pnll  up  the  cross  atid  its  aecompaniments. 

Coral  fishing  is  nearly  as  dangerousas  pear!  fishing,' 
which  frequpnt  the  seas  where  it  is  carried  on.  One 
now  very  practicable  slate  might  he  employed  with  are 

Coral  is  mostly  of  a  fine  red  color,  but  occasionally  il 


s  roots,  but  Ihe  branches,  in-'teat 
boltom  of  the  sea;  a  conlorms 
ap.  Fur  this  kind  of  fishing,  ( 
small  boat,  called  cotninoniy  a  ci 
s,  with  strong,  equal,  and  long  a 
rope  to  the  middle  of  the  c 


'ing  loaded  its  centre  with  a  weight ! 
of  i<  after  another  into 
Then  his  comrades  in 


ilfldi 


1  account  of  the  number  of  shark) 
«ould  Ihink  Uie  diving-belt  in  iU 
t  advantage  for  bol!i  purposes, 
flesh-cidored,  yellow,  or  while. 


The  red  is  preferred  for  making  necklaces,  crosses, 'and  otlier  ftmaie  o 
winked  up  like  precious  stones.    See  Lafidabv. 

CORK  {ti-'ge,  Fr. ;  Kork,  Germ.)  is  the  bark  of  the  ipx-c7u  liber,  Linn.,  a  species  of 
oak-tree,  which  grows  abundantly  in  the  southern  provinces  of  France,  Italy,  and  Spain. 
The  bark  is  taken  otf  by  muking  coronal  inejikins  above  and  below  the  portions  lo  be 
removed  ;  vertical  Inci-ions  are  then  made  from  one  of  lhc»e  circles  to  another,  whereby 
the  bark  may  be  ea=ily  detached.  Il  Is  steeped  in  water  td  soften  il,  in  order  (o  be  flat- 
tened by  pressure  under  heavy  stones,  and  next  ilrled  at  afire  which  blackens  lis  surface. 
The  cahes  are  bound  up  in  bales  and  sent  into  the  market. 

There  are  two  sorts  of  cork,  the  white  and  the  black  ;  the  former  grows  in  France  and 
the  latter  in  Spain.  The  cakes  of  the  while  are  usually  moie  br^utiful,  more  smonlh, 
linhier, fieer  from  knots  and  cracks,  of  a  finer  grain,  of  a  yellowish  gray  color  on  both 
si  les,  and  cut  more  smoothly  than  Ihe  hla<i.  When  this  cork  is  burned  in  close  vessels 
il  forms  the  pigment  called  Spaniak  black. 

This  substance  i*  employed  lo  fabricFtte  not  only  bottle  corks,  but  small  nrchilectural 
and  geognostic  models,  which  are  very  convenient  from  their  lightness  and  soliclily. 

The  cork-cutters  divide  the  boards  of  cork  (ir.l  inlo  narrow  fillels,  which  tJiey  after 
wards  subdivide  into  short  paralleloplpeds,  and  then  round  these  into  the  proper  conical 
or  cylindrical  shape.  The  bench  before  which  they  work  is  a  square  table,  wheie  4 
workmen  aresealed,  one  at  every  side,  the  table  being  furnished  with  a  ledee  to  prevent 
the  corks  from  falling  over.  The  corb-eulier's  knife  is  a  broad  blade,  very  thin,  and  fine 
edged.  His  whetted  from  lime  lo  time  upon  a  fine-grained  d  17  whetstone.  The  work- 
man ought  not  lo  draa-  his  knife  edge  over  the  cork,  for  he  would  thus  make  misses,  and 
might  cut  himself,  but  raiher  Ihe  cork  over  the  knife  edge.  He  should  seize  the  knife 
with  his  left  hand,  rest  the  back  of  il  upon  the  edge  of  the  table,  into  one  of  the  notches 
made  to  prevent  it  from  slippiog,  and  meiely  turns  its  edge  someiimes  upright  and  some- 
times to  one  side.  Then  holding  the  squared  piece  of  cork  by  its  two  cnrls,  between  his 
finger  and  his  thumb,  he  presents  it  in  the  direction  of  its  length  lo  the  edge ;  the  eork  is 
now  smoothly  cut  into  aroanded  form  by  being  deiteronsly  turned  in  the  hand.  He  next 
cuts  off  the  two  ends,  when  the  cork  is  finished  and  thrown  into  the  proper  basket  aiong- 
Blde,  10  be  afterwards  sorted  by  women  or  boys. 

Of  late  years  a  much  thicker  kind  of  cork  boards  have  been  imported  from  Catalonia, 
from  which  longer  and  belter  corks  may  be  made.  In  the  art  of  cork-cnttlng  the  French 
surpass  IheEnilish,  as  any  one  may  convince  himself  by  comparing  the  cnrks  of  their 
champagne  bottles  with  those  made  in  this  countr.'. 

Co/k,  on  account  of  its  buoj-ancy  in  water,  is  cilensivHlv  employed  for  making  floats 
In  fishermen's  nets,  and  in  the  const nicl ion  of  lile-boals.  Its  impermeability  to  water  naa 
kd  lo  its  employment  for  inner  soles  10  shoes. 

Wlieti  cork  is  rasped  into  powder,  and  subjaeted  to  chemical  solvents,  such  as  alcohol, 
&f.,  it  leaves  70  per  cent,  of  an  insoluble  substance,  called  anberhie.  When  il  is  treated 
ivlih  nilric  acid,  it  yield*  ihe  followins  remarkable  products;  —  While  fibrous  matter 
0'  18,  resin  14-72,  oxalic  acid  16-00,  suberic  acid  (peculiar  acid  of  cork)  14-4  ia  ]00 
pnrls,  ^ 

Machine  corft-cuKing.  —  A  patent  was  obtained  snme  years  ago  by  Sarah  Thomson  for 
this  purpose.  The  catting  of  the  cork  inlo  slijis  is  effected  by  fixing  it  upon  ihe  sliding 
bed  of  an  engine,  and  bringing  it,  by  a  progressive  motion,  under  the  action  of  a  circular 
knife,  by  which  it  is  cm  into  slips  of  equal  widths.  The  nature  or  construction  ol"^.! 
machine  to  be  used  (or  ibis  purpose  may  be  easily  conceived,  as  il  possesses  no  new  me- 
chanical feature,  except  in  its  application  to  caiting  cork.  The  motion  commttnicnled 
to  the  knife  by  hand,  steam,  horse,  or  other  iwwer,  moves  at  the  same  time  the  bed  also, 
which  carries  the  cork  to  be  cut. 

■''he  second  pari  of  the  invention,  viz.,  ihnt  lor  separaling  the  cork  into  square  pieces, 
Ifter  It  has  been  cnt  iato  slips  as  above,  iseli'ccled  by  a  moving  bed  as  before,  upon  which 
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the  slips  ara  to  be  placed  and  aDbmitted  to  tbe  nction  of  a  cntticg  lorer,  'wliich  tnny  b* 
re^iilat^d  to  chop  tbe  cork  into  pieeea  of  nnj'  given  length. 

Tlie  tliird  pact  of  the  inrention,  viz,,  that  for  rounding  or  finishing  tlio  corke,  eonaiets 
of  an  engine  to  wliicli  is  attached  a  circular  knife  tlmt  tnrns  Tertieally,  nnd  a  carriage 
or  fi'ame  upon  its  aide  that  revolves  on  its  axle  horizoatallv. 

This  carriage  or  frame  contains  several  pairs  of  clamps  intended  respectively  to  hold 
a  piece  of  tbe  square  cnt  cork  bj  pressing  it  at  tbe  ends,  and  currying  it  lengthways  per> 
pendioulavlj;  which  clamps  are  Contrived  to  liave  a  spindle  motion,  by  means  of  a  pinion 
at  the  lower  end  of  Uieir  axles,  working  into  a  spiir-wtiecL 

The  machinery,  thus  arranged,  is  put  in  motion  by  means  of  bands  and  drum-wheels, 
or  any  other  contrivance  which  may  Ije  found  most  eli^ble;  and  at  the  same  time  that 
the  circular  knife  I'evotves  verlically,  tbe  frame  containing  tlie  clamps  with  the  pieces  of 
cork,  turns  horizontally,  bringing  the  corks,  one  by  one,  up  to  the  edge  of  the  knife,  when, 
to  render  eaoli  piece  of  cork  cylindrical,  the  clampe,  as  above  described,  revolve  upon  their 
axes,  independently  of  theu'  carriage,  by  wbi^h  means  tlie  whole  ciroumference  of  the 
cork  is  brought  under  the  action  of  the  knife,  tl 


CXJRUMDUM.    This  mineral  species  indndes  sfl]>[ihire,  cor;j,jur 
It  coneists  of  pnre  nluinina  colored  from  admixture  with  oxide  of  ir< 
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080  Chen. 
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96-0  Tennf  nt. 

The  perfectly  wbitfl  crystals  of  sapphire  are  pure  alumina. 

There  are  two  varieties  of  the  perfect  corundum ;  the  snppbire  so  called,  and  the 
Orientnl  ruby ;  of  wliich  the  latter  has  a  rather  less  specific  gravity  being  B-9  against 
B'OT.  Tlieir  form  is  a  slightly  ac  te  rl  ombo  i  wh  ch  posaeaeis  double  refraction,  and  is 
inferior  in  hardness  only  to  tl  e  diimond     The  sapph  re  occurs  also  in  S-sided  prisms. 

COTTON  DYEING.  (Ttinlare  de  Colon  i-t  B  nmjaolknfdrberd,  Germ.) 
Cotton  and  linen  jarns  and  cloths  have  nearlj  the  same  affinity  for  dyps,  and 
may  therefore  with  propriety  be  treated  in  th  s  re'ipect  toaelher  Afler  they  have 
acquired  the  proper  dearee  of  wh  leness  ("ee  Ble\cb  mg)  they  ace  still  unfit  tfl 
receive  and  retain  the  dyes  in  a  permanent  mtnner  It  is  necessary,  hefore  dipping 
them  into  the  dye-b^lh,  to  give  them  a  tendency  lo  condense  the  coloring  particles 
wilhin  their  cnvilies  or  pores  and  to  communicate  such  ehemical  properties  as  wiD 
fiv  these  particles  so  that  thev  w  II  not  separate  to  whaleier  ordinary  trial  Ihey  may 
be  subjected.  All  the  colors  w  h  ch  it  wonid  be  desirable  to  transfer  lo  these  sluffa  unfor- 
tanalelj  do  not  possess  this  permanence  Men  of  science  en"Tiffed  n  this  [mporlant  art  hava 
constantly  aimed  at  ihe  discovery  of  some  new  processes  which  may  transfer  into  the  class 
of  fast  colors  those  dyes  whicli  are  at  present  more  or  less  fugitive.  Almost  all  the 
gonds  manufactured  of  cotton,  flai,  or  hemp,  are  intended  lo  be  washed,  and  oui?ht, 
therefore,  to  be  so  dyed  as  lo  resist  the  alkaline  and  soapy  solutions  commonly  used  in 
the  laundry.  Vilalis  distinguished  dyed  cottons  into  three  classes  ;  1.  the  fu^lim,  or 
fancy-color'^  ips'tt  feint),  which  change  their  hue  or  are  destroyed  by  one  or  iwo 
boils  with  soap;  2.  those  which  resbt  five  or  six  careful  washiniis  with  soap,  are  ^a<f  dyes, 
(ban  teint)  ;  and  those  which  were  still  more  d arable,  such  ns  Turkey  redS,  may  be  called 
fast  colors  (grand,  leinl).  The  colors  of  Brazil-wood,  loswood,  annotlo,  safllower,  &c., 
are/tti;iriwe  ;  those  mide  with  madder  without  an  oily  base,  are  good  ;  and  those  of  mad- 
der with  an  oily  mordant,  are/aj(.  It  is,  however,  possible  lo  point  out  certain  processei 
for  givina;  these  different  orders  of  dyes  a  greater  degree  of  fixity. 

1  shall  describe,  in  the  five  following  paragraphs,  the  operations  conducive  to  the  fix' 
alion  of  colors  apnn  cotton  and  linen. 

1.  Galling.  Either  gall-nots  alone,  or  sumach  alone,  or  these  two  substances  united, 
are  employed  lo  ^ve  to  cotton  the  fast  dye  preparation.  2  or  3  ounces  of  galls  for  every 
ponnd  of  colton,  heing  coarseiy  ]ionnded,  are  lo  be  pul  into  a  copper  containine  alioul 
30  gallons  of  waller  lor  every  100  pounds  of  cotton,  and  the  bath  is  to  he  boiled  till  the  bits 
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n,  wlien  Ihebnth  beenn 


of  pulls  feel  psaty  between  (he  finpers.   The  fire  being  i 

mocitmtely  cool,  it  is  pnssed  through  a  bnir-clotli  sieve.  If  diiriii!;  this  (i]>erntioti  llie 
liquor  iboutd  l>econie  culil,  il  must  be  made  once  more  as  hot  as  the  hand  can  bear.  A 
prirlion  of  it  is  now  transferred  into  anolher  vessel,  cttlleil  a  bark,  in  which  the  colton  is 
worked  lil!  il  be  well  penetraltd  with  ihe  decoction.  It  is  (hen  lalien  out,  wrnna  at  the 
peu  tr  squeezed  in  a  (ifess,  and  strai^hlway  bun?  np  in  the  drying-honiiL.  Some  more 
of  the  fresh  decoction  being  ndded  to  the  partially  exhausted  liquor  in  the  back,  the  pro 
ce^s  Is  renamed  upon  fresh  Goods. 

The  manipulation  is  Ihe  satne  with  sumach,  but  the  bath  is  somewhat  diHerentlj' made; 
because  the  qunnlily  of  sumach  must  be  double  that  of  galls,  and  must  be  merelv  infused 
m  rery  hot  water,  withont  boiling.  When  anils  and  sumach  are  both  prescribed,  llieir 
baths  should  be  separately  made  and  miied  tosether. 

2.  ^liimitt^.  Alum  is  a  salt  which  serves  to  prepare  cotton  for  receiving  an  indefinite 
variety  of  dyes.  Its  bath  is  made  as  follows:  For  100  pounds  of  scoured  cntton^  about 
aOpallonsof  water,  beinc  put  into  the  copper,  are  healed  to  abo-  .32°  F.,  when  4  ounces 
of  alum,  coarsely  poiimled,  are  thrown  in  for  every  pound  of  colli>n,  and  instantly  dis- 
BolvMi.  Whenever  the  beat  of  the  bath  has  fallen  to  about  98"  F.,  the  cotton  is  we!! 
worked  in  it,  in  order  Ibat  the  solntion  may  thoroughly  penetrate  alt  its  pores.  It  is  then 
taken  out,  wrung  at  the  pea  or  squeezed  in  Ihe  press,  Bid  oiied  in  the  shade.  TM  solu- 
tion of  alum  is  of  such  constant  empliiyment  in  this  k.i.d  of  dyeinir,  that  il  should  be 
maue  in  large  quanliiies  at  a  lime,  kept  in  the  alum  lun,  where  it  can  suiTer  nodeteriora 
lion,  and  drawn  olT  by  a  Kpiaot  or  slop  cock  as  wanted. 

There  are  certain  colors  which  require  alum  to  be  deprived  of  a  portion  of  its  acid  ex- 
cess, as  a  supersalt;  which  may  he  done  by  putting  1  ounce  of  cryptats  of  soda  into  the 
tun  for  every  |M)und  of  alum.  But  so  much  soda  should  never  be  used  as  to  cause  an" 
pprmanent  preeipitatinn  of  alumina.  When  thus  prepared,  il  is  called  salMTaUd  alum, 
thouab  il  is  by  no  means  nenlral  to  lilraus  paper ;  but  it  crvslallizes  differently  from  ordi- 
nary alum. 

Colton  does  not  lake  up  at  ihe  firsc  alumina  a  sufficient  quantity  of  alum  ;  but  il  mast 
receive  a  second,  or  even  a  third  immersion.  In  every  case  the  stuff  should  betborougbiy 
dried,  with  an  interval  of  one  or  iwo  days  between  each  application ;  and  it  may  even  be 
lelY  for  10  or  19  hours  moist  with  the  alum  bath  before  being  hung  in  the  air.  When 
the  cotton  is  finally  dry,  it  must  be  washed  before  being  plnnged  into  the  dye  balh  j  other- 
wise, the  portion  of  atum  not  intimately  combined  with  the  cotton,  but  adhering  exter- 
nally to  its  filaments,  woiikl  come  oil'  by  the  beat,  mij:  with  the  bath,  alier  ihe  color 
by  dissolving  in  il,  and  throw  il  down  to  [he  bottom  of  the  copper,  in  Ihe  form  of  a  lake, 
to  the  great  lass  of  the  dyer.  Madder  reds,  weld  yellows,  and  some  other  colors  are 
mure  brilliant  and  faster  when  acetate  of  alumina,  prepared  with  acetate  of  lead,  alum, 
and  a  little  potash,  is  used,  than  even  samrated  alum.    This  mordant  is  employed  cold, 

3.  Mordants.    See  this  arlicle  in  its  alphabetical  pkce. 

4.  fljeiaMaaredislineui-hed  into  two  classes;  the  colorina bath, and  the  dyeine bath. 
The  former  serves  to  eitracl  the  coloring  matters  of  the  dilierent  subslajii^cs  with  the 
exception  of  madder,  which  is  always  used  in  substance,  and  never  a^  in  ejilract,  infu- 
sion, or  decoction.  In  all  these  cases,  when  the  color  is  extracted,  that  is  wnt>n  the  dye 
bath  is  completed  bj'  ihi-  deRree  of  heat  suited  to  each  substance,  ii,  js  tnen  allowed  (o 
coil]  down  a  certain  way,a<vJ  the  cotton  is  woiked  or  winced  through  ii,  to  ei-t  the  wished- 
for  tint.  This  is  what  is  called  Ihe  dye  bath.  Several  crdorina  batns  are  ninde  in  Ihe 
cold ;  and  Ihey  serve  to  dye  also  in  Ihe  cold  ;  but  the  greater  part  require  a  heat  of  00°  ox 
100°  to  faeililale  Ihe  ]ienetralioo  of  Ihe  stuffs  by  the  coloring  particles.  The  description 
of  the  several  dye  baths  i^  ^iven  under  the  individual  dyes. 

5.  0/  Ihe  viaahiiig  after  the  dyeing. — The  washine  of  the  cottons  after  (bey  have  re- 
ceives the  dyes,  is  one  of  the  most  important  opeialions  in- the  business.  If  it  js  not  care- 
fully perforrned,  the  excess  of  color  not  combined  wtlh  the  fibres  is  apt  lo  stain  whatever 
it  touches.  This  inconvi'uience  would  be  nf  little  conseiguence,  if  the  friction  carried 
off  the  color  tqiri-y  frnm  all  the  points ;  but  il  does  not  do  so,  and  hence  Ihe  surface  ap- 
pears mottled.  A  well-planned  dye  hoose  should  be  an  oblonj?  irallery,  with  a  stream  of 
water  flowing  along  tn  an  open  conduit  in  ihe  oiddle  line,  a  series  of  dash-wheels  ar- 
tanced  against  the  wall,  at  one  side,  and  of  dyeing  coppers,  furnished  with  self-acting 
wincfS  or  reels  aeainsl  the  other.  In  such  a  gallery,  the  washing  may  be  done  either  bj 
band,  T>y  the  rinsing  machine,  or  by  the  dash  wheel,  according  lo  the  quality  of  the  dye, 
Bnd  the  texture  of  Ihe  stuffs.  And  they  may  be  stripped  of  the  water  either  by  Ihe  jack 
and  pin,  by  the  sqoceling  roller,  or  by  the  press.  Wooden  pins  are  placed  in  some  dye 
bouses  on  each  side  of  the  wash  cistern  or  pool.  They  are  somewhat  conical,  1 J  foot 
high,  3i  inches  in  diameter  at  the  base,  IJ  at  the  lop,  are  fixed  firmly  nprighl,  ai 
level  of  about  3  feel  above  the  bottom  of  the  cistern,  so  as  to  be  handy  for  It 
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See  Bbazil  Wood,  FiiBTifv  Maedei!,  Buck  Dili  Brown  Dye,  Ac,  bs  also  BiEiciiiNo^ 
Bb:\s,  Calico  Pbintiso,  Dunoinq,  Dyeing,  &e. 

C'ollon  map  be  dufir-guinked  from  Linen  in  a  cloth  fnhrli;  bj  menns  of  r  good  micro. 
900)10 ;  tlie  f'oi'iiier  fibres  being  flnt,  riliand-like  and  more  or  let^a  conlorted  or  slirivolled, 
nnd  tbe  kMer  al.raiglit^  round,  and  with  cross  inotB  at  certain  distances.  These  two 
iitirons  matters  may  be  also  distingniBhed  by  the  action  at  n  boiling  iieat  of  a  strong 
caiistiu  1  ve,  made  by  dissolving  fused  potasli  in  its  own  weight  of  water.  By  digestion 
■n  this  liqnor,  linen  yard  becomes  immediately  yellow,  while  the  cotton  yarn  remiiini 
wliite.  Tlie  best  way  of  operating  is  to  immerse  a  square  inch  of  the  cloth  to  be  tested 
for  two  niinntes  in  tlie  nbove  boiling  hot  cauatio  lye,  to  lift  it  out  on  a  glass  rod,  presa 
it  dry  between  folds  of  blotting-paper,  and  then  to  ptill  out  a  few  of  tbe  warp  nnd  weft 
threads — when  the  linen  ones  will  be  fonod  of  a  deep  yellow  tint,  but  the  cotton,  white 
or  very  pale  yellow. 

Cotton  {Alkalhed).  The  ntereuriied  cotton,  as  it  has  been  cBlJed,  is  chemically  jden- 
ticnl  witli  the  natural,  but  instead  of  having  its  fibrra  flattened  and  twisted,  it  has  tiiem 
cylindrical,  as  seen  in  the  microseope.  In  fact,  the  moment  tliej  are  tauelied  by  tbe 
alkaline  lye  they  untwist  themselves,  contract  in  length,  nnd  retain  the  rounded  foi'in 
after  the  soda  is  removed  by  wasliing.  We  can  thus  conceive  how  a  lai^er  quantity  of 
dye  may  be  imbibed,  as  the  substance  becomes  more  porous.  Tlie  formula  of  the 
Bodned  cotton  is  given  by  Mr.  Gladstone  as  C^^  H^  O^  KO,  when  potash  is  the  alkali 

COrro's  FACTOKY  {General  Conalruetion  o/).— There  is  no  textile  oibstnncB 
whose  filaiueuta  are  so  susceptible  of  being  spun  ijito  fine  threads  of  uniform  twisty 
strength,  and  diameter,  as  cotton  wool.  It  derives  tliis  property  from  the  smoothness, 
tenacity,  fle}:ibility,  elasticity,  pecaliar  length,  and  spiral  form  of  tlie  filaments;  hence, 
when  a  fen  of  them  are  pulled  from  a  heap  with  the  fingers  and  thumb,  they  lay  hold 
of  and  draw  out  many  others.  Were  they  much  longer  tliey  could  not  be  so  readily 
attenuated  into  a  fine  thread,  and  were  they  much  shorter  the  lliread  would  be  deficient 
in  cohesion.  £ven  tbe  differences  in  the  lengths  of  the  cotton  staple  are  of  advantage 
ill  adapting  them  to  different  styles  of  spinning  and  different  lestures  of  cloth. 

If  we  take  a  tuft  of  cotton  wool  in  Ijie  left  iiand,  and  seizing  the  projecting  fibres  with 
tl  '^1 1,  si  wly  d  aw  tbem  out,  we  shall  perceive  with  what  remarkable  facility  tbey 
gl  d  ]  t  h  tl  er,  and  yet  retain  tbeir  mutual  connexion,  while  they  are  extended 
a  d  a  g  d  n  parallel  linet^  so  as  to  form  a  litlJe  riband  sosceptible  of  considerable 
I  gat  n,  Tb  demonstration  of  the  ductility,  so  to  speak,  of  cotton  wool,  succeeds 
t  li  I  tt  r  tlie  cai'ded  fleece  in  which  tlie  filaments  have  acquired  a  certain 
p  II  1  m  f  a  this  case  tbe  tiny  riband  in  beint;  drawn  out  by  the  fingers  to  a 
n  i  t  1  gll  may  at  the  same  time  receive  a  gentle  twist  to  preserve  its  cohesion 
till  1 1  a  fine  thread. 

H  w        y  magiiie  the  steps  to  be  taken  or  the  mechanical  processes  to  be 

pursued  in  cotton  spinning.  After  freeing  the  wool  of  the  piant  fyom  nil  foreign 
Butistanocs  of  a  lighter  or  a  heavier  nature,  the  nest  tbing  is  to  arrange  the  filaments  in 
lines  as  parallel  as  possible,  then  to  extend  them  into  regular  ribands,  to  elongate  these 
ribands  by  many  successive  draughty  doubling,  ijuadrupling,  or  even  ootupling  them 
meanwhile,  so  as  to  give  them  perfect  equality  of  size,  consistence  and  texture,  and  at  the 
same  time  to  complete  the  parallelism  of  the  fibres  by  undoing  the  natural  convolutions 
they  possess  in  the  pod.  When  tbe  rectilinear  extension  has  been  llius  carried  to  the 
fineness  required  by  tlie  spinner,  or  to  that  compatible  with  the  staple,  a  slight  degree 
•A  torsion  must  accompany  the  further  attenuation;  which  torsion  may  be  either 
momentary,  as  in  the  tube  roving  machine,  or  ])ermanent,  ns  in  the  bobbin  and  fly  frame. 
Finally,  the  now  greatly  attenuated  soft  thread,  called  a  fine  roving,  is  drawn  out  and 
twisted  into  flnished  cotton  yarn,  either  by  continuous  indefinite  gradations  of  drawing 
and  twisting,  as  in  tlie  tlirostle,  or  by  successive  stretclies  and  torsions  of  considerable 
lengths  at  a  time,  as  in  the  mule. 

Mechanical  spinning  consists  in  the  suitable  cxecntion  of  tliese  different  processes  by 
H  series  of  different  machines.  After  tlie  carding  operation,  these  are  made  to  act 
simnltaneously  upon  a  multitude  of  Hbands  and  spongy  cords  or  threads  by  a  multitude 
of  meelianical  hands  and  fingers.  However  simple  and  natural  tbe  aliove  deserilied 
course  of  manufacture  may  appear  to  be,  innumerable  difficnlties  stood  for  ngcs  in  the 
way  of  its  accomplish  men  f,  and  so  formidable  were  they  as  to  render  their  entire 
reiiiovnl  of  Inle  years  in  t!ie  cotton  factories  of  England  one  of  the  greatest  and  most 
honorable  achievementa  of  human  genius. 

1.  Tbe  cleaning  and  opening  up  or  loosening  the  flocks  of  cotton  wool,  as  imported 
in  tlic  hogs,  so  ns  to  separate  at  once  the  coarser  and  heavier  impurities  as  well  aa  tbost 
•f  a  lighter  and  finer  kind. 
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to  remove  ever^ 
1,  and  fiiinlly  to 
til.  afleepjweb, 

■mplete  tba 


2.  The  carding,  Trhieh  ia  intended  to  disentan^'e  every  tiift  oi 
ri>mtiinini;  impuritj  which  miglib  have  eluded  the  previous  o| 
[irepnre  for  nrrflnging  the  fibres  id  parallel  lineb,  bj  Ujing  the  cot 
and  then  in  a  riband  form. 

8.  The  (byublinq  and  dramvff  mit  of  the  card-ands  or  ribands,  in  order  to  e( 
pomllulism  of  the  filnmente,  and  to  equalize  their  qiinlitj  nnd  texture. 

4.  The  roiling  opcrstion,  wherel)j  the  dTawing"  made  in  tlia  preceding  p 
greatly  attenuated,  with  no  iimre  twist  than  is  indispensable  to  presi — "■  "■ 
continuity  oi  the  spongy  cords;  which  twist  either  remains  in  tliem, 
imni  ell  lately  after  the  attennadon. 

5.  The  fine  roving  and  slreteMng  come  next;  tlia  former  operation  being  effected  by 
the  fine  bobbin  and  fly  frame,  the  latter  by  the  stretcher  miila 

6.  The  spinning  operatJon  finishes  the  extension  and  twist  of  the  yarn,  and  is  done 
either  in  a  continuous  manner  by  the  water  twist  and  throstle,  or  discontinuously  by 
tlie  mule;  in  the  former,  the  yarn  ia  progressively  drawn,  twisted,  and  wound  upon  the 
bobliiiia ;  in  the  iHtter  it  is  drawn  out  and  twisted  in  Jenglhs  of  about  56  inches,  which 
are  then  wound  all  at  onee  upon  the  spindles. 

7.  The  seventh  operation  is  the  winding,  doubling,  and  singeing  of  the  yarns,  to  fit 
tliem  for  the  muslin,  the  stocking,  or  tlie  bobbin  net  lace  manufacture, 

8.  Tlie  packing  prena,  for  making  np  the  yarn  into  bundlea  for  the  market,  «oncludea 

fl.  Tc  the  above  may  be  added  tlie  operations  of  the  dressing  maoliines,  and, 

10.  Tlie  power-looms. 

The  site  of  the  factory  ought  to  be  carefully  selected  in  reference  to  the  health  of  the 
operatives,  tlie  cheapness  of  provisions,  the  facilities  of  transport  for  the  ravr  materinlg, 
nnd  the  convenience  of  a  market  for  the  manufactured  article?.  An  abundant  supply 
of  labor,  as  welt  as  fnel  and  water  for  mechanical  power,  ought  to  be  primary  con- 
siderations in  setting  do^n  a  factory.  It  sliontd  therefore  tie  placed,  if  possible,  in  a 
populous  village,  near  a  river  or  canal,  but  in  a  situation  free  from  marsh  malaria, 
and  witli  such  a  slope  to  the  voider  stream  as  may  ensure  the  ready  diseharge  of 
all  liquid  impurities.  Tliese  ciTOUmatanoas  happily  conspire  in  the  districts  of  Stoct- 
port,  Hyde,  Htayleybridge,  Ducteiifleid,  Bury,  Bfackbiirn,  Ac,  nnd  have  eminently 
favored  the  rapid  extension  of  the  ootlon  manufactures  for  which  these  places  are  pre' 


tonsists  of  a  main  body  with  two  lateral 
^  appropriated  to  store-rooms,  a  counting- 
1  bobbins,  and  other  niiscellaneona  purposes. 
The  gronnd-plan  comprehends  aplot 
—  "the  boiler  sheds. 


Mr.  OrrelTi  Cnlton  Jtwiory.— The  n 
wings,  projecting  forwards,  the  latter  b 
house,  rooms  for  winding  tiie  yarn  oi 
The  building  has  6  floors  besides  tBe  atljo  story.    The  gr 
of  ground  280  feet  long  hv  200  feet  broad,  eMlusive  of  tli 

The  right-hand  end,  a  (fy.  S89)  of  the  principal  building,  is  separated  from  the  mam 
body  by  a  strong  wall,  and  serves  in  the  three  lower  Stories  for  accommodating  two 
ninety-liorse  Steam  encines,  which  are  supplied  with  steam  from  a  range  of  boilers 
i.'ontained  in  a  low  she3  exterior  to  the  mill. 

The  three  upper  stories  over  tlie  steam  engine  galley  are  used  for  unpacking,  sorting, 
piuking,  cleaning,  willowing,  batting,  and  lapping  the  cotton  wool.  Here  are  the 
willow,  the  blowing,  and  tJie  lap,  maabines,  in  a  descending  order,  so  that  the  lap 
machine  occupies  the  lowest  of  the  three  floors,  being  thus  most  judiaiously  placed  on 
the  same  level  with  the  preparaljon  room  of  the  building.  On  the  fourth  main  floor  of 
tlie  facl«ry  there  are,  in  the  first  place,  a  tine  of  carding  engines  arranged,  near  and 
parallel  to  the  windows,  as  shown  at  b,  b,  in  the  ground  plan  (fig.  389),  and,  in  the 
second  place,  two  rows  of  drawing  frames,  and  two  of  bobbin  and  fly  frames,  in  alternate 
lines,  parallel  to  each  otiier,  as  indicated  by  d.  c^  d.  o.  for  the  drawing  frames,  and 
i;  ^  ^  ^  for  the  bobbin  and  fly  frames  in  the  ground  plan.  The  latter  machines  are 
ciose  to  the  centre  of  the  apartment. 

The  two  stories  next  «nder  Che  preparation  room  are  occupied  with  throstle  frames, 
distiibulod  as  sliown  at  if,  f,  in  the  ground  plan.  They  stand  in  pairs  alongside  of 
each  other,  whereby  two  may  be  tended  by  one  person.  These  prinoipal  rooms  are 
2S('  feet  lon^  and  nearly  GO  feet  wide.  The  two  stories  owr  the  preparation  room,  viz., 
the  fifth  and  sixth  floors  from  the  ground,  are  appropriated  to  the  mule  jennies,  which 
are  placed  in  ])airs  fronting  each  other,  so  that  each  pair  may  be  worked  by  one  nimi. 
Thi-ir  mode  of  distribution  is  shown  at  a  e.  in  the  ground-plan.  The  last  Bini;le 
mule  is  seen  standing  against  tlie  end  wall,  with  its  head-stoek  projecting  in  the 

Tiic  ground  floor  of  the  main  building,  as  well  ns  tim  extensive  shed  abutted  behind 
it,  marked  by  n,  n.  n,  in  the  plan,  is  devoted  to  the  pi.wer  looms,  the  mode  of  placing 
v/hich  is  plainly  seen  at  H,  h.  h. 
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The  Hftifl  bU)ij  Bflenmmoilnfes  the  warping  mills,  and  fho  warp  dressing  machinal 
tobaervienl  to  powpr  weayinj;. 

The  windinff  mnehines,  and  eoitie  exira  mtilcs  {Belf-nctors)  nre  plnced  in  the  wings 
tlie  five  windinc  maeliines  (leini;  in  the  two  t^p  moms  of  the  left  wing. 

W«  shnll  briflflj  «nin  up  the  references  in  the  ground-plan  na  fottows: — 

A,  (lie  gi'nnd  flpartn^ent  for  the  sleani  eiicrneB. 

E,  the  distribution  of  Ihe  enrding  engines,  the  moving  shaft  or  axis  running  in  a 
llrnight  line  throngh  them,  witb  its  pullejs  for  receiving  tlie  diiving  bands. 

C  c,  tlie  drawing  frHmea. 

D,  B,  the  jack,  or  ooai'se  bobbin  and  fly  frames. 

E,  E,  thfl  fine  roving  or  liobbin  and  By  franiea. 

T  tfie  arrangement  of  tlie  throstle  frames,  stunditig  in  paiis  athwart  the  gflllery.  in 
thn  2i  and  3d  flats. 

e,  the  muleH  are  here  represented  by  their  roller  benms,  and  the  ontlines  of  their  head- 
■tocks,  as  placed  in  tlie  fith  and  6th  stories. 

H,  the  looms  with  tlieir  driving  piillcva  projecting  from  the  ends  of  their  main  axes. 
Sometimes  the  looms  are  placed  in  parallel  ftraigiit  lines,  with  tlie  rigger  pulleys  of  tlie 
one  alternately  projsotad  more  than  t!ie  other,  to  permit  tlie  free  play  of  the  driving- 
belts;  someljmes  the  looms  are  placed,  as  generally  in  this  engraving  alternately  to  tlie 
riirlit  and  left,  by  a  email  sjiaoe,  when  the  pulleys  may  all  project  equally.  The  former 
plan  is  the  one  adopted  in  Mr.  Orrell's  mill. 

I,  represents. the  cast-iron  girdere  which  enpport  tbe  l^oors  of  this  fire-proof  building; 

K,  K,  are  olosela  placed  in  each  floor,  in  the  recesses  of  a  kind  of  pilasters  built  agninst 
the  outside  of  the  edifice.  These  hollow  shafts  are  jiiined  at  top  by  horizontal  pipes, 
wliith  all  terminate  in  a  cbest  connected  witli  the  suction  axes  of  a  fan,  whereby  a  con- 
stant drnnght  of  air  oiraulntea  up  the  ehafls,  ventjlates  the  apartments,  and  prevents  the 
reflux  of  offensive  effluvia  from  tlie  water-eloseta,  however  careless  the  worb-people  may 
be.  The  tunnels  toward  the  one  end  of  the  building  are  desljned  for  the  nuen;  to 
ward  the  other  for  the  women. 

L.  t,  are  the  staircases,  of  n  horse-shoe  form,  the  interior  »pnee  or  shaft  in  the  middle 
being  used  for  tlie  tengle  or  hoist.  In  the  posterior  part  of  Ihe  shaft  a  niche  or  groove 
is  lelt  for  the  counter- weight  to  slide  in,  out  of  the  way  of  the  ascending  and  descending 
platform. 

M,  u,  are  the  two  porters'  lodges,  eonneeted  to  the  corner  of  each  wing  by  a  handsome 
iron  balustrade.     They  are  Joined  hy  an  iron  gate. 

It  will  be  ob'i'rved  thiit  the  back  lnoni-shed  has  only  one  story,  as  shown  in  section, 
jfj.  391),  In  the  ground-jilan  of  ihe  shod,  s  represents  llie  roofing,  of  wood-work. 
The  ratters  of  the  flimrs  rest  at  their  ends  upon  an  iron  plate,  or  alioe  with  edges  (as  it 
is  called),  for  the  girdrrs  to  hear  npon. 

The  two  Btenin  engines,  of  fully  flO  horse  power  each,  operate  bj  cranky  -which 
Itand  at  right  angles  upon  the  shaft  marked  a  both  in  the  plan  and  section.  In  f.be 
centre,  between  the  hearings,  is  a  large  cog-wheel,  driring  n  smaller  one  upon  the 
shaft  marked  b  iu  both  figures,  to  whtcii  tlie  fly-wheel  c  belongs.  That  prime  motion 
wheel  is  magnificent,  anil  posseases  n  strength  equal  to  a  strain  of  300  liorses.  From 
this  shaft  motion  is  given  to  tlie  main  or  upright  sliafb  d,  in  the  section,  by  two  bevel 
wheels,  visible  at  the  side  and  on  tiie  Cup  of  the  greet  block  of  stone,  about  S  tous 
weight  (j%.  391),  whioli  gives  a  solid  basis  to  tlie  whole  moving  apparatus. 

The  velocity  of  the  piston  in  these  steam  engines  is  240  ft.  per  minute. 

The  first  shaft  makes  44'S  revolutions  per  minute;  the  main  iiprigiit  shaft  SS'84 
per  minute.  The  steam  engines makel6  strokes  per  minute;  and  tue  length  of  their 
Blrokea  is  7  ft,  6  in. 

As  the  one  engine  exerts  its  maximum  force  when  tlie  other  lias  no  force  at  all.  and 
as  tlie  one  increases  as  the  other  diminishes  in  the  course  of  each  pair  of  strokes,  th« 
two  thus  cooperate  in  imparting  an  equable  impulsion  to  the  great  geering  and  shafts, 
wliith,  being  trnly  made,  hi^lily  polished,  and  placed  in  amootli  bearinga  of  bard  bi'ass, 
revolve  most  eiluntly  and  willioiit  those  vibrations  whioh  so  regularly  recurred  in  the 
old  factories,  and  proved  so  detrimental  to  the  accurate  performance  of  delicate  spinning 
frames. 

To  the  horizontal  ramifications  from  the  upright  shaft  any  desired  velocity  of  rotation 
may  be  given  by  duly  propoHioning  the  diameters  of  the  bevelled  wheels  of  communi- 
cation between  them;  tlius,  if  tlia  wheel  on  the  end  of  the  horiiontal  liafthave  one 
half  or  one  third  the  diameter  of  the  other,  it  will  ^ve  it  a  dunble  or  a  triple  speed. 

In  iJic  lowest  floor,  the  second  bevel  wheel  above  Uieetone  block  drives  ihe  horiii^ntal 
shaft  e,  seen  in  the  grouTid  plan  ;  and  therei>y  the  horizontal  ahnft  /,  at  right  angles  to 
the  former,  which  runs  thmughont  the  length  of  the  buildi"g,  as  the  other  did  through 
'is  breadth,  backward.    Tlie  shaft  /  lies  alongside  of  the  back  window  wall,  near  th« 
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\b  proceed  to  the  Hght  and  left  in  tlie 
of  tlifin  serving  to  drive  two  lines  uf 


ceiling ;  and  from  it  tlie  tranverse  slender  shnfts  p 

miiin  Imilding,  nnd  to  tlie  slied  Miiiid  it,  ei 

looms.    Tliese  ak'iider  or  brnnoli  eliafta  nrB  moimted  with  pulleys,  each  of  wliieh  drii 

four  iooina  by  four  sepHrate  bunds. 

In  tlie  second  and  ibii'd  Boors,  whfre  the  throstles  ore  plaeeil,  the  shaft  S  is  seen  in 
the  section  to  drive  the  following  shafts: — 

Upon  the  main  upright  shaft  dfji^.  390),  there  are  i,n  each  of  these  stories  two 
horizonlal  bevel  wheels  with  their  faces  fronting  eiich  otiier  (sbomi  plainly  over  dd),  by 
wliieh  are  moved  two  smaller  vertical  bevel  wheels,  on  whose  respective  axes  are  two 
pjirallrl  shafts,  one  over  each  other,  o,^  which  traverse  the  who!e  length  of  the  building. 
'I'liese  two  shafts  move  therefore  with  eqnal  veloeilje?,  and  in  opposite  directions.  Tliey 
run  along  Uie  middle  apace  of  each  apartment;  and  wherever  tliey  pass  tlie  rectangular 
line  of  two  throstle  frames  (as  shown  at  Fin  the  ground  planlthey  are  each  provided  with 
a  pulley ;  while  the  steam  palleys  on  the  axes  of  two  contigtioua  throstles  in  cue  line 
are  placed  as  far  apart  as  the  two  diameters  of  the  faiA  shaft'pulleys.  An  endless  strap 
goes  from  the  pulley  of  tlie  nppemiost  horizontal  shaft  g,  ronnd  the  staam  or  driving- 
puiley  of  one  throstle  frame;  tlien  up  over  tlia  pulley  of  the  second  or  lower  Bhoft,  a; 
next  np  over  the  steam  pulley  of  a  second  tbroalJe;  and,  lastly,  up  to  the  pulley  of  the 
top  shaft,  g.    See  ojf  in  the  throstle  floors  of  the  cross  seetion. 

In  the  preparation  room,  three  horizontal  sbafts  am  led  pretty  close  to  the  ceiling 
through  the  whole  length  of  the  building.  The  middle  one,  b  (see  tlie  plan  fg.  8)«9^ 
(3  driven  immediately  by  bevel  wheels  from  the  main  upright  shaft  d{Jf.  8B0).  The 
two  sides  ones^  i,i,  which  run  near  the  window  walla,  are  driven  by  two  honmntal  abnfts, 
which  lead  to  these  «de  sha11&  The  latter  are  mounted  with  pulleys,  in  correspondence 
>vitti  the  Bteam  pulleys  of  two  lines  of  carding  engines,  as  seen  between  the  cards  in 
rlia  plan.  The  middle  shaft  Ii,  drives  the  two  lines  of  bobbin  and  fly  frames,  e,  r  e,  e 
(see  cross  section),  and  short  shafts  i,  i,  seen  in  the  croas  section  of  this  floor,  moved 
from  the  middle  shaft  It,  turning  in  gallows  flxed  to  the  ceiling,  over  the  drawing 
and  jack  frames,  give  motion  to  llie  latter  two  sets  of  machines.    See  o  d  in  the  cross 

a  horizontal  ahaft  ft  (see  longitudinal  and 
,  ,  .  .  .hroiigh  the  middle  line  of  the  building, 
n  from  bevel  wheels  placed  on  Iha  main  upi'ight  shail,  d,  immediately 
g  of  the  uppermost  story.  From  thpt  horizontal  shrft  ' 
ider  upright  shaft,  I,  passing  through  both  stories,  is  driv 
.  na).  Upon  these  uprijjbt  branch  sliafta  are  pulleys  in  each  story,  o 
eervea  for  two  mules,  standing  back  to  bncic  against  each  other.  To  the  single  mulea 
at  the  ends  of  the  rooms  the  motjona  are  given  by  still  slenderer  opridit  shafts,  whieli 
stand  upon  the  head  stocka,  and  drive  them  by  wheel-work,  the  steps  (top  bearings)  of 
the  shnfls  being  flxed  to  brackets  in  the  oeilinir. 

In  the  atlje,  a  horizontal  shafl^  mm,  runs  length wiae  near  the  middle  of  the  i-oof,  and 
is  driven  bj  wheel  work  from  the  upright  shaft.  This  shaft, }«,  gives  motion  to  the 
warping  rndla  and  dressing  machines. 

Tliia  cotton  mill  having  been  erected  according  to  plans  .leviaed  and  executed  by 
that  very  eminent  engineer,  Mr.  Fairbairn,  of  Manchestt-r,  may  be  justly  reckoned  a 
model  of  factory  architecture.  It  is  moauted  witli  1,100  power  looms,  of  which  100 
t'equire  steam  power  equivalent  to  SG  horses  to  impel  them,  inclusive  of  the  preparation 
anil  spinning  operations  competent  to  supply  the  looms  with  yarn.  A  thiiHi  steam 
engine  is  added. 

Ten  looms,  wilh  the  requisite  dressing,  withont  spinning,  are  considered  to  be  equi- 
valent to  1  Iioi-ae  power  iu  a  steam  engine.     Stewio  puwcr  equivalent  to  1  horse  will 


EDO  mule  spindles, 
300  aelf-actor  sjilndles, 
180  throstle  spindles  of  the  com 
i!paration  processes  are  included. 


In  Mr.  Orrell's  mill  there  are  6,474  spindlea  in  each 

of  the  throstle-frame  floors     -  -  -  12,94S    spindUs 

And  14  pairs  of  mulea  in  each  of  the  2  mule  floors, 

containing  altogether  -  -  -  24.928        " 

H  eelf-actors  in  the  wing,  containing  -  -  1,984         " 

Total  yarn  spindlea     -  45,860 


CcilH^lf 


[304]  COTTON  FACTORY. 

One  of  the  ni09t  compnoe  and  best-regtilHU<t  moiJern  factories  oa  the  srcall  scall 
wliioii  I  vi=ited  in  Lanoaaliii'e,  eonsiated  of  til e  fullowiiig  ejateiu  orinaihines; — 

1  willow,  1  blowing  miieliiiie,  1  liip  itmdjin?,  cH|>Hlile,  together,  of  uleuning  aiiQ 
Inppiiig  9,000  pounJfl  of  eutton  per  week,  if  required. 
21  pKPiJs,  breatarB,  ami  Snisliers,  wFiieh  oardeii  6,UU0  lbs,  of  cotton  every  vretk  ol 

6'J  hours*  work,  being  about  ^0  lbs.  per  eard. 
3  di'HwiDg-frRmes,  of  S  iienda  eocli. 
3  cinuBB  bobbin  and  %  frames, 
7  tine  do.  No  streteheP  m'.ile. 

12  self-actor  mules,  ofSlinqi  and  Roberts's  ooiistrnclloii,  of  404  spindlea  each 

'=1,S4S  mule  Bplndlea. 
Itl  tlii'oatle  frames,  of  236  spindles  each  "2,360  spindles. 
7  dressing  maehiues. 
SSe  power  looma 
3  warping  mills. 
300  windinfi  spindles  fop  winding  the  warp. 
The  rovings  have  4  hanks  in  tbs  pound,  and  are  epiin  into  yarn  Ko.  38  on  the 
throstle,  as  well  as  the  mule. 

One  bobbin  of  tlie  roving  (eompresseJ)  lasts  6  daja  on  the  self-actors,  and  6  daja  on 
tlie  throstles. 

Aeeoi-ding  to  the  estimate  of  Peile  &  Williams,  of  Manehester,  Cfl  horses  power  of 
a  stesm  engine  are  equivalent  to  8He  power  looms,  including  18  dressing  maohinea; 
the  uloth  being  86  inehaswida  npon  the  avetage,  and  the  yarn  varying  in  fineness  from 
12's  to  4tl'8,  tlia  mean  being  BB'a.  Ilere,  the  spinning  anil  preparataon  not  being 
iiiolnded,  the  allowanoo  of  power  will  0]>pear  to  be  high.  The  estimate  given  above 
nssi"ns  10  looms,  witli  the  requisite  dressing,  to  1  liorse:  but  the  latter  assiirna  no  more 
Uiane.  .  ^ 

For  the  following  experimental  results,  cnrefnlly  made  with  an  improved  steam- 
engine  itulicalor,  upon  the  priiiciple  of  Mr.  Walt's  eonstruetion,  1  am  indebted  to  Mr, 
BeoiiHl,  an  eminent  engineer  in  Manchester.  His  mode  of  proceeding  was  to  dcter- 
miii",  first  of  all,  tlie  power  eserCed  by  the  factory  atenin  engine  when  all  the  madiinea 

of  machines,  and  to  note  the  diminution  of  force  now  exemsed.  finally,  wlien  uU  the 
mucbines  were  disengaged,  he  determined  the  power  requisite  to  moTe  the  engine  itself, 
as  widl  as  the  great  gee  ring- wheels  and  shafts  of  the  factory, 

lie  found  at  the  factory  of  S.  A.  Beaver,  Esq.,  in  Manchester,  that  500  ealioo  looms 
(without  dressing)  toot  the  power  of  33  horses,  which  assigns  15  looma  to  1  horse 
[Hiiver. 

At  Messrs.  Birlia's  factory,  in  Manchester,  he  found  that  1,030  spindles  in  3  self- 
m-tiir  mules  took  2.6B  horses,  being  417  spindles  for  1  horse  power;  that  3,980  8|>indlea 
in  11  self-aoWrs  took  8.33  horses,  being  476  spindles  per  horse  powei-;  1080  spindles 
in  3  self-aefors  took  2  horses,  being  S40  B|iiDdlas  per  horse. 

At  Messrs,  Clarke  &  Sons,  in  Manchester,  that  SSo  looms  for  weaving  fustians  of 
various  breadths  Ifluk  64  horses  power,  exoiusive  of  dressing  machines,  being  11  loonu 

At  J,  A.  Beaver's,  on  another  occasion,  be  fonnd  that  1,200  spindles,  of  Danforth's 
construction,  took  21  horses,  being  B7  spindles  per  hoi-se  power;  and  that  in  a  second 
trial  tlie  power  of  22  horses  was  required  fur  the  same  efFeef,  being  64  Danforth'i 
spindles  per  horse  power. 

An  excellent  engine  of  Messra.  Bolton  &  Watt,  being  ti-ied  by  the  indicator,  nfForded 
the  following  results  iu  a  factory  :— 

1  for  a  steam  boot)  took  14i  horses 
h  the  shafts  -  .  -  -    ]4-o 

3|  blowing  maebines,  with  their  three  fans    -  -  -  -     21  aS 

Iu  dressing  machines  -  -..,..    10-25 

12  self-actor  mules,  of  360  spindles  each  (720  siiindles  per  horse  power)       fl-UO 
6  Danforth  throstle  frames,  containing  570  spindles  (9B  in  each),  being 
93  spindles  to  1  horse  power  .  .  .  .  ,      6'20 

At  Bollington,  in  a  worsted  mill,  he  found  that  loaj  spindles,  inoloding  preparation, 
took  1  horse  power  upon  tlirostles,  N,  B.  There  is  no  carding  iu  the  lonj  wool  o( 
woraled  inaniifneturB  for  nierlnos: — 

At  Bradford,  in  yorkshire,  he  found  that  a  40  horse  power  boat-engine,  of  BoJton 
t  Watt's,  drove  698  calico  looms,  6  dr.«sing  machines  (equivalent  to  dresi  warp  fol 
180  of  the  said  looms),  and  1  mcehanie's  workshop,  whieh  cook  2  horses  pow  *  Olhei 
engineers  estimate  200  common  tliroatle  spindles,  hj  themselves,  to  be  equiva  ni  "o  tb* 
poirer  of  1  horse. 
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The  slinRs  which  drive  tlie  canU  revolve  about  120  times  per  minute,  with  a  drivin" 
J-Hlley  of  from  ]S  to  11  iiieiios  in  diameter. 

_  The  aluifls  of  the  drawing,  and  tha  bobbin  and  fly  frames,  revolve  from  IflO  to  200 
times  per  minute,  with  pulleys  from  18  to  24  inches  in  diameter. 

The  «hiifC9  of  throstle  frames  in  general  turn  at  ttie  rate  of  from  280  to  240  limes  per 
mmiita,  with  driving  pulleys  Ig  inchea  in  diameter,  when  they  are  sninniNi?  yarn 
of  from  No.  8B  to  40.  The  shafts  of  mules  revolve  ahout  180  times  pet  minuti  ivilh 
pulleys  16  inches  in  diamett>r. 

The  sliafls  of  power  looms  revolve  from  110  to  120  times  per  minute,  with  nullevs  1 5 
muliPB  in  diameter.  •  f       J 

^   Tl.a  Shafts  of  dressing  mnehines  revolve  eo  times  per  minate,  with  pulleys  14  inehea 

Before  quitting  the  gener.ilities  of  Uie  eotton  manufacture  1  wny  slate  the  foUowina 
facts  coTrimnnicated  also  hy  Mr,  Bennet: — 

A  wagon-shaped  boiler,  well  sat,  will  evaporate  12  cubic  ft  of  water  with  1  owt.  of 
coals;  anil  a  steam  boiler  with  winding  flues  will  evaporate  17  cubic  fi.  with  the  same 
weight  of  fuel:  1^  lbs.  of  coals  to  the  former  boiler  are  equivalent  to  1  horse  power 
exerted  for  an  hour,  estimating  that  a  horse  can  raise  88,000  lbs.  1  foot  high  in  a 

'Ihe  first  cotton  mill  npon  the  fire-proof  plan  was  erected,  I  believe,  by  tba  Messre. 
Strutt,  at  Belper,  in  the  year  1797  ;  that  of  Messi-s,  Phillips  A.  Lee,  nt  Manchester,  in 
1801;  that  of  H.  Houldswortli,  Esq.,  of  Glasiiow,  in  1802;  and.tbnt  of  James  Kennedy, 
at  Manchester,  in  1305 ;  since  which  time  all  good  factories  have  been  built  fire-proof. 
Jike  Mr.  OiTell'a.  ' 

Tha  heating  of  the  apartment  of  cotton  factories  is  elfectcd  by  a  due  diBti'ibution  of 
cnst-ii'on  pi|)es,  of  about  7  or  8  inches  dinineter,  which  arc  usually  suspended  a  iil.lle 
way  below  the  ceilings,  travei'se  the  rooms  iu  tbeir  whole  length,  and  are  filled  wllh 
Rteum  from  boilers  exteiior  to  the  building.  It  has  been  .ascertained  ttat  one  cubit 
foot  of  boiler  will  haat  fully  mora  than  2,000  onbio  ft  of  space  in  a  cotton  mill,  and 
maintidn  it  at  the  temperature  of  about  76^"  Fahr,  If  we  reckon  2S  cubit  ft  contents 
of  water  in  n  waggon ed-sh sped  steam  boiler  as  equivalent  to  1  horse  power,  such  a 
boiler  wonld  hs  capable  of  warming  60,000  oubio  ft,  of  space;  and  therefore  a  10 
horse  steam  boiler  will  be  able  to  iieat  600,000  cubic  ft.  of  air  from  the  avernge 
temperatui-e,  60°,  of  our  climate,  up  to  76°,  or  perhaps  even  80°  Fahr, 

It  ims  been  also  ascertained  that  in  a  well-built  cotton  mill,  one  superficial  foot  of 
exterior  surfnea  of  oast-iron  steam  ])ipe  will  warm  200  cubic  ft  of  air.  la  common  cases 
fur  liealjug  cliurolies  and  public  rooms,  I  believe  that  one  half  of  the  above  heating  sur- 
hice  will  be  found  adequate  to  produce  a  sufiioiently  genial  temperature  in  the  air.  The 
temperature  of  the  steam  is  BU|iposed  to  be  the  same  with  that  in  Mr.  Watt's  luw- 
pvessure  engines,  only  a  few  degrees  above  313° — tha  boiling  point  of  water. 

The  pipes  must  ha  fieely  slung,  and  left  nt  liberty  to  expand  and  contract  under 
the  changes  of  temperature,  having  ona  end  at  least  connected  with  a  flexible  pipe  of 
copper  or  wrought  iron,  of  a  swan-neck  shape.  Through  this  pipe  the  water  of 
condensation  is  allowed  to  run  oft  Tha  pipes  should  not  he  laid  in  a  hoiizontnl 
dii'ection,  but  have  a  sufiicieut  slope  to  disohai^e  the  water.  Tlia  pipes  are  cast  from 
half  an  inch  to  three  quarters  thick  in  the  metal  In  practice  the  expaneion  of  elcom 
-'is  of  cast-iron  may  be  taken  at  about  one  tenth  of  an  inch  in  n  length  of  10  feet, 
n  they  are  heated  from  a  little  above  tha  freezing  to  the  boiling  point  of  water. 
-  per  surface  of  a  horizontal  steam  pipe  is  apt  to  heMimn  bnf  "  '  ■" 
latev  be  allowed  to  stagnate  in  it;  the  diffe.  _ 
to  cause  a  pipe  60  feet  long  to  be  bent  up  2  inches  in 

In  nrrotiging  the  steam  pipes  provision  ought  to  be  made  not  only  for  the  discharge 
of  the  waterof  condensation,  as  above  stated,  but  for  the  ready  eaeapa  of  the  air;  other- 
wise tlie  steam  wilt  not  enter  freely.  Even  after  tlie  pipes  are  filled  with  steam,  a  little 
of  it  should  be  allowed  to  escape  at  some  extreme  orifice,  to  prevent  the  re-aecumulation 
of  air  discbai^ed  from  the  water  of  the  sleam  boiler.  In  consequence  of  water  being 
k'ft  in  the  pipes  serious  accidents  may  happen-  for  the  next  time  the  steam  is  admitted 
into  them,  the  regularity  of  beating  and  expansion  is  impeded,  some  part  of  liie  pipe 
may  craek,  or  a  violent  explosion  may  take  placa^  and  (he  joints  may  be  racked  tn  n 

very  considerable  distance,  every  waj,  fron-  "-  -'--    ■' '         ' 

expansions  and  condensntious.    Thapipessli.     _  , 

least  possible  declivity,  in  tlie  direction  of  tha  modon  of  the  st 

Formerly,  when  drying  rooms  in  calico  printing  works  were  beat«d  by  iron  stoves,  or 
eockles,  their  inmates  ware  very  unhealthy,  and  became  emaciated;  since  they  have 
been  lieated  by  steam  pipes  the  health  of  the  people  has  become  remarkably  good,  and 
Ilieir  appearance  frequently  blooming. 

COTTDN    MAKIIFACTOKE.      (Filalure    de    Coton,    Fr.;     Baumm,lle«,spin»erit, 
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Qtrin.)  CntWn  h  a  filamenloiia  down,  which  invests  lie  seeds  of  lb*  plant  willeJ  go* 
(jpiiim  by  Linnieua,  and  placed  by  liim  in  tlie  class  monadcljikiti,  and  order  monamlria^ 
hilt  belonainj  to  (he  natural  family  of  mahacta.  It  has  a  cup-shaped  calys,  oblu»e]j 
five-loolhed,  enclosed  in  a  thiee-clift  exterior  calyx  ;  the  leaflets  are  united  at  their  base, 
of  a  heart  shape,  md  loolbtd;  Eliemas  three  to  five;  capsule  Ihree  to  live  celled  and 
many  seeded ;  seeds  bearing  a  downy  wool.  Thirteen  species  are  described  by  Decon- 
dolle,  but  their  characters  aie  very  uncertain,  and  no  botanist  can  assign  to  a  delinite 
epeciesof  the  plant,  the  very  dissimilar  Elapleis  of  the  cotton  filaments  found  in  commerce. 
The  leaves  are  generally  palm.ite  and  hai/yi  and  tbe  blos<ujin9  are  large,  and  of  a  beau- 
liful  yellow.  The  gossypmni  rr/igmtJHn  of  Tranqiiebar  has  while  blossoms  in  some  of 
lis  varielieB,  to  which  probably  the  white  colion  of  Rome,  cnliivated  in  the  Jardin  des 
I'lantes  at  Paris,  belongs.  The  filaments  difter  in  length,  flexibility,  tenacity,  and  thick 
ne«B,  in  difierent  cottonc,  whence  the  great  differences  of  ibeir  value  to  the  eottnn-spin- 
ner,  aj  the  prices  current  in  Ihe  market  show.  Thus,  at  Liverpool,  on  the  1st  of  Decem- 
ber, 1835,  tlie  following  values  were  assigned  to  the  following  cotloiis: — 

s.   d.       s,   d. 
Rea-lfland  -  -  .  1     G    to  2     6 

Demnrara  nnd  Eerbice  -  -  0     9  I     0 

Pernariibuco  -  -  -  -  0  10^        i      It 


Madras 0     fij       0     8 

Bengal  -  -  ■  -  -  0    SJ      0    fij 

Bat  it  is  (0  be  observed,  thai  there  are  varieties  of  the  Sea-islanil  Georgian  cot1o?ij  so 
liiphjy  prizeil  bj  the  spinner  of  fine  yarn,  as  to  felch  3».,  "Is.,  or  even  Ss.  per  pound. 

The  lilamenis  of  ciitlou,  when  exaniineil  with  a  good  microscope,  are  seen  to  be  mora 
or  less  riband-like,  and  imisLcd  ;  having  a  breadlh  varying  fiom  ^_  of  an  inch  in  the 
elroogeel  Smyrna  or  candle-wick  cotton  of  the  Levant,  to  -  jW  of  an  inch  in  the  finesi 
Sea- island. 

Tlie  main  distinction  between  cottons  in  the  pod,  is  thai  of  the  black  seeded  and  the 
green  seededi  for  the  former  part  with  their  downy  wool  ven'  readilv  to  a  pair  of  simple 
rollers,  made  to  revolve  nearly  in  contact,  by  tbe  power  of'the  human  armi  while  the 
latler  retain  the  wool  wiib  much  force,  and  require  to  be  pinned,  as  llie.  operation  is 
called,  by  a  powerful  revolving  circular  saw-mechanism,  usualiy  driven  by  horse  or  water 
power.  After  the  cotton  wool  is  thus  separated  from  the  eeeda,  it  is  padted  in  large 
eanvass  bags,  commonly  with  the  aid  of  a  screw  or  hydraulic  press,  into  a  very  densr- 
bale,  fur  the  convenience  of  transport.  Each  of  the  American  hags  contains  about  3^0 
lbs,  of  cotton  woo].  When  this  cotton  is  delivered  to  the  niannfaclurer,  it  is  so  foul  and 
flocky,  that  he  must  clean  and  disenlangle  it  wilh  (be  utmost  care  before  he  can  subject 
it  to  the  carding  operation. 

Fig.  390,  A  B,  is  a  roller,  abont  9  inches  in  diameter, 
which  revolves  in  the  direction  of  the  arrow.  This 
cylinder  consists  of  a  parallel  series  of  oblique  pointed 
circular  saws  made  fast  to  one  axis,  and  parted  from 
each  other  by  wooden  rings  nearly  one  inch  and  a  half 
in  thickness.  Above  the  cylinder,  is  n  kind  of  hopper 
E  F,  into  which  the  ginner  throws  the  seed  cotton,  which 
frills  upon  a  grating,  iip  through  which  small  segments 
of  the  saw  teelb  project,  so  as  W  Iny  hold  of  the  fibres  in  their  revolution,  and  pull  them 
Ibroiifh,  while  the  seeds,  being  thus  separated,  loll  down  the  slope  of  (he  grid,  to  be 
di-charged  frtm  the  spout  t  k.  m  is  a  cilindrica!  biush  placed  below  the  grating, 
which   revohes   against  the  saw-teeth,   bo  bs  to  clear  them  of  the  adhering  cotton 

The  utIJotD,  which  was  originally  a  cylindrical  willow  basket,  whence  its  name,  but  is 
nt  w  a  box  made  of  wood,  with  revolving  iron  spikes,  is  the  first  apparatus  lo  which 
eotton  woo!  IS  exposed,  after  it  has  been  opened  up,  picked,  and  sorted  by  hand  or  n 
take,  in  what  is  called  a  Uvg.  The  willow  evercises  a  winnowing  action,  loosens  the 
iBi  gp  floci  s,  and  «hakes  out  much  of  the  dirt  cO'  tained  in  them.  The  frame  of  the 
willow  i'  ntiout  2  fett  wide,  and  turns  with  its  spikes  ai  the  rapid  rate  of  600  revolutions 
per  minute,  whereby  it  tosses  the  cotton  about  with  great  violence.  The  heavy  im. 
purities  fall  down  (broueh  the  crid  bottom.  It  is  exposed,  however,  for  only  a  feW 
minutes  to  the  aeticn  of  this  machine.  For  factories,  which  work  op  chiefly  the  coarsei 
■nd  fouler  cottons  of  India,  and  Upland  Geoigia,  the  conical  self-acting  willow,  ni 


COTTON  MAHUFACTURK. 

constfocted  by  Mr.  Lillie  at  Manchester,  is  much  employed.  In  it,  the  coMon  is  [,nt 
the  narj'om  end  of  the  tninctited  cone,  which,  being  spiked,  and  rerolvint;  rapidly  w 
B  nearly  concentric  case  upon  a  horizontal  axis,  wafis  h  on  towards  the  wide  end,  v 
ils  impurities  are  jiartly  shalien  oBt  through  the  arid  or  perforated  bottom,  nnd  p 
sucked  up  (hrouirh  revolving  squirrel  wire  cBzes,  hy  tlie  cpuirifugal  action  of  a  fan 
"'      ' *,  d      f  11  d  ■   assaf 


and  three  feel  across  within  the  case.  The 
whole  frame  is  made  of  cast-iron,  lined 
with  boards,  forming  a  close  boi,  which  has 
merely  openings  for  introducing  the  raw 
coiton  wool,  for  lakinir  ont  the  cleansed 
wool,  and  removins  the  dust  as  il  collects 
at  the  bottom.  These  doors  are  shut  du- 
ring the  operation  of  the  machine,  bo l  may 
be  opened  at  plensnre,  to  allow  Ihc  inteiior 
to  be  inspecled  and  repaired. 

The  introduction  of  the  cotton  is  effecteii 
by  means  of  an  endless  cloth  or  doul>le 
apron,  which  moves  in  the  direction  of 
the  arrow  o  o,  at  the  lefl  end  oflhefianre, 
by  passing  round  the  continually  revolving 
rollers  at  6  and  c.  The  two  rollers  at  e, 
being  the  ones  which  immediately  intro- 
duce ihe  conon  into  the  jaws,  as  il  were, 
of  the  machine,  are  called  the  feed  rollers. 
The  baiting  nrni,  or  revolving  diameter, 
/^  turns  in  the  direction  of  the  arrow,  and 
strikes  the  flocks  violently  as  they  enter,  so 
as  to  throw  down  any  heavy  particles  upon 
the  iron  eraling  or  grid  at  n,  while  the 
light  cotton  iilanients  are  wafted  onwards 
with  the  wind,  from  the  rotation  of  Ihc 
scutcher  in  the  direction  of  arrow  a',  along 
the  second  travelling  a[>ran,  upon  which  the 
squirrel  caee  cj'linder  presses,  and  applies 
the  cotton  in  the  form  of  a  lap.  Above  (he 
cylindric  cage  h,  which  turns  in  the  di' 
reciion  of  its  arrow,  there  is  a  pipe  k,  ihe 
eontinnalion  of  the  case  i.  This  pipe, 
though  broken  off  in  the  flgnre,  com- 
municates by  a  branch  pipe  with  an  air- 
sucking  fan  ventilator,  not  seen  in  thii 
ligure,  but  explained  under  Foundry.  The 
cage  ft,  hy  its  rotation,  presses  down,  as  we 
have  said,  the  half-cleaned  cotton  upon  the 
cloth  a',  which  carries  it  forward  to  the 
second  scnteher  /',  by  the  second  set  of 
feed  rollers  e'.  The  second  scnteher  throws 
down  the  heavy  dust  upon  Ihe  second 
grid  II',  (brough  which  it  falls  npon  the 
bollora  of  the  case.  The  first  scutcher 
makes  about  1280  strokes  of  each  of  its 
two  arms  in  a  minute;  the  second  1300. 
The  feed  clolh  is  either  sustained  i^  a  board,  or 
ecure  it  against  bagging,  which  woujd  render  ths 
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is  in  Ihe  ninale ;  anil  b; 


delivery  of  the  eoHon  irresulnr.    The  feed  rollers  make  8  ti 

Iheir  diameter  is  l|  inches,  Ihey  will  inlroilnce  8  times  Iheir  dnumrercnce,  or  37-7  ini-hM 
of  the  cotton  spread  upon  the  apron  in  that  time.  Upon  every  I2lh  part  of  an  inch  of 
the  cotton,  therefore,  neaily  3  blows  of  the  sculcher  arm  will  be  applied.  The  .ec-ini 
feed  rollers  move  relatively  wiih  more  slowness,  eo  Chat  for  every  2-4  blows  uf  the 
SCnlcher,  only  one  twell\h  of  an  inch  of  cotton  wool  is  prefented. 

The  fan  is  enclosed  in  a  cylindrical  case.  The  wings  or  vanes  revolve  from  120  to 
150  limes  ill  the  minute ;  and  while  thej  throw  the  air  oat  with  nearly  this  velocity 
St  their  eccentric  oallet  in  the  cii'cumference,  they  cause  it  lo  enter,  with  equal  ve- 
locityj  St  the  centre.  With  this  centre  the  squirrel  cage  is  connected  by  a  pipe,  as  above 
,  stated.    The  sound  ^Ismenls  of 

^\  the   cotton  are  arrested   by   the 

sieve  sui  face  nf  yie  cylinrlrie  case, 
and  nothing  but  Ihe  broken  frsi;- 
ments  and  the  light  ditsl  can  pass 
tbmush. 

The  cotton  wool  in  the  blowins; 
macliine  >s  wafted  by  the  second 
"  Icier  into  the  space  x  v.  u 
pro  ded  w  lb  a  fine  sr  I  hot  om 
or  1  s  somet  mci  wound  op  there 
b\  r  Hers  into  a  lap 

In  ^'391   anadditionnMenti 

la    r  IS  introduced  beieath  at  m 

0    0    to  ad  the   acton   of  thp 

c  Ichers  in  blowin"  the  cotton 

oa«ards  into   ibe  oblon"  tro  -b 

The  outlet  of  thai  fan    >  at 

il-aws  in  the  ara     to 

and  V  are  Iwo  dm  s 


ansinilted  fom  lie 
Ll  s  to  Ihe  vanons 
of  the  machine  6  t  rep- 
1  the  bands  leadin"  to  ll  e 
shaft  nc  of  the  mil  A 
p  of  Ih  5  k  nd  can  clean 
P)00  i«  u  ids  of  shori 


idence  of  one 


sfLonl  Blowm 
iHj  called  a  la] 
:,  aAer  blowing  ai 


th    I 


is  above  desciibed. 


also,   called    i 


jpreaJitig 
of    i-     * 


e  breadlli.    In  the   fig;ire   we 

squii^el  suction,   Knd    sprcadini!    cage, 

'     '^      removing   l 


r  shown   below 


ivn  in  fig.  392.    The  breadth 

his  maeliine  is  about  3  feet,  as 

lap  formed   is  prepaied   fnt 

usnal  breadth  of  Ibe  bieakec 

Is,  namely,  3  feet.    Where  the 

Is  are  only  18  inches  broad, 

Hie  lap  machine  is  also  made  of 

:  Ihe   feed-cloth,  llie  scnlchin?  barrel,   ihe 

[   the   rollers   fi.r  coiling  up  the  lap.    The 

pressure  weight   from   the  axis  of  the  lap 
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rs,  vrhen  a  full  one  is  to  be  removed,  and  replaced  by  an  empty  one.  tn,  ni  the  tip, 
,e  oummencement  of  the  pipe  which  leads  to  the  suction  fan,  or  ventilQtnr,  Tlie 
iness  iif  the  lap  in  this  machine  must  be  nicely  regulated,  as  it  determines,  in  a 
(  measnre,  the  grist  of  Ihe  canl-ends,  and  even  itie  rovings.  In  12  hours  such  a  Ian 
line  uill  prepare  650  ponnds  of  cotton. 

ig^39d  is  Ihe  lira  sculchmg  machine  now  neier  »:een  except  in  the  oldest  factories. 
IS  the  feed  cloth,  G  h  and  u  n  are  the  two  scutcher  trames 


CardtHg  IS  the  next  operation  m  a  cotton  factory  Cards  are  declined  to  disentangle 
the  indiiidunl  filaments  from  each  other,  and  to  lay  them  lengthwise,  instead  of  being 
donblel  up  and  c  niolaled,  as  thev  usnallv  are  in  leaiing  the  blowinj  and  lap 
machine*  Carding  consist-  in  Ihe  tnntuil  action  of  two  opposite  sarfaces," which  are 
studded  thick  with  oblique  angled  honks.  The  wires  iS  which  tliese  hooks  are  made  must 
be  very  hard  drawn  in  order  to  render  (hem  stiff  and  elastic.  The  middle  part  of  the 
ligaies  shows  one  of  tlie  staples  or  double  teeth,  the  Elrnclure  of  which  has  been  partly 
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I,  lo  be  a  piece  of  a  card  fillet,  and  b  to  be 
iG  tu  a  board  j  the  teelh  of  these  two  cards 
,  .  .  .  near  ti^elher,  and  parallel.  Now  snppose 
r  (uft  of  cotton  phced  heiween  two  such  bristlinj  gnrfaces.  Lei  a  he  moved 
in  the  Oirection  <f  its  arrow,  and  let  b  be  moved  in  the  opposite  direction,  or  cvfn  let  it 
remain  ot  I  est  Eiery  filamenl  of  (he  cotton  will  be  laid  bold  of  by  each  set  of  teeth, 
when  their  surfaces  are  thus  di-awn  over  each  other;  Ihe  leelh  of  a  will  pull  them  in  a 
forward  direclinn,  while  those  of  b  will  tend  to  retain  Ibem,  or  to  pull  them  backwards. 
The  loops  or  doublings  will,  by  both  movements,  be  opened  or  drawn  out,  so  thai  ihe 
fluclfs  will  he  converted  into  rows  of  parallel  filaments,  lying  alongside  or  before  each 
olher.  Each  tooth  will  secure  lo  Itself  one  or  more  of  them,  and  by  the  friction  of  its 
sides,  as  well  as  the  hooks  of  its  points,  will  draw  Ihem  to  their  utmost  elonsalion, 
Thonsh  one  stroke  of  the  opposite  cards  he  inadequate  to  produce  this  equable  arranse- 
menl,  jet  many  repeated  strokes  must  infallibly  accomplish  the  end  in  view,  of  laying 
the  fibres  paialiel. 

Let  ns  suppose  this  end  effected,  and  Ihat  all  the  fibres  have  been  transferred  to  the 
card  a,  »  transverse  stroke  nf  ft  will  draw  over  to  it  a  certain  number  of  (hem,  tad  in- 
deed nl  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  willi  increased 
parallelism,  bul  still  each  caul  will  relain  a  preat  deal  of  the  cotton.  To  make  one 
fi  another,  the  lecth  of  one  of  them  must  be  placed  in  a  reverse  posilion,  as 


If  a  be 


ir>  fig.  J 


drawn  in  the  diree'ion 
It  all,  or  almost  all,  the  filami 
o  power  of  retaining  ihem. 
point  of  b,  in  obedience  lo  ihi 
of  the  cards,  which  take  pli 


of  its  arrow  aloni;  the  face  of  ft,  it  will  inevitably 
■nts  from  it,  since  the  hooks  of  6  have,  in  Ihis  po- 

F.ven  the  doubled  fibres  or  loops  will  slip  over  the 
;  Iraelion  of  u.  By  considering  these  two  relalive 
hand  cards,  simply  by  reversiuH  one  of  them 


y  person  will  be  able  to  understand  the  play  of  a  cylinder  card  aeainsl  its  flat  ir 
ncainst  another  cylinder  caril,  the  respective  teeth  bein([  in  what  we  may  call  the  leasing 
pos.lion  of /!!■.  394 ;  and  also  the  play  of  a  cylinder  card  agaiasl  Ihe  doHer  cylinder, 
in  what  may  be  called  the  strippine  position  of^g.  395. 

Cylinder  cards,  so  essential  lo  the  conlinnily  and  despatch  of  cotton  factory  labor, 
were  the  incenious  invtntioii  of  Lewis  Paal  of  Nortbnmplnn,  b  it  were  grcally  improved 
tad  brought  into  nearly  their  present  operative  stale  by  Sir  Richard  Arkwright.    A 
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cardine  enstine  consists  of  one  or  more  cjliiiders,  covered  with  eard-leallier  {someliiueB 
called  card  iloUi),  and  a  sel  of  plane  surfaces  similaily  covered,  maJe  to  work  against 
each  other,  but  so  thai  their  points  do  pot  come  into  absolute  contact.  Some  cards 
consist  enlirely  of  cylindetB,  the  central  ma[n  cylinder  bein?  surronnded  by  a  series  irf 
smaller  ones  called  urchins  or  iquirreU  These  are  used  loiely  for  pieiiarmt  Ihe  c.arser 
stapled  cotton,  and  sheep's  wool  for  Ihe  wool  spinner 

Fiif.  396  represents  a  curd  n)  eicellent  con-,truction,  which  maybe  calWB*re«fr« 
and  ftntiher,  as  it  is  capabk  of  worliiiig  up  the  fleece  loll  of  the  iappine  machinr    " 
rectly  into  a  card-end  or  iiband  fit  for   Ihe  d 
there  are  always,  however,  two 


e  morhjne 


a  is  one  of  the  two  ttprishl  slots,  which  are  fi^ed  at  each  side  of  ihe  en^rine  for  re- 
ceivins  theiron  gudgeons  of  the  wooden  cylinders  round  wdich  the  fleece  of  the  ?apping 
machine  is  rolled.  Tlie  circniiileienCB  of  this  coil  rests  npon  a  roller  6,  wliich  is  made  lo 
turn  slowly  in  siicli  a  direclinn  as  to  aid  the  nnfidding  of  the  lap  by  the  fluted  cylintlers 
e.  The  lap  proceeds  alon;  the  tflble  i^een  beneath  the  letter  f,  in  it^i  progress  lo  the  fluted 
rollerii,  which  are  an  inch  and  one  sixth  in  diumeier,  and  have  2B  llntinES  in  their  cir 
cumference.  g  is  a  wei^lit  wbicli  hangs  npon  the  axis  of  the  upper  roller,  and  <?auses 
It  to  pi-eas  upon  the  nnder  one :  /  is  the  main  card  drum ;  g  g  g,  the  aieh  formed  bj 
the  flat  top  cards;  A,  the  siuall  card  cylinder  for  stripping  olf  the  cotton,  and  therefore 
called  the  dofler,  as  we  have  sai  1 ;  i,  the  doffer-knife  or  comb  for  stripping  the  fleecy 
web  from  thedoffer;  klqai,  the  lever  meehanLim  fur  wovinsf  these  parts.  At  d  there  is 
a  door  for  pertnittiug  the  tenter  to  have  access  to  the  interior  of  the  engine,  and  lo  re- 
move whatever  dirt,  &c.  may  happen  to  full  into  it.  In  fig.  397  we  see  the  manner  of  fix- 
lag  Ihe  Hal  tops  g  g  over  the  drum ;  and  for  maliini!;  the  matter  clearpr,  three  of  the  tops 
are  removed.  Upon  the  arched  cast-iron  side  of  the  frame,  a  row  of  strong  iron  pins  k 
are  made  fast  in  the  middle  line;  and  each  top  piece  has,  at  each  of  its  ends,  a  hole, 
which  fits  down  upon  two  such  opposile  pins.  /  (  are  screws  whose  heads  serve  as 
supports  to  the  tops,  by  coming  into  contact  vrilh  the  bottom  of  the  holes,  which  are  not 
of  course  bored  Ihrough  the  wood  of  the  lops.  By  turning  the  heads  of  these  screws  a 
little  the  one  way  or  the  other,  the  pins  may  be  lenglhened  or  shortened  in  any  degree, 
so  as  lo  set  the  tops  very  truly  in  adjostment  with  ihe  drnm  teeth  revolving  beneath 
them,  h'  is  the  small  runner  or  urchin,  and  i'  the  large  runner;  both  of  which  are 
spirally  covered  from  end  to  end  wiih  narrow  card  fillets  in  the  same  manner  as  the 
doffer.  The  main  drum  is  on  the  contrary  covered  with  card  clolh,  in  strips  laid  on 
parallel  to  its  axis,  with  interjacent  parallel  smooth  leather  honlers.  The  teelh  of  these 
several  cards  areset  as  represnted  in  Ihe  fi  sure,  and  their  cylindei-s  revolve  as  the  arrows 
indicate.  The  ranners  as  well  as  the  dolfer  cylinder  may  be  set  nearer  to  or  farther 
from  the  drnm  /;  but  the  screws  intended  for  this  adjustment  are  omitted  in  the  draw 
logs,  to  avoid  confusion  of  Ihe  lines. 

The  card-end  or  fleece  taken  off  the  doffer  h  by  the  crank  and  comb  mechanism  i  ft  m, 
passes  through  the  tin  plate  or  brass  funnel  n,.fig  396,  Whereby  it  is  hemmed  in  and 
contiacted  into  a  riband,  which  in  then  passed  through  between  a  pair  of  drawing  roll- 
ers 0.  ft  is  next  received  by  the  rollers  n  v,  which  carry  it  olV  wilh  equabJe  velocity, 
and  let  it  fall  into  the  tin  cans  placed  below,  or  condncl  it  over  a  friction  pultey,  to  be 
woond  along  wilh  many  olher  card-ends  npon  a  lap  roller  or  large  bobbin.  The  laltel 
neciianism  is  not  shown  in  this  ligore.    A  sloping  cui-ved  tin  or  brass  plate,  channelled  or 
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rid^fd  alnnc  ils  sniface,  conilucts  the  card  ribands  separal el y ;  there  are  two  smooth 
iroti  roUprs  for  condensing  thp  scverHl  ribandB,and  a  wooden  pin  round  which  the  ribands 
lie  lapifcd,  reslino;  belwi'en  two  leather-covered  rulleis,  one  of  which  receives  molioo 


from  mill  gearing,  and  imparts  it  by  rriclion  !u  Ihe  lap  roller  over  it.  The  iron  ends  oT 
ihe  lap  roller  tie  in  upiigiil  slots,  which  adow  them  freedom  to  rise  as  the  roller  gels 
HI  led  wilh  fleece. 

The  two  pairs  of  rollers  at  0  effect  the  extension  of  the  card-end,  and  reduce  ils  si^e. 
The  under  rollers  are  made  of  iron  and  fluted  ;  the  upper  ones  are  also  made  of  iron, 
hnt  they  are  covered  with  a  coal  of  leather,  nicely  glued  on  over  a  coat  of  flannel,  which 
(wo  coats  render  them  both  smooth  and  elastic.  Two  weiahts,  id,  press  the  upper  cylin- 
ders steadily  down  upon  the  ander  ones.  Between  the  fiist  and  second  pair  there  is  a 
certain  interval,  which  should  be  proportioned  to  ihe  lenelh  of  the  cotton  staple.  Thr 
fecond,  or  lliat  furthest  from  the  funnel,  revolves  wilh  greater  velocity  ihan  the  first,  and 
therefore  turns  out  a  greater  length  of  iiband  thitn  it  receives  fniin.ils  fellow ;  the  con- 
sequence 's  a  corresponding  extension  of  the  riband  in  the  interval  between  (he  two  rsiis 
of  roUeiB. 

The  motions  of  the  several  parts  of  ihe  eneine  are  effected  in  the  following  ivay.  The 
band,  pp,./ig.  397,  which  cunies  down  from  the  pulley  upon  the  main  shaft  near  the  ceiling 
of  Ihe  woik-rmim,  drives,  by  means  of  the  pulley  q,  the  i\r\na/,fig.  396,  wilh  a  velocity 
of  from  lao  to  140  revolulions  in  a  minute.  From  another  pulley  r,  on  the  axis  of  ihe 
drum,  Ihe  axis  of  i  is  driven  by  the  band  j  working  ronnd  the  pulley  (  on  iB  end.  This 
shaft  drives  the  crank  and  lever  mechanism  of  [he  stripper  knife  i.  A  third  pulley  of  Ihe 
same  size  as  r  is  fixed  just  within  the  frame  lo  the  other  end  of  the  drum,  and  from  it  a 
crossed  or  dose  band  r'  goes  to  a  pulley  npon  the  small  runner  h',  to  give  this  its  rapid 
roiaiion.  Upon  the  opposite  end  of  the  engine  in  Jig.  396,  these  wheels  and  pulleys 
are  marked  wilh  dotled  lines.  Here  we  may  observe,  first,  a  pulley  y  upon  (he  dram,  and 
a  pudey  a',  which  receives  motion  from  it  by  means  of  the  band  i.  The  axis  of  a' 
eairies  in  front  a.  pinion  m',  which  sets  in  motion  the  wheel  11',  The  latter  imparts  mi>- 
(ion,  by  means  of  a  pinion  and  intermediate  wheel  0',  to  the  wheel  ft  on  Ihe  doHer 
cylinder,  and  consequently  to  that  cylinder  on  the  one  hand ;  and  it  turns,  by  the  carrier 
wheel  J)',  a  wheel  x,  whose  axis  is  marked  also  wilh  x  in  Jig.  39S,  upon  the  olher 
ftand.  The  axis  of  x',fig.  396,  carries,  towards  the  middle  of  the  engine,  a  very  broaii 
wheel,  which  is  represented  by  a  small  doited  circle.  The  toothed  wheel  v  of  [he  smooib 
liller  »',  /S^.  396,  and  the  two  toothed  wheels  0  0,  Jig.  396,  of  ihe  under  rollers  0  0.  fin. 
396,  work  into  that  broad  wheel.  The  wheel  of  the  second  or  delivery  fluied  roller  is 
teen  to  be  smaller  than  [hat  of  the  first,  by  which  means  the  ditferenee  of  their  velocities 
b  obtained.  The  large  runner  i  is  driven  from  the  main  drum  pulley,  by  means  of  the 
l.and  s',  and  the  pulley  «',  Jig.  396.  The  said  band  is  crossed  twice,  and  is  kept  in  ten. 
Bion  by  the  pulley  f,  round  which  it  passes.  The  motion  of  llie  fluted  rollers  e,  which 
feed  in  the  cotton  fleeee,  is  effected  by  means  of  a  bevel  wheel  b'  on  the  end  of  Ihe  doffer, 
whici'  works  into  a  similar  wheel  C  on  (he  oblique  axis  d'  (dotled  lines  across  the  drum), 
of  the  pinion  e'  upon  the  lower  t.-'j  of  the  same  axis  which  turns  Ihe  wheel  J",  upon  the 
jnrler  feed  roller. 

Each  of  the  feed  rollers,  )5g.  397,  bears  a  pinion  e  f  at  one  end,  so  that  the  upper  roller 
turns  round  with  the  under  one.    The  roller  b,Ji~.  396,  is  set  in  motion  by  means  of 
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wheel  u' 


1  the  other  end  of  the  nnder  feed  roller, 


its  wheel  x' ;  whi'.h  is  dt 

Ihrauah  the  intervention  of  the  larEP  i 

b  must  be  as  rjuick  as  thai  of  the  fluted  feed  rollers  e,  in  otder  that  the  former  may  uneoil 

as  much  lap  as  the  Inltet  can  pass  on. 

The  annexed  table  exhibits  the  proper  velocities  or  the  di&ereal  cylinders  and  rotlen 
of  the  earding  engine,  which,  however,  are  not  invariable,  but  may  be  modilied  according 
to  circumstances,  by  changing  the  pinions  e',yig.  396,  anil  w',  acconfing  to  the  qualitj-  or 
length  of  the  cotton  staple.  ITie  velocities  stated  in  the  table  will  be  obtained  when  the 
pulley  a',  fig.  396,  is  made  greater  Ihan  y  in  the  proporlion  of  3  to  2,  and  Ihe  wheels 
knd  pinions  hare  (lie  following  number  of  leelh  :  m',  IS;  «',  50;  its  pinion,  18;  Jt,  128 ; 
r,  24  ;  (he  broad  wheel  upon  the  shaft  of  x,  37  teelh  ;  the  wheel  o  of  the  htsl  fluletl 
roller,  35;  (hat  of  the  second,  21 ;  r,  44 ;  b'  anj  c',  M  ;  e",  10 ;  /,  63, 


N           f  1 

ll.Che.. 

m  Nichi^s. 

une  m...u<«. 

l<J2-87 

35 

109-9 

130 

14 

43-96 

438 

192-5 

6'25 

l<l-62 

5- 

470- 

5170- 

Fluted  feed  roller  c  - 

;  167 

3-664 

2-55 

3-14 

68-71 

215-75 

Second  ditto     -        -        -        - 

J-167 

3-664 

114-52 

419-6 

Smooth  delivery  vnller  s 

2-5 

7-85 

51-66 

42S1-0S 

The  operation  of  the  runners,  h'  and  i',  becomes  very  plain  on  comparing  their  speed 
with  one  another  and  with  (hal  of  the  main-druni,  and  taking  into  accounl  the  direction 
of  the  card  teeth.  The  cotton  wool,  taken  off  fiom  the  feed-rollers  by  the  dium,  is 
caught  by  the  opposite  teeth  of  the  large  runner  i',  which,  on  account  of  its  slower  tuc- 
face  rotation  (98  inches  per  tninnte),  may  be  considered  to  he  at  rest  with  reference  to  the 
dtum,  and  therefuce,  by  liolcling  the  cotton  in  its  teeth,  nil!  commence  its  canting.  The 
small  runner  h',  in  ccjnsequence  of  its  greater  surface  velocity  (6170  inches  per  niinnte\ 
•wiW  comb  the  cotton-wool  bach  out  of  the  leelh  of  the  large  runner,  but  it  will  jiive  it 
np  in  its  turn  to  the  swifter  teeth  of  the  drum,  which,  in  carrjing  it  forwards,  encoan- 
itrs  the  teeth  of  the  lop  cards,  and  delivers  up  the  filatnents  to  their  keeping  for  some 
time.  We  (bus  see  huw  essential  the  rnnners  are  to  the  perfection  as  well  as  to  the  ac- 
celeration of  the  cardinR  procesB  for  ordinary  cotton  wool,  though  for  the  slenderer  anil 
.onser  fiJaments  of  the  sea-island  kind  (hey  ore  nol  so  well  adapted.  In  cleaning  the 
cardin£!-engineB  Ihe  little  runner  muMbe  lnoked  to  every  lime  that  the  drum  is  examined. 
The  lai^e  runner  and  Ihe  dofler  require  to  be  cleaned  together.  Ihe  quantity  of  colton 
spread  upon  the  feed-cloth,  the  velocity  of  it,  and  of  (he  drawing-roLei-s,  must  all  be 
carefully  adjusted  to  the  grist  of  (he  jam  intended  to  be  spun. 

Suppose  the  sizes  and  velocilies  lo  be  as  repiesented  in  the  preceding  table,  that  the 
eniine  is  a  double  card  36  inches  broad,  and  that  it  is  furnished  with  a  lap  from  the  lap- 
itjachin'j  of  which  30  feet  in  length  weigh  5  lbs.  In  one  minute  Ihe  surface  of  the  feed- 
riiilere,  e,  passes  2-55  inches  of  that  lap  onwai-cis;  in  the  same  time  Ihe  main-drum  will 
work  it  oil'..  To  card  lh%  whole  30  feet,  therefore,  141  minutes,  or  2  hours  and  21  minutes 
will  b>:  required.  In  this  time  the  circumference  of  Ihe  rollers,  «  v,  moves  throush  a 
space  of  141  X  42,(«)8  in.  =  5042  ft.,  and  delivers  a  card-end  of  that  length,  weighing 
5  lbs,,  mUms  S  per  cent,  for  waste,  that  J!^,  4  lb«.  11^  oz.  One  pound  will  form  a  riband 
107?  ictt  long,  being,  according  to  Ihe  English  mode  of  counting,  about  namher  |,  or 
d-35"'.  The  extension  of  (he  coHon-flerce  to  this  degree  proceeds  as  follows  i — In  the 
141  nmules  which  tlie  feed-rollers  (uke  to  inti-oifuce  the  30  feet  of  lap,  the  dofier,  h, 
mak  r3  6I7'58  revidulioii?,  and  the  comb,  or  dufier  knife,  ?',  detaches  from  Ibe  doffer  iceth 
a  I'Jn  fleecy  web  of  2262  feet  in  length.  The  first  drawing  pair  of  Anted  rollers, 
by  its  qQiek  motion,  with  the  aid  of  (he  funnel, 
in,  conveils  Ihis  fleece  into  a  riband  2535  feet 
long.  The  second  pair  of  (he  fluted  rollers  ex- 
tends Ibis  riband  to  4390  feet,  since  their  sur- 
face velocity  is  ereaier  (han  the  first  pair  in  that 
proportion.  The  slight  elongation  (of  only  1J2 
feet,  or  about  .1)  which  tabes  place  between 
(he  delivery  fluted  rollers  and  the  smooth  cj-Iin- 
ders,  V,  1,  sei-ves  merely  to  keep  Ihe  card-end 
sleadily  Ujion  Ihe  stretch  without  folding,  t'ig. 
398  Is  a  plan  of  the  caiii  and  the  fleece,  where  h 
is  the  cvlinder,  n  is  the  funnel,  u  the  pressing 
rollers,  and  h'  the  card-ends  in  the  can. 
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knife  or  crimb;  G.lhe  eirded  fleece  hemmed 
ers  A,  and  (hen  railing  in  nnrnin  filletB  into  j 

card-end  passLn?;  between  con 
The  draiciiig  atid  doiAlhig 
cards,  are  eioeedinglj  lendf 


IS  they  need 
of  torsion  tlierelbre  be  cnmmnnicBled,  a  prevjoiit 
a  level  arrangement  in  the  rihanda.     The  drawi 
po^e,  and  in  a  manner  ef|nailj  simple  and  certn 
rollers,  whose  con-tiucunn  must  here  be  fnlly  expli 
louims  macbi 


by  the  funnel  a,  pre?se.i  between  the  roll. 

can.  Fig.  40U,  K  i.  are  (lie  feed  rollers ; 
;  E  r  the  doHer  card ;  M  N  the  doiler  knife ;  i-  b,  c,  the 
;^in;  rollers  into  ihn  can  a. 

the  nejt  operan'on.    The  ends,  as  they  cci.-ie  from  the 
id  looee,  but  the  filameniE  of  the  cotton  are  nut  as  yet  laid 


for  macbi ni 


Belbre  any  dewee 
■ocess  IS  r»inirea  to  give  the  filamenla 
out  and  donblina  accomplish  tliis  pur- 
The  means  employed  are  drawins- 
it  is  employed  in  all  the  fol- 
lamideof  Ihelr  use  occnrred,  inde'-d,  in  ireaiing  of  the  cards. 
Let  a  and  6,  fie.  401,  represent  tlte  section  of  Uvo  roller?  Ijin? 
;r  eacli  oilier,  which  touch  with  a  resulated  pressure,  and  turn  in 
contact  npon  their  axes,  in  the  directinn  shown  by  the  arrows. 
These  rollers  will  lay  hold  of  the  fleecy  riband  presented  to  them  al 
n,  di  aw  it  through  between  them,  and  deliver  it  quite  unchnnoed. 
The  lenEtb  of  the  liiece  passed  through  in  a  given  lime  will  be 
eqna!  to  the  space  which  a  point  upon  the  eii-eumference  of  the 
roller  would  have  percured  in  ihe  same  time;  that  is,  equal  to  the 
periphery  of  one  of  ttie  rollers  multiplied  by  the  number  of  its  en- 
tile revolutions.  The  same  thine  holds  with  reiard  tothetrans- 
mi-sii>u  of  the  riband  ibroiish  between  a  second  pair  of  rollers, 
-,  d,  and  a  third,  e,/.  Tlius  the  said  riband  i-sues  from  the  third  pair  exactly  Ihe  same 
as  i'  entered  at  a,  provided  the  surface  speed  of  all  the  rollers  be  the  same.  But  if  the 
f^jrfacc  speed  of  e  and  d  be  gi-ealer  than  that  of  a  and  A,  then  the  first-named  pair  will 
deliver  a  greater  length  of  riband  than  the  last  receives  and  transmits  to  it.  The  conse- 
quencp  can  be  nothing  else  in  these  clrcamslances  than  a  reenlaied  drawlni;  or  elonga- 
tion of  the  riband  in  the  inlei-val  belwiit  o,  6,  and  .;,  d,  and  a  condensation  of  the  fila- 
ments as  they  glide  over  each  other,  lo  assume  a  Rlraight  parallel  direction.  In  like 
manner  the  drawing  mav  be  repealed  bv  eiving  the  rollers,  c,/,  a  greater  surface  speed 
than  that  of  the  rollers,  c  and  d.  This  increase  of  velocity  may  be  produced,  either  by 
enlarsing  the  diameter,  or  by  increasing  the  number  of  turns  in  the  same  time,  or 
finally  by  both  methods  conjoined.  In  general  the  drawing-machine  is  so  adjusted,  that 
the  chief  elongation  takes  place  between  the  second  and  third  pair  of  rollers,  while  that 
between  the  first  and  seconrl  is  b"t  slight  and  preparatory.  It  is  obvious,  besides,  that 
lir  of  rollers  can  have  no  influence  upon  the  amount  of  the 
eed  of  the  first  and  third  pair  remains  unchanaed.  The  roll- 
ers, a,  b,  and  c,  d,  maintain  towards  each  other  continually  the  same  position,  bnt  they 
aiay  be  removed  with  their  frame-Work,  more  or  less,  from  the  third  pair,  e,/,  according 
as  the  length  of  the  cotton  s'aple  may  require.  The  distance  of  the  middle  point  from 
i  and  d,  or  its  line  of  contact  with  the  upper  roller,  is,  once  for  aM,  so  calculated,  that  it 
shall  c!(Cfed  the  length  of  the  cotton  filaments,  and  thereby  that  Ihese  filaments  are  never 
'.u  danser  of  being  torn  asunder  by  the  second  pair  pulling  them  while  thp  first  hokis 
them  fast.  Between  d  and  f,  where  the  greatest  extension  takes  place,  the  distance  must 
be  as  STuall  as  it  can  be  without  risk  of  tearine  them  in  Ihnt  way ;  for  thus  will  the  nni- 
Ibrmity  of  the  drawing  be  promoted.  If  the  distance  between  d  and  /  be  very  sreat,  a 
riband  passing  through  will  become  thinner,  or  perhaps  break  in  the  middle ;  wheiij.e  we 
see  that  the  drawing  is  more  equable,  the  shorter  is  the  portion  submitted  to  extension  at 
a  tiiiie,  and  the  nearer  the  rollers  are  to  each  other,  supposing  .hem  always  distant 
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The  under  rollers,  b  df,me  made  of  iron,  and,  to  enable  them  to  lay  firmer  hold  of  ih« 
fllapienls,  Ihsir  surfaces  are  fluied  with  iriangulnr  channels  [arallel  lo  Iheir  axes.  The 
upper  rollers,  ace,  are  also  made  of  iron,  but  ihey  are  smooth,  and  covered  with  n  dou- 
ble coaling,  which  pives  them  a  certain  degree  of  soilness  and  elasticity,  A  coal  of 
flannel  is  first  applied  by  sewing  or  glueing  the  enits,  and  then  a  coat  of  leather  in  ths 
same  WKj,  The  junction  cd^es  of  the  leather  are  cut  alanling,  so  (hat  when  jointed  bj 
Ihe  glue  {made  of  iidoglass  dissolved  in  ftle)  the  sulfate  of  ihe  roller  may. be  smoothly 
cyiindrical.  The  top  rollers  are  somelimes  called  tJie  pfjitrj,  because  thej  press  by 
means  of  weishls  upon  the  under  ones.  These  weishls  are  suspended  to  Ihe  sliL'hi  rods 
7c  k' ;  of  which  the  former  c-perales  on  the  roller  e  alone,  the  latter  on  the  two  rollers 
a  and  e  together.  For  this  purpose  the  former  is  hun^  to  a  c  shaped  curve  i,  whose 
upper  hook  embraces  the  roller  e  ;  the  latler  to  a  brass  saddle  h,  which  rests  upon  a  and 
c.  A  bar  of  hard  wood,  g,  whose  under  surface  is  covered  with  flannel,  rests,  Willi 
merely  its  own  weight,  upon  Ihe  top  rolleira,  and  slrips  off  all  llie  loose  ha  '  g  fil  m  ts 
Similar  bars  with  the  same  view  are  made  10  bear  up  under  Ihe  fluied  roll  b  I  /  d 
press  against  them  by  a  weight  nctmg  through  a  coi-d  passing  over  a  p  1!  y  I  d 
of  the  "upper  dust-covers,  light  noodea  rollers  covered  with  flannel  a  lly 

Were  the  drawing  of  a  riband  conlmued  t)ll  ail  its  fibres  acquired  the  d        II 
of  parallelism,  it  would  be  apl,  from  evcessive  attenuation,  to  tear  aero         d    h      by 
lo  defeat  the  purpose  of  the  spinner     This  dikmnia  is  got  rid  of  in  a  v    y       ]  1   w 
namely,  by  laying  several  ribands  together  at  eieryreptiition  of  the  proees        d 
poiating  them  by  the  pressure  of  the  rollers.    This  practice  is  called  doviling.    It  is  an 
exact  imilatiiin  of  what  Wkes  place  when  we  draw  a  lufi  of  collon  wool  between  oii( 
fingers  and  thumb  in  order  lo  ascertain  the  length  of  the  staple,  and  replace  the  drawn 
filaments  over  each  other,  and  Ibus  draw  them  forth  nsain  and  again,  till  thej  are  all 
parallel  and  of  nearly  equal  length.     The  doubling  lias  another  advantaje,  that  of  eansing 
(he  inequaliiics  of  thickness  in  the  ribands  lo  disappear,  by  applying  iheir  thicker  to  their 
thinner  portions,  and  tliereby  producing  uniformilj  of  si  ' 
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The  drawing  frame,  as  shown  in  seclion  in  Jigs.  401,  403,  and  in  a  back  view  in  fig, 
402,  will  require,  after  the  above  details,  lillle  further  explanation.  ( I  are  the  weights 
which  press  down  the  tup  rollers  upon  Ihe  nnder  ones,  by  means  of  ihe  rods  k  k'  and  hook 
i.  Each  fluied  roller  is,  as  shown  at/,ytg.4IK,  provided  in  Ibe  middle  of  lis  length  with 
a  thinner  smooih  part  called  the  iieck,  whereby  it  is  really  divided  into  Iwe  fluted  portions, 
represented  by  « t  in  the  fi^re.  Upon  Ibis  middle  neck  in  Ihe  pressure  rollers,  the  hook 
t  and  the  saddle  h  immediately  bear,  as  shown  in  the  former^g.  4tfl.  The  eanl-ends,  to 
the  number  probably  of  six,  are  introduced  lo  the  drawing  fiame  cither  from  tin  cans, 
placed  at  e  e,  ftg.  403,  and  at  i,fig-  4t3,  or  from  lap-bobbins ;  and,  after  passing  through  U, 
Ibe  ribands  or  slivers  are  receiv^  either  into  similar  tin  cans,  as  g,  or  upon  other  lap- 
bobbins  upon  the  olher  side.  These  appendages  may  be  readily  conceived,  and  are  therefore 
not  exhibiled  in  all  the  drawings.  Three  of  Ihe  slivers  being  laid  together  are  again  intro- 
duced  to  the  one  (luted  portion  ci  b,  fig.  401,  and  Ihree  other  sUrers  lo  ihe  other  porlion. 
The  sloping  curved  tin  or  brass  plate  3,  fig.  402,  willi  ils  guide  pins  I,  serves  to  conduct 
the  slivers  lo  ihe  rollers.  When  the  two  liu*efold  slivers  have  passed  through  between  the 
three  pairsofrolters,  and  been  thereby  properly  drawn,  they  run  towards  each  olher  in  an 
sblitiue  direction,  behind  the  last  toller  pair  «  f.^g.  401,  and  uailc,  on  issuing  through  tlw 
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tonical  fnnnel  m,Jig.  t02,>^<o  o  single  ribrtnd  or  sponay  sliver;  which  is  imineJiniels 
carried  olf  wilh  equable  velocity  by  two  smooth  cast-iron  rollers,  n  o,figs.  402  and  403, 
and  eilber  dropped  inlo  a  can,  or  wonnd  upon  a  large  bobbin.  The  surface  E|ieed  or 
the^e  rollers  is  mode  o  irille  erealer  than  that  oC  the  delivery  drawing  rollers,  in  order  lo 
keep  the  portion  of  sliver  between  them  always  in  an  eilended  slate.  Four  fluted  draw- 
ing portions  are  usually  mounted  in  one  drawinl;  frame,  which  are  set  a^oins  or  M  rest 
tOECLher.  To  save  bU  unnecessary  carrying  of  the  cans  Tiom  the  back  to  the  front  of 
liie  flame,  the  drawing  heads  are  Go  placed,  that  the  first  and  Ihiid  discharie  their  slivers 
at  the  one  side,  and  the  second  and  fourth  at  the  Other.  By  Ibis  airanEemeni,  ibe  cans 
tilled  behind  one  head,  are  directly  pushed  aside  in  front  of  the  next  drawing  bead ;  by 
which  alternate  dislribntion  the  worh  goes  on  without  interruption. 

The  fasl  pulley  «,jfg.  403,  by  which  the  whole  mnchiae  is  driven,  derives  its  motion 
from  the  main  shaft  of  the  mill  by  means  of  the  band  v.:  The  siniUar  pulley  i,  which 
sits  loose  upon  the  ajiis,  and  turns  independently  of  it,  is  called  Ihe  loose  pulley;  both 
tt^ether  being  technically  styled  riggers.  When  the  operative  desires  to  stop  the  ma- 
chine, he  transfers  the  bonii  from  the  fast  to  the  loose  pulley  by  means  of  a  lever,  beaL-inn 
a  fork  at  its  end,  which  embraces  the  band.  Upon  y,  four  pulleys  such  as  x  are  li^ed, 
ettch  of  which  sets  in  motion  a  drawing  bead,  by  means  of  a  band  like  in  going  round 
the  pulleys  x  and  u.  On  acconnt  of  Ihe  inverted  position  of  the  heads,  which  requires 
the  motion  of  «  to  be  inverted,  (he  hands  of  the  first  and  third  beads  are  open,  but  those 
of  Ibe  second  and  fourth  are  crossed.  Every  head  is  provided  with  a  loose  pulley  u,  as  well 
as  the  fast  pulley  u,  in  order  lo  make  Ihe  one  slop  or  move  without  airccling  the  others. 
The  shaft  of  the  pulley  «  is  the  prolonjzed  shaft  of  the  backmost  fluted  roller  /.  It  car- 
ries besides  a  small  pulley  g,  which,  by  means  of  the  band  r,  and  the  pulley  p,Jig.  403, 
sets  in  motion  the  undermost  condensing  roller  o.  The  upper  roller  ii  presses  with  its 
whole  weight  upon  it,  end  therefore  turns  by  friction.  The  toothed  wheel-woik,  by 
which  (he  motions  are  communicated  from  the  backmost  Hated  roller  to  the  middle  and 
front  ones,  is  seen  in  Jig.  4(13. 

The  wheel/, Jig.  401,  of  SO  teeth,' works  in  a  44-toolhed  carrier-wheel,  on  whose 
axis  there  are  two  smaller  wheels ;  2  with  26  teeth,  and  I  with  22  teeth.  The  wheel  d, 
fig-  403  of  the  middle  roller,  and  the  wheel  b  of  the  front  roller,  are  set  in  motion  by  other 
carrier  wheek;  the  first  has  27  teeth,  and  the  last  40^  Fo(  every  revolutirn  of  b,  the 
roller  d  mates  nearly  If  Inms,  and  Ihe  roller  /  4  rev<dulions.  The  top  rollers  reiolve, 
as  we  have  staled,  simply  by  the  friciion  of  contact  with  the  lower  ones.  Now  snppose 
the  diameter  of  the  rollers  b  and  d  to  be  1  inch  or  12  lines,  that  of/  ]{  inches  or  15 
lines,  the  suifaee  velocities  of  tlie  three  pairs  of  rollers  in  the  series  will  be  as  1,  ]f,  and 
5.  livery  inch  of  the  cotton  sliver  will  be  therefore  extended  between  Ihe  first  and  second 
pairs  of  rollers  into  ]f  inches,  and  between  the  second  and  third  or  delivery  pair  into  5 
inches ;  and  afier  the  sliver  has  passed  (biough  all  the  fonr  drawing  heads,  its  length 
will  be  increased  625  times  =  5xSx5xS. 

The  further  the  drawing  process  is  pushed,  the  more  perfectly  will  its  object  be  ac- 
complished, namely,  the  pavalielism  of  the  filaments.  The  fineness  of  (he  appearance 
of  the  sliver  after  the  last  draught  depends  upon  Ihe  number  of  doublings  conjointly 
with  the  original  fineness  and  number  of  drawings.  The  degree  of  estension  may  be 
increased  or  diminished,  by  changing  the  wheels  in  fig.  403,  for  others  with  a  different 
number  of  teeth.  Thus  Ihe  grist  or  fineness  of  Ihe  sliver  may  be  modified  in  any  desired 
degree  j  for,  when  the  subsequent  processes  of  Ihe  mill  remain  the  same,  Ibe  finer  the 
drawings  the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  or  low  counts,  for 
example,  nix  card-ends  are  usually  Iransmitted  throngh  the  first  drawing  head,  and  eon- 
verted  inlo  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught ;  six  of 
these  again  go  together  inlo  Ihe  third  sliver  ;  and  this  sliver  passes  five-fold  through  the 
last  drangbt.  By  Ibis  eoQibinalion  1080  of  the  original  card-ends  are  united  in  the 
finished  drawn  sliver  ^6  XCX^  XS.  The  fineness  of  Ihe  sliver  is,  however,  in  conse- 
quence of  ibese  doublings,  not  increased,  but  rather  diminished.  For,  by  the  drawing, 
ine  card-end  has  been  made  625  times  lonaer,  and  so  much  emoller!  by  the  doubling 
■ilone  it  would  have  become  1080  times  thicker;  ibereforej  the  original  grist  is  (o  (he 
resent  as  1  lo  Ihe  fraction  »*  V,  ;  that  is,  supposing  1073  feet  of  Ihe  riband  delivered 
by  Ibe  card  to  weiEb  one  pound,  625  feet,  the  sliver  of  the  last  drawmg,  will  also  weigh 
a  pound,  which  corresponds  in  fineness  to  number  0'24,  or  nearly  J. 

The  rearmost  or  last  drawing  roller  has  a  circumference  of  nearly  4  inches,  and  makes 
about  150  revolutions  per  minute ;  hence,  each  of  these  drawing  heads  may  turn  off 
35,000  feet  of  sliver  in  12  hours. 

Some  mannfactarers  have  lately  introduced  a  double  roller  beam,  and  a  double  draiiplit 
at  the  same  doublins,  into  Ibeir  drawing  frames.  I  haie  seen  this  contrivance  working 
satisfactorily  in  mills  where  low  counts  wei*  Spun,  and  where  the  tube  roving  frame  was 
t^mployed  j  bat  I  was  informed  uy  competent  judges,  that  it  was  not  advisable  where  a 
Icve;  yarn  was  reguh^  for  good  printing  calicoes 
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ss  whicr  the  collon  siilTers  in  llie  drawing  frame  is  quite  inconsiderable.  It 
s  r  those  filamenrg  whicli  remain  upun  the  drawiDg  rollers,  and  collect,  in  * 
sore,  upon  the  Sanncil  faring  of  the  top  and  bottom  cleaner  bars.  It  is  tliiown 
e  lop  clraninas  of  the  eardin?  enn  ne  W  1  en  from  some  defect  in  the  rolli^rK, 
pnce  in  piecins  ihe  rnnnins  il  vers  re  a  liabi)'  irreaular  portions  occur 
ands,  ihese  must  be  torn  olf,  and  returned  to  the  lap  machine  to  be  tardeit 

fi    h  opernlion  may  be  called  the  ^r)/ sp         g  froce      as  in  it  the  cotton  sliver 

Iwi^l ;  whether  the  twist  be  permanent  as   n  tl  e  bobbin  and  it}'  frame,  or  be 

mmedialely,  as  in   the  lube-roviog  mach  ne      In  lacl,  the  elongated  slivers  of 

6  amenta  could  bear  little  further  eiteosion  without  brealiing  asunder,  unless  the 

D  were  taken  to  condense  the  Etamenls  by  a  alight  convolution,  and  at  the  ^ame 

ntwine  them-  loaeiher.    The  twisting  should  positively  so  no  further  than  to 

purpose  of  giving  cnhesioo,  olherwise  it  voulcl  place  an  obstacle  in  the  way  of 

e  altenuation  into  level  thread.     The  combination  of  drawing  and  twisting  is 

nly  characterises  the  spinnins  processes,  and  with  Ibis  fifth  operation,  therefore, 

s  the  formation  of  yarn.    As,  however,  s  Sudden  extension  to  the  wished-for 

IS  not  practicable,  the  diau^hl  is  thrice  repeated  in  mnchine  spinning,  and  alXer 

ahl  a  new  poiUon  of  torsion  is  given  to  the  yarn,  till  nt  last  it  possesses  the 

fineness  and  twi*t  proporliooed  to  its  use, 

eliminary  spinning  process  is  called  racing.    At  liist  the  torsion  is  slisht  in 

e  the  solidity  of  the  still  coarse  sliver  needs  that  cohesive 

of  texture  muj^t  he  maintained  to  faciliiate 
lo  the  utmost  the  further  elongation. 

i'ig.  404  is  a  section  of  the  can  rovioj 
frame,  the  ingenious  invention  of  Ark 
wiighl,  which,  till  within  these  14  years, 
was  the  principal  machine  for  communi 
calins  the  incipient  torsion  lo  the  spong] 
cord  furnished  by  the  drawing  heads.  "l- 
diil'ers  from  that  frame  in  nothing  bui 
the  Iwl-^ling  mpchani^m ;  and  consists  ot 
two  pairs  of  drawing  rollers,  a  and  6,  be 
Iweeu  which  the  sliver  is  extended  in  the 
usnal  way ;  c  are  brushes  for  cleanlns  Iha 
rollers  ;  and  d  is  the  neight  which  pressei 
the  upper  set  upon  the  lower.  The  wiping 
covers  {not  shown  here)  rest  upon  a  b. 
The  surface  speed  of  the  posterior  or  seconf 
pair  of  rollers  is  3,  4,  or  6  times  greater 
than  that  of  the  front  or  receiving  pair, 
ftCcordiog  lo  the  desired  degree  of  altenua- 
enerally  united  into  one  by  this  machine,  as  is  shown  in 
tile  hguie,  where  tney  are  seen  coming  from  Ihe  two  cans  e  e,  to  be  brought  together  by 
the  pressure  rollers,  before  they  reach  the  d'i'awing  rollers  a  b.  The  sliver,  as  it  escapes 
from  these  rollirs,  is  conducted  into  the  revolving  conical  lanleru  g,  through  the  funnul 
/  at  its  tnp.  This  lantern-can  receives  its  motion  by  means  of  a  cord  passing  over  a 
pulley  Jc,  placed  a  litlle  way  above  the  step  on  which  it  turns.  The  motion  is  sleadied 
by  the  collet  of  the  fnnnei  /,  being  embraced  by  a  brass  busk.  Such  a  machine  gene- 
rally contained  fuur  drawing  heads,  each  mounted  with  two  lanterns ;  in  whose  side  there 
was  a  door  for  taking  out  the  conical  C'lII  of  roving. 

The  motion  imparted  to  the  back  roller  by  the  band  pulley  or  rigger  m,  was  conveyed 
to  the  front  one  by  toothed  wheel  work. 

The  vertical  guide  pulley  at  bollom,  n,  served  to  lead  the  driving  band  descending 
from  the  top  of  the  frame  round  the  horizontal  whorl  or  pidlej  upon  the  under  end  of 
the  lantern.  The  operalinn  of  this  can-fiame  was  pleasing  to  behold ;  as  the  centrifugal 
force  served  both  to  distribute  the  son  cord  in  a  regular  coil,  and  also  to  condense  a  great 
deal  of  it  most  gently  within  a  moderate  space.  Whenever  the  lantcin  was  filled,  the 
tejitpr  carried  the  roving  lo  a  simple  machine,  where  it  was  wonnd  upon  bobbins  by 
hand.  Nol withstanding  every  care  in  this  tiansfer,  the  delicate  texture  was  very  apt  to 
be  seriously  injured,  so  as  to  cause  corresponding  injni'ies  in  every  subsequent  operation, 
and  i-j  the  finished  yarn.  Messrs.  Cocker  and  Higgins,  of  Salford,  boil  the  singular 
merit,  as  I  have  said,  of  saperseding  that  beautiful  but  defective  mechanism,  which  had 
neld  a  prominent  place  in  all  collon  mills  from  almost  the  infancy  of  the  factory  system, 
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binaliona  are,  however,  so  admim- 


F!e'.405  exhibits  a  back  view  oi' 
this  machine;  anclyig,  406  a  sec- 
tion of  some  of  the  parts  not  very 
visible  in  Ihe  former  fignre.  The 
bacl(  of  the  machine  is  Ihe  side  at 
which  the  cotton  is  introduced  be- 
tween the  drawing  rollers. 

The  cans,  of  lap-bobbins  filled 
with  slivers  at  the  drawing  fame, 
are  placed  in  the  situation  marked 
B,  fig.  406,  in  rows  parallel  with 
the  length  of  the  machine.  The 
sliver  of  eacli  can,  or  the  united 
slivers  of  two  contiguous  cans,  are 
conducted  npwards' along  the  snc 
face  of  a  sloping  board  /,  and 
through  an  iron  staple  or  guide  e, 
betwixt  the  usual  tiiple  pair  of 
drawing  rollers,'  the  first  of  which 
is  indicated  by  a,  b.  In  fig.  405, 
for  the  purpose  of  simplifying  the 
lijrurej.lhe  greater  part  of  these 
jollera  and  their  subordinate  parts 
are  omitted.  After  the  slivers 
have  been  suiflciently  extended 
and  attenuated  between  the  rollers, 
Ihey  proceed  fonvards,  towards  the 
spiodles  Hi,  where  they  receive 
the  twist,  and  aie  wound  upon  the 
bobbins  h.  The  machine  deline 
aled  contains  thirty  spindles,  hut 
many  bobbin  and  fly  frames  con- 
lain  double  or  even  four  times  thai 
number.  Only  a  few  of  the  spin 
dies  are  shown  injSg.  405,  for  fcai 
of  coiifosLng  the  drawing. 
ii[ie,  I  liave  already  given  abundant 
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tiplBnalion,  so  far  as  the  pmperlies  and  nppralion  of  tlifi  rollers  are  roncempd.  Tin 
frame-work  of  Ihis  part  of  the  machine,  called  the  roller-beam,  b  a  east-iron  bench  n|ioO 
«hich  nine  beaierB,  c,  are  mounied  ibrcamina  i he  rollers.  The  fluted  rollers  a  a  a,^g-. 
407,  are  lonslracted  in  four  pieces  for  the  whole  length,  which  are  parted  from  each 
olher  by  thinner  smooth  eyiindric  porlions,  i,  called  necks.  Seven  such  pailint^  fol 
four  rollers,  and  one  pEirling  for  two  rollers,  constitute  togelher  [he  30  flu[«i  rollers  of 
which  the  whole  series  consists.  The  conplinit  of  these  roller  sobdivisions  into  one 
cylinder,  is  secured  by  the  square  holes  x,  and  square  pins  y,fig.  407,  which  111  into  the 
407  holes  of  the  iidjoinjn;  subdivision.    The 

~  lop  or  pressure  ndlers  b,  are  two-fold  ovci 

the  whoie  set;   and  the  weighled  saddle 
presses  npon  the  neck  w,  which  connects 
every  pair,  as  was  already  ejtplaincd  unUe: 
fig.iOi.    These  weights  k  g,Jig.  40(1,  are  applied  in  this  as  in  the  drairivg  frame;  d  ar- 
Ihe  bsrs  faced  w  iih  fliinnel  lor  cleaning  the  top  rollers.    A  similar  bar  is  applied  beneath 
the  rollers,  to  keep  the  flmmgs  eiean. 
Ihe  slruciure  anil  operaiion  of  the  spindles  i  may  be  best  nnderslood  by  examining 
4(18  the  'ection  fig.  408.    They  are  maile  of  iron,  aie  cylindrical  from 

the  Inp  clown  to  as,  hut  from  this  part  down  lo  the  steel  tipped  rounded 
poinl>  thev  are  conical.  Upon  this  conical  portion  there  is  a  pulley 
k,  furnrshed  with  two  grooves  in  ils  circumference,  in  which  the  cord 
nms  that  causes  Ihe  spindle  to  revidre.  The  wooden  bobbin  ft  ii 
slid  upon  the  cylindrical  part,  which  must  move  freely  upon  it,  as 
Mill  be  presently  explained.  To  the  bobbin  another  two-grooved 
pulley  or  whorl  g  is  made  fast  by  means  of  a  pin  r,  which  passes 
Ihrongh  it;  by  removing  ibis  pin,  the  bobbin  can  he  instantly  taken 
ofl  the  'pindle.  The  upper  end  of  the  spindle  bears  a  foik  j  (, 
which  may  be  taken  off  at  pleasure  by  means  of  its  left-handed 
Bcrtw  ,  this  fork,  or  flier,  has  a  funnel-formed  hole  at  n.  One  arm 
of  the  folk  is  a  tube,  x,  «,  open  at  top  and  bottom;  the  lee,  (,  is 
added  merely  as  a  cuunlerpoise  to  the  olher.  In  fig.  406,  for  the 
sake  of  clearness,  the  forks  or  fliers  of  Ihe  two  spindles  here  repre- 
senled  are  left  out ;  and  in  fig.  405,  only  one  is  portrayed  Hir  the 
same  reason.  It  is  likewise  manifest  from  a  comparison  of  these 
two  figures  thai  (he  spindles  are  alternately  placed  in  two  rows,  sr 
IhaS  each  spindle  of  the  back  range  stands  opposite  the  interva! 
between  two  in  the  front  ranice.  The  object  of  this  dislribolion 
is  economy  of  space,  as  the  machine  wonld  need  to  be  greatly  longer 
if  Ihe  spindles  stood  all  in  one  line.  If  we  suppose  the  spindles  and 
the  bobbins  (bath  of  whieh  have  independent  motions)  to  revolve 
simultaneouslv  and  in  the  same  direction,  their  operaiion  will  be 
as  follows :  The  sliver,  properly  drawn  by  the  fluted  rollers,  enters 
the  opening:  of  the  funnel  r,  proceeds  thence  downwaids  (hrouch 
ihe  hole  in  the  arm  of  the  fork,  runs  alons  ils  lube  «,  >,  and  then 
winds  round  iJie  bobbin.  This  path  is  marked,  in  fig.  408,  by  a  dot- 
led  line. 

The  revolulion  of  the  spindles  in  the  above  circumstances  effects  the  twisting  of  Ihe 
Oliver  inio  a  soft  cord  ;  and  Ihe  flier  j,  (,  or  particularly  its  luhular  arm  a,  lays  this  cord 
upon  the  bobbin:  Were  Ihe  speed  of  the  bobbins  equal  lo  that  of  the  spindles,  that  is, 
did  the  bobbin  and  sjiindle  make  Ihe  same  number  of  liirns  in  Ihe  same  time,  the  pro- 
cess would  be  limited  to  mere  twisting.  But  the  bobbin  anticipates  the  fliers  a  little, 
that  is,  it  inalies  in  a  given  time  a  somewhat  greater  nnmber  of  revolntinns  than  Ihe 
spindle,  and  thereby  effects  Ihe  continuous  windino;  of  the  eord  upon  itself,  Snppnse 
the  bobbin  to  make  40  revolutions,  while  the  spindle  completes  only  30;  30  of  these  revo- 
lutions of  Ihe  bobbin  will  be  inoperalive  towaiits  ibe  winding-on,  because  the  fliers  fol- 
low at  thai  rale,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  JO  limes  round  the 
bobbin,  and  Ihe  result  as  lo  Ihe  windins-on  wiU  be  the  same  as  if  the  spindle  bad  stood 
still,  and  the  bohhiti  had  made  40  —  30  =  10  lums._  The  30  turns  of  the  spindles  serve, 
(lieiefore,  merely  the  purpose  of  communicating  twist. 

The  monnline  and  operaiion  of  the  spindles  are  obvious.j  ihe  same  as  they  are  upon 
(he  household  flax  wheel.  In  the  bobldn  and  fly  frame  there  are  some  circnmslances 
which  render  (he  construction  and  Ihe  winding-on  somewhat  diflicnlt,  and  the  mechanism 
not  a  little  complicaled.  It  may  he  remarked,  in  Ihe  first  place,  that  as  ihc  cord  is  wound 
on,  Ihe  diameter  of  the  bobbin  increases  very  rapidly,  and  therefore  every  turn  made 
round  it  causes  a  crealer  length  of  rovinE  lo  be  taken  np  in  succession.  Were  ihe 
motions  of  the  bobbins  to  cuntinne  unchanged  in  this  predicament,  Ihe  increased 
velocity  of  the  winding-on  would  require  an  increased  degree  of  extension,  or  it  would 
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cccasion  Ihe  rupture  of  r"-'  cord,  because  the  front  (lulecl  rollers  move  with  uniform 
Bppp J,  anil  therefore  deliver  always  ttie  same  len.-th  of  slivef  in  the  same  lime.  II 
is  therefore  noiessary  to  diminish  the  velocily  of  the  bobbins,  or  the  number  of  ihcii 
tiirns,  iti  the  same  proportion  as  their  diameter  increases,  iti  order  thai  the  primary 
vplucily  may  remain  unchanged.  Moreover,  it  is  re!]uisile  for  the  proper  dislrihution 
of  the  cord  upon  the  bobbin,  anil  the  reeular  increase  iif  its  diameter,  that  two  of  its 
successive  eonvolulions  should  not  be  arplied  over  each  other,  bul  that  ihey  shoull  be 
laid  chise  side  by  side.  This  object  is  attained  by  the  ap  and  down  sliding  motioa  of  the 
bobbin  upon  the  spindle,  to  the  same  extent  as  the  length  of  the  bobbin  barrel.  This 
up  and  down  motion  must  become  progressively  slower,    '       't  '  b   d'  m 

of  the  bobbin  at  each  lanae,  by  a  quanliij  equal  to  the  dm  si 

has  now  been  stated  generally,  will  become  more  inteliicib  m 

Let  it  be  assumed   that  Ibe  drawin?  rollers  delivei-,  oo  5 

rovini,  and  that   this  lenzth  receives  30  twists.    The  s        es  m  ge 

make  30  revolutions  in  10  seconds,  and  the  bobbins  ma  w  di    pe 

llipy  wind  np  the  45  inches  in  10  seconds.    The  diamete  bo 

IJ  inches,  their  circumferencp  of  course  4^  inches,  they  m       inah  m 

in  the  same  lime  than  the  spindles.    The  effeclive  spend  b  w 

30-1-10=40  turns  in   10  seconds.     Should  the  bobbins  to  es        m 

by  the  winding-on  of  the  sliver,  they  will  lake  up  9  [ 
spquently  45  inches  in  5  turns.  Their  speed  should  the 
turns   in   JO  seconds.    In   general,  the  excess  in   numbe  w 

bobbins  must  make   oTer  the   spindles,  is  inversely  as  b 

The  speed  of  (be  bobbins  must  remain  nnilbrm  diirine  od 

descent  upon  the  spindie,  and  must  diminish  at  the  ins 
of  iheii'  np  and  down  motion  j  because  a  fiesh  range  of 
a  greater  diameter.  When,  for  example,  30  oils  of  the 
lenath  of  (be  bobbin  barrel,  the  bobbin  must  compi  te  mm 

down,  wiihin  30  seconds  in  ihe  first  case  above  me  t  on  6 

the  second  case. 

The  motions  of  Ibe  drawing  rollers,  Ihe  spinll       and 
fuiliwing  manner :— A  shatY  c',  fig>.  405  and  406   e  t 

niiichine,  and  moanted  with  a  fly  wheel  d',  is  set  n  mo  m  g 

puileyuponthesbaftorthemill,  which  actuates  tl  e  pull  oos 

npon  which  the  band  is  shidcd  when  the  mach  ne  set  e*  W 
but  on  tJie  outside  of  the  fiame,  the  shaft  c'  ca  es  a  loo  w  ee  t  ith  50  te.tb, 
which  by  means  of  the  intermediate  wheel  c3  turns  Ihe  wheel  1/2  npon  the  prolonged 
shaft  of  the  backmost  Quled  roller  {nii,  .^g.  406.)  This  wheel  rfs  has  usually  54  teeth; 
but  it  may  be  changed  when  the  roove  is  to  receive  more  or  less  twist;  for  as  the 
spinilles  revolve  willi  uniform  velocity,  they  communicate  the  more  torsion  the  less 
length  of  sliveris  delivered  by  (be  rollers  in  a  given  lime.  Upon  Ihe  same  shaft  with 
di,  a  pinion  ea  of  3!  teeth  is  fixed,  which  works  in  a  wheel  J^  of  72  teeth.  Within 
the  frame  a  change  pinion  gi  is  made  fast  to  the  shaft  of  ^.  Tliia  pinion,  which  has 
usually  from  24  to  28  teeth,  regulates  the  drawing,  and  thereby  the  fineness  or  niiinber 
of  the  rovini[.  It  works  in  a  48loothed  wheel  Aa  upon  the  end  of  the  backmost  fluted 
roller  ii,,lig.  406.  The  other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of 
rollers,  carries  a  pinion  ft,  fnrnished  with  26  leelb,  which,  by  means  of  Ihe  broad 
inrermediale  wheel  fca,  sets  in  motion  the  pinion  I's  of  22  teelh  upon  Ihe  middle  roller. 
When  the  diameter  of  all  the  dntwing  rollers  is  the  same,  suppose  1  inch,  their  propor- 
lionnl  velocities  will  be,  with  the  above  number  of  teelh  '  tl  w!  I  w  k  if  es  have 
2-1  teeth,  as  1  !  1-18  :4-5;  and  the  drawn  sliver  will  hnv    4i  lun      I  al  length. 

The  front  or  delivery  roller  of  the  drawing  frame  is  of  I  "         '      ' 

1=  inches  in  diameter.    If  B25  feet  of  the  sliver   " 
pound,  2790  feet  of  the  rovim  wil!   now  ro  tn  1 
I-I2;   that  is,  I  hank  and    13  hnndredths   to  t'._   ,_ 
rollers  makes  abnnt  90  revolutions,  and  deliver:;  282-6  i 
when  of  one  inch  diameter. 

The  spindles  i  (./i«s.  405  and  406),  rest,  with  their  Ic. 
fixed  in  an  immoveable  beam  or  bnr  m.    To  prolect  il  f 
this  beam  is  furnished  with  n  wooden  cover  11,  in  whicl     ' 
passageof  Ibe  spindles  right  over  the  steps.    In  ^g.  405, 
compose  the  whole  ranee  m,  aie  remov«i  lo  let  the  steps.  _. 

of  each  spindle  passes  through  a  brass  ringo;  and  all   these  30  rl. ,  ,^  ^„ 

must  be  vertically  over  the  steps  /,  are  made  fast  to  the  copping  be.im  p.  This  beam 
is  so  called,  because  it  is  destined  not  merely  to  keep  the  spindles  upright  by  the  rings 
allached  to  it,  but,  at  the  same  lime,  to  raise  and  lower  along  the  spindles  the  bobbins 
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which  iGSt  on  these  rijiits;  for  which  purjKise  the  wo  racks',  or  toolhed  bars  rni  m) 
made  fast  to  it,  aie  designeil,  as  will  be  presently  e^]>lainel).  To  efTecl  the  levululioi 
of  the  spindles,  there  are  attacIiHl  to  (he  main  shaft  c'  two  whoils  or  pulleys  c'/,  each 
beaiing  four  grooves  of  equal  diameter.  Each  of  these  pulleys  puts  one  half  of  the 
spindles  in  antion,  by  means  of  a  eorJ,  which,  al\er  ^ing  round  the  whorU  k,  turns 
four  limes  about  the  pulleys  of  the  shaft  e'.  Two  guide  pulleys  ft',  each  four-grooved, 
and  two  others  i',  with  a  single  groove,  which  tnm  independently  of  the  otheis,  upim 
the  above  shaft,  serve  to  give  the  whorl  cords  the  proper  diiection,  as  well  as  to  keep 
them  tight.  The  spindles  revolve  200  times  or  thereby  in  Ihe  minute  ;  and  ibeiefore 
impart  two  turns  or  twists  to  every  three  inches  of  the  roving. 

The  revolution  of  the  bohhins  is  inJejiendent  of  that  of  iha  spindle"  althooirh  it  I  ke- 
wlse  pi'oceeds  from  the  shad  c',  and  differs  from  it  in  being  a  continual!)  retardud 
motion.  The  simplest  method  of  etfecttng  this  motion,  is  hy  iiieins  of  the  vuoden  or 
tin  plate  cone  fc",  which  revolves  equaHy  with  the  shaft  c',  and  at  the  same  time  slides 

The  manner  in  which  this  operates  is  shown  in  section  in  Jig  409  Heie  we  per- 
ceive the  rod  g^,  which  extends  from  the  ba^e  toward  (he  naiiort  end  of  II  e  li  n  aled 
cone,  and  pa  a  forked  bearer  or  carrier  made  fast  (o  ibe  shaft  e  bj  i  sere  v  h"ch 
™>npels  the  cone,  by  means  of  that  rod,  to  obey  the  moiemriils  ol  c  .     In  the  l.iige  end 


ol  the  cone  there  is  an  aperture,  through  which  Ihe  bearer  cfin  be  col  al.  The  smaller 
end  icarries  outside  a  projection  o  3,  provided  with  a  groove,  which  is  embraced  bj  the 
forked  end  of  a  rod  q',jig.  410,  that  serves  to  shove  the  cone  along  upon  the  shaft  c'. 
Directly  under  Ihe  cone,  there  is  an  upright  round  pillar  p',  upon  which  the  bokier  ir 
of  the  two  guide  pulleys  f  is  adjustable.  A  Irar  rs  placed  along-side  of  the  holder, 
prevents  its  turning  round,  but  allows  it  to  slide  aloDg  p'  by  friction.  The  weight  of  Ihe 
holder  and  the  pulley  is  sufficient  to  distend  the  endless  band  n',  which  runs  from  the 
cone  k',  thronsh  under  the  pLlley  I',  aad  round  Ihe  small  dmm  m'  on  the  shall  ss,  A 
pulley  or  whorl  ia,  with  four  grooves,  is  made  fast  by  means  of  a  lube  to  this  shaft,  and 
elides  along  it  backwards  and  forwards,  without  ever  ceasing  In  follow  its  revolutions. 
Thr  ^aft  possesses  for  this  purpose  a  long  fork,  and  the  interior  of  the  lube  a  cone- 
spcncing  tongue  or  catch.  There  is  besides  upon  the  tube  beneath  the  pulley,  al  »%  a 
groove  that  goes  round  it,  in  which  the  staple  or  forked  end  of  an  arm  like  t^.  Jig.  410, 
made  fast  to  the  copping  beam  p,  catches.  By  the  up  and  down  movement  ol  Ihal 
beam,  the  puUey  l^  takes  along  with  it  the  arm  that  embraces  the  tube,  which  thertfore 
rises  and  falls  equally  with  the  bobbins  A',  and  their  pulleys  or  whorls  q.  I'his  is 
requisite,  since  ili£  bobbins  are  made  to  revolve  by  the  polleys/s,  by  meansof  twoenJkss 
cords  or  bands. 

The  IQO-'C  intricate  part  of  the  mechanism  is  the  adjustment,  by  which  the  revolulion 
of  the  bobbins  is  continually  retarded,  and  their  up  and  down,  or  copping  motion,  aking 
Ihe  Bpinilles,  is  also  retarded  ia  like  proportion.  The  verlica!  pulley  /'  (towants  tlie 
leR  end  of  the  shaft  c)  has  at  its  right  side  a  somewhat  lai^r  diae  or  sheave  z", 
with  a  perfectly  uniform,  but  not  a  very  smooth  sDrface.  Upon  this  sheave,  a  smaller 
horizontal  pulley  3:'rubs,whose  upper  face  is  covered  with  leather  to  increase  the  friirfion 
The  Duder  end  of  the  shaft  js  of  the  pulley  x"  turns  in  a  step,  which  is  so  connected  with 
the  arm  v'  of  Ihe  large  bent  lever  i'  v',  thai  it  always  stands  horizontally,  whatever 
jireclion  the  arms  of  that  lever  may  assume.    The  shaft  ys  is  steadied  al  lop  by  an 
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s  the  fast  i 


?i(h  its  forked  end.  Upon  il 
;ord  goeSj  that  is  made  fast  1 
2'.       The  weight  presses  Hi 


annular  holder  or  bush,  wliich  e 
opposite  side,  ihis  arm  cariies  a  pulley  j^,  U|ioii  wLi 
the  holder  of  the  shall  y%  and  loaded  with  tlie  n 
pulley  x'  aa;HLnst  the  surface  of  g',  in  such  wise  as  to 
:n  order  that  the  rerolulion  of  g'  may  produce  an  uninterrupted  revolulion  in  3/.  A 
pinion  to',  whose  length  must  be  equal  at  least  to  the  semi-diameter  of  the  sheave  g',  il 
placed  upon  the  uader  end  of  the  shaft  y".  It  has  22  teeth,  and  laltes  into  a  e2-touthtd 
hoiizontal  wheel  z^.  Upon  the  upper  end  of  this  wheel  the  conicid  pinion  o3  is  made 
fssl,  which  may  be  changed  for  chaneing  the  speed,  but  usually  has  from  28  to  30  teeth. 
By  this  pinion  the  conical  nheel  6a  is  turned,  which  has  30  leeth,  and  whose  shat^  is  <.'>■ 
Thia  shaft  carries  upon  its  opposite  end  a  six-leaved  pinion,  di,  which  lalies  into  the 
calender  wheel  fi,  formed  with  cogs  like  a  trundle,  apon  the  long  shaft  e'.  In  ^g.  411 
the  wheel  fi  is  eshihited  with  its  pinion  d3.  Here  we  may  remark,  that  in  the  circum- 
ference of  the  wheel  there  is  a  vacant  place,  ^3,  void  of  teeth.  When,  by  tlie  morion  of 
the  wheel,  the  pinion  comes  opposite  to  lliis  opening,  it  turns  round  about  the  last  ti»ith 
of  the  wheel,  fslls  into  the  inside  of  the  toothed  circle  marked  by  the  dotted  lines,  and 

same  direciion.    This  reversed  inolion  continues  till  the  opening  gs  comes  once  more 


opposite  to  the  pinion,  when  this  turns  round  about  the  7ast  tooth  of  that  side,  and  begins 
aaain  to  work  in  the  exterior  teeth.  Thu»,  by  the  uniform  motion  of  d»  and  its 
dependant  parts,  the  wheel  fi,  wiih  its  shaft  es,  revolves  alternately  to  the  right  hand 
and  the  left.  That  this  result  may  ensue,  the  shaft  d  of  the  pinion  must  be  able  to 
slide  endwise,  without  losing  ils  hold  of  (i>  and  (fl.  This  adjustment  is  eflected  by 
placing  the  end  of  the  said  shaf^  nearest  6s,  in  a  box  or  holder  is,  in  which  it  can  turn, 
and  which  forms  a  vertical  tube  to  this  boi;,  as  a  downward  prolongation  which  is  fiKcd 
to  the  tail  of  the  conical  pinion  a'.  Fig.  412  shows  this  construction  in  section  upon 
an  enlareed  scale.  The  second  bearer  of  [he  shaft  nearest  da,  n«  po  I'k  w'  the 
means  of  lateral  motion.      When  therefore  the  pinion  (is  shifts  g  ng 

of  the  wheel  /»  outwards  or  inwards,  ils  shaft  ch  makes  a  corres  m  lat 

motion  upon  the  pivot  of  a",  by  means  of  the  tube  ia  ;  03  and  is        ai      h  m- 

pletely  in  gear  with  one  another. 

The  abuve-described  aliernate  revolutions  of  the  wheel  /a  eer  prod         h    up 

and  down  motions  of  the  bobbins.    The  shaft  ea  has  for  this  purp        w    p  n% 

which  work  in  the  rack  teelh  W  mS  of  the  copping  rail  p,  and  Ih  nd 

sink  it  with  the  bobbins  which  rest  upon  it.  The.  weight  of  the  p  g  b  m  all 
its  dependant  parts,  is  poised  by  two  counterweights  m*,  whose  cords  run  over  the 
pulleys  01  01  0',  Jig,  405,  and  have  their  ends  made  fast  to  the  fiame,  so  as  to  make  the 
upward  motion  as  easy  as  the  downward.  The  two  upper  pulleys  out  of  the  three  of 
each  weight  are  fiied  to  the  framej  the  under  one,  round  which  the  cord  first  runs,  is 
attached  lo  the  eo,jping  beam,  rising  and  falling  along  with  it. 

As  long  as  the  friction  disc  x"  remains  at  the  same  height,  the  pulley  g'  derives  its 
motion  from  the  same  circle  of  the  said  disc,  and  the  up  and  down  motion  of  the  copping 
beam  is  also  uniform.  But  when  that  disc  ascends  so  as  10  describe  with  its  edge  a  small 
circle  upon  the  face  of  g,  its  motion  must  become  proportionally  more  slow.  This  is  the 
method,  or  principle  of  retardine  Ih-  copping  motionsof  the  bobbins.  It  has  been  shown, 
however,  that  the  rotation  of  the  bouoins  should  he  also  retarded  in  a  progressive  manner. 
This  object  is  effected  by  means  of  the  cone  fc",  which,  as  the  band  n  progressively 
approaches  towards  ils  smaller  diameter,  drives  the  pulleys  or  whorls  q  of  the  bobhins 
witi)  decreasing  speed,  though  itself  moves  oniformly  qnick  with  the  shaft  c.  To  effect 
this  variation,  the  cone  is  shifted  lengthwise  along  its  shaft,  while  the  band  tunning 
upnn  it  remains  continually  in  the  same  vertical  plane,  and  is  kept  distended  by  tlie 
weight  of  the  pulley  0'.  The  following  mechanism  serves  to  shift  the  cone,  which  may 
be  best  understood  by  the  aid  of  the  figui-es  413, 414,  and  410.    A  long  cast  iron  bar  m', 
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which  is  left  out  in  Ji;.  410,  llialihe  [rarts  lyin^  behind  il  may  be  belter  seen.  Upon 
this  roiJ  there  is  a  kind  of  Turk,  p3  p3,  to  whLi:h  the  altei  nniin;  rack  hars  q3  are  Dia<i« 
fasl.  The  teeth  of  lliese  rucks  arc  at  nnequai  distances  frum  each  oilier,  and  are  so 
Kiran<cal,  that  each  tooth  of  the  under  side  corresponds  to  the  Epace  between  two  leeth 
in  the  upper  side.  Their  nnmber  depends  npon  the  number  of  coils  of  rovin°  (hat  may 
be  required  to  All  a  bobbin  ;  and  eoneisEs  in  the  iisuit]  machines  ol  from  20  lo  22.  The 
nxi  n9  ma;  be  shiHed  in  ihe  puppet  u3,  like  the  fork  ps  of  ihe  rack-rod,  upon  the  rod 
n3,  and  along  the  suifaoe  of  mi,  where  two  wings  u'  u3  are  placed,  to  keep  liic  foik  in 
a  stmis|:hC  direction.  Upon  the  bar  ma,  there  are  the  pivots  or  fulcra  of  two  stop  calcbea 
ib3  j«,  of  which  the  uppermost  presses  laereij  by  its  own  weight,  but  Ihe  nnderniosi  by 
means  of  a  counterweight  js,  ai^inst  the  rack,  and  causes  them  thus  lo  fall  in  between 
the  teeth.  In  Jig.  414,  rs  shews  the  pivot  of  the  catch  or  detent  w^  by  itself,  the 
detent  itself  being  omitted,  lo  ren[ler  the  construction  plainer.  A  pushing  rod  (3,  npon 
which  there  is  a  pin  above  al  is,  that  passes  behind  the  rack  rod,  between  this  and 
the  bar  tns,  has  for  its  object  to  remove  al  pleasure  the  one  or  the  othei  of  the  two 
catches;  (he  upper,  when  the  upper  end  of  the  rol  pushes  a^instil^  the  under,  by 
means  of  the  above  mentioned  pin  js.  Both  the  catches  are  never  raised  at  once,  but 
eitiiBr  the  nnder  or  the  upper  holds  the  rack  bar  fast,  by  pressin?  against  one  of  Ihe 
teeth.  The  vertical  motion  up  or  down,  which  the  mil  is  mast  take  tp  elfecc  the  liHini; 
of  the  catches,  is  given  to  it  from  the  copping  beam  p ;  since  apon  it  a  horizontal  arm 
V,  M-  *^*,  is  fised,  thai  lays  hold  of  (bat  rod.  Upon  the  pushing  rod  are  nvo  rings, 
A3  and  fes,  each  made  fast  by  a  screw.  When  the  copping  beam  is  in  the  act  of  going 
up,  the  arm  i/3  at  the  end  of  this  movement,  lushes  gainst  the  ring  Ifi,  raises  up  (he 
rod  l3,  and  llias  removes  the  catch  wi,  fig.  410,  from  the  teeth  of  tbe  rod  <j>,  before 
which  it  lies  flat.  At  the  descent  of  Ihe  copping  rail,  v%  meets  the  ring  fca,  when  the 
motion  in  this  direction  is  nearly  cfmpleted,  dravrs  down  the  rod  Za  a  lillle,  by  means  of 
the  same,  and  thereby  eflects  Ihe  removal  of  the  catch  x»,  fig.  414,  from  the  rod  cp. 
Every  lime  that  one  of  the  catches  is  lifled,  the  rack  recovera  its  freedom  lo  a^lvance  a 

■ "  '  so  far,  namely,  till  (he  olher  catch  lays  hold  upon 

ison  is  thus  manifest  why  the  leeth  of  the  upper 
right  oppojile  to  each  other,  but  in  an  alternale 


,ing  of  the  shaft  p,  each  by 


liitle  bit  in  the  direction  of  the  ni 
the  tooth  that  next  meets  it,  1 
and  under  sides  of  tiie  bar  q^ar 

From  the  rack-bar,  the  sliding  of  the  cone  k', 
liiimiie  steps  at  a  lime, is  produced  as  follows;-— 

A  large  rectangular  lever  n,  v',  whose  eentre  of  motion  is  al  pi,  has  al  the  upper  end 
of  its  long  arm  (i,  a  long  slot  Ihronsh  which  a  stud  ra  npon  the  rack  qs  goes,  {figs-  413, 
414,  410,)  so  that  (be  lever  must  follow  the  motions  of  the  raclc  bar.  The  end  of  ihe 
short  arm  of  the  level  bears,  as  already  r-entioned,  the  slep  of  Ihe  shaft  ya !  hence  the 
friction  disc  x'  will  be  rnLsed  in  proporlion  as  tiie  rack  bar  advances,  and  will  come 
nearer  to  the  middle  point  of  gi  i  consef|nenlly,  its  revolution  and  the  shifting  of  ihe 
bobbins  will  beoime  slower.  Upon  (be  cylindrical  rod  ij3,  the  piece  a'  s'  furnished 
wiih  a  Ion?  slot  is  made  fast,  by  means  of  a  tube  H,  {fig.  410,)  and  a  screw.  A  fork 
K  M,  vvhich  by  means  of  the  screw  nut  a*  is  made  fast  in  Ihe  slot,  embraces  the  arm  (i  of 
;hebei.l  lever  j  and  a  luhe  n  riveted  lo  ihc  surface  of  ai,  is  destined  to  lake  np  the  draw 
rod  qi  of  the  cone  k\fig.  410.  A  wei'hl  /«,  whose  cord  bi  is  made  fast  (o  Ihc  cylindii- 
cal  rod  ns,  endeavors  lo  draw  this  rod  continually  in  Ihe  direction  of  the  arrow.  In 
Bcnsequence  oflhis  arrangement,  every  time  that  the  pu-hin;  bar  13  lifts  up  one  of  the 
Miches,  (he  cone  k',  the  lever  ii  v',  and  by  i(  the  rack  bar  gs,  are  set  in  molion.    It  ii 
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obvious,  Ihat  Ihe  motion  of  the  tone  may  be  mniie  greater  or  less,  occording  as  the  forb 
«  «  is  liieJ  further  up  or  clown  in  tlie  siol  of  ji. 

The  nitinbdr  uF  the  teeth  apun  the  bar  f3  is  so  ordered,  that  the  biihbins  are  quite  full 
when  (he  last  toolh  jiag  readied  the  calch  and  is  relea*ed  hy  it.  The  rack  bar,  being 
lestrnined  b;  nothing,  immediately  slides  onwards,  in  coiisequi'iice  of  the  traction  of  the 
weight  /*,  and  brlnss  the  macliine  to  repose  by  this  verv  movement,  for  which  parpose 
the  lullowjne:  canstractioa  is  employed.  A  rectnneulsr  lever  which  has  its  cenlre  of 
moliun  in  gi  is  attached  to  (he  side  face  of  the  beam  A,  and  hns  at  (he  end  of  ils  hori- 
zontal arni  a  pulley  Sa,  over  which  (he  cor!  i*  of  ihe  conmerweiEhl  ft  is  passed.  The 
end  of  the  perpendicnlnr  arm  is  forked  and  embraces  the  Ion?  and  ihin  rod  fci,  to  whose 
opposite  end  the  fork  I*  is  made  fast.  Through  this  fork  (he  band  which  pu(s  (he  ma- 
chine in  motion  passes  down  to  the  pulli-y  oi.  With  the  bent  lever  another  rod  c)  is 
cimn'-cled  at  hi,  which  lies  upon  (he  piip[>et  es  with  a  slot  al  ei,  and  hereby  keefis  the 
lever  gi  in  its  upright  position  notwithstanding  the  weight  ft.  In  the  moment  nhen,  as 
above  slated,  the  rack  bar  73  become  free,  the  arm  jja  of  its  furk  pushes  in  ils  rapid 
advance  against  the  under  obliqiie  side  of  ei,  I'aises  this  rod,  and  thereby  sets  the  lever  gt 
"ree,  whose  upright  arm  benils  down  by  the  traction  of  ihc  weight,  drives  the  rod  fei 
hefiire  i(  into  the  ting  it  fastened  lo  it,  and  thus,  by  means  of  the  fork  (1,  shifts  the  band 
'.ipon  (he  hKise  pulley  2>'.  But  the  machine  may  be  brought  to  repose  or  put  out  of  );cur 
11  nny  lime  merely  by  shifting  the  rc-d  ft*  wilh  ihe  hand. 

The  operation  of  the  bobbin  and  fly  frame  may  be  fully  nnderstood  from  the  preceding 
Jescriptiun.  A  few  observations  remain  to  he  made  ujion  the  coneic',  (he  rack-bRj'  q3, 
and  the  speed  of  the  work. 

When  we  know  ihe  diameter  of  the  empty  bobbin',  and  how  many  turns  (hey  should 
make  in  a  given  lime  in  order  10  wind-on  the  sliver  delivered  hy  the  fluted  rollers  and  Ihe 
spindles;  when  we  consider  the  diameters  of  (he  spindle  pulleys  f,  and  ti,  as  also  the 
drum  m',fig.  405,  we  may  easily  lind  the  diameter  which  the  cone  must  have  lor  pro- 
ducing Ihat  number  of  turns.  This  is  the  diameter  for  the  greatest  periphery  of  the 
base.  The  diameter  of  the  smaller  h  obtained  in  the  same  way,  when  the  diameter  of 
the  bobbins  before  the  last  winding-on,  as  well  as  the  number  of  (urns  necessary  in  a 
given  tiFne,  are  known. 

A  bobbin  and  Hy  frame  of  the  construction  just  described  delivers  from  each  spindle 
in  a  day  <ir  twelve  hours,  from  6  toS  lbs.  of  roving  of  the  fineness  of  ij  English  counts. 
One  person  can  superintend  two  frames,  piece  (he  broken  slivers,  and  replace  Ihe  full 
bobbins  by  empty  ones.  The  loss  of  cotton  wool  in  this  mRChine  consists  in  the  portions 
carried  off  ftyim  (he  torn  slivers,  and  mus(  be  returned  to  the  lapping  machine. 

Tbt  fne  bobbin  and  fly  frame  does  nut  difler  essentially  from  the  precedin;  machine. 
The  rovinss  from  (he  coarse  bobbin  and  fly  frame  are  placed  in  (heir  bobbins  in  a  frame 
called  the  creel,  behind  and  above  the  roller  beam,  two  bobbins  being  allowed  fur  one 
fluted  portion  of  the  rollers.  Tiiese  rovings  are  'united  into  one,  so  as  to  increase  the 
uniformity  of  Ihe  slivers. 

The  invention  of  the  beautiful  machine  above  described  Is  due  to  Messrs.  Cocker  and 
Hi s:g ins,  of  Manchester,  and  as  lately  improved  hy  Henry  Houldsworth,  jun.,  Esq.,  it 
may  h?  considered  the  most  ingeniously  combined  apparatus  in  the  whole  ranee  of  pro- 
diiciive  induslrj'. 

In  the  fine  roving  frame  the  sliver  is  twisted  in  the  contrary  direction  to  ihat  of  the 
coarse  roving  frame.  For  this  reason  Ihe  position  of  (he  cooe  is  reversed,  so  as  tci  pre- 
sent in  succession  to  the  band,  or  strap,  diameters  continnally  greater,  in  order  thai  the 
rotation  of  the  bobbios  may  be  accelerated  in  proportion  as  their  size  is  increased, 
because  here  the  ilier  and  the  bobbin  turn  in  the  same  direction,  and  (be  winding-on 
is  efl>cted  by  (he  precession  of  the  bobbin ;  but  if  the  winding-on  took  place  by  ils  falling 
behind,  as  in  the  coarse  bobbin  and  fly  frame,  thai  is,  if  (he  flier  turned  less  quickly  than 
(he  bobbin,  the  rotatory  speed  of  the  bobbin  wouW  be  uniformly  retarded  ;  in  which  case 
the  cone  would  be  disposed  as  in  the  coarse  frame. 

When,  by  any  means  whatever,  a  nniform  length  of  thread  is  delivered  by  Ihe  rollers 
in  a  given  time,  the  bobbin  must  wind  it  ap  as  it  is  given  out,  and  must  therefore  tarn 
with  a  speed  decreasing  with  the  increase  of  ils  diameler  by  successive  layers  of  thread. 
Hence  proceeds  the  proposition,  that  (he  velocif  of  the  bobbin  must  be  in  tlie  inverse 
ratio  of  its  diameter,  as  already  explained. 

With  respect  to  the  bobbin  and  fly  frame,  the  twist  is  given  to  the  sliver  hy 
means  of  a  spindle,  or  Hier,  which  turns  in  the  same  direction  with  the  bobbin,  but 
■iuieker  or  sljwer  ihan  it,  which  eslablishes  two  predicaments.  The  first  case  is  wKere 
ihe  flier  turns  faster  than  the  bobbin.  Here  the  win<linE-on  goes  in  advance,  as  in 
.he  coarse  rovii^  frame,  or  as  in  throstle  spinning,  where  the  yarn  is  wonnd  on  merely 
in  consequence  of  the  friction  of  the  lower  disc  or  washer  of  the  bobbin  upon  the 
copping  rait,  and  of  the  drag  of  the  yarn.  The  second  case  is  where  the  flier  revolve* 
ciofe  slowly  than  the  bobbin.     Here  the  winding  goes  on  in  arrear,  and  as  t>.e  bobbin 
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turns  faster,  it  mnEt  leceive  a  peculiar  motion,  which  is  oniformlj'  retarded  in  the  ratii 
of  iis  increase  of  diameter.  Thie  is  the  ease  with  the  fine  bohbin  and  lly  friime.  When 
Ihe  Cfine  is  placed  as  in  fig.  41)5,  the  winding-on,  in  either  the  coarse  or  fine  frame,  re- 
suits  frnm  the  difl'erence,  whellier  greater  oc  less,  between  the  rotatory  speed  nf  the  flier 

The  moiion  of  the  bobb  1    p    dl  m  !(  d  I  t      pi  h       m 

dire.'tion,  with  adifl  n«  1  hh         igdmt         ftl 

biibbins.    To  render  th    m  U    I  pi        f         m         t  lb      p    dl    t    b 

iQoliunless,  then  the  bbbmt         Iwh        1       ped       tlp-oth 
fast  as  the  rutlers  del  (     Tb      1  m      f         d      if  rml;    b  t  th    bobb      by 

itf  increase  or  diaraet  m  t  1  with  p  ed  pro  ess  1}  I  w  ]\  w  p. 
pose  the  spindle  set  Bi-wh   I         t  is   b  lb     ih    b  bb     m    t    dd  t   Ih    m  1 

requisite  fur  winding        tl       I  Ih  t    f  th      p    dl         th      ase    f        d 

arrear,  or  when  it  foil  w    Ih    fl   r«       d       btra  t    I  ml       f  in  tb    tw       g 

piolion  of  the  spindle  I  t        d    e  J  th  t   s,  wh      th     bobb 

preceiles  or   turns  f  1        Ih     fl  f     th     d   m  t       f  th    b  bb      be        l| 

inches,  10  turns  will      k       y  Ab        1  D  d     t         tl  e<.    10  t  f   m  th     30  m  d 

by  Ihe  spindle  in  the  tam  m  Ih  w  U  m  f  th  fT  t  mm  f  ih 
hohhin  only  20  turns         wh        b     d    m  f  tl     b  bh      h         es  3       les   5  I 

will  take  up  the  45       hes     f  H      p   die  b      t  b  I  if  t  m  1>      30  1  th 

tune,  the  efiective  vel     ty    f   h    I  bb     w  II  b    2  =  30  —  5     H  tl 

tine  bobbin  and  fly  f  th         mbe       f  f  It       p    dl  lb         mbe      f 

tnrns  made  by  Ihe  bobb  q     I  I  me>  th  t      f  th   d   m  f  th 

bobbin.    We  thus  p  Ih  t        th    co         fram      h     bobb       h  uld  m        f 

than  the  spindly  and  th  I  1  pdhUlwydm  h  irhil  t  II  fi  fam 
the  bobbin  should  mo       1  th      th      p   dl     b  I  pe  d   h    Id   Iw  y  se 

It  is  easy  lo  conceive,  th      f     ,  why  th    ro  pi    ed  m  S  th 

two  machines.  Not  that  (his  iniersion  is  indispensably  necessary;  the  cone  of  the  fine 
roving  frame  miaht,  in  fact,  be  placed  like  that  of  the  coarse  roving  frame ;  bni  us  tiie 
torsion  of  Ibe  ruvjne  becomes  niw  considerable,  and  as  on  that  account  the  bobbin  would 
need  to  move  still  faster,  which  would  consume  a  greater  quantity  of  the  moitng  ^ower, 
it  has  been  deemed  more  econipmica]  Id  give  lis  movement  an  opposite  direction 

We  mentioned  that  the  twist  of  (he  sliver  in  the  fine  roiine  frame  was  the  reierse  ol 
that  in  the  coarse ;  this  is  a  hnbil  of  the  spinners,  for  w  hich  no  good  reason  has  been 
given. 

The  divisions  of  the  rack-bar,  and  the  SHccessive  diamelero  of  the  cone,  must  be 
nicely  adjusted  to  each  other.  The  first  thing  to  determine  i=,  how  much  the  rack 
s'ionid  advance  for  every  layer  or  ranee  of  roving  applied  to  the  bobbin,  m  oiler  lliat 
the  cone  may  oecapy  such  a  place  that  the  strap  which  regulates  the  pulley  barrel  may 
be  at  the  proper  dlBmcler,  and  thut  fulfil  every  eondicii  n  The  extent  of  this  pro- 
gressive movement  of  the  rack  depends  upon  the  greater  or  less  taper  of  the  cone,  and 
the  inciease  whieh  the  diameler  of  the  bobbin  receives  with  every  traverse,  that  is,  every 
layer  uf  rovlnitlaid  on.  But  care  should  be  taken  not  to  taper  the  cone  too  rapidly,  espe- 
cially in  the  fine  raving  fiame,  because  in  its  progress  towards  the  smaller  end  the  strap 
would  not  slide  with  certainty  and  ease.  We  have  already  shown  that  the  number  of 
ellective  turns  of  the  tmbbin  is  inversely,  as  the  diameter  of  the  bobbin  ;  or  du'ectly,  as 
the  successive  diameters  of  the  difierent  points  of  the  cone. 

H.  Hoiildsworth,  jun.  Esq.  has  introdnced  a  capital  improvement  Into  the  bobbin  and 
fly  frame,  by  his  diiferenlial  or  equation-boj  mechanism,  and  hy  his  sprint;  fingers,  which, 
by  pressing  Ihe  sofl  sliver  upon  the  bobbin,  cause  at  least  a  double  qnanlitj  to  be  wound 
upon  iis  barrel.  With  the  description  of  his  patent  equetion-boi:,  I  shall  conclude  Ihe 
description  of  the  bobbin  and  fly  frame. 

JVg,  415  represents  a  poition  of  a  fly  frame  with  Mr.  Houldsworth'^  invention. 
a  a  a  are  the  front  drawing  rollers,  turning  upon  hearings  in  the  lop  of  the  machine, 
and  worked  by  a  (tain  of  tiiollied  wheels,  in  the  way  that  drawing  rollers  are  usually 
actuated. 

From  the  drawini:  rollers,  the  filaments  of  cotton  or  other  material,  6  5,  arj  broneht 
down  to,  and  passed  through  Ine  arms  of  Ihe  fliers  c  c,  mounted  on  Ihe  tops  of  (he 
spindles  d  d,  which  spindles  also  carry  (he  loose  bobbins  1 1.  In  the  ordinary  mode  of 
constructing  such  machines,  the  spindteB  are  turned  by  cords  or  bands  passing  from  a 
rotatory  drum  round  their  respective  pulleys  or  whirls  /,  and  the  loose  bobbins  e,  lorn 
with  ihem  by  (he  friction  of  their  slight  contact  tl  Ihe  spindle,  as  before  said;  in  Ihe 
im|>roved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins  are  inde- 
pendent and  distinct  from  each  olher,  beini  actuated  fiom  diflerent  sources. 

The  main  shall  of  the  engine  g,  turned  by  a  band  and  rigger  A  as  usual,  communicates 
motion  by  a  train  of  wheels  h,  through  the  shaft  i,  lo  the  drawing  rollers  at  the 
reverse  end  of  the  machine,  and  canses  them  lo  deliver  ihe   filaments  lo  be  tn-isled. 
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This  cylindricBl  box  pulley  is  made  in  two  parts,  ft  and  J,  and  slipped  upon  (he  axle  with 
a  loolhed  wheel  m,  intervenine  belween  them.  The  box  and  wlieel  are  shown  delaehed 
in  fig.  416,  and  partly  in  section  ai  Jig.  4J7.  That  portion  of  the  box  with  its  pulley 
markfi)  I,  is  fixed  to  the  shaft  g  ;  hul  the  other  part  of  ihe  box  and  Its  pnlley  fe,  and  the 
tuolhed  wheel  m,  slide  loosely  round  upon  the  shaft  g-,  and  when  bronchi  iu  confacl  and 
confined  by  a  fixed  c<jl!ar  w,  as  in  the  machine  shown  at  fig.  415,  ihey  constitute  two 
distinct  palleya,  one  being  inteniled  lo  actuate  the  spindles,  and  the  other  the  bobbins. 

In  the  web  of  the  wheel  in,  a  small  bevel  pinion  o,  is  mounted  upon  an  anle  stamling 
at  ri^ht  angles  to  (be  shaft  g,  which  pinion  is  intended  lo  lake  into  the  two  bevel  pinions 
p  and  q,  respectively  fixed  npon  bosses,  embracing;  the  shaft  in  the  interior  of  the  boxes  k 
and  t.  Now  it  being  remembered  that  the  pinion  q,  and  its  box  I,  are  .fixed  to  Ihe  shaft 
jT,  and  turn  with  it,  if  the  loose  wheel  m  be  independently  turned  upon  Ihe  shaft,  with  a 
different  velocity,  its  pinion  o,  [akin?  into  q,  will  be  made  lo  revolve  npnn  its  axle,  and 
10  d.'ive  the  pinion  p,  and  pulle>  box  ft,  in  the  same  direction  as  Ihe  wheel  in  ;  and  this 
rololorj'  movement  of  the  box  k  and  wheel  m,  may  be  fasUr  or  slower  than  the  shaft  g, 
and  box  i,  according  lo  the  velocity  with  which  (he  wheel  m  is  turned. 

Havini;  explained  Ihe  construction  of  the  box  pulleys  ft  and  /,  which  are  the  peculiar 
features  of  novelty  claimed  under  this  pateni,  their  officeand  adeanlage  will  be  seen  by 
deseribin;  the  general  movements  of  the  machine. 

The  main  shaft  ^,  being  turned  by  the  band  and  rigeer  a,  as  above  said,  the  train  of 
wheels  ft,  connected  with  it.  drives  the  shaft  i,  which  at  its  reverse  end  has  a  pinion  (not 
seen  in  Ihe  f^ure)  that  aclnates  the  whole  seiies  of  drawing  rollers  a.  Upon  the  shaft 
i  Iheie  is  a  sliding  pulley  r,  carrying  a  band  t.  which  passes  down  to  a  tension  pulley  (, 
and  is  kept  distended  by  a  weight.  This  band  i,  in  its  descent,  comes  in  coniacl  with 
the  surface  of  the  cone  u,  and  causes  Ihe.  cone  to  revolve  by  the  friction  of  Ihe  hand 
runnini;  against  it.  The  palley  r  is  progressively  slidden  along  the  shaft  i,  by  means  of 
a  rack  and  we^ht  not  shown,  hot  well  anderstood  as  coir.mon  in  (bete  kind  of  machines, 
and  which  movemenl  of  Ihe  pulley  is  for  the  purpose  of  progressively  Ehifting  the  bnnd 
J  from  Ihe  Smaller  to  the  larger  diameter  of  Ihe  cone,  in  order  that  the  speed  of  its 
roiaiiuc  may  gradually  diminish  as  the  bobbins  1511  by  the  winding-on  of  the  yarns. 

At  th;  end  of  the  axle  of  the  cone  u  a  smail  pinion  »  is  filed,  which  Cakes  into  the 
teeth  ol  :he  loose  wheel  m,  and,  as  the  cone  tarns,  drives  Ihe  wheel  m  round  upon  the 
sliaft  g,  with  a  speed  dependant  always  upon  the  rapidity  of  the  rotation  of  the  cone. 
Now  Ihe  box  pnlley  /,  being  fixed  to  the  main  shaft  g,  turns  with  one  uniRirm  speed, 
and  by  cords  passing  from  it  over  guides  to  ihe  wboi'U  /,  drives  all  Ihe  spindles  and 
fliers,  which  twist  Ihe  yarns  with  one  continued  uniform  velocity  i  but  the  box  pulley  k. 


m- 
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bpina;  loose  upon  the  ilmRj  and  adnaled  by  the  bevel  pinions  wilhin,  sg  dt'Cribed,  is 
Biarle  to  revolve  by  the  lolalion  of  the  wheel  in,  inclcpeniienl  of  the  jhaft,  and  wi(b  a 
different  ppeed  from  l!ie  pulley  bov  Ij  eorda  passing  from  this  pulley  box  k,  over  eiiides 
to  small  pulleys  under  the  bobbins,  communicate  the  motion,  whatever  it  may  be,  of  [lie 
pulley  box  k,  to  the  bobbins,  and  cause  them  to  turn,  and  1o  lake  op  or  tvind  lii^  yarn 
with  a  speed  derived  from  Ihis  souree,  iniiependenl  of,  and  diflercnt  fiom,  the  spetd  of 
the  spindle  and  Qier  which  iwisi  the  yarn. 

It  will  now  be  perceived,  that  these  parts  being  all  adjusted  to  accommodate  the 
lakins  up  movements  lo  the  twistine  or  spinning  of  any  patiicular  quality  of  yam 
intended  to  be  produced,  any  variations  belween  the  veloeilies  of  the  spinning  and 
taking  up,  which  another  qnalily  of  yarn  may  require,  can  easily  be  effected,  by  merely 
changing  the  pinion  v,  for  one  wilh  a  different  nuii/oer  of  teeth,  which  will  cause  Ihe 
wheel  ni,  and  the  puiley  box  k,  to  drive  the  bobbins  faster  or  slower,  as  wou^d  be  requited 
in  winding-on  fine  or  course  yarn,  the  speed  of  the  twisting  or  spinning   jeing  the 

The  rovin^s  or  spongy  cords,  of  greater  or  less  tenuity,  made  on  the  bobbin  and  fly, 
or  tnbe  roving  frame,  are  either  spun  immediately  into  firm  ciihesrve  yarn,  or  receive  s 
further  preparation  process  in  the  srrelehing  frame,  which  is,  in  fact,  merely  a  mule- 
jenny,  without  the  seeoad  draught  anil  second  sjieed,  and  Iherelore  need  not  be  described 
al  present,  as  it  will  be  in  its  place  afterwards. 

The  JlnisktKg  iwac/tiues  of  a  cotton  milt,  which  spin  the  cohesive  yarn,  aj-e  i>f  two 
classes ;  1.  the  water-twist  or  throstle,  in  which  the  twisting  and  winding  are  performed 
simultaneously  upon  prt^ressive  portions  of  the  roving;  and,  2.  the  mule,  in  which  the 
Ihieail  is  drawn  out  and  stretched,  with  little  twist,  till  a  certain  length  of  about  5  feet 
is  extended,  then  the  torsion  is  completed,  and  Ihe  finished  thread  is  inimedialety  wound 
vpon  the  spindles  inln  double  conical  coils  ealled  cops. 

The  water-twist  frame,  so  colled  by  its  inventor.  Sir  R.  Arkwright,  because  i(  was  first 
driven  by  water,  is  now  generally  superseded  by  the  throstle  frame,  in  which  ihe  me- 
chanical spinning  Angers,  so  to  speak,  are  essentially  the  same,  bnt  the  mode  of  commu- 
nicating the  motion  of  the  milt  gearing  lo  them  is  somewlial  dilTerenl.  Fig.  413  exhibits 
a  vertical  section  of  the  thiostle.  This  machine  is  doable,  pusses-'ing  upon  each  side  of 
its  frame  a  row  of  spindles  with  all  their  siibsidiary  (.arts.  The  bobbins,  filled  with 
rovlngs  from  the  bobbin  and  fly,  or  (he  lube  frame,  are  set  up  in  the  creel  a  a,  in  two 
ranses.  b,  c,  d,  are  the  three  usunl  pairs  of  drawinir  rollers,  through  which  the  yarn 
is  attenuated  to  the  proper  degree  of  fineness,  upon  the  principles  already  explained. 
At  its  escape  from  the  front  rillers,  every  thread  runs  throuLih  a.  guiile  eyelet  e  of  wire, 
which  gives  it  (he  vertical  direction  down  towards  the  spindles/,  g.  The  spindles  which 
perform  at  once  and  uninterruptedly  the  twisting  and  winding-on  of  the  thread  delivereil 
by  the  rollers,  are  usually  made  of  steel,  and  tempered  at  their  lower  ends.  They  stand 
at  g  in  steps,  pass  at  v  throaeh  a  brass  bush  or  collet  which  keeps  them  npright,  and 
revolve  wilh  remarkable  speed  upon  their  axes.  The  bobbins  A,  destined  to  take  np  Ihe 
yarn  as  it  is  spun,  are  stuck  loosely  upon  the  spindles,  and  rest  independently  of  the 
rotation  of  the  spindles  upon  the  copping  beam  ;,  wilh  a  leather  Washer  between.  Upon 
the  top  of  the  spindles  an  iron-wire  fork,  cnlled  a  liy  or  Bier,  i,  k,  is  made  fast  hy  a 
led'hand  screw,  and  has  one  of  its  finks  turned  round  at  ihe  end  into  a.  little  ring. 
The  branch  of  the  flier  at  /  is  tubular,  to  allow  the  thread  lo  pass  through,  and  to 
escape  by  a  little  hole  at  its  aide,  in  order  to  reach  the  eyelet  at  the  end  of  that  fork. 
From  this  eyelet  i,  it  proceeds  directly  to  ihe  bobbin.  By  the  twirling  of  the  spindle, 
the  twisting  of  the  portion  of  thread  belween  the  fiont  roller  d  and  the  noizle  /  is 
effected.  The  winding-on  lakes  place  in  the  folhiwina  way.— Since  the  bobbin  has  no 
other  connexion  with  the  spindle  than  that  of  Ihe  thread,  it  would,  but  for  it,  remain 
entirely  motionless,  relatively  to  the  spindle.  But  the  bobbin  is  palled  after  it  by  the 
thread,  so  that  it  must  follow  (he  rotation  of  the  spindle  and  fly.  When  we  consider 
that  the  thread  is  pinched  by  the  front  roller  d,  and  is  thereby  kept  fully  upon  ihe 
stretch,  we  perceive  that  the  rotation  of  the  bobbin  mnst  be  the  result.  Snppose  now 
the  tension  to  be  suspended  for  an  instant,  while  ihe  rollers  d  deliver,  for  example,  one 
inch  of  yarn.  The  inertia  or  weight  of  ihe  bobbin,  and  its  friction  upon  the  coppij^ 
beam  l^  b;  means  of  the  leather  washer,  will,  under  this  ciicumslance,  eanse  the  bobbin 
to  hang  back  in  a  stale  of  rest,  till  the  said  inch  of  yarn  be  wound  on  by  the  whirling 
of  Ihe  fly  i,  and  the  former  tension  he  restored.  The  delivery  of  ihe  yarn  by  the  drawing 
rollers,  however,  does  not  take  place  inch  aAer  inch,  by  starts,  bnl  at  a  certain  continu- 
ous rale ;  fronvwhence  results  a  continnoua  retanlatioh  or  loitering,  so  to  speak,  of  the 
bobbins  behind  (he  spmdies,  just  to  such  an  amount  that  Ihe  delivered  yarn  is  wound  up 
at  the  some  time  during  the  rotation. 

This  process  in  spinning  is  esscnlially  the  same  as  what  occurs  in  the  fine  bobbin 
and  fly  frame,  but  is  here  simplified,  as  llie  relardalion  regulalcs  itself  accordine  to 
:he  diameter  of  the  bobbm  by  the  drag  of  the  thread.    In  the  fly  frame  the  employmen. 
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rf  tliislftUJO  is  impossible,  because  the  rovin; 
atid  lieito?  it  is  neeeu-nr;  to  give  the  bobbin 
wliicb  so  complicates  Ibis  machine. 

The  ap  and  down  nii>tioit  of  Ibe  bobbias  along  the  s]>i[idte<i,  which  is  required  Toi 
:be  efjual  distribution  of  the  yarn,  and  must  have  the  same  ranae  ss  the  length  of  ilie 
buhbin  barreb,  is  performed  bj  the  folloivinic  mechanism.  Every  copping  rail,  /,  is 
mnJe  fast  to  a  bar  m,  and  this,  which  elides  in  a  vei'lical  groove  or  slot  at  the  end  of 
the  frame,  13  conneuled  by  a  rod  n,  with  an  equal-armed,  moveable  lever  o.  The  lod  p 
carries  a  weisht  r,  suspend«l  fram  this  lever ;  another  rod,  q,  eonneclB  the  great  lever  n 
with  a  smaller  one  i,  (,  Hpon  which  a  heart-shaped  disc  or  pulley,  n,  works  from  below 
at  I.  By  the  rotation  of  the  disc  u,  (be  arm  t,  being  pressed  cimslanlly  down  npoo  it  bf 
[lie  reaction,  the  weight  r  must  allernaiely  rise  and  fiill;  and  thus  thecopuinsr  rail  J  must 
ttbrioasly  move  with  the  bobbins  k  tip  and  dnwn  ;  (he  bobbins  upon  one  side  of  the  frame 
risina,  as  (hose  upon  the  other  sink.  Strictly  c>..i<idered,  this  copping  motion  should 
become  slower  as  the  winding-on  proceeds,  as  in  the  (!y  rovina  frame ;  but,  on  account 
of  ihe  smallness  of  the  finished  lliread,  this  constrnetiiin,  which  would  render  the 
machine  complicated,  is  wilhont  inconvenience  neglecled,  with  the  result  merely  that  the 
coils  of  Ihe  yarn  are  successively  more  sparsely  kid  on,  as  the 'diameter  of  Ihe  bobbin 

:  proceeds  iom  the  shaft  of  a  liorizoritM  drum. 


The  movement  of  Ihe  whole  mach, 
which  drives  (he  Spindles  by  mcsns  of 
with  a  small  pulley  or  wharf,  lo,  al  i 
round  that  wharf  or  whorl,  and  the  dri 


the  enilless  band 


nied 


S  lower  part,  and  a  partienlar  band,  which  goe 
iim  y.  The  bands  are  not  di-awn  tense,  but  hang 
1,  being  kept  distended  only  hj  their  own  weight- 
Thus  every  spindle,  when  ils^  thread  break',  can  readily  be  slopped  alone,  by  applyinsr  a 
sligiit  jiressnre  with  the  hand  or  knee,  the  band  meanwhile  irliding  loosfly  round  Ihe  whorl. 
The  velocities  of  rolalirm  of  the  three  drawing  rollers  are,  according  to  this  arrange- 
menl,  in  the  proportion  of  1  i  1^  :  S;  and  as  their  diamelers  are  the  same,  namely,  one 
inch,  the  elongation  of  the  yarn  in  spinning  is  eisht  fultl.  If,  for  example,  Ihe  roving 
was  of  the  number  4J,  the  yam  would  become  No.  SB.  The  extension  of  the  Ihreaii 
znay  be  changed  by  changing  the  wheels  of  the  drawing  rolleis.  To  perceive  the  power 
of  this  change,  let  us  put,  for  example,  in  the  place  of  the  18-lnolhed  wheel  of  the  back 
rollers,  a  wheel  with  16  teeth ;  we  shall  find  Ihal  (he  elons^ation  will  amount,  in  that 
case,  only  lo  7J  limes,  whence  the  number  of  the  yarn  would  come  out  32  =  71  X  41. 
The  extension  by  (he  tlirostle  is  extremely  various;  it  amounls,  in  some  eases,  (o  only  4 
jmes;  at  others  (o  10,  12,  or  even  15. 

The  copping  motion  of  the  bobbins  is  produced  in  consequence  of  a  bevel  pinion  work- 
,ng  in  a  small  bevel  wheel  upon  an  upriiiht  shaft;  while  this  wiieel  gives  a  slow  motion 
w  to  the  wheel  of  the  heart-shaped  pulley  il,^g.  418. 

ing  pulley   makes  about   600 
■      ■■  of 


lur 

ns  in  a  i 

Ihe 

cler  of  the  spindle  wl 

e  3fi00  t 

die  in  tbat  lim 

If  the  pnlley  be  driven  faster,  for  ejampi 

700  times  in  a  minute,  it  will  increase  the 
revolutions  of  Ihe  spindles  to  4200.  The 
degree  of  twist  which  will  be  thereby  im- 
parled to  the  yarn,  depends,  with  like  speed 
of  spindles,  upon  the  rate  at  which  the  soil 
yam  is  delivered  by  the  drawing-rollers; 
for  the  quicker  this  delivery  ihe  quicker  is 
the  winding-on,  and  the  less  twi*t  goes  inlo 
a  given  lensth  of  yarn.  If,  for  example, 
the  front  rollers  d  turn  24  times  In  a 
minute,  giving  out  of  course  72  inches  of 
yarn  in  this  lime,  upon  which  the  3l>l)!) 
revolutions  of  the  spindle  are  expended, 
there  will  be  50  twists  lo  every  inch  of 
yarn.  By  changing  the  wheel-work  of 
llei  wharves  upon  the  Sjiindles,  the  proportion  be- 
drawing  rollers,  and  thence  the  degree  of  twist,  can 

The  number  of  spindles  in  a  throstle  frame  12  feet  long  is  about  60  on  each  side. 
The  drawing  rollers  are  coupled  together  as  in  the  bobbin  and  fly  frame,  so  (hut  eaclr 
row  forms  one  continuous  cylinder.  There  is  a  complete  roller  beam  on  each  side- 
each  of  the  rollers  of  the  I'ront  row  is  pressed  bv  lis  lop  rollers  with  a  weight  of  ten 
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[welve  pounds ;  but  those  of  the  middle  and  bacl;  rows  tear  weights  of  only  one  pound 
In  Ihe  IhroElles,  there  is  a  guide  bar  which  traverses  ft  small  way  horizontally  to  tht  lell 
and  ii?hl,  in  front  of  the  roller  beam,  to  lead  Ihe  thread  along  diiferenl  points  of  the 
rollers,"  and  thus  preveut  Ihe  lealher  of  ihe  top  ones  from  being  grooved  by  ils  constant 

L  two  double  frames,  on»  youne  woman  and  an  assist- 
nd  the  broken  ends,  and  replace  the  empty  bobbins 
d  the  full  bobbins  of  the  throstle  by  empty  ones.  The 
I  ofi'  in  «  meek  of  69  hours  ie  about  24  hanks  per  spindle 
s  of  a  firm  wiry  quality,  adapted  to  the  warps  of  fustians 
as  to  the  manufacture  of  stockings  and  sewing  thread, 
s  of  the  throstle  system  besides  the  one  above  described ; 
e  Danforih's,  called  llie  American  thiSjstle,  Monteomery's, 
n  account  of  them  lo  mv  woik  entitled  "The  Cutton  Ma- 
where  they  are  miuottly  described  and  iilusltaled  with 


e  creel  with  full  o 

average  qnanlily  of  yarn  tume 

of  30's  iwist.    Thro-lle  yarn  i 

and  other  strong  slufis,  as  well 

There  are  many  modification 
the  most  celebrated  of  which  ai 
Rnd  Gore's.  I  must  refer  fur  e 
Eufncture  of  Great  Britain," 
accurate  figures. 

Miilesptimins. — The  ceneral  principles  of  Ihe  mule  have  been  already  stated.    This 
machine  is  so  nameJ  -because  it  is  the  otl'=tirinB,  so  to  spenk,  of  two  older  mactiines,  the 
'  '    "        ~"       1000  spindles,  and 

Fig.  419  represents  (he 
original  jenny  of  Har- 
greaves,  by  which  one 
|ierson  was  enabled  lo 
spin  from  16  to  40  threads 
al  once.  The  soft  curds 
of  lotings  wound  in  dou- 
ble   conical    cops    upon 

tie  mclined  liamc  al  c, 

Ihe     spindles     for    first 

t  Mslmg  and  then  wind- 

the    spun    Tarn 

ivere  set  uptiaht  in  steps 

and  Tushes  at  A,  being 

ur nibbed  near  iheir  low^ 

b)   pas'^inic  round   the  lon^ 

handle  fir  lilting 


soft  r 


ting  ti 
The 


intr  jd  iced 
pound  clove  d  being  mv 
pi  bed  forward  upon  its 
f  ction  wheeN  to  A  waa 
nc\l  ervlually  drann 
DicknaidjWhilelhes  in- 
dies were  made  lo  revolve 
with  proper  speed  by  the 
right  hand  of  ihe  opera- 
tive turning  (he  fly-wheel 
B     Whenever  one  sirelrh 
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^            /ramf      The  ro 
/iM  ,            tins  m  Ihe  free 
M       \          th^oush    hetwee 

Ihf 

mounted 
haie  Ihe 

upon  bob 
r  ends  leL 
IS    of  twin 

,  tiionce  down  thmiigli 

the  ejelet  hook"!  upon  the  end  of  the  fliers 

of  the  <ipind1e<i  c,  and  finally  Btteclied  Ic 

then   bobbins      The  spindles  being  driven 

by  the  band  c  n  npon  tlieir  lower  pari,  eon- 

linuoiislj  twist  and  wind  ibe  finished  yarn 

npon    the    bobbins;    constituting    the    first 

iremittiQ^  antoaiattc  machine,  fur  spinning 

hich  (he  woild  ever  saw 

Contract  with  the  above  admirable  sys- 

m  the  primitive  cotlon  wheel  of  India,  as 

annexed  figure  4^1.     By 

id  '^r  mechnnicnl  linaers,  one  Enplish- 

al    lis  mule  can  lurn  ott'  daily  "more 

and  of  fnc  fintr  quality    Ihan  MO  oi 

stiowni 


Tlie  machine  Consists  of  two  main  parts  a  fixed  one  correspondin?  in  & 
ure  to  the  witer  frame  or  thiostle  and  9  moveable  one  eoirespondma  lo  the  jenny 
The  hrst  coniains  la  a  suita.ble  fiame  the  drawing  roller  beam  and  the  chief  muving 
Eiaclunery  the  oecond  is  called  the  carriage,  in  which  the  remainder  of  the  moving 
mechanism  and  the  ipindles  are  mounted 

Ihefiameof  the  tked|iart  consistsof  two  upii  lit  sides,  and  two  nr  moie  intermediate 
parallel  bearings.  Upon  which  the  horiEonlal  roller  beam  o,tlie  basis  of  the  drawing  rollers 
issupporled.  b,c,i,  are  the  three  ranges  of  fluted  iron  rollers;  e,f,g,  are  the  upper  iron 
rollers  covered  with  leather;  A,  the  wooden  wLpsr-rollers  covered  with  flannel,  wbicll 
being  occasionally  rubbeil  with  chalk,  imparts  some  of  it  to  the  pressure  rollers  beneath, 
30  as  to  prevent  the  cotton  filaments  adherina  to  tiiem.    The  rollers  are  made  Ihrough- 
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cut  the  whole  lensth  of  the  mule  in  portions  containing  sis  flulings,  which  are  eouDleil 
[uKelJier  by  squared  ends  fitted  into  square  holes. 

The  skeivers  upon  which  the  bobbins  containit^  the  rovings  from  the  bobbin  and  fly 
or  stretching  fi-atne  are  set  up,  are  seen  at  a',  ai,  ai,  arranged  in  three  rows  in  the 
treel  2.  The  soft  threads  onwoimd  fiom  these  bobbins,  in  their  viaj  to  the  drawing 
yollers,  pass  first  through  eyelets  in  the  ends  of  the  wire  arms  b\  then  through  the 
rin^s  or  eyes  of  the  juide  bar  vi,  and  enter  between  the  back  pair  of  rollers.  The 
lumber  of  these  bobbins  is  eoual  to  (he  number  of  spindles  in  the  mule,  and  twice  as 
great  as  the  number  of  fluted  portions  of  the  rollers!  'o''  tw  threads  are  assigned  to 

The  cnriiage  consists  of  two  cast-iron  side  pieces,  find  several  cast-iron  inlermediati 
similar  pieces,  such  as  fi,  which  all  loeelher  are  made  fast  to  the  planks  6a,  rt,  ds.  Tilt 
top  is  covered  in  with  the  plank  fts.  The  carriage  runs  by  meansof  its  cast-iron  grooved 
wheels,  upon  the  cast-iron  railway  is,  which  is  fisLed  level  on  the  floor, 
.  The  spindles  stand  upon  the  carriage  in  a  frame,  which  consists  of  two  slant  rails  xi, 
12,  connected  by  two  alemler  rods  ja,  and  which  frame  may  be  set  more  or  less  obliquely. 
The  lower  rail  carries  the  brass  steps  for  the  points  of  the  spindles  i>;  tipon  the  upper 
mil  bi'BSS  slips  are  fixed  pierced  with  holes  through  which  the  tops  of  the  spindles  play. 
The  spindles  are  as  usual  made  of  steel,  perl'ectly  straight,  larned  truly  round,  and  are 
all  arianged  in  one  plane.  To  each  of  them  a  small  wooden  or  cast-iron  whorl  gs  is 
made  fast.  They  are  distributed  into  groups  of  24,  and  the  whorls  are  arranged  at 
such  different  heiahts,  that  only  two  of  them  in  each  group  are  upon  a  level  wilh  each 
other.  A  small  brass  head  fts,  which  every  spindle  has  bentath  the  up.ier  slant  rail  of 
the  frame  aS,  prevents  their  sitting  down  into  the  step,  during  their  rotatipn,  or 
sliding  oif  their  cop  of  yam, 

c>  are  drums,  mounted  in  (lie  carriage  in  a  plane  at  right  ang'les  to  the  plane  in 
which  the  spindles  are  placed.  At  (op  they  have  a  double  groove  fur  a  cord  to  run 
ill,  and  the  motion. which  they  receive  from  the  great  fly  wheel,  or  rim  of  the  mtJe  (not 
visible  in  this  view)  they  impart  lo  the  spindles.  Such  a  dram  is  assigned  to  every  24 
spindles;  and  therefore  a  mule  of  480  spindles  contains  20  droms.  In  the  middle  o£ 
the  carriage  is  seen  the  horizontal  polley /w,  furnisheil  with  three  grooves,  which  stands 
in  a  line  with  the  drums  c>. 

The  raotion  is  given  to  the  drums  c>,  upon  the  right  band  half  of  Che  carriage,  by  a 
single  endless  band  or  cord  which  proceeds  from  the  middle  groove  of  the  pulley  Ici. 
The  rotation  of  the  spindles  is  produced  by  ft  slender  cord,  of  which  there  are  12  upon 
eacii  drum  c'i  because  every  such  CBitl  goes  tound  the  drum,  and  also  every  Iwo  wharves 
which  stand  at  the  same  level  upon  the  spindles.  It  is  obvions  that  the  drums,  and 
consequently  the  spindles,  must  continue  lo  revolve  as  long  as  (he  main  rim  of  the  mule 
is  tnrned,  whether  the  carriage  be  at  resl  or  in  jnolion  npon  its  railway. 

If  we  suppose  the  carriage  to  be  tun  in  to  its  standing  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plank  di  will  strike  the  post  qi 
upon  the  ii:xed  frame,  and  the  points  of  the  spindles  will  be  close  in  frant  of  the  roller 
beam.  The  rollers  now  begin  to  turn  and  lo  deliver  threads,  which  receive  immediately 
a  portion  of  their  twist  from  the  qiindlesj  (he  carriage  retires  from  the  roDer  beam 
wilh  somewhat  greater  speed  than  the  surface  speed  of  the  front  rollers,  whereby  the 
threads  receive  a  certain  degree  of  stretching,  which  atfects  most  their  thicker  and  less 
twisted  portions,  and  thereby  contributes  greatly  lo  the  levelness  of  the  yarn.  When 
the  caiTiage  has  run  out  lo  the  end  of  its  course,  or  has  completed  a  stretch,  the  fluted 
rollers  suddenly  cease  to  revolve  (and  sometimes  even  beforehand,  when  a  second 
stretch  is  to  he  made),  but  the  spindles  continue  to  whirl  till  the  fully  extended  threads 
have  received  the  proper  second  or  ailer-twist.  Then  the  carriage  must  be  put  up,  or  run 
back  towards  the  rollers,  and  the  threads  must  be  wound  upon  the  spindles. 

This  is  the  order  of  movements  which  belong  lo  the  mule.  It  Ikis  been  shown  how 
the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yarn  the  carritge  has  a  pecnlinr  apparatus,  which  we  shall  !iow 
describe.  In  front  of  it,  through  the  whole  extent  to  the  right  hand  as  well  as  the  left, 
a  slender  iron  rod,  dS,  runs  horizontally  along,  in  a  line  somewhat  higher  than  (lie  mid* 
die  of  the  copping  portion  of  the  spindles,  and  is  supported  by  several  props,  such  as 
iS.  Upon  each  end  of  the  two  rods,  ift,  there  is  an  arm,  g3 ;  and  betwixt  these  arms  an 
icon  wire,  called  the  copping  wire,  j^,  is  stretched,  parallel  with  the  rod  (te.  For  the 
support  of  this  wire,  there  are  several  slender  bent  arms  Ab  eiitended  fram  the  rod  ds 
at  several  points  betwixt  the  straight  arms  gu.  The  rod  ift  has,  besides,  a  wooden 
handle  at  the  place  opposite  to  where  the  spinner  stands,  by  which  it  can  be  readily 
grasped.  This  movement  is  applied  at  the  left  division  of  the  machine,  and  it  is  com 
municated  lo  the  ri^ht  by  an  apparatus  which  resembles  a  crane's  bill.  The  two  arms, 
g',  in  the  middle  of  the  machine,  project  over  the  rods  rfs,  and  are  connected  by  hinges 
with  Iwo  veilicol  rodsj's,  which  hang  together  downwards  in  like  manner  with  two  arms 
i,  proceeding  from  a  horizontal  axis  fts. 


COTTON  MANUFACTURE.  .-531 

By  meuns  of  tlial  apparatus  the  yam  is  wound  upon  the  spindles  in  the  following 
manner.  As  loni;  as  the  slrelchins  and  twistine  go  on,  the  threads  form  an  obtuse  ansle 
wilii  the  spindlns,  and  thereby  slide  continually  over  their  smooth  rounded  tips  during 
I  heir  revolution,  wiihout  the  possibility  of  coiling  upon  Ihem.  When,  however,  the  spin- 
ning process  is  completed,  the  spinner  seizes  the  cnrria^  with  his  left  hand  and  pushes 
it  back  towards  the  roller  beam,  while  with  his  right  hand  he  turns  round  the  handle  of 
the  rim  or  Av  wheel,  and  consequently  the  spindles.  At  the  same  time,  by  means  of 
the  handle  upon  the  rod  rfs,  he  moves  the  copping-wire/s,  so  thai  it  presses  down  all  the 
threads  at  once,  and  places  them  in  a,  direction  nearly  perpendicular  to  the  spindles  ^ 
as  shown  by  the  dotted  line  i/s.  That  Ihia  movement  of  the  copping  wirt,  however,  may 
take  place  without  injury  to  the  yarn,  it  is  necessary  to  turn  the  rim  heforehand  a  little 
in  the  opposite  direction,  so  that  the  threads  may  gel  uncoiled  from  the  apper  pari  of  the 
spindles,  and  become  slack ;  an  operation  called  in  technical  language  the  backing  off. 
The  ran^e  upon  which  the  threads  shonld  be  wound,  in  order  to  form  a  conical  cop  upon 
the  spindle,  is  hit  by  depressing  the  copping  wire  lo  various  angles,  nicely  gradnaled  hy 
an  oiperienced  eye.  This  faller  wire  alone  is  not,  however,  sufficient  for  the  purpose  of 
winding-on  a  seemly  cop,  as  there  are  always  some  loose  threads  which  it  cannot  reach 
without  breaking  others. 

Another  wire  called  the  cowtler-faUer,  Is,  must  be  applied  under  the  threads.  It  may 
bp  raised  to  an  elevation  limited  by  the  angular  piece  ps  ;  and  is  counterpoised  hy  a  very 
light  weight  mi,  applied  through  the  bent  lever  iW,  which  turns  upon  the  fnlcrum  o'. 
This  wire,  which  applies  bnt  a  gentle  pressure,  gives  ten:^'un  to  all  the  threads,  and 
brings  them  regularly  into  the  height  and  range  of  the  fallet  /s.  This  wire  must  he 
raised^  once  more,  whenever  the  carriage  approaches  the  roUer  beam.  At  this  inslaj.;  a 
new  stretch  commences ;  the  rollers  besin  again  to  revolve,  and  the  carriage  resumes  ils 
former  Course.    These  motions  are  performed  by  the  aatomatic  machinery. 

There  is  a  little  eccentric  pulley  mechanism  for  moving  the  guide  beam  lo  and  frc 
wilh  the  soft  yarns,  as  they  enter  between  the  back  rollers.  On  the  right  hand  end  of 
the  back  roller  shall,  a  worm  screw  i^  formed  which  works  into  vhe  oblique  teeth  of  a 
pinion  attached  lo  the  end  of  the  guide  beam,  in  which  there  is  a  series  of  holes  for  the 
passage  of  the  threads,  two  threads  being  assigned  to  each  fluted  roller.  In  the  flat  disc 
of  the  pinion,  an  eccentric  pin  stands  up  which  takes  into  the  jointed  lever  upon  the  end 
of  the  guide  beam,  and,  as  it  revolves,  pushes  that  beam  alternately  to  the  left  and  the 
right  by  a  space  equal  to  its  eccentricity.  This  motion  is  exceedingly  slow,  since  for 
each  revolution  of  the  back  roller,  the  pinion  advances  only  by  one  tooth  ont  of  the  33 
Which  are  cut  in  its  circumference. 

After  counting  the  number  of  teeth  in  the  different  wheels  and  pinions  of  the  mule,  or 
measuring  their  relative  diameters,  it  is  easy  to  compute  the  extension  and  iwist  of  the 
yarns;  and  when  the  last  lineness  is  given  to  ascertain  their  marketable  value.  I^et  the 
ratio  of  speed  between  the  three  drawing  rollers  be  i  :  1^,  :  7|i  and  the  diameter  of  the 
back  and  middle  roller  three  quarters  of  an  Inchi  that  of  the  front  roller  one  inch;  in 
which  case  the  drawing  is  thereby  increased  Jj  lime?,  and  TJ  X  If  =  10.  If  the  tovings 
in  the  creel  bobbins  have  been  No.  4,  the  yarn,  afler  passing  through  the  rollers,  will  b? 
No.  40.  By  altering  the  change  pinion  (not  visible  in  this  view)  the  fineness  may  be 
changed  within  certain  limits,  by  altering  the  relative  speed  of  the  rollers.  For  one  revo- 
Intion  of  the  great  rim  or  fly  wheel  of  the  mule,  the  front  roller  makes  about  6  tenths  of 
a  turn,  and  delivers  therefore  22-6  lines  or  12ths  of  an  inch  of  yam,  which,  in  conse- 
quence of  Ihe  tenfold  draught  through  the  rollers,  corresponds  to  2-26  lines  of  roving  fed 
in  at  the  back  rollers.  The  spindles  or  their  whorls  make  about  66  revelations  for  one 
turn  of  the  rim;  The  pulleys  or  grooved  wheels  on  which  the  carriaae  runs,  perform 
0-107  part  of  a  turn  while  the  rim  makes  one  revolution,  and  move  the  carriage  24'1 
lines  upon  ils  rails,  Ihe  wheels  being  6  inches  in  diameter. 

The  22-6  lines  of  soft  yarn  delivered  by  the  front  rollers  will  be  stretched  ]|  lines 
hy  the  carriage  advancing  24-1  lines  in  the  same  lime.  Let  the  length  of  the  railway, 
or  of  each  stretch,  be  5  feel,  the  carriage  will  complete  its  coarse  after  30  revolutions  oC 
the  rim  wheel,  and  the  5  feet  length  of  yam  (of  which  56|  inches  issue  from  the  drawing 
rollers,  and  3J  inches  proceed  from  the  stretching)  is,  by  the  simnllaneoos  whirling  of 
the  spindles,  twisted  19fiO  times,  being  at  the  rate  of  33  twists  fbr  every  inch.  The' 
second  twist,  which  the  threads  receive  after  the  carriage  has  come  lo  repose,  is  regu- 
lated according  lo  the  qualiti;  of  the  cotton  wool,  and  the  purpose  for  which  the  yarn  is 
spun.  For  warp  yarn  of  No.  40  or  BO,  for  eiample,  6  or  8  turns  of  the  rim  wheel,  that 
is,  from  396  lo  528  whirls  of  the  spindles  for  the  whole  strcloh,  therefore  from  7  to  3 
twists  per  inch  ivil!  he  sufficieot.    The  finished  yarn  thus  receives  from  40  lo  42  twists 

One  spinner  attends  to  two  mules,  which  face  each  other,  so  that  he  needs  merely 
turn  round  in  the  spot  where  he  stands,  lo  find  himself  In  the  proper  position  for  the 
Tither  mule.    For  this  reason  Ihe  lim  wheel  and  handle,  hy  which  he  operates,  are  nof 
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placed  in  ll.e  -nW.ITe  of  ihe  )eti?ih  of  the taaphlne,  bol  about  two  fiflJis  of  Ihe  spindles 
are  lo  the  risrh  hand  and  ihiet  fiflli;  la  the  IttV;  tlic  lioi  vUi-A  being  tonards  hh  right 
hand.  The  ea.iinae  of  (he  one  mule  lb  in  the  act  of  going  out  and  spinning,  while  that 
of-  t)ie  other  is  finishing  its  twist,  and  being  put  up  hy  Itie  spinner. 

The  quanrity  of  yam  manufactured  by  a  mule  in  a  given  time,  depends  direcdy 
nimn  Ihe  number  of  the  Bpindltfs,  and  upon  the  lime  taken  to  complete  every  glrelch  of 
the  carriage.  Miiny  circunif lances  bare  an  indirect  inllnence  npon  that  quanlily,  and 
pailiculiirly  the  degree  of  shill  possessed  by  the  spinner.  The  better  Ihe  machine,  the 
steadier  and  softer  nil  lis  pans  revolve,  the  better  and  more  abnniJant  is  its  prnduction. 
■When  the  toothed  wheels  do  not  work  truly  into  their  pinions,  when  the  Spindles  shake 
in  their  bushes,  or  are  not  accurately  made,  mnny  threails  break,  and  the  work  is 
much  injured  and  retarded.  The  better  the  staple  of  the  cotton  ivool,  and  the  more 
eareful  has  been  its  preparation  in  the  cardine,  drawing,  and  roving  processes,  the  more 
easy  and  excellent  the  spinning  will  become :  warmth,  dr)'ness,  cold,  and  moisturs 
have  great  inllnence  on  the  dnclility,  so  to  speak,  of  cotton.  A  temperature  of  65°  F., 
wilh  an  atmosphere  not  too  arid,  is  Ibitnd  most  suitable  lo  the  operations  of  a  spinnini; 
mill.  The  liner  the  yain,  the  slower  is  the  spinning.  For  numbers  from  20  to  36, 
from  S  to  3  stretches  of  warp  may  be  made  in  a  minute,  and  nearly  3  stretches  of  weA ; 
for  numbers  above  50  up  to  100,  about  2  stretches  j  and  for  numbers  from  100  to  150, 
one  stretch  in  the  minute.  Still  finer  yams  are  spun  more  slowly,  which  i^  not 
wonderful,  since,  in  the  fine  spinning  mills  of  England,  the  mules  u:uslly  contain 
upwards  of  300  spindle's  each,  in  order  that  one  operative  may  manage  a  preal  number 
of  them,  and  thereby  earn  such  high  wages  as  shall  fully  remunerate  his  assiduity 
and  skill. 

In  spinning  fine  numbers,  the  second  speed  is  given  before  the  carriage  v  run  out  to 
the  end  of  its  railway  ;  duiina  which  course  of  about  sis  inches,  :e  made  to  move  leiy 
slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  mu.ng  the  yarn  level  by 
drawing  down  the  thicker  parts'of  it,  which  take  on  the  twist  less  reailily  tlian  the 
thinner,  and  therefore  remain  softer  and  more  extensible.  The  stretch  may  therefore 
be  divided  into  three  stages.  The  carriaae  first  moves  steadily  oat  for  about  4  feet, 
while  the  drawing  rollers  and  spindles  are  in  full  play;  now  the  rollers  slop,  but  the 
spindles  go  on  whirling  with  accelerated  speed,  and  the  carriage  advances  slowly  about 
6  inches  more;  then  it  also  comes  to  real,  while  the  spindles  continue  lo  revolve  for  a 
little  longer,  lo  give  the  final  degree  of  twist.  The  acceleration  of  the  Spindles  in  the 
second  and  thiid  slages,  which  has  no  other  olqect  but  to  save  lime,  ia  efiected  by  a 
mechanism  called  Ihe  amnttr,  which  shifts  Ihe  driving  band,  at  the  proper  lime,  «pon  the 
loose  pulley,  and,  moreover,  a  second  band,  which  hod,  till  now,  lain  npon  its  loose  pu!- 
ley,  upon  a  small  drivini  pulley  of  the  rim-shafl.  At  length,  bolh  bands  are  shined  upon 
their  loose  pulleys,  and  the  mide  comes  to  a  stale  of  quiescence. 

The  SELF>AcroH  mule,  or  Ihe  iron  man,  as  it  has  been  called  in  Lancashire,  is  ac 
invention  to  which  the  combinations  amone  the  operaliTe  spinners  obliged  the  masters 
to  have  recourse.  H  now  spins  good  yarn  up  lo  40s  wiih  great  uniformity  ana 
promplitnde,  and  requires  only  juvenile  hands  lo  conduct  it,  lo  piece  Ihe  broken  yarns, 
to  replace  the  bobbins  of  rovings  in  Ihe  creel,  and  lo  remove  Ihe  finished  cops  from  the 
spindles. 

The  self-acting  mules  were  firsl  construcled,  I  believe,  by  Messrs.  Eaton,  formerly  of 
Manchester,  who  mounted  ten  or  twelve  of  them  in  that  town,  fonr  at  Wiln,  in  Derby- 
shire, and  a  few  in  France.  From  their  grtal  complexity  and  small  produclivencss,  ihe 
whole  were  soon  relinquished,  except  those  at  Wiln.  M.  de  Jong  obtaineil  two  patents 
for  self  acting  mules,  and  put  tweive  of  them  in  operation  in  a  mill  at  Warrington,  of 
which  he  was  part  proprieliir ;  but  with  an  unsoccessful  resnlL  1  saw  the  debris  of  one 
.of  M.  de  Jong's  self-aclors  in  Ihe  factory  of  M.  Nicholas  SchliimberHer,  at  Guebwiller, 
in  Alsace,  where  the  machine  had  been  worked  for  three  months,  without  advantage, 
under  Ihe  care  of  Ihe  inventor,  who  is  a  nalive  of  that  valley. 

The  first  approximation  to  a  successful  aecomplbhment  of  the  objects  in  view,  was  an 
invention  of  a  self-acting  mule,  by  Mr.  Roberts,  of  Manchesleri  one  of  the  principal 
points  of  which  was  the  mode  of  governing  Ihe  winding-on  of  Ihe  yarn  into  Ihe  form  of 
a  copi  the  entire  novelty  and  great  iuEennity  of  which  invention  was  universally  admil- 
(cd,  and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  lung  been  a 
desidernlum.  For  that  invention  a  patent  was  obtained  in  1S25,  and  several  headstucka 
upon  the  principle  were  made,  which  are  still  working  successfully. 

In  1830,  Mr.  Roberts  obtained  a  patent  for  the  invention  of  certain  improvements ; 
and  by  a  combination  of  both  his  inventions,  he  produced  a  self-acting  mule,  which  ii 
generally  admitted  lo  have  exceeded  the  most  sanguine  expectations,  and  which  has  beea 
ejilensively  adopted.  There  are  probably,  al  present,  upwards  of  half  a  million  of  spiib 
dies  of  Messrs.  Sharp,  Roberts,  and  Co.'s  construction,  at  work  in  the  United  Kingdom, 
an<t  FivinE  great  satisfaclion  to  their  possessors.  The  advantages  of  these  self-aeton 
«re  lhcr..llowina;— 
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The  savins;  °^  ^  spinner's  wages  lo  each  pair  of  mules,  piecers  only  being  required, 
as  one  overlooker  is  sufficient  to  manase  sii  or  ei^ht  pairs  of  inules.  The  produciion 
of  a  Rrealer  quftntily  of  yarn,  in  the  ratio  of  from  15  lo  20  per  cent.  The  yarn  pos- 
sesses a  more  uniform  degree  af  Iwisl,  and  is  not  liable  to  be  strained  duiing  the  spin- 
niiii;,  or  ill  winding-on,  to  form  the  cop;  consequently,  fener  threads  are  broken  in  tliese 
processes,  and  the  yarn,  from  having  fewer  piecings,  is  more  regular. 

The  cops  are  made  firmer,  of  better  shape,  and  with  undevialing  nniformity ;  and,  from 
beinx  more  regularly  and  firmly  wound,  contain  from  one  third  lo  one  h^  more  yarn 
than  cops  of  equal  bulk  wound  by  hand;  Ihey  are  consequently  less  liable  to  injury  in 
packins;  or  in  carriaae,  and  the  expense  of  packages  and  freight  (when  chargtii  by 
measurement)  Is  considerably  reduced. 

From  the  cops  being  more  regularly  and  firmly  wwnnd,  combined  with  tlieir  superior 
formation,  the  yarn  intended  for  warps  less  frequently  breaks  in  winding  or  icelina,  eon- 
seiuently  there  is  a  considerable  saving  of  waste  in  those  processes. 

Secondly,  the  advantages  connected  with  weaving. 

The  cops  being  more  regalhrly  and  firmly  wound,  the  yarn,  when  used  as  weft,  sel- 
dom breaks  in  weaving;  and  as  the  cops  also  contain  a  greater  quantity  of  weft,  'here 
ore  fewer  bottoms,  consequently  there  js  a  very  material  saving  of  waste  in  the  protess 

Fiom  those  combined  circumstances.  Hip  quality  of  the  cloth  is  improved,  by  being 
more  free  from  deftcts  caused  by  the  breakage  of  the  warp  or  weu,  as  well  as  the  sel- 
vages being  more  regular. 

The  looms  can  also  be  worked  at  greater  iT^od;  and,  from  there  being  fewer  slop- 
pasrpi,  a  greater  quantity  of  cloth  may  be  produced. 

That  the  advantages  thus  enumerated,  as  derivable  from  the  use  of  self-acting  mules, 
have  not  been  overrated,  but,  in  many  instances,  have  been  considerably  exceeded,  i 
■   »  personal  inqniry  and  observation,  had  ample  opportunity  of  ascer- 


sp inning,  estimated  oi 


■  of  npwards  of  twenty  mills  ;— 


41  hanks  per  spindle. 


or  the  intermedial. 
Results  of  trials  m 
e  eomparalive 
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lumbers  the  quantities  are  proportionate, 
e  by  Messrs.  Sharp,  Roberts,  and  Co.,  al  va 
r  required  to  work  self-acting  mules,  in 


mules,  during  the  spinning,  ap  lo  the  period  of  backing  off. 

ParticulEirs  of  tlie  trials  referred  lo,  and  their  results :— 
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Total  Fwre 
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Messrs.  Birtsy  and  Kirk. 

Weft. 

In,. 

lbs. 

W*. 

Self-acting  mule,  360  sps.  -     - 

30  to  34 

12 

5S 

30 

5463 

■  Hand-mule,  180  sps.  -    -    - 

ditto 

15 

36 

26 

X2-7338  S 

Musra.  Leech  and  Vandrey. 

Twisl. 

1  Self-aeiinn  mule,  324  sps.    - 

36 

70 

36 

7<)I2 

Hand-mules,  324  sps.   -    -    - 

36 

29 

58 

Ifii 

7273 

Messrs.  Dackmorlh  ^  Co. 

Tmisl. 

Self-acting  mule,  324  sps.  -    - 

40 

12 

62 

33 

6421 

40 

47 

3S 

m 

6646 

The  mode  adopted  to  make  the  trials  was  as  follows,  viz. : 

A  force,  indicated  by  weight  in  pounds,  was  applied  lo  the  strap  ^ 
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driving-imlley  of  the  respeclive  mules,  sufficient  to  maintain  the  motion  of  the  iniili 
whilst  spinning,  whieh  weicht,  being  multiplied  by  the  length  of  strap  delivered  bj  ench 
revolnlion  of  the  pullej',  and  asain  by  the  number  of  revolutions  made  by  the  pulley 
*fhilst  spinning,  gave  the  total  force  in  pounds,  applied-  to  the  respective  mules  ivhibl 
spianing-j  for  instance,  suppose  a  mule  to  be  driven  by  a  pulley  12  inches  diameter  (S-H 
feet  in  circnmference),  such  pulley  making  58  revolutions  during  ihe  spinning  as  above, 
and  thai  it  required  a  force  ei]ual  to  30  lbs.  weight  lo  maintain  the  motion  of  the  mule, 
then  30  Ihs.X  3-14  feet  circumference  of  pulley  X  68  revolutions  in  spinning  =  5,463  lbs. 
of  force  employed  dnrin=;  the  spinning,  lo  the  period  of  backing  off, 

]V  m  s  Smith,  of  Deanstone  eollon  wortis  in  Scotland,  obtained  a  patent  for  tlie 

a  self-acior,  in  February,  1834,  He  does  not  perfonn  Ihe  backing-off  by 
he  rolalion  of  Ihe  spindle,  as  in  common  mules,  or  as  in  Mr.  Roberts',  bat  by 
he  counierfstler  wire,  which,  beins-  below  the  ends  of  the  yam  or  thread, 
th  whole  extent  of  (he  carriage,  thereby  pulls  off  or  strips  the  spiral  coils  at  [he 
p  h    spindle,  instead  of  unwinding  (hem,  as  of  old.    This  movement  he  con- 

si  b    of  great  importance  towaitls  simplifying  the  machinery  for  rendering  the 

Bi  ting  J  and  the  particular  way  in  which  he  brings  the  stripper  into  action  is 

no  doubt  ingenious,  but  it  has  been  supposed  by  many  to  strain  the  yarn.  He  claims  as 
his  invention  the  application  and  adaptation  of  a  mangle  wheel  or  mangle. rack  to  the 
mule,  for  effecting  certain  successive  movemenis,  either  separately  or  in  conjmiction ;  he 
claims  that  arrangement  of  the  cBrria§;es  of  a  pair  of  mules,  by  ttbicli  the  slrelch  is 
caused  lo  lake  place  over  pari  of  the  same  ground  by  both  carriages,  and  tlitreby  the 
space  required  for  the  worlttng  of  the  pair  of  mules  is  greatly  dimisished ;  and  he  claims 
(he  application  of  a  weight,  spring,  or  friction,  for  balancing  the  tension  of  (be  ends  of 
the  threads. 

A  patent  was  granteil,  in  April,  1835,  to  Mr.  Joseph  Whitworth,  engineer  in  Man 
eiester,  for  some  ingenious  modiflcations  of  (he  mechanism  of  the  mule,  subservient  to 
automatic  purposes.  His  machinery  is  desisned,  fii-sl,  (o  iraverse  the  carriage  in  and 
out,  by  means  of  screws  or  worm-shnfts,  which  are  placed  so  as  to  keep  the  can  iage 
parallel  to  the  drawing  rollers,  and  prevent  the  necessiiy  of  squaring  bands,  hitherto 
universally  emplo^'ed  :  secondly,  his  invention  consists  in  an  improved  manner  of  work- 
ing Ihe  dmms  of  a  self-acting  mule  by  gear;  thirdly,  in  the  means  of  eflecltuE  (be 
backing  off;  fourthly,  in  the  mechanism  for  working  the  fa!ler-wire  in  building 
the  cops;  and  fifthly,  in  the  apparatus  for 'effecting  the  winding  of  the  yarns  upon 
the  spindles.  As  regards  the  throstles  and  doubling  frames,  his  improvements  apply, 
first,  lo  the  peculiar  method  of  constructing  and  adapiing  (he  flyers  and  spindles,  and 
producing  the  drag  ;  and,  secondly,  lo  the  ariangemcnl  of  the  other  parts  of  the  doubling 
machinery. 

See  Lace-Makikg,  Sinceikg,  Textile  Fabbic,  Tijbzae  Manufacture,  and 
Weaving. 

Ileniinnn  Cox  nnd  Co.,  dnted  lOih 
£t):porlfrom  isl  January  to  B!A  Mat/,  as  follows  : 


,s  from  Hull,  from  1st  January  till  30th  June 

lerYarp,  Co^BWid..  Raw  Cotlon. 

IS  bales.  11,536  bales.         65,168  bales, 

34     „  11,M7     ,.  33,054     „ 


COTTON. 
AMEKICA. 


,.,. 

1=^ 

Stock  1st  September  ia  the  Potts     - 
Rcooipla  till  aadJane 

143,000  bales. 
2,250,000    „ 

128,000  buks. 
2,936,000     „ 

Shipments  tc  Enrope  till  25J  Jure 

2,3SE,00O     „ 
1.158,000     „ 

3.084,000     „ 
2,263,000     „ 

Dadiiot  Stock  22d  June 

640,000    ;, 
304,000     ,. 

801,000     „ 
201.000     „ 

Ammoan  Consumption  for  1851       - 

S36,000  bales. 

600,000  bales. 

Notwithstanding  66,348  b 


s  tool;  from  llic  abov 


FRA^"CE. 
iirger  supply,  tlie  stock  ie 


2,293  bales  s mallei 


W=L.                                                                                       1 

iBtJuL.iiJiy. 

luTa'lj'Sy. 

T.,.,. 

Deau«S.Mk, 

C^iTmpirJn. 

Havre 
Miti'seilles      - 

or  1,512  bales  pe 

Havre 
Mai'seilles       - 

39.82S 
15,0S5 

210,UO 
26,124 

249.903 
41.219 

18,377 
11,479 

111,588  bales. 
23.740    „ 

64,920 

22,767 
7,66J 

30,423 

236,2M 

29'7,514 
85,098 

291.184 

a-JO,281 
42,759 

95,856 

15,271 
8,293 

195,328  bales. 

245,010  bales. 
£4,467    „ 

3.'i2,8I2 

363,040 

83,563 

279,471  bok-e. 

EEIIAINISG  CONTINENT. 
We  find  the  consiiniption  of  the  first  six  months  of  1851  and  1852  to  be  as  follow! 


11,305  bales  per  wbiV. 


'^■ou;;lL: 


,..^ 

,..s::;.,. 

Iml'MH 

,.„ 

-,S".T 

i-.';.E. 

Si?"": 

nd  Italy       : 

1 

IS 

in,i«io 

ss 

p 
IS 

II  : 

SJT^TT        1 

«-■": 

SQI^II  bales. 

TnOl 

*i3,6.J  Imlca. 

01-  16,870  biilts  per  week,  egaiiist  11,20a  bales  in  t 

ll,lii}4  Uiilea  avf^i'age  of  lli«  H'liule  peiLJ  of  1851. 

Tlie  toCHl  cansuiuptioD  of  all  counti'iea  accoi'din^ 


Konii 


g  Contiiieiit 


lij. 


i  first  lialf  of  last  year,  oi 
to  the  preceding  sUteme' 

.  bales,  against  29,851  bales,  II 
6,4lil  „ 

1,512  „ 


78,840  55,02B  bales  per  weet. 

To  nbich  we,  however,  consider  it  advisable  to  adS,  that  this  increase  in  the  conaiiinD- 
tkin  fur  the  Brat  half  jear  (vi:^,  23,811  bales  pur  week)  should  not  be  taken  as  a 
ci'ICui'iuri  BgHinst  the  consumption  of  the  aame  period  last  year,  wheo  it  w 
rei^triuted  thruiigh  tlie  drooping  state  of  prices,  nnd  whtn  spintiers  were  induced  to  use 
up  their  whulB  stocks.  We  affirm  therelore  that  tins  increase  of  consnmptioi.  should 
only  be  considered  in  comparison  with  the  average  consumption  of  the  whole  of  last 


In  E»g!iind       - 
Aiiiurioa 
FMiinoe 
Kemdning  Continent 


□  1851. 


11,664 


60,442  bales  per  week. 
Against     -  -     78,840     „    this  year. 

We  have  thus  far  represented  the  consumption — the  estrnordinary  increase  of  the 
saiiio  in  all  countries,  without  cxeepLJun,  priivee  how  cheap  food,  with  peace,  teiida  to 
enlarjre  consumption;  and  it  remains  therefui'e  only  to  be  hoped  that  the  favurahle 
prospects  for  the  ensuing  crop  be  not  bliglited.  It  is  clearly  evident  that  present  |irices 
do  not  affect  the  consumption ;  for  the  planters  they  are  sufficiently  remunerative  to 
induce  an  extension  of  the  cnltnre,  and  so  provide  fur  the  world  anch  slocks  as  would 
prevent  any  ill  effect  arising  from  a  futni'e  sniidl  or  had  crop. 

It  shall  now  be  our  endeavor  to  point  out  the  position  of  stocks  in  ell  Europe 
on  the  81st  December  this  year,  supposing  tlie  consump'"      '  -^  -- 

Jt  of  22d  June 

■n  shipboard  2 2d  June 


The  a' 


Would  leave  fo: 
Suppose  Amerioai 
till  1st  September. 


.Coo'jIc- 


COTTON. 

Brouglit  forward 
From  AmeMa,  flouting  to  Knglaiid       - 

",      Ind'i  ",         t^  Eii'j^land  "-'  ^        - 

receive  ft'om  othor  oorntries  till  Slat  December,  equal  ti 
Kiiglaiid         .     from  Egypt,  BpMziis,  Bad  Sundries       - 


Egypti  Bi'Dzils,  and  Smyrr 
Egjpt,  Brn?.il?,  and  Smjrna 


Qiinntity  of  Amm«nn,  iiexti;u:[),  to  be  received  iu  England  150,01)0     „ 

Ditto  in  Continental  ports        .  -  .  .  .  75,000    „ 

1,189,685  bale!. 

Therefore,  if  the  present  eonsninption  of  Europe  were  to  continue  to  tlie  end  of  Iht 

year,  tlia  stock  would  be  only  89,084  in  all  Enropeao  porta,  not  enongh  for  one  week 

Tafile  of  ^aginary  Slocks  in  Great  Britain  on  Zlst  December,  1852. 

The  Araericnn  crop       .-,,..     3,000,000  bales. 

Of  which  were  received  by  tlie  Iflst  list  of  22d  June    -  •     2,936,323    „ 

Skitks  in  the  ports  and  on  shipboard  22d  June  -  -        201,773    „ 

265,444     „ 
Tlie  averflgo  stoclt  left  in  the  porta  during  the  last  bis  jeare  was 

about  150,000  bales,  but  ive  will  take  for  this  year  only  100,000 

165,444     „ 
We  will  suppose  Amerienn  spinners  to  take  nothing  more  till 
1st  September,  and  aiipposing  the  83  ships  loading  for 
France,  find  125  for  otber  ports  take  only  .  -  fi5,444     „ 

Would  leave  for  Great  Britain  ....         100,000     « 

As  tlie  stocks  in  the  interior  markets  are  only  one  third  of  those 
of  last  year,  shipments  after  August  must  fall  very  short ; 
bnt  supposing  England  to  receive  Irom  1st  September  till 
81st  December      ......        IfiO.OOO    „ 

Now  floating  to  England  .....         150,000     „ 

From  India  we  will  suppose     -  .  .  -  .        100.000    „ 

From  Brazils,  Egypt,  Ac,  like  last  year  in  the  some  period     -  83,000     „ 

Total  to  receive     -         BSB.OOO     „ 
Add  stock  1st  July  in  Great  Britain     ....        717,200    „ 

1,800,200  bales, 
Sxport 
until  Ist  Jnly  last  year  was  96,300  bales,  for  the  same  period  this 
year  147,000  bales.     We  have  shown  that  the  Continental  stocks, 

with  those  of  last  year;  this  Tends  us  to  suppose  that  our  market 
must  later  assist  those  by  large  exports,  but  We  will  take  such  only 
eijual  to  last  year,  viz.         .-..,.        121,000  bale* 

Leaves         .....     1,179,200    „ 
Wiereas  the  present  rate  of  conaumptlon  requires  till  SIst  Dec.    -     1,031,758  bales. 
This  would  leave  ns  it  stock  at  this  year's  end  of  nil  descriptions  of  147,442  bales  only, 
not  sufficient  for  the  consumption  of  four  weeks ;  supposing,  however,  the  consniti|ition 
to  fall  to  only  8B,000  bales  per  week,  the  remaining  stock  would  be  only  321,000  tale^ 
against  494,000  bales  at  the  end  of  last  year. 
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COTTON  SPINNING.  Mttssrs,  THtlmm,  Clieithnm,  and  Dnncnn,  obtained  in  1846 
s  patent  for  enndry  improvements  in  HjipnmtHS  for  cotton  Bpinr.ing.  Their  first  in- 
Ttfntion  applies  to  tL«  aontolier,  a  mailiiiie  by  which  tlie  cotton  is  cleansed  and  Ispped 
in  a  compact  und  even  sheet  or  lap  upon  a  roller  preparatoi'j  (o  its  being  fed  into  the 
carding  engine,  and  aonsi«t6  in  a  new  arrnn^ment  of  rollei's  far  compretising  or  enlon- 
dering  the  sheet  of  cotton  previoua  to  its  being  lapped  npon  the  roller;  and  also  in  a 
new  method  of  weighting  the  calendering  rollers,  whereby  the  presanre  is  gradnnllj  in. 
creased  as  the  sheet  of  cotton  approaches  the  lap.  Tlie  second  part  of  the  invention 
consiats  in  Ihe  eniplojment  of  an  appnratos  for  collecting  the  fibres  of  cotton  from  Ihe 
duet  ivhieb  is  hlown  by  the  fan  from  tJie  scutcher. 

The  third  part  of  the  invention  is  an  improvement  npon  niaehinery  patented  by 
Tntbnm  &  Cheetham  In  March,  1814.  which  caused  tlie  sliver  to  be  twisted  as  it  ^ 
delivered  froni  tlie  carding  engine  into  the  tin-can  reeeptaele. 

The  fourth  relates  to  the  appticntion  of  giitta  pereha  tintawnn  for  covering  rollers 
used  in  the  several  machines  employed  in  cotton  epinning.  These  substances  may  be 
used  either  alone,  or  comUned  witli  mlphureta,  An. 

The  fifth  invention  relates  to  the  "flyer"  now  usually  employed  in  "presser  frames." 
Hete  the  legs  or  arms  of  Ihe  flyer  {being  jointed  above  (he.top  or  elbow)  are  oanaed  to  act 
upon  the  bobbin  like  tongs,  and  thus  dispense  with  the  small  spur  or  level  at  the  bottoni 
of  tlie  flyer,  called  the  presser.  Through  the  boss  or  upper  part  of  the  flyer  the  sliver 
or  roving  of  cotton  passes  to  the  hollow  arm.  The  top  part  and  arms  are  joined  to- 
gether, and  swivel  upon  a  central  pin  or  stud.  At  tliis  joint  aeo.;ed  spring,  ernctly  simi- 
lar to  the  ordinary  gniiffers^pring,  is  inserted,  one  end  of  which  is  to  be  fast  to  tlie  head, 
and  the  other  end  to  the  arm  of  the  flyer;  whereby  the  desired  elasticity  is  imparted  to 
the  arms,  to  effect  the  pressure  on  the  bobbin.  The  lowerendof  the  arm  must  be  smal- 
ler, tolap  one  or  two  folds  of  the  roving  around  it  to  oreate  the  drag  nsually  obtained 
by  the  folds  around  the  common  press  or  level. — Sealon'i  Journal,  xxid,,  p.  vl. 

In  cotton  spinning  machines  tlie  roving  and  slubhing  frames  inova  at  a  great  veioeity, 
and  are  liable  to  vibrations,  and  consei^nenlly  to  mucli  wear  and  l^nr,  which  Mr.  Ed- 
mund Hartley,  of  Oldham,  has  tried  to  remedy  by  patented  contrivances,  while  the 
speed  i«  increased.  Ha  has  also  sought  to  improve  the  backing  off  motion  in  self-aotor 
mules.    For  description  of  his  invention,  see  Neaton'a  Jbumai,  vol.  nxxvi.,  p.  300. 

COTTON  (GCNJ:  M.  Scbfinhein,  the  patentee,  states  tlnit  the  iiivendon  consists  in 
the  manufnoturo  of  explosive  oompoiiuds  applicable  to  mining  purposes  and  to  projea- 
tiles,  and  as  aubstitutes  for  gunpowder,  by  treating  and  combining  nintters  of  v^ctable 
origin  with  nitric  and  sulphuric  acids. 

The  matter  of  vegetable  origin  which  he  prefers,  asbeing  best  suited  for  the  purposes 
of  the  inycntion,  is  cotton,  as  it  comes  into  this  country,  freed  from  extraneaue  matters; 
and  it  is  stated  to  be  desirable  to  operate  on  the  clean  fibres  of  the  cotton  in  a  dry 
state.  Tjie  acids  are  nitric  acid  of  from  146  to  1-50  specific  gravity,  and  sulphuric  acid 
of  1-85  speeifio  gravity. 

The  aeids  are  mixed  together  in  the  proportions  of  1  mcpsure  of  nitric  to  3  measures 
of  siilpliurio  aciil,  in  any  suitable  or  convenient  vessel  not  liable  to  be  affected  by  the 
acids.  A  great  degree  of  beat  being  (jenerated  by  the  miiiture,  it  is  left  to  cool  until  its 
tempemture  falls  to  eO»  or  60*  Fnlir.  The  cotton  is  then  imir^erBed  in  it,  and  in  order  that 
it  may  become  thoroughly  impregnated  or  saturated  with  the  acids,  it  is  stirred  with  a 
rod  of  glass  or  other  material  not  affected  by  the  adds.  The  cotton  should  be  introduced 
in  as  open  a  state  as  prnctieable.  Tlie  acids  are  then  poured  or  drawn  off,  and  the  cotton 
gently  pressed  by  a  presaer  of  glazed  earthenware,  to  press  oat  the  acids,  after  which 
it  is  covered  up  in  the  vessel,  and  allowed  (o  stand  for  about  an  hour.  It  is  subsequently 
washed  in  a  continuous  flow  of  water  until  tlie  presence  of  the  aeids  is  not  indicated  by 
the  ordinary  teat  of  litmus  paper.  To  remove  any  uncombined  portions  of  the  acids 
which  may  remain  after  the  cleansing  process,  the  patentee  dips  the  cotton  in  a  wenlc 
solution  of  carbonate  of  potasli,  composed  of  1  oz.  of  carbonate  of  potash  to  I  gallon 
of  water,  and  partially  dries  it  by  pressing,  as  before.  The  cotlon  is  than  highly  explo- 
sive, and  may  be  used  in  that  state;  bnt^  to  inoreose  lis  explosive  power,  it  is  dipped  in 
a  weak  solution  of  nitrate  of  potash,  and,  lastly,  dried  in  a  room  heated  by  hot  air  or 
Bteam  to  about  160"  Falir. 

It  is  considered  probable  that  the  use  of  the  solutions  of  carbonate  of  potash  and 
nitrate  of  potash  may  be  dispensed  with,  although  actual  experience  does  not  warrant 
such  an  omission.  The  patentee  remarks,  that  nitrio  acid  may  be  employed  alona  in 
the  manufacture  of  explosive  compounds,  but  that,  as  far  as  his  experience  goes,  tho 
ardcle  when  bo  manufactured  is  not  so  good,  and  far  more  costly. 

When  used,  care  should  be  taken  to  employ  a  much  less  quantity  by  weight,  to  pro- 
duce tha  same  result,  than  of  gunpowder;  and  it  has  been  found  that  tliree  parla  by 
weight  of  the  coltoii  produce  the  same  effect  as  eight  parts  by  weight  of  the  Tower. 
Broof  gunpiiwiler. 


COTTON  (GUN).  547 

The  eottou,  when  prepHred  in  the  mnnner  btsfore  mentioneil,  niny  be  rnmmed  itto  a 
piece  of  ordnnnce,  a  fowling-piece,. or  mUBJiet;  or  nmy  be  mniie  up  into  the  Blmpe  of 
sartrijgfs;  or  may  be  in'ussvi),  when  dump,  tiilo  moulds  of  the  form  of  the  bore  of  the 
piece  ot  ordnanoe  for  whiuii  it  is  iLll^■nde^t,  bo  tliiil,  when  driail^  it  «hall  retiiin  the  re- 
quired figure;  and  it  ma;  aleo  be  plnced  in  CHpn,  lilie  perouseion  eaps.  and  made  to  ex- 
plode bj  impact.  Laetly,  the  patenCee  etRtes,  tlinF  ntthough  lie  prefei«  tbe  iiEe  of  cotton, 
other  matters  of  yegetable  origin  mnj  lie  srniihirly  Iraated  with  auida  to  form  an  explo- 
sive c^oiiiponnd,  and  that  acids  of  an  inferior  spreifiu  gravilj  may  be  eni]ilojed. 

Cotton  (Gdn),  spontaneoiii' comiuilion  of,  {bg  Dr.  Qladntone). — "Gun-co(lon,  as  coin- 
inmily  ]iroduced,  eapeciHlly  for  prepapation  of  collodiiaa.  is  a  mixture  of  two  distinct 
tliough  anatuguus  substaneea.    The  one  is  designated  pjroxjline,  and  has  the  formula 


c.i.fs[o. 


esidnum  on  explosion  r  is  inBoloble  in  ether,  ic     The  olliei 
n  Cott«n-x;loidiiie,  nud  tlie  formula 


"■.{.&(<>,. 


It  leaves  a  residne  on  explosion  ;  is  soUible  in  el 

"  Pj/roxi/line. — This  substance  ia  produced  only  wlien  cotton  or  ootton-ijloidine  is 
immeised  in  a  mixture  of  nitric  add,  of  sp.^.  To,  with  strong  oil  of  viirol.  Aithongh 
it  cuntnins  so  large  an  aoiuunt  of  oxide  of  nitrogen,  I  nm  acquainted  with  no  clear  in- 
slflnce  in  wliicli  it  has  undergone  Bpontnncous  daeom position.  Speoimeug  obtained  by 
liie  action  pf  the  mixed  acids  on  cotton-xyloi dine  have  shown  no  iadicatiuns  of  change; 
and  ].jpoxyline  obtained  in  a  compact  ti'ansluceut  form,  fcoin  solution  in  acetic  ctlier, 
hus  also  remained  iinaltei'cd. 

"  Cullcm-Xi/leidine. — Tliis  may  be  prepnrcd  in  n  sfnt«  of  pnritj.  and  i.i  a  pulverulent 
condition,  by  dissolving  cotton  or  ]iyro!ijline  in  nitric  acid  of  about  sp.  gr.  i*45,  and 
precipitating  the  suhstiince  lij  wal*r. 

"  Several  epecimens  of  tiiis  compound  made  from  both  eourcea  have  hitherto  suffered 
no  decompositions,  but  tliey  have  been  generally  kept  in  the  dnrk.  One  samr>le  of  nre- 
cipitflted  cotton-xyloidine  placed  in  a  stoppered  bottle  remained  in  a  cu]jboard,  the  door 
of  which  was  sometimes  opened  and  gnmetiiiies  closed,  Ailer  the  lapse  of  about  three 
years  it  suddenly  began  ti>  evoWe  nitric  oxide  and  water;  the  action  continued  for  a 
few  weeks,  and  then  nothing  remained  but  a  siiinll  quantity  of  a  transparent  gummy 
mass  of  a  light  brown  eolor,  and  possessed  of  a  very  ]iecuiiar  odor.  Several  montlia 
prodii'ied  no  further  alteration. 

"This  product  of  deconiijusition,  which  had  about  the  tenacity  iftid  consistency  of 
ordinary  gum,  was  notexiiWive:  when  heated  in  a  closed  tube,  per  as,  it  gave  off  red 
fumes,  and  afterward  swelled  up,  Ijeing  carlMHiizeil,  and  evolving  enipyreumatio  oils.  It 
was  found  to  be  insoluble  in  cold  water,  but  whfu  boiled  in  that  liquid,  it  swelled  up  as 
a  gelatinons  mass,  and  became  disintegrated.  TliererBsuU^dasolntion  which  reddened 
litmus  paper  slightly,  coiitiiining,  however,  no  oxiilin  aoid,  hut  a  sniali  qnantily  of  an- 
other acid,  which  gave  a  ftocculent  white-lead  salt,  insoluble  in  excess  ot  acetic  acid ; 
the  substance  in  question,  tliough  insolnlle  in  cold  wafer,  dissolved  readily  in  aqueous 
solution  of  potash:  yet  it  appeared  to  be  allered  in  combining  with  tlie  alliidi,  for  it 
was  not  re-preoipitatad  when  the  potash  was  supersaturated  by  an  acid. 

"  iSfarcft-JTjIoWinA— This  is  the  well-known  substance  produced  when  starch  is 
treated  with  strong  niti'ie  acid,  and  water  is  added  to  the  viscid  mass,  lis  composition 
varies ;  but  it  is  in  general  analogous  to,  if  not  identical  with,  that  ascribed  above  to 
cotton-xyloidine. 

"A  lai^e  specimen,  freely  exposed  to  the  light  during  more  than  four  years,  re- 
maine.1  unaltered. 

"  Higlter  Starch  Compound. — When  ordinary  stareh-xyloidine  is  treated  with  a  mix- 
ture of  fuming  nitric  and  sulphuric  aoiils,  and  subsequently  waslied,  it  is  found  to  have 
greatly  inereased  in  weight  The  resulting  BuUtaiicc  is  more  combnetible  than  the 
oi'igin«l  xyloidine,  and  differs  from  it  in  several  respects,  but  is  not  identical  with  tlio 
pyroxyiina  obtained  from  woody  fibre. 

"Asample  of  this  product;  which  had  been  left  eight  or  nine  months  in  a  room  where 
light  fieely  entered,  was  found  wholly  decomposed  ;  nitrous  fnmes  and  vapor  of  water 
had  been  evolved,  leaving  a  dart  sticky  resiaue.  Tliis  new  snlislanoe  was  soluble  in 
water  and  in  alcohol;  crystallizing  from  the  latlerin  tuft^  which  ander  the  microscope 
had  a  beautiful  arboreBeent  appearance.  It  remained  a  couple  years  or  more  dissolved 
in  a  very  small  quantity  of  water.  What  changes  mav  have  taken  place  in  it  during 
that  period  is  unknown,  since  no  proper  examination  liad  been  previously  made,  but 
»fter  tbe  lapse  of  that  time,  the  solution  was  found  to  be  almost  black  and  strongly  acid. 
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Wlien  neutralized  with  an  nllmli  it  gave  a  copious  precipitate  on  th«  addition  of  nitraN 
of  eiltei'i  and  a  floeenlent  sail,  or  rattier  misLture  of  Balls,  -with  eliloride  of  oakiiim 
w1iii;)i,  wben  dried  and  lieat^d  nitli  lijdrate  of  potosli.  evolved  ammonia.  At  llie  bot' 
torn  of  tlie  vessel  contnjning  tli«  aqueous  solution  tljere  Lad  grown  a  compound  crystal, 
transparent  and  oolorleas,  with  tlie  exception  of  a  few  brown  speoke.  It  liad  the  ' 
'   ■■  ■  '  ''•      -   ''-   --"  " --'  - 1  lurtl '     " 


boidat  furtn  wljich  oxalic  acid  usually  assumes,  and  upon  further  e 
analysis  proved  U>  be  that  substance. 

"A  email  sample  of  this  same  starcb  compound,  whieb  had  been  washed  repeatedly 
irttli  glacial  acetio  acid  for  complete  purification,  and  wbicb  bad  been  kept  constantly 
in  the  dark  was  found  to  have  suffered  decomposition,  nothing  Temaining  but  a  vis- 
cous ncid  liquid.  When  eKaraining  these  deeoDipoaed  expIoNve  contpouod^  I  found  in 
my  laboratory  a  bottle  filled  with  a  brown  sticky  mass;  the  laJiel  having  been  de- 
stmyed  by  evolved  acid,  it  could  not  be  positively  identified,  but  I  have  good  reason 
to  believe  it  had  originally  been  the  higher  etnreh  com|>ound:  the' Bnt»tance  had  a 
strong  odor  of  liydroeyauio  aeid.  lis  solution,  in  either  wat«r  or  alcohol,  had  a  strong 
acid  reaction.  It  gave  no  precipitate  witJi  chloride  of  calcium.  Flocculent  salts  eon- 
taining  metallio  oxides  or  baryta,  all  eaaily  soluble  in  nitric  aeid,  were  readily  pro- 
duced. Its  combinations  with  the  alkalis  gave  dark  brown  aqueous  solutions,  from 
ilFbich  they  separated  in  an  amorphous  funa  on  evaporation,  but  though  exceedingly 
Eoliible  in  water,  they  were  precipitated  on  the  addition  of  alcohol.  The  mass  waa 
probably  a  mixture  of  different  acids,  principally  non-a^otized,  for  little  nitrogen  was 
discovei'able ;  and  although  oxalic  acid  itself  was  absent^  it  is  by  no  means  improbable 
that  some  higher  members  of  the  series  Cn  Hni  O*  were  present 

" Milro-JHanitiU. — This  substance,  flret  described  by  MM.  Mores  Domonta  and  Me- 
nard, is  formed  when  mannita  is  dissolved  in  fuming  nitric  acid,  and  precipitated  by 
sulphuric  acid.  Its  formula,  acoording_  to  Streoker,  is  Cis  Hs  (NOi )  Oia  It  is  the 
only  known  orystalliznble  body  belonging  to  tliis  group. 

"My  sample  of  nitro-mannile  kept  in  a  glass  tube,  generally  in  the  <3ark,  has  suf- 
fered sonic  decomposition ;  ncid  fumes  have  been  given  o^  but  the  action  has  not  pro- 
ceeded far. 

"  Svgar  Comptntnd. — It  is  well  known  that  c 
mixed  nitric  and  sulphuric  acids  is  converted  int 

soluble  in  alcohol,  but  insoluble  in  water,  to  whicn,  nowever,  it  communicjiies  en  in- 
tensely bitter  flavor.  According  to  the  observations  of  H.  Vohl,  several  difierent 
compouuds  are  produced  simultaneonslj  in  this  reaction.  Diabetic  sugar  similarly 
treated  gives  a  similar  substance. 

"  I  have  kept  samples  of  this  product,  some  of  which  had  been  merely  kneaded  with 
■water  luitil  the  acid  was  removed,  others  regained  from  solution  in  alcohol.  They 
have  shown  little  ^gns  of  decomposition. 

■'  Millc-Sugar  Com.ptaaid. — By  the  same  treatment  a  substance  is  obtained  from  milk- 
sngar  closely  resembling  that  just  described.  Like  the  previous  compound,  it  can  be 
piu'itied  by  solution  in  ^cohol.  but  does  not  present  itself  in  a  crystalline  form. 

"  A  sample  kept  in  paper  was  fonnd  to  be  much  decomposed. 

"  Caramel  Compound, — I  prociired  a  similar  compound  from  pure  caramel,  prepared 
by  means  of  absolute  alcohol.  Tlie  caramel  having  been  dried  and  pounded,  was 
placed  in  fuming  nitric  aeid  :  it  dissolved ;  npon  tlie  addition  of  sulphuric  acid,  a  dark- 
colored  oil  separated,  which  became  hard  and  yellow  when  washed  with  water.  It 
was  soluble  in  alcohol,  but  came  out  from  solution  without  crystallizing,  and  always 
of  the  same  color.  The  compound  bore  a  close  resemblance  in  ita  various  properties 
to  those  obtained  from  sugar. 

"Tlie  sample  kept  by  me  has  suffered  little  or  no  alteratjon. 

"  Sum  Cowpound. — At  least  two  different  substances  of  this  explosive  character  may 
be  produced  by  the  actjon  of  nitric  acid  on  gum.  If  tlie  gum  be  treated  with  the  fuming 
acid,  it  diseolves  into  a  mucilaginous  solution,  from  which  water  precipitates  a  whit« 
body,  slightly  soluble  in  that  liquid,  and  very  soluble  in  alcohol.  A  sample  of  this 
substance  has  not  yet  suifered  any  deeom position. 

"If  sulphuric  acid  be  added  to  the  soluljon  of  gum  in  fuming  aeid,  it  precipitates  a 
white  substance  resembling  that  from  sugar,  but  not  nearly  so  soluble  in  alcohol,  and 
very  slightly  in  ether.  Moreover,  it  is  onlv  softened,  not  melted,  by  a  temperature  of 
212^  Fahr.     No  specimen  of  this  compound  was  preserved. 

"  While  treating  up^n  this  subject,  it  may  not  be  amiss  to  append  a  few  observations 
upon  another  decomposilaon  of  pyroxylin e.  When  good  gun-cotton  islieatedata  tempe- 
rature a  little  exceeding  that  of  boiling  water,  it  becomes  brown  in  color,  and  is  disin- 
tegrated. The  odor  of  nitrous  fumes,  along  with  that  of  some  cyanogen  compound, 
is  very  perceptible.  It  thus  becomes  explosive  at  a  lower  temperature  than  formerly, 
■  fact  which  may  account  for  Bome  of  those  hitherto  unexplained  aeoidenfa  whicli  have 
triscn  from  this  article^  for  it  is  evident  that  gun-cotton  exposed  for  some  time  to  a 
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degree  of  heat  quita  inaufficient  undar  ordinary  dreumeUneeB  to  Oftnse  explosion,  mav 
yet  be  eventually  disaipated  from  the  formation  of  tliis  product. 

"The  brown  substance  thus  obtnined  underwent  novisiljU  alteratfon  in  the  epnce  ol 
four  ^saps.  When  examined  lately  it  was  foiimt  to  be  very  soluble  in  water,  but  insol- 
uble in  alcohol  or  ether.  Its  aqueone  eolution  tasted  somewhat  Tiitter,  it  reacted 
slightly  aeid,  no  crystals  were  obtained  on  evaporation.  When  boiled  with  a  solution 
of  [lotash,  it  evolTed  ammonia.  When  mixed  with  a  enlt  of  lead  or  copper  it  formed 
brown  flocculent  preeipitatea,  but  none  appeared  with  (tEilT«r  or  lime  salt.  The  organic 
snbstance  which  fell  id  combioation  with  osdde  of  lead,  contained  a  lai^e  amount  of 
niti-ogan.  That  portion  of  the  fibre  whiah  had  not  become  brown  with  heat  was  found 
to  be  no  longer  pyrosyli  ne ;  when  freed  from  tbe  brown  matter  by  washing  with  water, 
and  dried,  it  laft  little  residue  on  explosion ;  but  on  the  other  hand,  it  dissolved  very 
readily  in  ether,  alcohol,  or  cold  sulpha  pic  acid ;  properties  of  cotton-xylo  id  ine,  hntnotof 
tlie  original  substanee.  Wiien,  however,  the  manner  of  its  production  is  considered,  wc 
can  hardly  conceive  it  identical  with  a  body  which  would  require  the  introduction  of  two 
atoms  of  hydrogen  if  formed  from  pyroxyline,  Whetlier  this  thnnge  which  gun-cotton 
iiridai^es  at  a  high  temperature  is  at  all  analogous  to  the  epontaneoiis  decomposition 
mentioned  above,  can  scarcely  be  determined,  but  the  presence  of  azotized  compounds 
in  considerable  quantity,  and  of  ammonia,  rather  indicates  the  reverse. 

"The  rofjona/e  of  these  decompositions  is  far  from  being  elucidated  by  the  observation? 
licre  recorded,  but  as  the  substances  themselves  are  not  now  in  existence,  nor  are  capable 
of  being  proonred  wilbout  long  delay,  I  cannot  pnrsue  tlie  investjgation  further.  Tlie 
only  general  conclusion  which  can  be  drawn  appears  to  b^  that  several  substances  of 
the  character  above  described  have  a  tendency  to  suffer  spontaneous  decomposition  from 
being  oxidized  into  non-flzoljzed  acids  at  the  expense  of  the  peroxide  of  nitrogen,  NOi, 
they  contain,  whicli  is  reduced  to  tlic  condition  of  nitric  oxide,  KOi,  and  evolved  as  sucli, 
a  }iortion  of  water  being  always  given  off  at  the  same  time." 

COUKT  PLASTER  is  a  considerable  object  of  manufacture.  It  is  made  as 
follows: 

Elaclt  silk  is  strnined  and  brushed  over  ten  nr  twelve  fJmes  with  the  following  pre- 
paration:— DisBolve  i  an  ounce  of  balsam  of  benzoin  in  fi  ounces  of  rectified  spirits  of 
wine;  and  in  a  separate  vessel  dissolve  1  ounoeof  iwnglass  in  as  little  water  as  may  be. 
Strain  each  solution,  mix  tliem,  and  let  the  mixture  rest,  so  that  any  undissolved  parts 
may  subside;  when  the  clear  liquid  is  sold  it  will  form  a  Jelly,  which  must  be  wanued 
before  it  is  applied  to  tbe  silk.  When  tlie  silk  coated  with  it  is  quite  diy  it  must  ha 
Riiished  off  with  a  coat  of  a  solution  of  4  ounces  of  Chian  turpentine  in  6  ounces  of 
tincture  of  benzoin,  (a  prevent  its  cracking.* 

COW  DUNG  SUBSTITUTE,  in  calico  printing.  Sulphate,  carbonate  and  plioa- 
pliate  of  lime  and  soda. 

CRANES,  Jhbiilar,  of  Mr.  W.  Fairbairn. — Ainong  the  many  happy  applica- 
tions of  the  hollow-girder  system  of  our  gi-eat  engineer,  this  is  one  of  the  most  iiige- 


"Flg.  426  is  a  vertical  section  of  a  crane,  constructed  according  to  my  said  in 
and  oalculated  for  lifting  or  lioistjng  weights  up  to  about  8  tons,  Fig.  426  is  an 
elevation  of  the  same;  Jigs.  42t,  428,  429,  and  430,  are  erofs-sections,  on  the  lines  a  b, 
cd.ef,gh;  and/y.  481  a  transverse  vertical  section  on  the  line  ik.  A  A  is  the  jih,  which 
in  Its  general  outline,  is  of  a  crane-neck  form,  but  reetangnlar  in  its  cross-section,  as 
partioularly  shown  in  Jtgn.  428,  439,  and  4B0.     Tbe  four  sides  are  formedof  metal 


plates,  firmly  riveted  together.  Along  the  edges  the  connection  of  the  plates  is  effected 
by  means  of  pieces  of  angle  iron.  The  connections  of  the  plates  at  the  cross-joints 
on  the  convex  or  tipper  side  of  tiie  jib,  are  made  by  tbe  riveting  on  of  a  plate,  which 
covers  or  overlaps  the  ends  of  tbe  two  plates  to  be  joined ;  the  rivets  at  this  part  are 
disposed  as  represented  in  fg.  43C  (a  plan  of  the  top  plates),  and  known  as  'chain 
riveting;'  n  b  is  tlie  pillar,  which  is  firmly  secured  by  a  base  plate  ^  to  a  stone  founda- 
tion b;  and  fits  at  top  into  a  cup-shaped  bearina  o,  which  is  so  firmly  secured  to 
the  side  plates  of  the  jib,  at  or  near  to  the  point  whei-e  the  curvature  commences,  and 
on  which  bearing  the  jib  is  free  to  revolve.  Fig.  4B1  is  a  transverse  vertical  section 
of  the  lower  part  of  the  jib,  showing  the  manner  of  fitting  the  bearings  for  the  chain- 
barrel  (which  is  placed  in  the  interio^  and  the  spindles  and  shafts  of  tbe  wheel^eering, 
by  which  tlie  power  is  applied  there  to  n,  is  the  chain  pulley,  which  is  insetted  in  an 
aperture  formed  in  the  top  of  the  jib.  The  chain  paEsIng  over  this  pnlley,  enters  the 
interior  of  the  crane,  and  is  continued  down  to  theehnin  bflrrel.  Eisa  pulley  or  roller, 
which  is  interposed  about  balf-wny  between  the  chain-pulley  and  the  chain-barrel,  for 
the  purpose  of  preventing  the  chiiin  rubbing  against  the  plates.  Fig.  433  is  a  plan  of 
the  lower  plates. 
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F7g,  431  ia  a  vertieni  aeotioii  of  aiioHier  ornne  conBtrncted  upon  the  aame  prinoiple 
hb  tliat  jiist  <le8ei'it>eil,  but  cnlBulaleiJ  fur  lifting  miicli  greatap  weights  (aaya  HO  tons); 
it  differs  in  Imving  the  lower  or  eoiioare  siiie  a  a,  of  the  jib  strengthened  hy  iiifans  of 
thretf  aWitionnl  plates  bee,  wliweliy  tJie  iiitemr  is  diviiled  into  one  krj;e  and  tlirea 
smaller  euiia,  cs  siiowii  iajigs.  435  and  436,  wliiuh  m'e  cross  Beotiuna  upon  the  lines  a  ^ 


mAcd  f  pg  434  Tl  s  n  an-'em  n  of  the  celll  to  strencthen  the  lower  or  conrBva 
Eida  13  ndvisnhle,  in  order  to  ohtain  siitfieient  tesistance  to  -he  compression  esorted  hy 
the  load  liftad,  without  wnneoessarlly  inoreasiug  llie  weight  of  the  other  parts. 
Tlie  tension  exerted  upon  the  upper  op  convex  plates  docs  not  require  so  mneh  mil. 
teriala  to  withstflnd  it;  0,  is  the  toe  of  the  lib,  wliieh  rests  in  a  step  formed  in  the  bot- 
tom of  the  oyliniJrical  castings  D,  which  is  bailt  into  the  masonry  forming  the  basis  of 
the  machine.  BEnre  twoof  a  set  of  pulleys,  which  are  ir.oiinleJ  between  two  rings  f», 
and  serve  an  nnti-friction  rollers  for  iJie  upper  benrina:  of  the  jib.  The  lowermost  of  the 
rings  F  Y,  rests  upon  a  set  of  rollers  o  o,  which  are  fitted  int-o  the  fflp  of  the  casting  tt, 
so  that  ns  the  jib  is  turned  ronnd,  the  rihgs  F  t,  and  the  anti-friction  rollers  which  they 
carry,  have  perfect  freedom  to  move  along  with  it;  n  is  a  platform,  upon  which  tha 
persona  wopkinst  the  macliine  msy  stand,  and  which  snppopfa  a  column  I,  witliin  which 
thepa  is  mountftl  a  spindle  K,  thalnwer  end  of  which  has  keyed  l«  it  a  pinion  l,  which 
ganps  into  a  cirenlap  rack  M  m,  bolted  to  the  top  of  the  cylindrical  easing  n.  k  is  b 
Wiirin-wheel  keyed  to  the  t«p  of  the  spindle  k,  into  which  an  endless  screw,  worked  bj 
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a  tand-wheel,  is  geered,  bo  that,  by  Urning  tlie  hand-wJieel,  the  jib  of  the  crane  is  rnada 
to  moYe  round  in  any  required  direction,  o  is  the  chain-barrel;  p  tlic  fhain-wlicel ; 
Jt  It  puilcje  or  rollers  wliiuli  support  tlie  chain,  aud  prevent  its  rubbing  against  the  platea 


iaUia  disposition  ofthose  carta, -which  I  prefer;  but  it  will  be  oWions  that  they  may  h« 
also  placed  onlaide  of  the  jib,  in  a  manner  similar  to  that  generallj  followed  in  the  fon 
etnietion  of  ordinary  cranes.  And  haying  now  described  my  said  invention,  and  in 
■what  manner  the  same  is  to  be  performed,  I  declare  that  what  I  claim  is  the  constrnc- 
tion  of  cranea  and  other  light  liftini;  or  hoisljng  machines,  witli  jibs  composed  of  a  aeries 
of  metal  plates,  arranged  anr)  combined  aayia  to  form  n  connected  series  of  tubular  or 
eeflnlnr  compartments,  aa  before  exemplified  and  described." 

CRAPK  {Orlpt,  Ft.;  Krepp,  Oerm.)  A  transparent  textile  fabric,  somewhat 
like  gnuze,  made  of  raw  ailk,  gummed  and  twisted  at  the  mill.  It  is  woven  with  any 
crossing  or  tweeL  When  dyed  black,  it  la  much  worn  by  ladiea  as  a  mourning  dress. 
CiMpes^  are  crisped  {crepSs)  or  smooth;  tha  former  being  double,  are  used  in  cloea 
mourning,  the  latter  in  less  deep.  White  crape  is  appropriate  tfl  young  unmarned 
females,  aad  to  virgins  on  taking  the  veil  in  nunneries.  The  silk  destined  for  the 
Erat  is  spun  harder  than  for  the  second ;  since  the  degree  of  twisfi  particularly  for  the 
wnrp,  determines  tha  degree  of  crisping  which  it  assumes  after  being  taken  from  the 
com.    It  is  for  this  purpose  steeped  in  clear  water,  and  rubbed  with  prepared  Wnx. 
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Crnpes  nra  all  wc  vcn  and  dyed  with  the  Bilk  in  the  mw  state.  They  are  finiehed  witi 
a  atiffening  of  gum  wnt^i'. 

Crnpe  la  a  IJologiieee  inverlion,  hvit  hns  been  long  mnniifnctuied  with  superior 
excellence  at  Lyons  in  Finiice,  atid  Norwich  in  Engtand.  Tiiere  is  now  a  magniiiteiiL 
fabric  of  it  at  Yamioutli,  tiy  power-loom  niaeliinerj. 

Tliere  ie  another  kind  of  stuff,  called  er^on,  mode  sillier  of  line  wool,  or  of  wool  and 
silk,  of  which  the  warp  is  twisted  much  harder  than  the  weft.  The  croons  of  Kaptet 
eoDsiat  altogether  of  ailk. 

CRAYONS.  (Eng.  and  Fr,;  Pasltlttiffe,  Germ.)  Slender,  soft,  and  somewhat 
friable  cylinilers,  vationsl;  colored  for  deiinealing  flgures  npon  paper,  usually  called 
chalk  drawings.  Red,  careen,  brown,  and  otiier  colored  craj'ons,  are  mode  with  fine 
pipe  or  china  ctay  paste,  intimately  mii^d  wilh  earthy  or  metallic  pigments,  or  in 
general  with  body  or  surface  colors,  then  moulded  and  dried.  The  brothers  Joel,  in 
Paris,  employ  as  crayon  cement  the  follDwing  composition :  6  pans  of  shellac,  4  parts 
of  apirie  of  wine,  2  pans  of  turpentine,  12  parts  of  a  coloring  powder,  such  as  Prussian- 
blue,  orpiment,  white  lead,  vermilion,  &c.,  and  12  parts  of  blue  clay.  The  clay  being 
elutriated,  passed  through  a  bair  sieve,  and  dried,  is  to  be  well  incorporated  by  tritu- 
ration with  the  solution  of  the  shellac  in  the  spirit  of  wine,  the  turpentine,  and  the 
pigment ;  and  the  doughy  mass  is  to  be  pressed  in  proper  moulds,  so  as  to  acquire  the 
desired  shape.    They  are  then  dried  by  a  stove  heat. 

In  order  to  make  cylindrical  crayons,  a  copper  cylinder  is  employed,  about  2  tnches 
in  diamelef,  and  ij  inches  lung,  open  at  one  end,  and  closed  at  the  other  with  a  per- 
forated  plate,  containing  holes  corresponding  to  the  sizes  of  the  crayons.  The  paste  is 
introduced  into  the  open  end,  and  forced  through  the  holes  of  the  bottom  by  a  piston 
moved  by  a  strong  press.  The  vermicalar  pieces  that  pas."  throngh  are  cut  to  the 
proper  lengths,  and  dried.  As  the  quality  of  the  crayons  depends  entirely  upon  the 
fineness  of  the  paste,  meehnnicFil  means  mnst  be  resorted  to  fur  effecting  this  object  in 
the  best  manner.  The  fulluwing  machine  has  been  found  (u  answer  the  purpose  exceed 
ingly  well. 


J!j.  4S7  is  a  vertical  section  through  the  centra  of  the  ernyon  mill.  Mg.  4S8  Is  a 
-iew  of  the  mill  from  above,  a,  tlio  mill  tub,  whose  bottom  e  most  be  a  hard  flat  pinto 
of  crtBt  iron  ;  the  sidea  a  being  of  wood  or  iron  at  pleasure.  In  the  centre  of  the  bottom 
tliere  is  a  pivot  q  screwed  into  a  socket  cast  upon  the  liottiiiii,  and  which  may  lie 
strengthened  bj  two  croaa  bars  B,  made  fast  to  the  fraina  k.  f,  tlie  millstone  of  enst- 
iron,  concave,  whose  diameter  is  coiialdernbty  amaller  than  that  of  tlie  veaael  a;  it  is 
furniflbed  within  with  a  oircalar  basin  of  wood  o,  which  receives  the  materials  to  be 
ground,  and  directs  them  to  the  holes  h,  wlilr:b  allow  them  to  pass  down  between  the 
under  ]iart  of  the  milliter,  and  the  bottom  of  the  tub,  to  undergo  trituration. 

liy  the  cet.tiifjgol  motion,  the  paste  is  driven  toward  the  sides  of  the  vessel,  rise* 


,  C.oogic . 


CREOSOTE.  553 

r>mes  again  throiigii  the  holes  H,  eo  sstobe  repcateiil}' 

in.     This  niilUtone  is  mounteJ  upon  on  iiprij^lit  bIiilII 

I,  wiiien  reeoLves  vuiary  mocion  irom  tlie  btfTel-wheel  work  k,  driven  by  tbe  wiiieh  i. 

Tlie  furoaoa  in  wJiioh  soma  kinds  of  crayons^  and  espeeiallj  the  factitious  block-lend 
pencils,  nre  baked,  is  represented  in^.  489,  in  a  front  elevation;  and  inj^.  440,  which 
ti  a  vertical  aectjon  tbrongh  the  middle  of  the  oliimnej. 

ji  A,  MS  tubes  of  greater  or  less  size,  aoeocding  as  the  substance  of  the  crayons  is  e, 
better  or  worse  conductor  of  hent  These  tubes,  into  which  the  ornyona  intended  for 
baking  are  to  be  put,  traverse  horizontally  the  laboratory  b  of  the  furnace,  and  are  siip- 
purted  by  two  plates  o,  piei-ced  with  six  square  boles  for  aovering  the  axes  of  the  tubes 
A.  These  two  plates  are  hung  npon  a  coionion  axis  d;  one  of  them,  with  a  ledge,  shula 
the  cylindrical  part  of  the  furnace,  aa  is  shown  id  the  figure.  At  IJie  extremity  of  the 
bottom,  the  axis  p  ia  supported  by  an  iron  fork  fixed  in  the  brickwork;  at  the  front  it 
crosses  the  plate  o,  and  lets  through  an  end  about  i  ini^hes  square  to  receive  a  tey,  by 
means  of  which  the  aMS  D  may  be  turned  round  at  pleasure,  and  thereby  the  two  jilates 
c.  and  the  six  lubes  i,  are  tbita  exposed  in  sneeession  to  ths  action  of  the  fire  in  an 
equal  manner  upon  each  of  their  sidea.  At  tlie  tiro  extremities  of  tlie  furooee  are  two 
chimneys  B,  for  the  purpose  of  diffusing  the  heat  more  equably  over  the  body  of  tlie 
crayons,  f.  Jig.  439,  is  the  door  of  the  fire-place,  by  which  the  fuel  ia  introduced ;  a, 
fiff.  440,  the  ash-pit ;  n,  the  fire-place ;  l,  holes  of  the  grate  which  separate  the  fire-place 
from  the  ash-pit;  K,  biiokworfc  enterior  to  the  furnaee. 

General  Lomet  proposes  the  following  composition  for  red  crnyona.  He  takes  the 
softest  hematite,  grinds  it  upun  a  porphyry  slab,  and  then  carefully  elutriates  it.  He 
makes  it  into  a  plastic  paste  with  gum  arable  and  a  little  white  soap,  which  he  forms 
by  mouldings  as  above,  tJirongh  a  syringe,  and  drying,  iuto  crayons.  The  proportions 
of  the  ingredients  require  to  be  carefully  studied. 

Cairosa,  lilhograp/dc.  Various  formulie  have  been  given  for  the  formation  of  these 
crnyons.  One  of  these  prescribes,  white  wax,  4  prfs;  hard  tallow-soap,  sbellsf,  of 
each  2  parts;  lamp  black,  1  part.  Another  is,  dried  tallow  soap  and  white  wax,  each 
f)  parts  ;  lamp  black,  1  part.  Tliis  mixture  being  fused  with  a  gentle  heat,  is  to  be  ccist 
intj)  moulds  for  forming  crnyona  of  B  proper  size. 

CREOSOTE,  or  the^wA-pmcrMr,  from  tptns  and  ■rui;a,  is  the  most  imporlant  of  the 
five  new  chemical  producls  obtained  fi-om  wood  tar  by  Dr.  Eeichenhach,  The  other  fbuf, 
parajBne,  eKpione,  piromar,  and  pitiacal,  have  hilherLo  been  applied  to  no  use  in  the  oris, 
«nd  may  be  re|!arded  at  present  as  mere  analytical  curiosiiies. 

Creosote  may  be  prepared  either  from  tar  or  from  crude  pyroligneous  acid,  The  tar 
■nust  be  distilled  till  it  acquires  the  consistence  of  pilch,  and  at  the  Utniosl  till  il  begins 
to  exhale  the  while  vapors  of  paraffine.  The  liquor  which  passes  into  the  receiver 
divides  itself  into  3  strata,  a  watery  one  in  Ihe  middle,  placed  between  a  heavy  and  a  ligbl 
oil.     The  lower  stratum  alone  ia  adapted  to  the  preparation  of  creosote. 

1.  The  liquor,  heins;  salurated  with  carbonate  of  polash,  is  10  be  allowed  to  settle,  and 
the  oily  mailer  which  llonls  at  lop  is  to  he  decanlcd  off.  When  (his  oil  is  distilled,  it 
affurJs,  al  first,  producls  I^hler  than  water,  which  are  to  be  rejected,  but  Ihe  heavier  oil 
which  follows  is  to  be  aeparaled,  washed  repeatedlj  bj  at-iialion.  with  fresh  portions  of 
dilute  phosphoric  acid,  to  free  il  from  aroioouia,  then  left  some  time  at  rest,  after  which 
it  must  be  washed  by  water  from  all  traces  of  acidity,  and  finally  distilled  along  with 
■  new  portion  of  dilute  phosphoric  ncjd,  taking  care  to  colMbale,  or  pour  ba^k  the  dis- 
tilled product  repeatedly  into  the  retort. 

2.  The  oily  liqiiid  thus  rectified  is  colorless;  it  contains  much  creoiolt,  but  at  the 
same  time  some  EHptoiic,  &c  m        h  bemedw       poash 

giav.,  which  duBSolves  Ihe     eo»ji        Th  fi  po  so 

and   may  be  decanted  off.      T  ed  h 

bisclfens  by  decomposition  m  m  T  h  d 

with  dilute  sulphuric  acid     h        eo         b  com  w  m 

lyphoned  off  and  distilled. 

8.  The  IreaUuenl  by  potash     ulphon   aed,&cis      b  dpnhbwii 

::reosole  till  it  remains  CO  m       b 

noiv  dissolved  in  the  siron^e.t  iio  ash    ey,     bj     ed  to  d  ,      d  . , 

dialiiled  wiih  the  rejeclion  of  (he  first  producls  which  contain  much  water,  retaining  only 
the  folhiwing,  but  takins  care  not  to  push  the  process  too  far. 

In  operating  npon  pyroligneona  acid,  if  we  dissolve  effloresced  sulphate  of  soda  in  il  to 
saturation,  at  the  temperninre  of  167°  F.,  the  creosote  oil  will  separate,  anii  float  upon 
the  surface.  Il  is  to  be  decanted,  left  in  repofe  for  aome  days,  during  which  it  will  pari 
Willi  a  fresh  portion  of  the  vinegar  and  salt.  Being  now  saturated  while  hot,  wilh  car- 
bonate of  potasli,  and  distilled  with  water,  an  oily  hquor  is  oblained,  of  a  pale  yellow 
color.    This  is  to  be  rectified  by  phosphoric  acid,  &c.,  like  the  crude  product  of  creosote 


Rcnd  burning  taste,  and  capable  of  eoiTodiisg  the  epidermis  [n  a  shorl  time.  It  pofsi 
a  peiietritliii?  di.^a^reeable  smell,  tike  thai  of  highly  smoked  hams,  and,  when  inhaled  up 
the  n.islrils,  causes  a  flow  of  tears.  Its  specific  gravity  is  1-037,  at  58°  F.  lis  consist- 
ence is  similar  to  that  of  oil  of  almonds  It  ha?  no  aciion  u|K>n  the  colors  of  litmus  oi 
turmeric,  but  commnnicBtes  to  nhiie  paper  a  slain  which  disappears  sponlaneouslv  in  a 
few  hours,  and  rapidly  bj  the  application  of  heal. 

It  boils  without  decow posit iun  at  398°  F.,  under  the  average  harometric  iKursure, 
remains  fluid  at  16°  F.,  is  a  non-conductor  of  electricity,  refracls  light  powerfully,  and 
burns  in  a  lamp  with  a  ruddy  smoky  flame. 

When  mined  with  water  at  58°  F,  it  forms  two  different  combinaliona,  the  first  being  a 
solution  of  1  part  of  creosote  in  400  of  waler;  the  second,  a  comhinalion  of  I  pai  t  of 
water  with  10  parts  of  creopole.  It  unites  in  all  proportions  with  alcohol,  hydric  ether, 
acetic  ether,  japtha,  enpione,  carburet  of  sulphur,  &c. 

Creosote  dissolves  a  lar?e  quanlity  of  iodine  and  phosphoms,  as  also  of  sulphur  with 
the  ail]  of  heat,  but  it  deposites  the  greater  part  of  Ihem  in  ciyslals,  on  cooling.  It  com- 
bines with  potash,  soda,  ammonia,  lime,  baryla,  and  oxyde  of  copper.  Oxyde  of  mercurj 
converts  creosote  into  a  resinous  maliEr,  while  itself  is  reduced  to  the  melallic  stale. 
Slrons  finlphnric  anil  nitric  acids  decompose  it. 

Creosote  disi'olies  several  sails,  particularly  the  acetates,  and  the  chlorides  of  calcium 
and  ;>n{  It  reduces  the  nitrate  and  acetate  of  silver.  It  also  dissolves  indigo  blue;  a 
remarkable  circumstance.  lis  aciion  upon  animal  matters  is  very  interesting.  It  eoaeu- 
lales  albumen,  and  prevents  the  putrefaction  of  buichers'  meat  and  fish.  For  this  pur. 
pose  ihtse  sutetances  mnst  be  steeped  a  quailer  of  an  hour  in  a  weak  watery  solution  of 
creosote,  then  drained  and  hung  up  in  the  air  to  dry.  Hence  Reiehenbach  has  inferred 
that  it  is  owins  to  the  presence  of  creosote  thai  meat  is  cuied  by  smoking  ;  but  he  is  not 
eorrecl  in  ascribing  the  eifect  lo  the  mere  coagulation  of  the  albumen,  since  Jibriw  aJiine, 
without  creosote,  will  potrefy  in  the  course  of  24  hours,  durina  the  heals  of  summer.  It 
kills  plants  and  small  animals.    It  preserves  flour  paste  imchaneed  for  a  long  time. 

Creosote  eiigts  in  the  tar  of  beech-wood,  to  the  amount  of  from  20  10  25  per  cent.,  a&d 
In  crude  pyrolisneoiis  acid,  to  that  of  Ij. 

It  ousht  to  be  kept  in  weli-sioppered  bottles,  because  when  left  open  it  becomes  pro- 
gressively yellow,  brown,  and  thick. 

Creosote  hai  considerable  power  upon  the  nervons  system,  and  hns  been  applied  to  the 
teelli  wi(h  advanlaRe  in  odontalsia,  as  well  as  to  ihe  skin  in  recent  scalds.  But  its  me- 
dicinal and  surgical  virtues  have  been  much  eiaggeraled.  lis  flesh -preserving  (innlity 
is  rendered  of  little  use,  from  the  ditlicully  of  removing  the  rank  flavor  which  U 
imparts. 

Having  been  employed  bj  a  chemical  manufacturer  to  examine  his  creoeote,  nnd  com- 
pare it  with  otliers  witli  a  view  to  the  Improvement  of  liia  process,  I  found  that  the 
article,  as  made  by  eminent  hoiisee,  differed  conwderablj  in  its  properties. 

The  specific  cravities  varied  in  the  several  specimens  as  follows:  I,  a  s[>ecimen  given 
me  Ijy  Messrs.  Ztmmer  and  Sell,  at  tbeir  faatory  in  Sauh»enhiiusen,  by  Franhfort-on-tJie- 
Maine,  had  a  speciflu  gravitv  of  1  -0524 ;  2,  a  sample  made  in  the  north  of  England,  sp. 
gr.  1-057,  and  ila  boiling  point  varied  from  S70°  to  38i)°  FmIip.  Mr.  Moraon'a  creosote, 
which  is  much  esteemed,  has  a  sp.  gr.  of  l*f)70,  and  boils  first  at  280°,  bat  progres- 
sively rises  in  temperature  op  to  420^,  when  it  remains  stntiouarj.  The  Gentian  creo- 
sote was  distilled  from  the  tar  of  the  pyroli^noiis  acid  manufnature.  Creosote,  I  believe, 
is  often  made  from  Stockholm  tar.  Berzelius  gives  the  sp.  gr.  of  creosote  at  11I.S7.  and 
its  boilingpoint  at  203°  C^aT'i"  F.  I  deemed  it  useless  to  subject  to  ultimate  analy- 
sis products  differing  so  considerably  in  their  plijMpal  properdes.    They  were  all  very 

CRtlSS-FLCJCKANS  or  FLOOKANa    The  name  given  by  the  Cornisli  miners  to 
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CRUCIBLES  (Dmweis,  Fr. ;  Schmehtiegel,  Germ.)  are  small  conical  vessels,  narrower 
ai.  the  bottom  than  the  mouth,  for  reducing  ores  in  ducimnsy  by  the  dry  analysis,  for 
fusing  mistni-es  of  earthy  and  other  substances,  for  melting  metals,  and  compounjing 
metallio  alloys.  They  ought  to  be  refractory  in  the  strongest  heats,  not  readily  acted 
upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and  capable  of  beniing 
consideralile  alternations  of  temperature  without  erackingi  on  which  account  they 
should  not  be  made  loo  thick.  The  best  orncibies  are  formed  from  a  pure  flre-ctny, 
mixed  with  flnoly-^rround  cement  of  old  crneibles,  and  a  portion  of  bloefc-lend  or  gra 
phite.  Some  poitnded  cuke  may  be  miired  with  the  plunibngo.  Tlie  clay  should  be 
prepared  in  a  simiUr  way  as  for  making  pottery  ware ;  the  vessels  aftar  being  formed 
must  be  slowly  dried,  and  then  properly  baked  in  the  kiln.  Crucibles  formed  of  a 
mixture  of  8  purls  in  bulk  of  Stourbridge  day  and  cement,  5  of  coke,  and  4  of  graphite. 
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have  been  found  to  ftniid  23  in  el  tinge  of  76  ponnde  of  iron  each,  in  tha  Roynl  Lirlin 
foi'iiHrj.  Such  crnGiblea  refiisted  the  grentest  poeeilile  bent  t.lint  coiild  be  prodiieed,  in 
■whioli  even  wroiif^ht  iron  waa  melted,  eqnnl  to  150°  or  105°  Wedgewocd;  bhA  borg 
mdijen  cooling  withont  crnclting.  Another  compoeitjon  fur  bracs-foanding  crncibles  tl 
the  following:  j  Stourbridge  olny;  J  bwned-oliij  cement;  i  oolie  powder;  Jpipeclny. 
Tlie  pnEty  mass  must  be  compreesed  in  moulds.  The  Heeeian  crucibles  froiD  Great  Al- 
merode  and  EpeUrode  are  made  from  a  fire-elny  which  contains  n  little  iron,  bnt  no 
lime;  it  is  incorporated  with  BilioeoHB  gnnd.  ^lie  dongh  is  conipressad  in  a  mould, 
drifd  and  sirongtj  kilned.  Tliey  stand  saline  and  leaden  fluses  m  dopimnstio  opera- 
tions TeiT  well ;  are  rather  parous  on  nceount  of  the  coarseness  of  the  sand,  bnt  era 
Hiereb;  less  apt  to  crack  from  sudden  heating  or  cooling;  7iiey  melt  nnder  tbe  fusing 
point  of  bar  iron.  Beaufoy  in  Paris  has  lately  succeeded  in  making  ft  tolerable  imita- 
tion of  the  Hessian  crucililes  with  a  fire-clay  fonnd  near  Knmnr  in  the  Ardennes. 
Kerthier  has  published  the  following  ckiiorate  annljses  of  several  kinds  of  omol- 
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)f  two  parts  of  graphite  and. one  of  fire  day  ;  mixed 

_..  .       ,        ,.  I  moulda,  and  well  dritd;  bnl  not  baked  hard  in  the 

They  bear  a  higher  heat  than  the  Hessian  erncibles,  as  well  as  sudden  clianfies  of 
tetnperature ;  have  a  smooth  sarface,  and  are  Iherefnte  preferred  by  the  melters  of  gold 
and  silver.    This  .compound  forms  excellent  small  or  portable  furnaces. 

Mr.  Anstey  describes  his  palenl  proseSB  for  making  crucibles,  as  follows :  Tale  two 
parts  of  line  ground  raw  Stourbridge  clay,  and  one  pari  of  the  hardest  gas  eolie,  pre- 
viously pulverized,  and  filled  throush  a  sieve  of  one  eiKhtb  of  an  inch  mesh  (if  (he 
eolie  is  giound  too  fine  the  pots  are  very  apt  lo  crack).  Mis  the  ingredients  tt^ether  with 
the  proper  qnanlily  of  water,  and  iread  the  mass  well.  The  pot  is  moulded  bj  baud  upon 
a  wooden  block,  supported  on  a  spindle  which  turns  in  a  hole  in  the  bench;  there  is  a 
gauge  lo  regutete  the  thickness  of  the  melting  pot,  and  a  cap  of  linen  or  cotton  placed 
wet  upon  the  core  before  the  clay  is  applied,  to  prevent  the  clay  from  sticking  partially 
to  Ihe  core,  in  the  takiog  off;  the  cap  adheres  <o  the  pot  only  while  wet,  and  may  ba 
removed  wiUiont  tronble  or  hazard  when  dry.  He  employs  a  wooden  bat  to  nBsi'>t  in 
moulding  the  pot;  when  moulded,  il  is  carefully  dried  at  a  gentle  heat.  A  pot  dried  as 
above,  when  wanted  for  use,  is  first  wanned  by  the  iire-side,  and  is  Iben  laid  in  the  fur- 
nace with  the  moith  downwards  (the  red  cokes  being  previously  damped  with  cold 
ones  in  order  to  lessen  the  heat)  ;  more  coke  is  then  thrown  in  (ill  the  pol  is  covered, 
and  it  is  now  bronghl  np  gradually  to  a  red  heat.  The  pot  is  next  turned  and  fixed  in  a 
proper  position  in  the  fnrnace,  wilhout  belns  allowed  to  cnol,  and  is  then  charged  with 
cold  iron,  so  that  the  metal,  when  melted,  shall  have  its  surface  a  little  below  the  mouth 
of  the  pot.  The  Iron  is  melted  ia  about  an  hour  and  a  half,  and  no  flux  or  addition  of 
any  kind  is  made  use  of.  A  pot  wDl  last  for  fourteen  or  even  eishteen  successive  melt- 
ings, provided  it  is  not  allowed  to  cool  in  the  intervals;  but  if  it  coo!,  il  will  probably 
crack.  These  pots,  il  is  said,  can  bear  a  greater  heat  than  others  without  softening,  and 
will,  conseqaently,  deliver  the  metal  in  a  more  fluid  stale  than  the  best  Birmingham  pots 
will.    See  a  figure  of  the  crucible  mould  noder  Steex. 

CRYSTAL  IS  the  geometrical  form  .possessed  hy  a  vast  number  of  mineral  and  saline 
substances ;  as  also  by  many  vegetable  and  animal  products.  The  integrant  particles  of 
matter  have  undoubtedly  determinate  forms,  and  oomhine  with  one  another,  by  the 
attraction  of  cohesion,  according  lo  certain  laws,  and  points  of  polarity,  whereby  they 
assume  a  vast  variety  of  secondary  crystalline  forms.  The  invesl^ation  of  theie  lawi 
belong  to  crystallography,  and  is  foreign  to  the  practical  purpose  of  this  volunv;.    lu- 
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!trH<?tiona  are  gireu  under  each  object  of  mnnufacture  whieL  requires  orystallizfition 
how  to  conduct  tliis  process.    See  Borax,  Salt,  &e. 

CUDBEAR  wns  first  made  an  article  of  trade  in  tliis  eoiintry,  by  Dr.  Cuthbert 
Gordon,  fiom  wliom  it  derived  its  name,  and  was  originally  mannfactured  on  a  great 
scale  by  Mr.  G.  Maefeintosh,  nt  Glasgow,  nearly  80  jeara  ago.  Cudbear  or  persio  is  a 
powdpt  of  a  violei  red  color,  difficali  lo  moisten  with  water,  and  of  a  peculiar  but  not 
disasreeable  odor.  It  is  partially  soluble  in  boiling  water,  becomes  red  with  acids,  and 
violet  bine  wiih  alkalis.  Ii  is  prepared  in  ihe  same  way  as  archil,  only  towards  tbe 
end  the  subslance  is  dried  in  the  air,  and  is  then  ground  to  a  fine  powder,  takin!-  care  to 
avoid  decomi«silion,  which  renders  it  glutinous  In  Ecolland  they  ose  the  lichen  tar- 
taieus,  moie  rarely  the  lichen  calcareus,  and  omphalodesj  most  of  which  lichens  are 
imported  from  Sweden  and  Norw.iy,  under  the  name  of  rock  moss.  Thelichen  is  Buffered 
lo  ferment  for  a  month,  and  is  then  stirred  about  lo  allow  any  stones  which  may  be  pre- 
seni  lo  fall  lo  the  bottom.  The  red  mass  is  next  poured  into  a  flat  vessel,  and  I  eft  to 
evaporate  till  its  urinous  smell  has  disappeared,  and  till  it  has  assumed  an  agreeable 
color  verging  npon  violet.  It  is  then  f^rc.und  to  fine  powder.  During  the  fermentalion 
of  Ihe  lictien,  it  is  watered  with  stale  urine,  o;  with  an  equivalent  ammonincal  liquor  of 
any  kind,  as  in  making  archil. 

CUPELLATION  is  a  mode  of  analyzinEj  (fold,  silver,  palladium,  and  platinum,  by 
adoing  lo  small  portions  of  alloys,  containing  these  toetsls,  a  bit  of  lead,  fusing  the 
miimre  in  a  lillle  cup  of  bone  earth  called  a  cupel,  then  by  the  joinl  aclion  of  heal  and 
air,  oxydizing  the  copper,  tin,  &c.,  present  in  the  precious  metals.  The  oxydes  thus  pro- 
duced are  dissolved  and  carried  down  into  the  porous  cupel  in  a  liquid  slate,  by  the 
vitrified  oxyde  of  lead.    See  Assat,  Gold,  and  Silver. 

CURRYING  OF  LEATHER  {Carroyer,  Pr. ;  Zurkkten,  Germ.)  is  the  art  of 
dressing  skins  after  they  are  tanned,  for  the  purposeof  the  shoe-maker,  coach  and  harness 
maker,  &c.,  or  of  giving  ihem  ihe  necessary  smoothness,  lustre,  color,  and  suppleness. 
The  currier's  shop  has  no  resemblance  lo  the  tanner's  premises,  having  a  quite  diiferent 
set  of  tools  and  manipulations. 

The  currier  employs  ft  strons  hurdle  abont  a  yard  square,  made  either  of  basket  iwiss, 
or  of  wooden  spars,  fixed  reclansularly  like  trellis  work,  with  holes  .■)  inches  square, 
upon  which  he  treads  the  leather,  or  beals  it  with  a  mallet  or  hammer  in  order  to  s  Aen 
it,  and  render  it  flexible. 

The  htad  ktiife,  called  in  French  coKlea«  h  revtrs,  rm  ed 

which  is  much  turned  over,  is  a  tool  5  or  fi  Inch  5         6 

two  handles,  one  in  l 
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ppi  (  and  under  view.     The  fiat  surface  is  provided  with  a  1     th  pi 

ins  .1  to  the  band  of  the  workman,  Pommels  are  maae  f  d  IT  I  iz  and 
B'ilL  grooves  of  various  deirees  of  lineness.     Cork  pommels  I  d   b  t  t-   y 

aie  rot  grooved.    Pommels  serve  to  give  grain  and  pliancy  lo  ih     k 

The  stretching  iron,  fig.  443,  is  a  flat  plate  of  iron  or  cop         f  lly      f     lb    f    n 
inch  f-ick  at  top,  and  thinning  off  al  bottom  in  a  blunt  edee,   h  ped  lit    tl  f 

circle  of  large  diameter,  having  ihe  angles  a  and  6  rounded',  lest  in  working  they  should 
penetrate  the  leather.  The  top  c  is  mounted  with  leather  to  prevent  it  from  bulling  the 
hands.  A  copper  slrelcbing  knife  is  used  for  delicate  skins.  The  workman  holds  this 
tool  nearly  perpendicular,  and  scrapes  the  thick  places  powerfully  wilh  his  two  hands, 
p-snecially  those  where  some  tan  or  flesh  remains.     He  thus  equalizes  the  ihicknesi  of 
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the  ehin,  and  rendera  i:  at  [h«  same  time  more  dense  and  uiiirorm  in  texture.    Tliis 
ton]  is  of  very  genenil  use  in  ciiiTjing. 

The  round  knife,  fy'.  4+4  and  445  (Itinelle  in  Freneh),  is  ft  circiilai"  knife  from  II)  to 
12  inolies  in  diftmet*r,  willi  a  ronnd  4  or  5  incli  bole  in  its  centre,  for  introducing  Hie 
Iiaiids  and  working  it  It  is  concave,  as  shawn  in  the  aecljoa  So.  446,  presenting  the 
,._.„.r-  .-.-_,„,_.,..      -.-u.. ,._.,..   .^  ,,,j^      [ts  edge  18  not 

lo  the  skin,  to  preven' 
g  loo  fsi  into  the  W- 
rier  first  "lopes  off  wilh 
the  head  linife  from  the  edges,  a  por- 
tion equal  to  what  he  afleraards  le- 
nioves  wilh  ihe  rounil  onr.      By  Ihi? 
division  (he  work  is  done  sooner  and 
more  exactlj.    Ail  tV  '"'lea  )r  greased 
skins  are  dressed  with  ibc'  roJnd  knife. 
The  cleaner  is  a   straight   two-han- 
dled knife  two  inches  broad,  of  which 
iiiere  are  iwo  kinds,  a  sharp-edged  and  a  blunt  one.     Fig.  446. 

The  mace  is  made  of  wood,  having  a  handle  30  inches  long,  wilh  a  cubical  head  or 
mallet  j  npon  the  two  faces  of  which,  parallel  to  the  line  of  the  banille,  there  are  4  pegs 
nf  hard  wood  lurnctt  of  an  eeg-shape,  and  well  polished,  so  as  not  lo  lear  the  moislened 
lealber  when  it  is  slronKly  beat  and  softened  with  Ihe  mace. 

The  horseor  trestle,  ^f.  447,  consists  of  aslrongwoodenfrnine,  A  b  c  d,  which  serves  as 
&  leg  or  fool.  Upon  the  middle  of  this  frame  there  are  two  uprights,  e  f,  and  a  strong 
cross  beam,  G,  Ibr  aupporling  ihe  thick  plank  h,  upon  which  the  skins  are  worked.  This 
plank  may  be  set  at  a  grealer  or  less  slope,  according  as  its  lower  end  is  engaged  in  one 
or  other  of  Ihe  cross  bars,  i  ii  i,  of  the  frame.  In  the  figure,  a  skin  It  is  represented  upon 
the  plank  wilh  the  head  knife  upon  it,  in  the  act  of  being  pared. 

A  cylindrical  bar  fixed  horizontally  at  its  ends  to  two  buttresses  projecting  from  the 
wall,  serves  by  means  of  ft  parallel  stretched  Cord,  lo  fix  n  skin  by  a  coil  or  two  in  order 
la  dress  iU  This  is  accordingly  called  the  dresser.  If.e  lallow  cloth  is  merely  a  mop 
made  of  slout  rags,  without  the  long  handle  ;  of  whic!i  there  are  seTeral,  one  for  wax, 
another  for  oil,  &c.  Siron ^-toothed  pincers  with  hook-end  handles,  drawn  together 
by  an  endless  cord,  are  employed  to  stretch  the  leail  er  in  any  direction,  while  it  is  beinc 
dressed.  The  currier  use!>  clamps  like  the  letter  V,  to  fix  the  edges  of  the  leather  lo  his 
table.  His  polisher  is  a  round  piece  of  hard  wood,  slightly  convex  below,  wilh  a  handle 
standing  upright  in  its  npper  surface,  for  seizing  it  firmly.  Hefirst  rubs  wilh  sour  beer, 
and  finishes  with  barberry  j  a  ice. 

Every  kind  of  tanned  lealher  not  intended  for  soles  or  snch  coarse  purposes,  is 
generally  curried  before  being  delivered  to  the  workmen  who  fashion  it,  such  as  shoe- 
makers, coachmakers,  saddlers,  &c.    The  chief  operations  of  the  currier  are  four  ; — 

1.  Dipping  the  leather,  which  consists  in  moistening  it  with  water,  and  beating  il 
wilh  Ihe  mate  or  a  mallet  upon  Ihe  hurdle.  He  next  applies  the  cleavers,  bolh  blonl 
and  sharp,  as  well  as  the  head  knife,  to  remove  or  thin  down  all  inequalities.  AAer  the 
leather  is  shaved,  it  is  thrown  once  more  into  water,  and  well  scoured  by  rubbing  the 
grain  side  wilh  pumice  slone,  or  a  piSce  of  slaty  grit,  whereby  it  parts  wilh  the  bloom,  a 
whitish  matter,  derived  from  the  oak  bark  in  the  tan  pit. 

S.  Applying  the  pommel  to  give  the  leather  a  granular  appearance,  and  correspondent 
flexibility.  The  leather  is  first  folded  with  its  grain  side  in  contacl,  and  robbed  strongly 
wiih  the  pommel,  then  rubbed  simply  upon  its  grain  side ;  whereby  il  becomes  extremely 
flexible. 

3.  Scraping  the  leather.  This  makes  il  of  uniform  thickness.  The  workman  holds 
the  tool  nearly  perpendicular  upon  the  leather,  and  forcibly  scrapes  the  thick  places  wilh 
bolh  his  hands. 

4.  Dressing  it  by  the  ronnd  knife.  Tor  ibis  purpose  he  stretches  the  leather  npon 
Ihe  wooden  cylinder,  lays  hold  of  the  pendent  under  edge  wilh  the  pincers  attached  to 
his  girdle,  and  then  wilh  both  hands  applies  the  edge  of  the  knife  to  iJie  surface  of  the 
lealher,  slantingly  from  above  downwards,  and  thus  pares  off  the  coarser  fleshy  parts  of 
the  skin.  This  operation  requires  great  experience  and  dexterity ;  and  when  well  per- 
formed improves  greatly  the  look  of  the  leather. 

The  hide  or  skin,  being  rendered  flexible  and  uniform,  is  conveyed  to  the  shed  or  drying 
house,  where  the  greasy  substances  are  applied,  which  is  called  dubbing  (daubing)  or 
stuffirg.  The  oil  used  for  this  purpose  is  prepared  by  boiling  sheep-skins  or  doe-skins, 
in  end  oil.  This  application  of  grease  is  often  made  before  the  graining  board  or  pommel 
is  ein ployed. 

Before  waxing,  the  lealher  is  commonly  colored  by  rubbing  il  wilh  a  brush  dipped 
into  a  composition  of  oil  and  iamo  black  on  the  flesh  side,  till  it  be  Ihoi-ouglJy  black  j  it  is 
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tlipn  Wack-aized  with  a  bnish  or  sponge,  dried,  tallowed  with  the  proper  cloth,  and 
Blivked  upon  the  flesh  with  a  broad,  Eiuootti  lump  of  gloee;  ^£ed  again  with  a  epuiigc; 
and  wh?n  dry,  "gain  oiirrieit  ns  above  deecribed. 

Ctirryiiig  leather  on  the  hair  or  grain  side,  termed  blaek  on  the  girain,  ia  the  same  in 
tlie  first  operation  with  thfltdreased  on  the  flesh,  till  it  ia  scouted.  Then  the  first  lilack 
is  applied  'to  it  while  wet,  by  a  solution  of  copperas  put  upon  the  grain,  after  this  hat 
been  rubbed  with  a  slone;  a  brush  dipped  in  stale  urine  is  next  rubbed  on,  (hen  an  iron 
siicKer  is  iised  lo  make  the  grain  come  out  as  fine  as  possible.  It  is  now  stutTed  wi(k 
oil.  When  dry,  it  is  seasoned ;  thai  is.  rabt>ed  over  with  a  brush  dipped  in  copperai 
waller,  on  the  grain,  till  it  be  perleclly  black.  It  Is  next  slicked  wilb  a  good  gril  siune, 
to  take  out  the  wrinkles,  and  smooth  the  coarse  ^rain.  The  grain  is  finally  raised  with 
the  pommel  or  graining  board,  by  applying  it  lo  the  leather  in  diflercnt  directions. 
When  Ihofoiiahly  dry,  it  is  grained  again  in  two  or  three  ways. 

Hides  intended  for  covering:  coaches  are  shaved  nearly  as  thin  as  shoe  hides,  anc 
blackt-d  upnn  ihe  grain. 

CUTLERY.  (CoafeHeru!,  Fr. ;  Mefserickmiiwaarr.,  Germ.)  Three  kinds  of  stee. 
are  made  use  of  in  the  manufacture  of  diflerenl  arlicles  of  cutlery,  viz.,  common  steel, 
shear  steel,  and  cast  steel.  Shear  steel  is  exceedingly  plastic  and  tough.  All  the  edge 
tools  which  requite  great  tenacity  without  great  hatdnCBS  are  made  of  it,  such  as  table 
knives,  scythes,  plane-irons,  &c. 

Cast  strel  is  formed  by  melting  blistered  steel  in  coveits  erneibles,  with  bott.e  glass, 
Snd  ponring  it  into  cast-iron  moulds,  so  as  lo  form  it  into  ingots  ;  these  ingots  are  then 
taken  to  the  tilt,  and  drawn  inio  rdds  of  suitable  dimensions.  No  other  than  cast  steel 
uin  Bs>iuine  a  very  line  polish,  and  hence  all  the  finer  articles  of  cutlery  Ate  made  of  it, 
snjh  as  the  best  scissors,  penknives,  razors,  &c. 

^'armerly  cast  steel  could  be  worked  only  at  a  very  low  heat;  :i  can  now  be  made  so 
as  to  be  welded  to  iron  with  the  greatest  ease.  Its  use  is  conseqaently  esleuded  to 
making  very  saperior  kinds  of  ciusels,  plane-irons,  &c. 

forging  of  table  kmjx).  —  Two  men  are  eenerally  employed  in  IBe  foiling  of  table 
knives  i  one  called  the  foreman  or  maker,  and  the  other  the  striker. 

The  steel  called  common  steel  is  employed  in  makine  the  very  common  arliclesj  hul 
for  Ihe  greatest  part  of  table  knives  which  require  a  surface  free  from  flaws,  shear  sleel 
is  generally  preferred.  That  part  of  the  knife  termtd  the  blade,  is  first  rudely  firmed 
and  cut  ofi'.  It  is  next  welded  to  a  rod  of  iron  about  |  inch  square,  in  such  a  manner 
n$  lo  leave  as  little  of  the  iron  pan  of  the  blade  exposed  as  pi^ible.  A  sufficient  tuantity 
of  the  iron  now  attached  lo  the  blade,  b  taken  olf  fmm  the  rod  lo  form  the  bolster  or 
shimlder,  and  ihe  tsng. 

In  order  lo  make  the  bolster  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
Find  neatness,  it  is  introduced  iaio  a  die,  and  a  swage  placed  upon  il ;  Ihe  swage  has  a 
few  smart  blows  given  it.  by  the  slrilter.  This  die  and  sivage  are,  by  the  workman, 
calleil  prints. 

After  the  langs  and  bolster  are  finished,  Ihe  blade  Is  healed  a  second  lime,  and  the 
foreman  eives  it  its  proper  anvil  finish  ;  this  operation  is  termed  smithing.  The  blade 
is  now  heated  red-hot,  and  plunged  perpendicularly  into  cold  water.  By  Ihis  means  it 
becomes  hardened.  It  requires  lo  be  tempered  regularly  down  to  a  bloe  color  i  in  whi<!h 
stale  It  IS  rea  ly  for  Ihe  giinder. 

Mr  B  ownill's  method  of  securing  Ihe  handles  npon  table-knives  and  firks,  ia,  by 
lenilhenins  the  tangs,  so  as  lo  pass  Ihem  completely  Ihroash  Ihe  handle,  the  ends  of 
which  are  to  be  tinned  after  the  ordinary  mwie  of  linninc  iron;  and,  when  passed 
throush  Ihe  handle  the  end  of  the  tang  is  to  be  spread  by  beating,  or  a  small  hole 
drille'  ihrough  it,  and  a  pin  passed  lo  hold  it  upon  the  handle.  After  thi",  caps  of 
metal,  either  copper  plated  or  silver,  are  lo  be  soklered  on  to  Ihe  projecting  end  of  Ihe 
tani  and  while  the  solder  is  in  a  fiuid  state,  the  cap  is  lo  be  pressed  upon  Ihe  end  of 
Ihe  handle  and  held  Ihere  until  the  solder  is  fixed,  when  Ihe  whole  is  lo  be  cooled  by 
be  ng  immersed  tn  cold  water. 

Mr  Th  imason's  patent  improvements  consist  in  the  adaplalian  of  steel  edses  lo  the 
bladto  01  cold  and  silver  knives.  These  sleel  edges  are  to  be  allaehed  to  the  other 
niPUl  of  whatever  quality  it  may  be,  of  which  Ihe  knife,  &c.  is  made,  by  means  of 
Bolder,  in  the  ordinary  mode  of  efleciing  that  process.  ADer  the  edge  of  steel  is  thm 
Mlnclied  lo  Ihc  gold,  silver,  &c.,  it  is  lo  be  ground,  polished,  and  tempered  hy  immersion 
in  C"Id  water  or  oil  after  being  heated.  This  process  being  finished,  the  other  parls  of 
the  knife  are  then  wroucht  and  ornameuied  by  the  ^neraver  or  chasei',  as  usual. 

A  patent  was  oblained  in  1887,  by  Mr,  Smith  of  Sheffield,  for  rolling  ont  knives  at  one 

'n  the  ordinary  mode  of  makini  knives,  a  sheet  of  sleel  being  provided,  Ihe  blades  are 
;ut  out  of  tha  shed,  and  the  backs,  shoulders,  and  tangs,  of  wrought  iron,  are  attached  to 
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the  8t*el  bkdes,  b^  weHtnff  at  the  forge.  The  knife  is  then  ground  fo  the  proper  slinye, 
nnd  the  tilaile  pohshed  una  hardened, 

IiiBl«nd  of  tliie  welding  ppoeeSB,  the  patentee  propoaea  to  mnVe  tlie  inivea  entirely  of 
steel.  Riid  to  form  them  by  rntiina;  in  a  bented  stnte  between  mnssive  I'ollerE  ;  the  ahoul- 
dft'a  or  bolster^  And  the  lungs  ^r  the  hnndleg  being  prodneed  by  anttalile  receasea  in 
the  periphevies  of  the  rollers;  jnst  fla  railway  rails  are  formed,  when  the  knife  ia  lo 
be  triade  with  what  is  calltd  a  scale  lang,  that  is,  a  broad  Hat  tang,  to  which  Ihe  handle 
is  to  be  altnched  in  two  pieces,  riveted  on  the  sides  of  Ihe  tans,  the  rollers  are  ihen  onl; 
to  liftve  recesses  cut  in  them,  in  a  direction  parallel  to  Ihe  asis  for  forming  the  hotter. 

The  plate  of  steel,  having  been  healed,  is  to  be  pressed  between  Ihe  two  rollers,  h; 
which  [he  blades  and  (he  parts  for  the  scale  langs  will  be  pressed  onl  flat  and  thin,  Bnd 
those  parls  which  ]iaS9  between  the  grooves  or  recess  will  he  left  thick  or  proluberant, 
Turming  the  bolster  for  Ihe  shoulder  of  Ihe  blade.  But  if  the  tangs  are  to  be  round  in 
ordei-  10  be  Jiied  into  single  handles,  Ihen  it  will  be  necesaarj  al?0  to  form  Iransveise 
f^roiives  in  the  rollers,  Ihat  is,  at  right  angles  to  those  which  give  shape  lo  Ihe  bolsters, 
the  transverse  grooves  corre.'ponding  in  leni^lh  to  Ibe  length  of  the  inlended  lang. 
When  the  plales  of  steel  have  been  thus  rolled,  forming  Ihree  or  more  knives  in  d 
br^adlh,  Ihe  several  knives  are  lo  be  cutout  by  the  ordinary  mode  of  what  is  called  slit- 
tins,  and  the  blades  and  shoulders  ground,  hardened,  end  polished  in  Ihe  usual  way. 

Folks  are  generally  a  distinct  branch  of  manufacture  fiom  that  of  knives,  and  ore 
purchased  of  Ihe  fork  makers  by  i-.3  manufacturers  of  lable  knives,  in  a  state  fil  for  re- 
ceivini;  the  handles. 

The  rods  of  steel  from  which  the  forks  ate  made, ure  about  fths  of  an  inch  sqinre. 
Ttie  tang  and  shank  of  the  fork  are  first  roughly  formed.  The  fork  is  then  cm  off, 
leaving  at  one  end  about  1  inch  of  the  square  pan  of  the  steel.  This  pari  is  afterwards 
drawn  out  flat  to  about  the  length  of  Ihe  prongs.  The  shank  and  tang  are  now 
heated,  and  a  proper  form  given  lo  them  by  means  of  a  die  and  swage.  The  prangs  are 
afierwants  formed  at  one  blow  by  means  of  the  stamp ;  this  machine  is  very  similar  to 
that  used  in  driving  piles,  bnl  it  is  worked  by  one  man.  It  consists  of  a  lai^e  anvil 
fixed  in  a  block  of  stone  nearly  on  a  level  with  the  ground.  To  this  anvil  are  attached 
two  riwls  of  iron  of  considerable  thickness,  fixed  twelve  inches  asunder,  perpendicularly  to 
Ihe  anvil,  and  diagonally  to  each  other.  These  are  fastened  lo  Ihe  ceiling.  The  ham- 
mer orsiamp,  about  100  lbs.  in  weigh',  hairing  a  groove  upon  either  side  corresponding  to 
the  anitles  of  the  upright  i^ds,  is  made  lo  slide  freely  through  it9  limiled  range,  being 
eonducied  by  its  iwo  iron  snpporlers.  A  rope  is  attached  lo  Ihe  hammer,  which  goes 
over  a  pulley  on  the  floor  of  ibe  room  above,  and  comes  down  to  the  person  who  works 
the  stnmp:  two  corresponding  dies  are  attached,  one  lo  the  nammer,  and  Ihe  other  to 
the  anvil.  That  part  of  thL  fork  intended  to  form  the  prongs,  is  heated  lo  a  pretty  while 
heal  and  placed  in  the  h)wer  die,  and  the  hammer  containrna;  the  other  die  is  made  to 
fall  upon  it  from  a  height  of  about  7  or  S  feet.  This  forma  the  prongs  and  the  middle 
part  of  Ihe  fork,  leaving  a  very  thin  substance  of  steel  between  each  prong,  which  is 
afterwards  cut  out  with  an  appropriate  instrument  called  a  fly-press.  The  forks  are  now 
annealed  by  surrounding  a  large  mass  of  them  with  hot  coals,  so  that  the  whole  shall 
become  red-hot.  The  fire  is  suffered  gradually  lo  die  out,  and  the  Ibrks  to  cool  wiihnnt 
beiiis  disturbed.  This  process  is  intended  to  soften,  and  by  that  means  to  prepare  them 
for  filing.  The  inslile  of  the  prongs  is  then  filed,  after  which  ihey  are  bent  into  their 
proper  farm  and  hardened.  When  hardened,  which  is  eSected  by  heating  ihem  red-hot 
and  plunaing  Ihem  into  cold  waler,  Ihey  are  tempered  by  exposing  Ihem  to  the  degree  of 
heat  at  which  grease  inflames.    See  Stamps. 

Penknives  are  generally  forged  by  a  sinEle  hand,  with  the  hammer  and  the  anvil  sim 
plv.  The  hammer  in  this  irade  is  ceneially  light,  not  exceeding  3^  lbs.  The  brendlL 
of  the  face,  or  Ihe  striking  pail,  is  about  one  inch]  if  broader,  it  would  not  be  conven- 
ient for  slrihingso  small  an  ohjecl.  The  principol  anvil  is  abont  5  inches,  and  10  upon 
the  face,  and  is  provided  with  a  groove  into  which  a  smaller  anvil  is  wedded.  The 
smaller  anvil  is  abont  2  inches  square  upon  the  face.  The  blade  of  the  knife  U  first 
drawn  out  at  ihe  end  of  the  rod  of  steel,  and  as  much  more  is  cut  off  along  with  it  os 
is  Ihr  ught  necessary  lo  form  the  joint.  The  Wade  is  then  taken  in  a  pair  of  longs,  and 
heated  a  second  time  to  finish  the  joinl  part,  and  at  the  satne  time  lo  form  a  temporary 
lang  for  ihe  parpose  of  driving  into  a  small  haft  used  by  Ihe  grinder.  Another  heal  is 
iaken  lo  give  Ihe  blade  a  proper  finish.  The  small  recess  called  Ibe  nail-hole,  used  in 
opening  the  knife,  is  made  while  it  is  sldl  hot  by  means  of  a  chisel,  whtcn  is  round  on 
one  side,  and  fial  upon  the  other. 

I'enfenives  are  hardened  by  healing  the  blade  red-hot,  and  dipping  Ihem  into  water  up 
lo  the  shoulder.  They  are  tempered  by  setting  them  side  by  side,  with  the  back  down- 
wads  upon  a  flat  iron  plate  Md  upon  the  fire,  vhere  Ihey  are  allo'ved  lo  remain  till  they 
are  of  a  brown  or  purple  cohir. 


The  Hadoa  of  pocket  knirea,  and  all  that  oome  trader  tlie  denomination  ot  spnitf 
knives,  are  made  in  the  BHiiie  wny. 
The  foi^'ing  of  razors  is  performed  by  a  foreman  and  elrlker,  as  in  making  tablp 

lliey  are  generally  made  of  oast  steel  The  rods,  ns  they  eome  from  Hie  tilt,  are 
nbont  i  inch  broad,  and  of  a  tliickness  auffleient  for  tbe  back  of  a  razor. 

There  is  nothing  peculiar  in  tlie  tools  made  nse  of  in  forging  raiors :  the  anvil  is  a 
.iltle  rounded  at  (he  sides,  which  affords  Ihe  opportunity  of  making  llie  edge  tliinner,  and 
laves  an  immense  labor  lo  the  Ri  inder. 

Razors  are  hardened  and  lempered  in  a  similar  manner  to  penknives.  They  are, 
however,  left  harder,  beine  only  lei  down  lo  yellow  or  brown  color. 

The  forcing  of  scissors  is  wholly  performed  by  [he  hammer,  and  all  the  sizes  are  made 
hy  a  ^intrle  hand.  The  anvil  of  the  scissor-maker  vfei^hs  about  1^  cwt.j  it  measures, 
oil  the  face,  abont  4  by  11  inches.  It  is  provided  with  two  giatesor  grooves  for  llie  re- 
ception of  various  little  indented  tools  termed  by  the  workman  bosses;  one  of  these 
bosses  is  employed  lo  give  proper  figure  to  the  shank  of  the  scissors ;  another  for  form- 
ina;  Ihal  part  which  has  to  make  Ihe  joint-,  and  a  third  is  made  use  of  forgiving  a  proper 
figure  to  (he  upper  side  of  the  blade.  There  Is  also  another  anvil  placed  on  the  sa.ne 
blocit,  conlaini'ig  two  or  thiee  tools  called  beak-irons,  each  consisting  of  an  Hprisht  slem 
ahi>nt  6  inches  high,  at  the  lop  of  which  a  horiionlal  beak  projecls ;  one  of  these  beaks 
is  conical,  and  is  used  for  eslendins  the  bow  of  the  scissors ;  the  other  is  a  segment  of  a 
cylinder  with  the  round  side  upwards,  containing  a  recess  for  giving  a  proper  shape  and 
smoothness  to  the  inside  of  Ihe  bow. 

The  shank  of  the  scissors  is  first  formed  by  means  of  one  of  the  Iwsses,  above  de- 
scribed, leaving  as  much  sleel  at  the  end  as  wilt  form  the  blade,  A  hole  is  then  punched 
about  i  inch  in  width,  a  little  above  Ihe  shank.  The  blade  is  dra7"i  out  and  finished, 
and  the  scissors  separated  fram  the  rod  a  liiile  above  the  hole.  It  is  nealwl  a  thu-d  time, 
and  the  small  hole  above  mentioned  is  extended  upon  the  beak-irons  so  as  lo  form  ihe 
bow.  This  finishes  the  foiling  of  scissors.  They  are  promiscuously  made  in  this  way, 
without  any  other  guide  than  the  eye,  having  no  regard  lo  their  being  in  pairs.  They 
are  nest  nnnealed  for  (he  purpose  of  filing  such  pai  ts  of  them  as  cannot  be  ground,  and 
afterwards  paired. 
The  very  large  scissors  are  made  parlly  of  iron,  the  blades  heini  of  steel. 
After  the  forging,  the  how  and  joint!,  and  such  shanks  as  cannot  be  gronnd,  are 
filed.  The  rivei  hole  is  then  bored,  through  which  ihey  are  to  be  screwed  or  riveted 
together.  This  common  kind  of  scissors  is  only  hardened  «p  to  the  joint.  They 
are  lempered  down  Id  a  purple  or  blue  color.  In  this  stale  Ihey  are  taken  lo  ihe 
grinder. 

Grinding  end  poUMng  of  cKllery. — The  varioos  processes  which  come   under  this 
denomination  are  performed  by  machinery,  moving  in  general  by  the  power  of  the  steam- 
Grinding  wheels  or  grinding  mills  are  divided  into  a  number  of  separate  rooms ;  every 
room  contains  six  places  called   troughs  i   each  trough  consists  of  a  convenience  fur  rna- 
ning  a  grindstone  and  a  polisher  al  the  same  time,  which  is  generally  occupied  by  a  man 

The  business  of  the  grinder  is  generally  divided  into  three  stages,  viz.,  grinding, 
glazing,  and  iiolishing. 

The  grinding  is  performed  upon  slones  of  various  qualilies  and  sizes,  depending  on  the 
articles  to  be  ground.  Those  exposing  much  flat  surface,  such  as  saws,  fenders,  &c., 
require  stones  of  great  diameter,  while  razors,  whose  surface  is  concave,  require  to  be 
ground  upon  stones  of  very  small  dimensions.  Those  articles  which  require  a  certain 
temper,  which  is  the  case  with  mosl  cutting  instruments,  are  mostly  ground  on  a  wet 
alone ;  for  which  purpose  Ihe  stone  hangs  within  the  iron  trough,  filled  with  water  lo 
such  a  height  that  its  surfice  may  just  touch  lie  face  of  Ihe  slone. 

Glazing  is  a  process  followins  that  of  grinding :  it  consists  in  giving  that  degree  of 
lustre  and  smoothness  lo  an  article  which  can  be  effected  by  means  of  emery  of  Ihe 
various  degrees  of  fineness.  The  tool  on  which  the  glazing  is  performed,  is  termed  a 
glazer.  It  consists  of  a  cijcular  piece  of  wood,  formed  of  a  number  of  pieces  in  such  a 
manner  thai  its  edge  or  face  may  always  present  Ihe  endway  of  the  wood.  Were  it 
made  otherwise,  Ihe  coniraclion  of  the  parts  would  destroy  its  circular  figure.  Il  is 
fixed  upon  an  iron  axis  similar  to  Ibat  of  the  stone.  Some  glazers  are  covered  on  the 
face  with  leather,  others  with  metal,  consisting  of  an  alloy  of  leati  and  linj  the  latter 
are  termed  caps.  In  olhers,  the  wooden  surface  above  is  made  use  of.  Some  of  the 
leather-faced  glazers,  snch  as  are  used  for  foiks,  table  knives,  edee  lools,  and  all  the 
coarser  polished  articles,  are  first  coated  with  a  solution  of  glue,  and  then  covered  with 
emery.    The  surfaies  of  Ihe  olhers  are  prepared  for  use  by  first  turning  the  face  veiy 
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fi-iie,  then  filling  it  wilh  emu!]  nof*hes  bj  ninnna  of  a  slinrjvenaed  haiomer,  and  Jnstlj 
filling  lip  file  interstices  nitli  a  oompoMnd  of  Wlluw  niiii  emery. 

Tlie  pullfj-  of  the  j-Hazne  is  so  much  less  t)iiin  lliiit  of  tliu  stone,  tbnt  ita  velocity  is 
more  tiinn  donljle,  limiiiK  iu  general  n  Biirfiiee-a|ieed  of  l,SiiO  feet  ii)  a  seeond. 

The  process  of  polishing  cnneis'B  in  giving  llie  must  pei'fect  polish  to  the  diffei^'iit 
Articles.  K^othing  la  snlgeoted  to  this  operulion  lint  ivhiit  is  mads  of  cast  steel,  and  h^ia 
been  previously  hanJ^ned  and  tempered. 

The  polisher  conMsts  of  a  cireulir  piece  of  wood  covered  with  buff  leather,  tlie  f  ll^ 
fnce  of  which  isxiovered  from  time  to  time,  while  in  iiw,  ^vitli  llie  eroeus  of  iron,  cal^eil 
(tso  cotcothnr  of  vitriol. 

The  polisher  Tcqiiires  to  rnn  at  a  Sjieed  much  short  of  that  of  the  stane,  or  the  glnzcr. 
Wlinl,cver  may  be  iU  dinmeter,  tEie  siitfnee  must  not  move  at  a  rote  exceeding  "TO  or  SO 
feet  in  a  second, 

CTAMATKS;  snline  compotinds  of  ovaHio  acid  wilh  the  bases  potash,  soda,  nmnio- 
ni.i,  baryta,  Ae.  Tlie  fii'st  is  prepared  by  calcining  at  n  dull  I'ed  heat,  a  mixture  of 
fi^ri'o-cyanide  of  potnssinm  (prussiate  of  potnsh]  niid  black  oxide  of  manganese.  Tlie 
eynniites  have  not  hilherto  been  applied  to  any  use  in  Ihe  arle. 

CTANHYDHIC  ACID;  onother  name  for  the  hydroeyanio  or  pruesic  acid.  See 
rniTSSTiN  Blub  and  Pnussia  Acid. 

CYANIDES;  compounds  of  cyanogen  with  the  metals;  as  Syanide  of  potaesinra, 
sotiinin,  barium,  calcinm,  iron,  mereniy.  Tlia  last  is  the  only  one  of  importance  in  a 
mnniifnctiiring  point  of  view,  since  from  it  prussic  acid  is  often  made. 

CYANIDES,  FEREO.  Double  oomponnds  of  cj-anogen  wHh  iron,  and  of  cyanogen 
wUU  another  mela!,  Bueli  as  potassium,  sodinm,  banuni,  ic  The  ordinary  yellow  prus- 
siate of  [totash  has  this  constitution,  and  is  called  tlie  ferro.cynnide. 

CYANIDE  OF  POTASSIUM.    This  salt,  so  nmeli  nsad  now  in  the  electrotype  ]iro- 


cesae^  is  prepared,  according  to  laebig's  fommla,  liy  mixing  8  parts  of  ponnded  pn 
of  potasb,  sharply  dried,  with  S  parts  of  pure  carlionnte  of  potash,  fuwng  llie  nnxiure 
in  an  iron  crucible,  by  a.  moderate  red  heat,  and  keeping  it  so,  till  the  glass  or  iron  rod 
with  whieh  the  fluid  mass  should  be  occauonally  etiii'ed,  comes  ont  oovered  with  n 
white  ornst.  The  ci-ueible  is  then  to  ba  reniored  from  the  fire;  and  after  tlie  disen- 
gaged iron  has  fallen  to  the  tottom,  the  snperontaiit  fluid,  still  ohsou rely  red  hol^  is  to 
be  poured  off  upon  a  clean  surfaae  of  iron  or  platinum.  After  concretion  and  cooling 
the  white  saline  mass  ia  to  be  ponnded  while  tot,. and  then  kejit  in  a  well-stopped  bot- 
tle. It  consists  of  about  only  60  per  cent,  of  cyamde  of  potiisMUm,  and  1  of  eyanate  of 
Sotnsh.  For  moat  pnrposes,  and  the  analysis  of  ores,  the  latter  ingredient  is  no  ways 
etiimental    It  contains  mnch  fif  other  potash  Balt& 

CYANOGEN.  A  gaseous  eompound  oflwo  prime  eqnivalenls  of  charcoal  =  12,  and 
one  of  azole  =  14  =  26;  hydrt^en  being  the  radii,  or  1.  It  consists  of  two  volume! 
1)!'  vapnr  of  carbon,  and  one  volume  of  azote,  condenseil  into  one  volume ;  and  has  Ihcre- 
fote  a  density  equal  to  the  sum  of  the  weights  of  these  three  gaseous  volumes  —  l'SI5. 
Cyanogen  is  readily  procured  hy  exposing  the  cj-anirle  of  mercurj'  to  a  dull  red  heat  in 
arptorti  the  gas  is  evolved  and  may  be  cullected  over  mercnry,  lis  smell  is  very  sharp 
and  penetrating ;  it  perceplibly  reddens  tincture  of  litmus ;  it  is  condensable  IM  pre^sui  e 
Bl  n  low  temperatnre  into  a  liquid;  and  by  a  slill  grr  afer  degiee  of  cold,  it  is  solidified. 
When  a  lighted  taper  is  applied  to  a  mistuie  of  cjenngen  and  oiygen,  an  explosion  lotes 
place ;  carbonic  acirl  is  formed,  and  the  azote  is  se'  at  liberty. 

For  a  connected  view  of  the  various  compounds  of  cyanogen  employed  in  Ihe  arts,  see 
PBc.<si:tM  Bide. 

CIDER  (Cidre,  Fr. ;  Jpfehrein,  Germ.);  the  vinous  fermented  juice  of  the  apple. 
The  ancients  were  acquainted  with  cider  and  perry,  as  wc  learn  from  the  following  pas- 
sage of  Pliny  the  naturalist ;  "Wine  is  made  from  the  Sj-rion  pod,  from  pears  and  apples 
ofevery  kind."  Book  liv.  chap.  19.  The  lerm  cider  or  cidre  in  French,  at  first  written 
sidrf,  is  derived  froin  (he  Latin  word  skera,  which  denoted  all  other  fermented  liquors 
except  grape  wine.  Cider  seems  to  have  been  brought  into  Normandy  by  the  Moors  of 
Bliscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country  from  Africa,  il 
was  afierwards  spread  through  some  other  provinces  of  Prance,  whence  it  was  intro- 
duced into  England,  Germany,  and  Russia.  It  is  snpposed  that  llie  first  growths  of  Nor- 
n:.indy  afford  still  Ihe  best  specimens  of  cider.  Devonshire  and  Herefordshire  are  the 
counties  of  England  most  famous  for  this  beverage. 

yirong  and  somewhat  elevated  ground,  ralher  dry,  and  not  ei:po?ed  to  the  air  of  the 
sea,  or  to  high  winds,  are  Ihe  best  situations  for  the  growth  of  Ihe  cider  apple.  The 
fi::it  should  be  gathered  tn  dry  weather.  The  jnice  of  apples  is  composed  of  a  great 
&fT.\  of  water ;  a  little  sugar  analogous  to  that  of  the  grape ;  a  matter  capable  of  causing 
fermentation  with  contact  of  air;  a  pi:etty  lai^e  proportion  of  inucitagc,  with  malic  acid, 
acellc  acid,  and  an  azolized  matter  iii  a  very  small  quanttly.  The  seeds  contain  a  biltti 
lubslance  and  a  little  essential  oil;  the  pure  patenehyma or  cellular  membrane  constitutes 
37 
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not  more  llinii  two  per  cent  of  tlie  ivlinlc.  After  Hie  apples  nre  gflthere<l,  thoy  are  Tefl 
ill  the  bara-lufc  for  filt.eeii  daya  or  iipmirds  to  iiiollow;  siiiiie  of  tlieiu  in  tills  RBse,  hoir- 
evf  r,  become  soft  niiil  broirn.  Tliis  degree  of  nmtiii-iition  i^imlnlalies  tbeir  niueilH|;e, 
Hnii  develops  nlcolinl  and  cnrbonia  acid;  in  consequence  of  vliich  the  cider  Biifiers  no 
iiijnry.  There  ia  iilwnja,liowever,  «  little  low;  ami  if  tJiis  ripening  goea  a  little  further 
it  ia  very  Rpt  to  do  hBvni,  notwithstaiuling  the  TUlgHr  prejiidiao  of  the  country  iienple 
to  tlie  contrnry.  Too  much  cnve,  indeed,  cnimot  iip  tnken  to  aepnrate  tbe  aoniid  from 
the  spoiled  applea;  for  the  Intter  merely  fun lish  nn  flalil  leaveu,  (five  a  dian^reealile 
tJiBte  to  the  juicf,  Rnd  hinder  the  eider  from  fininc  by  lenvin^  in  it  a  eertnin  imrtlon 
of  the  pnrencbymn,  wliieli  the  gelatinous  mHLter  i>r  llie  feniieiitntjon  hne  diffaaed  thmiij^h 
ir.  Unripe  opples  should  be  aeparaled  from  the  ripe  alao,  for  they  poaseas  tuo  little 
eiicchnruni  to  be  properly  auseeptilile  of  tlie  viiioiia  fernietitiitlon. 

In  Pi'anoe,  where  cider-mnking  is  most  SBieiitifienlly'  ]>rai;ti3ed,  it  ia  prepnred  by 
criialiipg  tliB  npples  in  a  mill  with  revolving  edne-stjuiei^  turned  in  a  t-irenlnr  stiine  cis- 
tern hy  one  or  t^vo  hni'ses.  When  the  fi-iiit  ia  lialf  iiuiEbi'ii,  about  one  fifth  of  ita  weifibt 
of  river  water  is  ddded,  or  the  water  of  lutes.  The  hitter  has  been  found  by  experi- 
eiioe  to  be  preferalile  to  otiier  water. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  evllnders,  placed  parallel  to 
each  otber  under  the  bottom  of  a  hopper,  is  employed  liir  erushing  tlie  apples.  One  of 
the  cylinders  is  tonied  by  a  wiach,  and  communicates  its  motio^i  in  the  opjiosite  direc- 
tion by  meant  uf  the  flutinss  workin"  into  each  other.  Kach  portion  of  llu;  fruit  must 
be  passed  thrice  through  this  rode  mill  in  ordei'  to  be  pufficieiilly  mashed ;  and  tlie  same 
quantity  of  wnler  must  be  added  as  in  the  edie  stone  mill. 

After  (he  apples  are  crushed  they  are  asuaHy  put  inio  a  large  tub  or  tun  for  12  or  34 
hours.  This  steeping  aids  the  separation  of  the  juice,  because  the  fermenlalive  motion 
nliicli  lak  3S  place  in  (he  ma&s  breaks  down  the  cell^dar  membranes  j  but  there  is  always 
a  loss  of  alcohol'  cariied  off  bf  tbe  carbonic  acid  disenga^ted,  while  the  skins  and  seeds 
develop  a  disagreeable  taste  in  the  liquid.  The  vaCtin^'misbl  be  suppressed  if  Hie  apples 
were  so  comminuted  as  (o  give  ont  their  juice  more  readily.  With  sUght  modiScations, 
the  process  employed  in  rasping  and  atineezing  the  beet-roots  might  in  my  opinion  be 
applied  with  great  adi^antage  to  the  cider  ijianu  facta  re.    See  Sugar. 

After  the  valLlnj,  the  masbeit  frnil  is  carried  lo  theprcfsand  put  upon  a  square  wicker 
fiaiiie  or  into  a  hair  baz,  sometimes  between  layers  of  straw,  and  exposed  stratum  super 
siratuui  to  strnns  pressure  till  what  is  called  a  cheese  or  eake  is  formed.  The  mass 
is  to  be  allowed  to  drain  for  some  time  before  applying  iircs<>ure,  which  ought  to 
be  very  gradually  increased.  The  juice  which  eiudes  vilh  the  least  f-ssure 
all'tirds  the  best  cider ;  that  which  flows  towards  the  end  aciuires  a  disagrt-eable  taste 
from  the  seeds  and  the  skins.  The  mnst  is  pot  into  casks  with  targe  bun^halcs,  where 
it  soon  begins  to  exhibit  a  tumultuous  fermentation.  Tbe  cask  must  be  conipletrly 
tilled,  in  order  that  all  the  light  bodies  suspended  in  the  liquid  when  floated  to  the  tup 
by  the  carbonic  acid  may  flow  over  with  the  froth  ;  this  means  of  clearing  eider  is 
parlicukrty  necessary  with  the.  weak  kinds,  because  it  cannot  he  expected  that  these 
matters  in  suspensioo  will  fail  to  the  bottom  of  the  casks  after  the  motion  has  censed. 
In  almost  every  circumstance  besides,  when  no  saccharine  matter  has  been  added  to  tlie 
must,  that  kind  of  yeast  which  rises  to  tlie  t--p  must  be  separated,  lest  by  precipilaiion 
it  may  excite  an  acid  fermentation  in  the  cider.  The  casks  are  raised  upon  cnwntrces 
or  Etillions,  in  order  to  place  flat  tnbs  below  them  to  receive  the  liquor  which  flows  ovei: 
with  the  froth.  At  the  end  of  two  or  three  days,  for  weak  ciders  which  are  to  be 
drunk  somewhat  sweet,  of  6  or  30  days  or  more  for  stronger  ciders,  with  variations  for 
the  state  of  the  weather,  the  fennenlalian  will  be  suRicienlly  advanced,  and  the  cider  msy 
be  raclied  ofi'  into  other  casks..  Spirit  pnncheons  preserve  cider  better  than  any  other, 
but  in  all  cases  the  casks  should  he  wpU  seasoned  and  washed.  Sometimes  a  sulphur 
match  is  burned  in  Ihetn  before  introducing  the  cider,  a  precauliun  to  be  Bencrally 
recommended,  as  It  suspends  the  activity  of  (he  fermi^ntalion,  and  prevents  the  formal  ion 
of  vinegar. 

The  cider  procured  by  the  first  expression  is  called  cider  without  water.  The  "Jke 
femaining  ia  the  press  is  taken  out,  divided  into  small  pieces,  and  mashed  anew,  adding 
about  hall'  the  weight  of  water,  when  the  whole  is  carried  back  to  the  press  and  tfntfA 
ss  above  described.  The  liquor  thus  obtained  furnishes  a  weaker  cider  which  will  not 
keep,  and  therefore  must  be  drnnk  soon. 

The  cake  is  once  more  mashed  op  with  water,  and  squECzed,  when  it  yields  a  liquor 
which  may  be  nsed  instead  of  water  for  moistening  fresh  ground  apples. 

The  processes  above  described,  although  they  have  been  long  practised,  and  hav* 
ilierefore  the  stamp  of  ancestral  wisdom,  are  estremcly  defective.  Were  the  apples  sround 
with  a  proper  rotalory  rasp  which  would  tear  all  their  cells  asander,  and  the  mash  put 
through  the  hydraulic  press  in  bags  between  hurdles  of  wicker-work,  the  juice  would 
be  i.hliiintii  in  a  stale  of  perfection  iit  to  make  a  cider  superior  to  many  wines 
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An  expevimenttil  process  of  tliis  kind  lifle  been  aetiinlly  eseenteil  in  Fi'unte  \ipon  a  con- 
liilernUle  eoale,  vritli  tliu  best  resultB,.  Tlie  jiiicie  linil  tba  fine  fluvoi'  uf  the  Bjiple,  mm 
fiirmrinted.  by  itself  witliout  any  previona  for  men  tad  on  ia,  the  mesh,  and  offortJed  an 
e.icdleiit  strong -cidar,  which  kept  well. 

Wlien  the.maBt  of  tho  apples  ia  weak  or  both-,  good  cider  onnnot  be  nrnde  from  it 
witliOHt  tlia  Addition  of  some  snoolintine  mntter.  Tlie  syi'up  into  wliii^b  poliito  fnrina 
is  convertible  by  diostose  (anoc(iHrine  ferment),  sea  Stakoh  and  Sugae,  would  answer 
well  fur  enriohing  poor  apiile-juioe. 

Tbe  vttlua  of  apples  to  produce  tliis  bevernee  of  good  quaTIly  ia  iiroportionato  to  llie 
spi^cifio  grsTity  of  tbeip  jaioe.  M,  Couverchef  liaa  given  uie  following  table,  illustvntlva 
of  that  proposition. — 

Juiee  of  the  green  renette,  qneen  apple  {reinelle  vsrti)     -  -     1034 

Etiglisli  renette         .....    loSO 

Be.i  reiiette  , 1072 ' 

Mneb  renette H)69 

Fotiillet  rayS  .....     ]0(i4 

Orange  iipple  -  ...     )o«3 

Reiiolta  of  Oiius        .  -  -  -  .     muo 

Cider  apples  maybe  distribntcd  into  three  slasaea— Hia  sweet,  tlie  biltef,  and  tlio 
BOHi>.  Tlie  aeoond  are  tlie  beat;  tliej  afford  a  daiisep  juice,  richer  in  sugar,  ivhieh  elaii- 
fiea  well,  and  when  fermented  keeps  a  long  tiiiia;  tile  jiiioB  of  sweet  apples  is  difficult 
to  chirlfy ;  bnt  that  of  tha  flour  ones  makea  huA  eider.  Late  applea  are  in  gtiitral  to 
be  preferred.  "With  regard  to  the  proper  soil  fur  niiaing^  Bpjjle-ti'eea,  the  reader  may 
consult  wilii  advantsge  an  able  eaaay  upon  "Tha  Cultivatiun  of  Orchards  and  tlie 
making  of  Cider  and  Perry,"  by  Frederiuk  pHlknor,  Esq.,  in  tlie  fonrtli  volume  of  the 
Riiyal  AgMOidtnral  Jouiiial  He  ndvcrts  judiciiinfliy  to  the  iieeeasitj  of  the  preseiiea 
of  alkaline  and  earthy  baflea  ia  the  soilfl  of  all  deoidnous  treea,  and  eapecially  of  EUX:h 
as  produce  acid  fruits. 

In  November,  3340  kilogrammfis  of  apples  (Sj  tons  Engliab,  nearly)  are  eiipposeii  to 
afford  1000  litres  (220i  (jiiDons)  of  nure  cider;  and  600  litres  of  a  small  Cider  made 
with  the  inaro  mixed  witii  water  and  pressed.  But  many  persona  ndi:  all  together,  and 
tiins  manufacture  1600  lities  ont  of  tliB  above  weight  of  fruit.  In  Pranoe,  file  fermented 
liquor,  as  sooa  as  it  ia  clear,  ia  often  racked  off  into  caaka  containing  Ihe  funiea  of  biira- 

posed.  It  ia  Boon  itftarwards  bottled.  ArBfage  oidar  should  yield  fl  jiec  cent,  of  alco- 
hol on  distillation. 


D. 

DA.QUERREOTYPK     Thia  new  and  most  ingenious  inventio 

tures  by  the  action  of  light,  is  due  to  M.  Dagiierre  and  M.  Kiepto. 

WB9  purchased  from  them  by  the  French  govtriinient  fur  tlie  be 

lai'ge ;  but  was  made  the  anliject  of  an  esoluave  patent  in  this  cov 

as  our  government  nevei'  piii-cbas.es  any  scientific  invention. 
The  fixation  of  tlie  imagfB,  formed  m  the  fb         f  tl 

very  smooth  surfaocB  of  pure  aiiver  plated  on  oo  T         oot 

fll.urations.     1,  The  first  conaiats  in  polishing  a 

tion  with  cotton  fleece  imbued  with  olive  oil, 

with  very  Snely-gronnd  dry  pumice-atone   out 

operntor  should  be  moved  round  in  circles,  of  v 

he  laid  upon  a  sheet  of  paper  solidly  Buppor    d 

nn  impalpable  powder  upon  a  porphyry  alab  wi  h  v 

face  is  next  lo  be  rubbed  with  a,  dossil  of  cotto         ;, 

diluted  with  sixteen  parte  of  water,  by  npplying  the  tufl  to  the  mouth  of  tlie  phial  oi 

acid,  and  inverting  it  for  a  moment.    Two  or  thiee  such  dossils  should  be  used  in 

fluccesflion.    The  plate  is  lastly  to  be  sprinkled  with  pwmiee  powder  or  Venetian 

tripoii,  and  Tubbsd  clean  with  cotton. 
The  next  step  is  to  heat  the  plate  by  placing  it  in  a  -wire  frnme  < Jig.  446),  with  the 

silver  surface  uppermost,  over  a  spirit  lamp,  meanwhile  moving  it  so  as  to  act  equally 
on  every  part  of  tbe  plate.  In  about  five  minutes  a  whitish  coaling  will  indicate  that 
this  operation  ia  completed.  The  plate  must  now  be  laid  upon  a  fiat  metal  or  marble 
slab  Ui  cool  it  quickly.  The  white  surface  is  lo  be  brightened  by  rubbing  it  with 
cotton  and  pumice  powder.  It  must  be  once  more  rubbed  with  llie  cotton  imbued 
with  acid,  and  afterward  dried  by  friction  with  cotton  and  pumice;   avoiding  lo  touch 


bacura,  ia  made  on 

ie«s  ia  divided  into  Eve 

liver  surface,  by  fric- 

viously  dusted  ovei 

The  hand  of  tbe 

Ts      The  plates  should 

must  be  ground  to 

n  dried.     The  sur- 

d  with  nitric  acid, 
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ihe  pinte  witli  tli2  fingers,  or  with  the  part  of  the  poltoii  held  in  them,  or  to  breath* 
upon  the  plate,  siiiee  spots  would  thereby  be  pradiiced.  After  cleaning  with  eotton 
alone,  the  pinto  is  ready  for  the  next  operation. 

2,  Hero  the  following  implements  are  required  :    ],  the  box  represented  in  Jigi.  4SC 
and  451     3  the  th  n  lioard  or  frame  fff  ii^    ftur  bq  all  metalhe  bands  of  the  earns 


r." 

':| 

1  - 

J 

metals  as  the  plates,  also  shown  in /ig-,  452,  ft  small  handle  and  a  box  of  small  noils  oi 
[neks,  and  a  phiat  of  iodine. 

After  fixing,  by  the  metallic  bands  and  the  small  nails,  the  plate  upon  the  thin 
board,  with  the  silver  uppermost,  several  particles  of  ioilino  are  then  to  be  spread  in 
the  dish  rf,  at  the  bottom  of  the  box.jtgj.  450,  and  451.  The  thin  boaid  with  the  plate, 
is  nejt  plaeed,  wilh  the  silver  benealh,  upon  smaU  supports  at  the  four  corners  of  Ihe 
b-ii,  and  its  cover  is  applied.  The  plaie  must  be  left  in  Ibis  position  till  the  surface  of 
the  silver  acquires  a  fine  golden  hue,  caused  by  the  vapors  of  the  iodine  rising  through 
the  gauze  cover  of  the  dish,  and  condensing  npon  it;  bal  it  should  not  be  allowed  to 
assume  a  violet  tint.  The  room  should  be  darkened,  and  no  heat  should  be  employed. 
When  the  box  is  in  constant  use  it  gets  impregnated  with  iodine,  and  acts  more  uni- 
formly and  rapidly!  but  in  genera!  states  of  the  atmospheric  temperature  this  operation 
will  be  effected  in  about  twenty  minales.  If  the  purple  color  be  produced,  the  plate 
must  be  repolished,  and  the  whole  process  repealed. 

The  plate  wilh  its  golden  hue  is  to  be  introduced  with  its  board  into  the  frame,  ^gs. 
i53, 454,456,  w  hi  ell  is  adapted  to  the  eamera  obscnra.  Daring  this  transfer  the  light  must 
not  be  suffered  to  strike  upon  the  surface  of  the  plate ;  on  which  account,  the  camera 
obscura  may  be  lighted  briefly  with  a  small  wax  taper. 

3.  The  plate  ia  now  submitted  to  tha  third  operation,  that  of  the  camera  obeeura, 
figii.  456  and  448,  and  with  the  least  possible  deley.  The  action  of  this  maehine  is  ob- 
viously qnioker  the  brighter  the  light  which  acts  upon  it ;  and  more  correct,  according 
aa  the  foeus  is  previously  accnratety  adjusted  to  the  place  of  tha  plate,  by  moving 
backwards  and  torwards  a  roughened  pane  of  glass,  till  tha  focal  point  bo  found  ;  and 
the  plate  is  to  be  inserted  precisely  there,  see  figs.  458,  464,  4fi6.  This  apparatus  ex- 
actly replaces  the  ground  glass.  While  the  prepared  plate  is  being  fastened,  the  camera 
must  be  closed.  The  darkening  shutters,  b  6,  of  the  apparatus  are  opened  by  means  of 
the  two  seraieircles,  a  a.  The  plate  is  now  in  a  proper  position  to  receive  and  retain 
the  impression  of  the  image  of  the  objects  presented  the  moment  that  the  camera  is 
opened.  Experience  alone  can  teach  the  proper  length  of  time  for  submitting  the  plate 
to  the  concentrated  rays  of  light;  because  that  time  varies  with  the  climate,  the  sea- 
sons, and  the  time  of  day.  More  time  should  not  be  allowed  to  pass  than  what  is 
necessary  for  fixina;  a  distinct  impresMon,  becaase  the  parts  meant  to  be  clear  would 
be  apt  to  become  mouded. 

4.  The  fourth  is  the  operation  with  quicksilver,  which  must  follow  as  soon  as  pos- 
sible the  completion  of  the  third.  Here  a  phial  of  quicksilTer,  a  spiritrlanip  (tha 
apparatus  rc|iresented  in  figs,  457  and  458),  and  a  glass  funnel  with  a  long  neck,  are 
tequired.    Tlie  funnel  is  used  for  pouring  the  mercury  into  the  cup  r^  placed  in  tha 
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bjtfom  of  the  apparatns,  e»  a9  to  ootct  the  bulb  of  the  theiTnometer  f.  Ko  3f»ylig!it 
must  now  be  ndniitteii,  but  thnt  of  n  small  taper  only  should  be  used  by  the  operator 
LQ  conducting  the  process.     The  board  with  the  plate  is  to  be  withdrawn  from  the 


.  ^ 


cnnifra,  and  Inserted  into  the  grooTes  of  the  blaokened  bosrd,  h,  jig.  4S7.  Thia  blacli 
board  ia  laid  back  into  the  bos  at  an  angle  of  45°  with  the  horizon;  the  prepared 
metal  surface  h  being  placed  nndemiost,  so  that  it  may  be  viewed  through  the  eide 
^Inea  j;  and  the  oorer,  a,  of  the  box  must  be  put  down  gently,  to  prerent  any  par- 
tides  of  meronry  from  being  thiown  about  by  the  agitatjon  of  iiie  air.  Tlie  whoJa 
being  thus  prepared,  the  spirit-lamp  is  lighted,  and  pteeed  under  the  eup  containing 
lei'cury,  and  left  there  until  the  thepmometer  indicates  a  temperature  of  l'"" 


e  permitted  in 


Falir.,  when  the  lamp  is  to  be  removed.    The  heat  should  Ji 
exceed  167°  F. 

Tlie  impression  of  the  image  of  nature  is  now  actually  made  upon  the  plate  ;  but  it 
is  yet  invisible;  and  it  is  only  after  a  lapse  of  several  minutes  that  faint  tracings  of 
the  objects  begin  to  be  seen  through  the  peep^lass  by  the  momentary  gleam  of  a 
tiipcr.  The  plate  should  be  left  in  the  box  till  the  thermomeler  has  cooled  to  113°  F., 
when  it  is  to  be  tahen  out. 

After  each  operation,  the  interior  of  the  apparatus,  and  the  black  board  or  frame, 
should  be  oarafnlly  wiped,  in  order  to  remove  every  particle  of  mercury. 

The  picture  may  now  be  inspected  in  a  feeble  liglit,  to  see  how  far  the  process  has 
sueeeidfld.  The  plate,  freed  from  the  metallic  bands,  is  to  be  placed  in  a  bojf,  pro- 
vided with  a  eover  and  grooves,  to  exeluda  the  lights  t'^l  it '»  made  to  undergo  the  iil'th 
and  last  operation,  which  may  he  done  after  any  convenient  interval  of  time  without 
detriment,  provided  the  plate  be  kept  in  the  dart  The  following  artjoles  are  now 
rei^uired :  1,  strong  brine,  or  a  weak  solution  of  hyposulphate  ot  soda ;  %  the  appa- 
ratus represented  in  figg.  4S9  and  460;  8.  two  troiigha  of  tin-plate;  4,  a  jug  of  dis- 
tilled water.    The  object  of  this  process  is  to  fix  the  photogenic  picture.    One  of  the 
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troughs  is  to  be  filled  with  hi-lae  to  llie  depth  of  na  ineli,  ami  tlie  other  ttWh  pci^ 
Vinter,  Ihith  liqiiMs  being  liented  SDiiiiiwhut  luij^r  the  liuiliiig  ]>iti:h.  The  solution  of 
lijjtosulpliite  of  Bwla  is  |irefe™hle,  and  does  not  need  to  ha  wjinn.  ThepUte  is  to  b« 
fiist  iiiiniei'seci  in  tlie  pure  wster  for  a  moment,  iirid  trnnsfevred  immediKttly  In  t}ia 
snline  solution,  and  moved  to  and  fiv  iit  it  to  eqiinlizo  tlie  octJon  oF  the  Honor.  When- 
ever llie  yellow  IJnt  of  Ihe  iodine  ia  removed,  the  pliil«  ia  to  be  lifted  ont  by  tha 
udges,  anil  dj]>ped  atmi)|;htirRj  ia  the  wnter-ti'ongh.  TbeiipparBtuBorj%3.459,  a'^d  HO, 
IS  tlien  brought  into  nee,  with  a  vessel  filled  wiUi  dialjllen  water,  hoi,  Init  not  boiling, 
T)ie  plate,  when  lifted  out  of  the  water-trough,  is  to  be  placed  immediately  on  Ilia 
inelined  plane  «;  and  without  ailowitig  it  time  to  dry,  is  to  be  fioated  over  with  the 
hot  distilled  water  fiMui  tlie  top,  so  as  to  earry  off  all  the  aaline  niatter.  As  tlie  cuiek- 
^Ivcr  wliiuh  traces  the  images  will  not  b^ar  touching^  tlie  silvered  plate  should  be  eo- 
cured  by  a  cover  of  jrTaBS,  made  tight  at  the  edgts  by  pasting  paper  round  them. 

In/i^.  4fil,  wbidi  IS  a  plan  view  of  Iha  icdiiie-box  apiJariitus,  e  is  an  interior  cover; 
d  is  the  iodine-disli ;  «  is  the  tliin  board  to  wliieb  the  silvtred  plate  is  fixed,  as  shown 
at  fig.  460 ;  g  is  the  cover  of  the  hox;  h  h  are  small  rods,  at  the  four  corners  of  the 
inclined  lining,  &,  of  the  box,  to  sup|iort  the  lid  ; ;  ^  is  a  gauze  of  wire-eloth  cover,  ta 
diffuse  the  iodine  vapor;  Ii  is  the  wuoden  lining,  sloping  "ke  a  hopper;  d  d,'in  Jig. 
4C4,  are  buttons  to  fasten  iJie  board  oa  Ihe  doors;  e  sliowB  Ue  thickness  of  the  frame; 
/is  the  silvei^eil  plate.  In  fig.  461,  a  is  tbe  ground  glass  of  tha  oamera;  i  ia  a  mirror 
inclined  nhout  46°  to  the  hoiizon,  by  means  uf  the  rod  I.  The  image  of  tlie  obifct  ii 
ensily  brought  into  focus  by  moving  forn  ard  or  backward  the  sliding-hox  i^  in  laying 
hold  of  it  with  botli  liands  by  the  iirojfelioiiB  a,jjg.  4S4.  When  tlie  focus  is  adjusted, 
the  thuml^acrew,  h,  Sxva  the  whole.  Hie  mirror  is  kejit  closed  by  two  books  at/, 
wliiuh  take  into  small  eyes  at  g.  Tbe  frame  and  ground  glass  plate  are  withdrawn 
and  i-ephiced  by  the  frame  carrying  the  prepared  plate,  as  represented  in/j.  448,  with 
tbe  shading  dooi's,  6,  open  in  the  camera.  These  aours  and  tbe  sliding-box  d  are  lined 
witli  hiack  velveL  The  olnect  glass  is  aehrnmatio  and  periseopic,  tlie  concave  being 
outside  in  the  camera;  its  diatneler  is  about  3|  inches,  and  focus  alioiit  IB  iocliea,  A 
diaphragm  is  phieed  before  the  object  glass,  at  BjJ  inches  from  it,  and  ils  aperture  may 
ba  closea  by  a  plate  moving  in  a  pivot.  This  eaniera  revei'ses  ibe  objects  from  left  to 
right ;  but  tliis  may  be  obviated  by  placing  a  plane  mirror  on  the  oiileide  beyond  the 
aperture  of  tlie  diapliragni,  as  at  f,  /jr.  430,  where  it  is  fixed  by  means  of  a  screw,  k. 
I^aa  of  light  is  thereby  occasioneii 

Mg.  457  is  an  upright  section,  and/jf.  468,  a  front  elevation  of  the  mercurial  appa- 
ratus, a,  the  cover ;  b,  tha  black  board,  witii  grooves  to  receive  Ihe  hoard,  h ;  c,  Ihe 
cup  of  quicksilver;  d,  the  spii'it-lamp;  e,  a  small  cook,  thi'oiigh  whuili  the  quicksilver 
may  be  iim  off,  if  tlie  apparatus  be  laid  to  one  side  ;  /,  the  thermometer ;  g,  a  glass 
window;  h,  the  board  bearing  the  metallic  plale;  I,  a  stand  for  tbe  Bpirit-laiii|i,  which 
is  held  hy  Ihe  ring  jl^  so  tbat  its  flame  may  strike  the  bottom  of  tlie  cup.  The  whole 
of  the  imiidc  of  tlie  apparatus  should  be  blackened  and  varnished. 

J'Sjf.  45D  is  a  front  view  of  the  washing  apparatus  made  of  tin  plate,  varnished.  The 
plates,  to  be  washed,  are  laid  on  tlie  angular  ledge,  d;  eis  a  ledge  to  conduct  tlie  water 
to  the  receptacle  e.  Mg.  460  is  a  side  view  ot  the  washing  upparatus.  The  patent 
was  enrolled  in  February,  184a     (See  A'ewlon'i  Journal,  G.  S.  xvi.,  1.) 

Mr.  liiufiard  Beard  having  purchased  from  M.  Dagueri'e  a  license  to  practise  his 
invention  above  described,  I'eceived  from  a  foreigner  a  conimiinii-aUon  of  certain  im- 
provements, for  which  he  obtained  a  patent  in  June,  1840.  ITie  first  of  these  is  the 
substitution  of  a  concave  reflecting  mirror  for  tbe  lens  in  tbe  camera  obeenra.  Ji^g. 
46:i  representa  in  section  a  slight  wooden  box,  a  a,  open  at  the  front,  opposite  lo 
the  person  sitting  for  the  portrait  In  the  back  part  of  the  box  a  concave  mii'ror, 
6,  is  placed,  to  reflect  the  rajs  coming  from  tha  person.  A  small  frame,  c,  is  fixed  to 
an  adjustable  pedestal,  d,  which  slidi'S  in  grooves  in  tiie  bottom  of  tbe  box,  fur  tlie 
purpose  of  being  set  at  the  foeal  point  of  the  miiTor.  In  this  frame,  c,  a  polished 
surface  ia  first  to  be  placed  fur  trial,  to  receive  flic  image  coiTcctly,  as  obeerved  by  the 
operator,  by  looking  through  tlie  opening,  e,  in  the  top  of  the  box.  Tlie  prejiared 
silvered  plate  is  now  substituted  in  the  esact  place  for  the  trial  one.  Tlie  luminous 
impression  being  made,  the  slide,  d,  ia  withdrawn,  and  the  plwta  removed ;  carefully 
shut  up  ia  a  boif  fi-om  the  light. 

The  second  oiiject  of  this  patent  is  mnkina;  the  prepared  surface  more  unifomn,  hj 
passing  two  jilates,  willi  tlieir  silvered  faces  in  conf  nclj  several  times  between  hardened 
rollers,  annenling  them  at  a  low  red  heat  after  each  jtnesage. 

His  tliird  object  is  to  use  a  compound  of  bromine  and  iodine,  instead  of  tlie  kltei 
a1otie,for  coating  the  silver;  which  increases  its  sensibility  to  liglit,  thereby  shortening 
and  improving  tlie  operation  of  taking  likeuesscs.  He  also  reeoniniends  to  use  a  com- 
bination of  iodine  with  nitric  acid.  Finally,  Mr.  Beard  finds  ihnt  by  placing  a  screen 
of  any  desired  color  behind  the  silter,  the  appearance  of  his  Daguerreotvpe  portrait  ii 
Linproved.     {A'fiatoK's  Jbiiraa/,  xsiii.,  112.) 
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M.  A.  J.  F.  Claudel,  who  had  also  purchased  a  license  from  M,  Daguerre,  obtained 
s  patent  in  December,  1841,  for  ocrtain  improvements  upon  tlie  original  process.  His 
first  object  ia  to  give  the  front  of  the  camera  ohscnra  such  an  aperture  as  to  admil 
till'  largest  object-glass  intended  to  be  nscd;  and  of  sncb  he  provides  a  scries  of  dif- 
ferent dimensions,  each  attached  to  il3  board,  that  may  be  fitted  by  a  slide  to  llie  from 

One  of  the  greatest  difficulties  in  the  Daguerrotype  process  was  the  impossibility  of 
ascertaining  the  precise  momenl  at  which  the  ligbl  had  produced,  on  llic  prepared 
plate,  the  effect  requisite  for  the  vapor  of  mercury  (o  bring  out  the  image.  By  apply- 
ing that  vapor  to  tlie  plate  while  the  silver  surface  is  being  acted  upon  by  the  llglit, 
the  opernior  is  enabled  to  see  when  his  picture  is  complete.  Another  advantage  of 
this  joint  operation  is,  that  th"  effect  of  the  mercury  upon  lliose  parts  of  the  plate 
which  have  been  acted  upon  by  the  light,  ore  more  perfect  when  caused  lo  lake  place 
immediately  under  the  biminous  inllaence.  Hence,  instead  of  using  the  distinct  box 
n'iib  the  cup  of  quicksilver,  he  places  a  cup  containing  that  metal  in  the  camera  oh- 
scnra, with  its  spirit-lamp,  and  exhales  the  vapors  there.  When  the  mercnty  has  risen 
to  the  proper  temperature,  the  aperture  of  the  object-glass  is  thrown  open,  and  the 
I'^ht,  reflected  from  the  object  to  be  delineated,  is  allowed  to  operate. 

He  watches  the  elfecl  through  an  opening  in  the  side  of  the  camera,  where  he  views 
the  prepared  plate  by  the  light  of  a  lantern  passing  through  a  piece  of  red  or  orange- 
colored  glass  in  the  (other)  side  of  the  camera.  Whenever  the  light  and  mercury, 
by  their  simnltaneous  action,  hare  produced  a  good  image,  the  object-class  is  covered, 
and  the  silver  plate,  with  its  picture,  removed,  in  order  to  be  washec  and  finished. 
M.  Claudet  embellishes  bis  Dnguerrotype  portraits  by  placing  behind  the  sitter  screens 
of  pajnied  scenery,  which  furnish  pleasing  back  groands.  He  specifies  also  various 
kinds  of  artificial  illuininatujn,  to  b;  used  in  the  absence  of  solar  light,  (ifeu'fon'i 
Joitnifil,  C,  8.  II.  430.) 

According  to  M.  Barnard,  Da^rnerre's  iodized  plate  should  be  exposed  for  half  a 
minute  to  the  action  of  chlorine,  mixed  with  a  large  proportion  of  common  air; 
whereby  it  becomes  so  sensitive,  that  the  pictorial  impression  is  produced  in  the  short 
fpnce  of  time  necessary  for  removing  and  replacing  the  screen  of  the  camera.  The 
mercury  is  aJlerward  employed;  as  also  the  hyposulphite  wash.  Daguerrotype  pic- 
Ivires  nre  colored  by  dusting  over  Ihem  powders  of  proper  hues,  which  are  immediately 
washed  by  passing  the  plate  through  water.  What  remains  of^  the  color  after  this  alv 
liilion  does  not  seem  in  the  leasl  to  injure  the  appearance  or  alter  the  form  of  the 
iiiiiige.  It  would  seem  that  those  parts  of  the  picture  which  were  at  first  black,  retain, 
litter  being  washed,  a  larger  proportion  of  the  coloring  matter  than  the  lighter  parts. 

Several  valuable  improveroents  seem  to  have  been  made  in  Tienna  upon  the  Da 
guerrqtype  process  ;  nnd  among  others,  the  mode  of  using  chlmiodine. 

The  beat  form  of  box  for  applying  the  diloriodic  vapor  is  square,  with  its  bottom  of 
plate  gloss,  supported  a  little  above  the  table  by  feet,  a  thumb-screw  being  one  of 
them,  in  order  to  l^ve  a  certain  inclination  to  the  glass  plate  for  spreading  the  chlor- 
iodine  over  it  uniformly.  A  sheet  of  white  paper  being  laid  beneath  the  boi,  enablca 
the  operator  to  see  whether  the  liquid  chloriodine  is  properly  distiibuted.  There  is  a 
groove  round  the  top  of  the  boj,  into  which  the  leilge  of  the  lid  fits  tight.  A  thermom. 
elcr  is  placed  in  the  box. 

Voigtlatd's  lenses  consist  of  two  achromatic  object-glasses  placed  apart  j  the  first  near- 
est the  object,  having  an  aperture  of  18  lines ;  tiie  second  one  of  19  lines ;  the  solar  fo- 
eu?  of  the  two  .a  5J  '*nches.  A  system  of  lenses  of  so  short  a  focus  with  so  large  aper- 
luics  uH'ords  from  11  to  13  times  more  illumination  than  Daguerre's  original  apparatns 
[iid.  The  finest  pirtraits  can  be  produced  in  the  course  of  from  10  to  30  seconds  with 
Ihis  arrangement.  Sue!  -i  apparatus,  elegantly  made  in  brass,  costs  only  120  gulden, 
nr  about  10  guineas. 

\'oi?tland  has  recently  made  a  camera  with  two  object-glasses,  as  above  arranged, 
eai'iL  having  an  aperture  of  37  lines,  and  a  combined  focus  of  12  Indies.  By  means  of 
lliLs  instrument,  portraits  5J  inches  in  size  can  be  made.  The  landscapes  produced  in 
Ihem  are  very  beautiful.  Its  price  is  144  gulden,  abonl  13  guineas.  Along  with  the 
above  apparatus,  a  box  with  a  bottom  of  amalgamated  copper  is  used  for  applying  the 
v»por  of  mercory. 

By  peculiar  methods  of  polishing  the  silvered  copper  plate,  peculiar  tones  and  tints 
Oiny  be  given  to  the  picture.  The  olive-oil  and  pumice-powder  are  indispensahte  for 
^■moving  the  scratches  fi-om  the  plate  and  to  render  its  surface  uniform.  If  a  delicate 
blue  tone  be  desired,  the  plate  should  be  a  second  time  polished  with  S'jiphuric  ether 
inti  washed  tripoli;  and  a  third  time  with  dilute  nitric  acid  and  Paris  red,  rubbing  the 
plate  lastly  with  a  peace  of  washleather  and  crocus.  Bat  if  a  brownish  black  lone  be 
wished  for,  a  like  series  of  ojierations  is  lo  be  gone  through,  only  instead  of  the  elhei 
lad  Iripoli,  spirit  of  ammonia  and  Vienna  lime  is  lo  be  used. 
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To  give  the  plate  l.lie  utmost  saiifiliility  to  lioht,  a  fl1m  of  ioJine  slioiiia  he  given  in 
the  filat  place.  If  with  dry  iodine,  tliia  should  be  strevjed,  then  TOvevetl  witli  colti>n, 
mid  loElly  with  a  sheet  of  paper,  and  the  plate  above  the  last,  but  not  so  as  to  touch  it 
This  may  be  done  also  with  a  solulion  of  1  part  of  iodine  in  6  of  apirila  of  wine,  pu 
into  a  saucer,  which  is  kid  on  the  bottom  of  the  box,  and  covered  with  ^auze.  The 
plate  is  to  be  removed  whenever  it  has  acquired  a  faint  brazen  tint.  By  tlijs  means  the 
plale  receives  the  impressiona  of  light  so  well  as  to  produce  good  contrasts  between  the 
white  and  the  dark  places.  The  npplitation  of  bromine  nflerwnrd  cauaea  a  rapid 
reception  of  the  image,  and  occasions  the  deep  blaclf  shades  of  an  object.  The  best 
form  is  brome  water,  made  by  dissolving  the  bromine  in  a  little  distilled  water,  and  then 
adiling  more,  when  it  is  wanted,  till  the  solution  acquires  a  straw-yellow  color.  A 
delicate  thermometer  being  put  into  the  bos,  the  Eolation  b  to  be  spread  uniformly  on 
its  Klass  h-jttom,  the  plate  beins  laid  on  above  and  covered  up,  while  the  time  of  expo 
sure  mast  '«  counted  by  seconds,  with  a  clock  or  watch.    K  the  lemperatuie  be 

41°  P.,  tlie  lime  should  be  258  seconds. 

5ff>  330    — 

59° .  901    — 

68"  15S    — 

1-p  113    _ 

A  second  mode  of  experimenting  is  with  bromiodine  i  .  . 
of  bromine  in  an  alcoholic  solution  of  5  parts  of  iodine;  and  diluting  thia  m 
water,  till  it  acquires  the  color  of  Bavarian  beer.  The  action  of  this  application  upon 
the  plale  is  so  rapid  as  hardly  to  leave  time  for  consideration.  It  must  be  watched  ev- 
ery instant  till  the  dark  gold  yellow  tint  appear,  when  it  is  ready  for  the  camera. 

The  beat  time  of  day  fir  Dagnerrotype  operations  ia  from  an  hour  after  the  sun  rises 
till  he  comes  within  45°  sf  the  meridian,  and  not  aj^aln  till  he  has  passed  the  meridian 
by  45".  When  the  sitting  is  too  long,  the  parts  which  should  be  pure  white  become 
of  a  dirty  blue  lint,  and  the  dark  parta  become  brown.    The  picture  is  burnt,  so  to 

Chloride  of  gold  applied  to  the  picture  has  the  effect  of  fixing  and  enlivening  the 
lints.  A  small  graie  being  fixed  by  a  clamp  to  the  ed|te  of  a  table,  the  plnte  is  laid 
upon  it  with  the  ima<);e  uppermost,  and  overspread  evenly  with  solution  of  chloride  of 
gold,  by  means  of  a  fine  broad  camel-hair  brush,  without  telling  any  drop  over  the  edge. 
A  spirit  lamp  is  now  brought  under  the  plate,  and  moved  to  and  fro  till  a  number  of 
small  steam  bubbles  appear  upon  the  ima^e.  The  spirit  lamp  must  be  immediately 
withdrawn.  The  remainder  of  the  cHoride  solution  must  be  poured  bacMnto  thephia^ 
to  be  need  on  another  occasion.  It  is  lastly  to  be  washed  and  exapiined.  This  opera- 
tion has  been  repeated  three  or  four  times  with  the  happiesl  effect,  of  giving  fixity  and 
force  to  the  picture.    It  may  then  be  wiped  ivitb  cotton  without  injury. 

By  dusting  various  pigment  powders  from  small  cotton-wool  dossils  upon  the  picture, 
previously  coated  with  an  alcoholic  solution  of  copal,  and  nearly  dry,  the  appearance  of  a 
colored- miniature  has  been  very  successfully  imitated.  The  varnish  must  b-;  applied 
lelicately  with  one  stroke  of  a  brood  brush  of  badger  hair,' 

DAOtnntHEOTTPE  EKanAVtiia.  This  new  art,  patented  bj  IL  A.  T.  J.  Claudat  on  the 
21et  November,  1B4S,  ia  est.abliBhed  on  the  following  facts.    A  miiefl  arad,  consietuig 

'a  propoitions,  being 
rming  a  d''  ■■''-  ■■' 
■e  produced  by  the  u 
iLia  picture.  This  action  does  not  last  long.  Writer  of  ammonia;  containing  a  liltli 
chloride  of  wlver-ia  solHtion,  dissolves  the  rest  of  that  chloride,  which  is  Ihun  wnsliet 
away,  leaving  tbe  naked  metal  to  be  again  attiioked,  eBpceially  witli  the  aid  of  heat. 
The  metallio  Burfaoe  shinild  have  been  jierfeotlj  purified  by  ni"""-  "*"  "i"-'."'  "-^  "»"- 
tia  potass.  For  the  rest  of  tlis  ingenioi"'  '"■'■  """t.'""  ^"t- 
aa.  vol  XXV.,  p.  112. 

DAHLINE,  the  same  as  Inuline,  tbe  feevila  obtained  from  eleeampnna,  analogous  in 
many  i-eBpeeta  to  starcli.    It  is  not  employed  in  tlie  ai'ta. 

DAMASCUa  BLADES,  are  swords  or  Bo^miUrs,  prasendng^  upon  their  surface  a  vn- 
riegatBd  appearance  o!  watering,  as  white,  silvery,  oP  black  veins,  in  fine  lines,  orflllctB; 
fibrona,  oroeaad,  interlaced  or  parallel,  Ac.  They  are  brought  from  the  East,  being  fiib- 
rlcatfid  ohiefl.y  at  Dnmnseiis,  wbenee  their  name.  Tlieir  CKcellent  quality  has  beooma 
proverbial ;  for  wliicb  reneon  these  Wades  are  much  sought  sft*r  by  military  men,  and 
aj  'J  high  priced.  Tiie  oriental  processes  have  never  been  satisfactorilj^  deaeribed  :  bul 
ul  late  years  methods  have  been  devised  in  Europe  to  imitate  tlie  fahrio  very  well. 
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ClouFt  and  Hsclietl 


'.  following  processes  for  producing  Da 
it  of  parallel fiik's;  2,  Ihat  by  (oj-stojif  3,  Ihe  moaile.  The  Crslj 
which  k  Elill  pursued  by  some  Frrticb  catlers.  Consists  in  scooping  out  wilh  a  gravins 
tnol  Lhe  faces  of  ft  piece  of  stuff  coirpofcd  of  ihin  plates  of  different  kinds  of  steel 
Th^se  hollows  are  by  a  enbsequent  oprralion  filled  up,  and  brought  to  a  level  wllh  the 
cilernal  faces,  upon  which  ihey  subsequently  form  (ress-like  figures.  E.  The  mellnid  of 
(orsion  which  is  more  generally  emplojed  at  pieseol,  consists  in  fonniiig  a  bundle  of 
rods  or  slips  of  steel,  which  are  welded  together  into  a  well-ivrough  I  bar,  Iwisled 
several  times  round  its  axis.  It  is  repeatedly  forged,  and  twisted  alternately!  aftei 
which  it  is  slit  in  the  line  of  its  axis,  and  the  two  halves  are  welded  with  their  outsidcs 
inconlact;  by  which  means  (heir  faces  will  eihiliil  very  various  configurations.  3.  The 
mosaic  method  consists  xn  preparing  a  bar,  as  by  the  torsion  plan,  and  cutting  this  bar 
into  Bliort  pieces  of  nearly  equal  lenetb,  with  which  a  fagot  is  formed  and  welded 
together;  taking  care  to  preserve  Ihe  sections  of  eaclj  piece  at  the  surface  of  liie  blade. 
In  this  way,  all  Ihe  variety  of  the  design  is  displayed,' corresponding  to  each  fragment  of 
the  cut  bar. 

The  blades  of  Clouet,  independently  of  their  excellent  quality,  their  flexibility,  and 
extreme  elasticity,  have  this  advantage  over  the  oriental  blades,  that  liiey  exhibit  in  the 
very  substance  of  the  melal,  desiens,  letters,  inscriptions,  and,  gen;-  slly  speaking,  all 
kinds  of  figures  which  had  been  dclinealed  beforeiiand. 

Nolivilhstanding  tliese  succestful  results  of  Clonel,  it  was  pretty  clear  that  the  watered 
designs  oi  the  true  Damascus  ciineter  were  essentially  different.  M.  fireant  has  at 
last  completely  solved  this  problem.  He  has  demonstrated  that  the  substance  of  the 
oriental  blades  is  a  cast-steel  more  bishly  charired  with  carbon  than  our  Eui'opean  steels, 
and  iu  which,  bj  means  of  a  cooling  Euiiahly  ctnduded,  a  crystallization  lakes  place 
of  two  distinct  combinations  of  carbon  and  iron.  This  separation  is  the  essential  condi- 
tion 1  for  if  the  melted  steel  be  suddenly  cooled  in  a  Kmall  cmcible  or  ingot,  there  is  no 
damascene  appearance. 

If  an  excess  of  carbon  be  mixed  with  iron,  the  whole  of  the  metal  will  be  converted 
into  steel ;  and  the  residuary  carbon  will  combine  in  a  new  proportion  with  a  portion  of 
the  steel  so  formed.  There  will  be  two  distinct  compounds;  namely,  pure  steel,  and 
carbureted  steel  or  cast-iron.  These  at  first  being  imperfectly  loiied  will  lend  lo 
separate,  if  while  still  fluid  they  be  led  in  a  slate  of  repose ;  and  form  a  crystallization 
in  which  the  particles  of  the  two  compounds  will  place  themselves  in  the  crucible  in  an 
order  determined  by  their  affinity  and  density  conjoined.  If  a  blade  forged  ont  of  steel 
so  prepai'ed  be  immersed  in  acidulous  water,  it  will  display  a  very  distinct  Damascus 
appearance]  the  portions  of  pure  steel  becoming  black,  and  those  of  carbureted  sleel 
remaining  white,  because  the  acids  with  diffienliy  disengage  its  carbon.  The  slower 
snch  a  compound  is  cooled,  the  Iniger  the  DEmascus  veins  will  be.  Travernier  relates 
that  (he  steel  crucible  ingots,  like  those  of  woolz,  for  making  the  true  oriental  Dam  a  sous, 
eomefiom  Golconda,  that  they  are  of  the  size  of  a  halfpenny  roll,  and  when  cut  in  two, 
foim  two  swords. 

Steel  combined  with  manganese  forges  easily,  but  it  is  brittle  when  cold ;  it  displays 
however  the  Damascus  appearance  very  slrcmglj. 

A  mixture  of  100  parts  of  soft  iron,  and  2  of  lamp  black,  melts  as  readily  as  ordinary 
steel.  Several  of  the  besl  blades  which  M.  Bryant  presented  to  the  Society  d'Encourage- 
ment  are  the  product  of  this  combinalion.  This  is  an  easy  way  of  making  cast-steel 
without  previous  cementation  of  the  iron.  100  partsof  filing  of  very  gray  cast-iron,  and 
100  parts  of  lilie  filings  previously  uxydized,  produced,  by  their  fusion  together,  a  beautiful 
damascene  sleel,  fit  for  forging  into  white  arnis,  sabres,  swords,  &c.  This  compound  is 
remarliable  for  its  elasticity,  an  essenial  quality,  not  possessed  by  the  old  Indian  steel. 
The  greater  the  proportion  ol^  the  oxydrzed  cast-iron,  the  tougher  is  the  steel.  Care  should 
be  taken  lo  stir  the  materials  dnrin([  their  fusion,  before  it  is  allowed  lo  cool ;  otherwise 
they  will  not  afi'oid  a  homogeneous  damasc.  If  ihe  steel  contains  much  carbon  it 
isdifiicull  to  forge,  and  cannot  he  drawn  out  eicepl  wilhinanarrowrangeof  temperatarc, 
ealed  to  a  red-while  it  crumbles  under  Ihe  hammer;  at  a  cherry-red  it  becomes 


hard  and  brittle!  and  as  it  progressively  co  1 
ECmbles  completely  Indian  steel,  which  E      p 
are  ignorant  of  the  suitable  lemperatu      f 
point,  succeeded  in  foi^Jng  fine  blades 

Experience  has  proved  that  the  o  b  1 
tkotiis  (mncei),  which  are  seen  upon  (h  fi 
manner  of  forging  them,  as  well  as  11  i 
these  be  drawn  in  length,  the  veins  w  11  b 
dirFctions,  Ihe  stnSwill  h&ve  a  crjstall 
dirpcf.ioiis,  undulated  veins  will  lie  nroduo 
DAMASK  is  a  vaviegated  testile  f;ibrii 
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fiuits,  lan'l^oapes,  animals,  &c.,  woven  in  the  loom,  and  is  by  far  llie  molt  vieh,  ekgjiit, 
and  espensive  species  of  oi-namenlal  menvini;,  lapeslry  alime  e.tceplea.  The  name  ia 
said  to  be  derived  from  Damascns,  where  it  was  anciently  made. 

Damask  belongs  to  that  species  of  texture  which  is  distinKuished  by  practieal  men  hj 
Itie  name  of  tweelins^,  of  whicli  it  is  the  richest  psHera.  Tlie  twee!  of  damask  is  usiialij 
lialf  that  of  full  saliit,  and  eonseqnently  consists  of  eight  leaves  moved  either  in  rrsnlal 
sviecession  or  by  regular  intervals,  eight  leaves  being  the  smallest  number  which  will  ad- 
mit of  alternate  tweeiing  at  equal  intervals. 

In  the  article  Cabpet,  two  cepresenlations  have  been  given  of  the  damask  dtaw- 

The  generic  difference  of  tweeiing,  when  compared  with  common  cloth,  consists  in  the 
intersections,  although  nnifarm  and  equidistant,  being  at  determinate  inlervals,  and  not  be* 
tween  the  alternate  threads.  Hence  we  have  specimens  of  twecled  cloth,  where  the  In- 
tel sections  take  place  at  [helhird,  fourth,  fifth,  sixth,  seventh,  eighth,  or  sixteenth  interval 
on!;-.  The  threads  thns  deflecting  only  from  a  straiiiht  line  at  interi'als,  rresen'e  more 
□f  iheir  oriifinat  direction,  and  a  much  greater  quantity  of  mnterials  can  be  combined  in 
Bri  equal  space,  than  in  the  alternate  inletseclion,  where  the  tortuous  deflection,  at  every 
interval,  keeps  them  more  asunder.  On  Ibia  principle  tweeled  cloths  of  three  and  four 
leaves  are  woven  for  facility  of  combination  alone.  The  coarser  species  of  ornamented 
cloths,  known  by  the  names  of  dornock  and  diaper,  usually  intersect  at  the  fifth,  or  half 
satin  interval.  The  sixth  and  seventh  are  rarely  used,  and  the  intersection  at  Ihe 
eishlh  is  dislineuished  by  the  naixie  of  satin  in  common,  and  of  damask  in  ornamealal 
iweelin?.  It  will  further  be  very  obvious,  that  where  the  warp  and  woof  cross  only  at 
every  eighth  interval,  the  two  sides  of  the  clotli  will  present  a  diversity  of  appearance  { 
for  on  one  side  the  longitudinal  or  warp  threads  will  run  pahiUel  from  one  end  of  a  web 
to  the  other,  and,  on  the  other,  the  threads  of  woof  will  run  also  parallel,  but  in  n  trans- 
verse direction  across  the  cloth,  or  at  right  angles  to  the  former.  The  points  of  intersec- 
tion being  only  at  every  eighth  interval,  appear  only  like  points ;  and  in  regular  iweeling 
these  form  Ihe  appearance  of  diagonal  lines,  inclined  at  an  angle  of  45°  (or  nenily  so)  lo 
each  of  the  former. 

Tiie  appearance,  therefore,  of  a  piece  of  common  tweeled  cloth  is  very  similar  to  thai 
of  two  thin  boards  glued  together,  with  the  grain  of  the  upper  piece  at  right  angles  to 
that  of  the  under  one.  That  of  an  ornamental  piece  of  damask  may,  in  the  same  man- 
ner, be  very  properly  assimilated  lo  a  piece  of  veneering,  where  all  the  wood  is  ol'  the 
same  substance  and  color,  and  where  the  figures  assume  a  diversity  of  appearance  fmm 
(he  in'ound,  merely  by  the  grain  of  the  oae  being  disposed  perpendicularly  to  that  of  the 
oiher.    See  Tkxtiik  Faekic, 

From  Ibis  statement  of  the  principle,  it  results  that  the  most  unlimited  variety  of  figures 
will  be  produced,  by  constrnoting  a  loom  by  which  every  individual  thread  of  warp  may 
be  plneed  either  above  or  below  the  woof  at  every  intersection ;  and  (o  effect  this,  in 
boundless  variety,  is  the  object  of  the  Jacquard  mounting;  which  see. 

The  chief  seat  of  ihis  manufacture  is  probably  the  town  and  neigliborJiood  of  Dun- 
fei  inline,  in  Fifeshire,  and  Lisburn  and  Ardoyne,  near  Belfast,  where  it  is  considered  as 
the  slapie,  having  proved  a  very  profitable  branch  of  traffic  to  the  manufacturer,  and 
given  employment  to  many  industrious  people. 

The  material  used  there  is  chiefly  linen  ;  but  many  have  been  recently  woven  of  cotton, 
since  the  introduction  of  that  article  into  the  manufacture  of  cloth  has  become  so  prev- 
nlfnt.  The  cotton  damasks  are  considerably  cheaper  than  those  of  linen;  but  are  not 
considered  either  so  elegant  or  durable.  The  cotton,  also,  unless  frequently  bleached,  does 
not  preserve  tiie  purity  of  the  white  cnlor  nearly  so  well  as  the  linen. 

DAMASKEENING!  the  art  of  ornamentinK  iron, steel,  Sic.,  by  making  incisions  upon 
Its  surface,  and  filling  them  up  wilh  goW  or  silver  wire  j  chiely  used  in  enriching  swurd 
bbdes,  guards,  and  gripes,  Jocks  of  pistols,  &.c. 

Its  name  shows  the  place  of  its  origin,  or,  at  least,  the  place  where  it  has  been  prnc. 
lised  in  the  greatest  perfection;  viz.,  the  city  of  Damascus,  in  Syria;  though  M.  Felibicn 
attributes  the  peifection  of  the  art  lo  his  countryman,  Corsinet,  who  wrouglit  under  (he 
leign  of  Henry  IV. 

Damaskeening  is  partly  mosaic  work,  partly  engraving,  and  partly  carving.  As  mosaie 
work  it  consists  of  pieces  inlaid  ;  as  engraving,  the  metal  is  indented,  or  cot  in  intaglio  j 
an!  aa  carving,  gold  and  silver  are  wrought  into  it  in  rtliem. 

There  are  two  ways  of  damaskeening;  in  the  first,  which  is  the  most  ■beautiful,  tha 
artists  cut  into  (he  metal  with  a  grater,  and  otlier  tools  proper  for  engraving  upon 
Sloel,  and  afterwards  fill  np  the  incisions,  or  notches,  with  a  preity  thick  silver  or  goM 
Wire.  In  the  other,  which  is  onlv  RUperficiRl.  thpv  content  themselves  to  make  hatches, 
or  strokes  .leross  tiie  iron,  ite.,  with  a  cutting  knife,  sneii  as  is  used  in  making  smiil 
files.    Aa  to  the  first,  it  ia  necessmy  for  the  gravinga  or  incisions  to  be  made  in  the  dove 
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iail  (oTTD !  Ihat  the  gold  or  silyer  wire,  which  is  Ihruel  forcibly  into  Ihem,  may  adhere  the 
more  strnnsly.  As  to  the  eecond,  nhich  is  the  more  usual,  the  method  is  this ;— Haviii" 
heated  the  steel  (ill  it  chaoses  to  a  violet,  or  blue  color,  they  hatch  it  over  anil  across 
with  (he  knife  ;  then  dr:iw  the  en^i^n  or  ornnmenl  inleniled,  upon  this  hatclun.s,  with  a 
fine  brass  point  or  bodkin.  TJiis  done,  they  lake  Une  gold  wire,  and  condncting  or  chasing 
it  according  to  the  figures  aheady  designed,  they  sink  it  carefully  into  (lie  hatches  of  Ihf 
metal  wilh  a  copper  tool. 

DAMASSIN  IS  a  kind  of  daroask,  wilh  gold  and  silver  flowers,  woven  in  Ihe  warp  Hni> 
woiif;  or  occasionally  with  silk  organzine. 

DAMPS,  in  mining,  are  noxious;  eihalalions,  or  rather  gases,  so  called  from  tlie  German 
damp/,  vapor.  There  are  two  principal  kinds  of  mine  eases,  Xh«  fire-damp,  or  carbureted 
hydmsen,  and  the  choke-damp,  or  carbonic  acid  gas.    See  Mines. 

DAPHNINE  ;  Ihe  bitter  principle  of  the  Dapkm  Jlpina. 

DATOLITE.    A  mineral  composed  of  silica,  lime,  and  boracic  acid, 

DECANTATION  (Eng.  and  Fr. ;  JIbgieasen,  Germ.)  is  the  act  of  ponring  off  the  clear 
supernatant  flnid  from  any  pediment  or  deposile,  II  is  mucn  employed  in  the  chemical 
arts ;  and  is  most  convenientlv  effecled  by  a  syphon. 

DECOCTION  (Eng.  and  Fr. ;  Mkochung,  Germ.)  means  either  the  act  of  boiling 
a  liquid  along  with  some  organic  substance,  or  the  liquid  compound  resulting  from  ihat 

DECOMPOSITION  (Ens.  and  Fr. ;  Zerse.l:nng,  Germ.)  is  Ihe  separation  of  Ihe  con- 
stiluent  principles  of  ony  compound  body.  The  following  table,  the  result  of  imporlant 
researches  recently  made  by  M.  Persnz,  Professor  of  Chemistry  at  Strasburgh,  shows  thfi 
orJer  in  which  cJecomposilions  lalie  place  among  the  successive  subslances. 

Oxyde  of  Magnesium  Oxyde  of  MaKnesiuia 

—  Cobalt 

—  Nickel 
Prolox.  of  Mercury 


_ 

Cobnlt 

Nickel 

ProtoK 

Oiyde 

of  Zinc 

Prolog 

of  Manganesi 

0:tTde 

of  Lead 

Cadminm 

Cop,7er 

Aliiminm 

Uraniom 

Chromium 

Oxyde 

of  Mercury 

Iron 

—        Antimony 
By  means  of  the  cnpric  oiyde  we  may  separate,  I,  the  ferric  oxyde  from  the  mangantLis 
oxyde ;  2,  the  cobaltic,  nickelic,  zincic  and  ceroiis  oxydes  from  [he  aranic,  ferric,  chromic, 
end  aluminicoxydes,-  3,  the  ferrous  oxj-de  from  the  chromic  oxyde,  when  dissolved  in  Ihe 

In  boiling  a  muriatic  solution  of  the  coballic,  nickelic,  and  manganous  oxydes,  wilh  the 
mercuric  oxyde,  the  first  two  oxydes  alone  are  precipitated.  Alumina  separates  the  cad- 
mie  DxiTle  from  the  bismnthic  oxyde,  the  alannous  oxyde  from  the  stannic  oxyde,  and  the 
sJannoBS  oiyde  from  the  antimonic  acid.  The  cnprie  oxyde  separates  also  by  precipita- 
tion, Ihe  aluminic,  tiranic,  chromic,  titanic,  nnd  vanadic  oxydes  from  all  the  oxydes  whieh 
■re  precipitable  In  the  state  of  aulphurel,  by  hydrosulphurel  of  ammonia. 

An  an  example  of  this  mode  of  analysis — 

Dissolve  pech-blende  in  aqua  regia,  precipitate  its  copper  by  sulphureled  Iiydrosen, 
boil  the  liquid  along  with  nitric  acid,  in  order  to  transfoim  all  the  uranium  into  uranie 
acid.  Next  boil  it  along  wilh  cupric  oxyde,  whieh  precipilales  only  the  uranie  and  ferric 
oxydes.  Redissolve  the  pr^pitate  in  nitric  acid,  and  boil  Ihe  solulion  with  meiciiric 
oxyde,  which  does  not  preeipitale  Ihe  ferric  oxyde.  Finally,  separate  the  copper  and  Ihe 
BCrcnry  from  the  uraniom,  by  means  of  eulphoreted  hydrogen.  In  this  process  we  may 
gabslilufe  plumbic  oxyde  for  the  cupric  oij'de,  and  succeed  equally  well. 

Enowlcdae,  like  Ihe  above,  of  the  elective  affinities  anil  habiludes  of  chemical  bodies, 
limple  and  compound,  imparls  lo  its  possessor  an  irresistible  power  over  the  unions  and 
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iEsunioKs  oniie  elements,  which  he  can  exercise  with  certainty  in  elTecling  iiinumetablf 
(ran^f'irm'itians  in  .he  arts. 

DECREPITATION  (En?,  and  Fr.;  Verhnislem,  Germ.)  is  Ihe  crocHine  noise, 
■llencletl  with  the  flying  at'under  of  Iheir  parts,  made  by  several  sails  anil  minerals, 
when  heated.  It  is  cau$e<l  by  the  unequal  ludden  expanGion  of  their  substance  by  tha 
heat.  Sniphate  of  baryta,  chloride  of  gndiiim,  eolcareons  B|)itr,  nitrate  of  Iraryta,  and  mnny 
mare  bodies  which  contain  no  water,  decrepitate  most  violently,  separating  at  the  natural 
jnintB  of  tlieir  crystalline  Htnicture,  Some  chemists  have  prepostecously  enough  ascribed 
the  phenomenon  to  the  expansion  of  the  combined  water  into  steam.  What  a  specimen 
of  inductive  phLlosophy  '. 

LEPKCATION  (Ens.  and  Fr.i  Klaren,  Germ.),  the  freeing  from  dregs  or  impurities, 

DEFLAGRATION  (Ene.  and  Fr. ;  fcrpuffwi^,  Germ.),  the  sudden  blazing  up  of  a 
lomhiistiblei  as  of  a  chaicoal  or  sulphur  when  ihmwn  into  melted  nitre. 

DELPHIKIA.  The  veg'elo-alltaiine  principle  of  the  Delphinium  staphi/sagria,  or 
It  is  poise 


DEPHLEGMATION  is  the  process  bj  which  liquids  ar 
ticles.  It  is  applied  chieHy  to  spirituons  liijuors,  and  is  m 
the  alcbemistical  nolion  of  a  peculiar  principle  called  phte 

DEPHLOGISTICATED  i  deprived  of  ph I Oitiston,  —  formerly  supposed  to  be  the 
common  combustible  principle.  It  is  nearly  synonymous  with  oxygenated.  The  idea 
oriainally  attached  to  the  word  bavins;  proceeded  from  false  logic,  the  word  itself  should 
never  he  used  either  in  science  or  manufaclurei. 

DEPILATORY  {DepiUilaire,  Fr. ;  Ealkaaraismiltel,  Germ.)  is  tha  name  of  any 
snhslance  capable  of  removinj  hairs  from  the  human  skin  without  injuring  its  texture. 
They  act  either  mechanically  or  chemically.  The  first  are  commonly  glutinous 
plasters  formed  of  pitch  and  rosin,  which  sticlc  so  closely  to  (he  part  of  the  skin  where 
they  are  applieil,  that  when  removeii,  they  tear  away  the  hairs  with  them.  This  method 
is  more  painful,  but  less  dangerous  than  the  other,  whicli  consists  in  the  solvent 
-iclion  of  a  menstruum,  so  energetic  as  lo  penetrate  the  pores  of  the  skin,  and  destroy 
the  bulbous  roots  of  the  hairs.  This  is  composed  either  of  caustic  alkalis,  sulpharet  of 
burytn,  or  arsenical  preparations.  Certain  vegetable  Juices  haye  also  been  recommended 
for  the  same  purpose ;  as  spurge  and  acacia.  The  braised  eggs  of  anls  have  likewise 
been  prescribed.  Bnt  the  oriental  nisina  yields  lo  nothing  in  depilatory  power. 
Gadet  de  Gassincourt  has  published  ia  Ibe  Dklimiaaire  dea  Seiencea  Medicalea,  the  follow- 
ing recipe  for  preparing  it- 
Mix  two  ounces  of  qnicklime  with  half  an  onmje  of  orpimenl  or  realgar,  (salphuret 
of  arsenic ;)  boil  that  mixture  in  one  pound  of  stmns  alkaline  ley,  then  try  its  strength 
by  dippina:  a  feather  into  it,  and  when  Che  flue  falls  off.  the  rusma  is  qnite  strong  enough. 
It  is  applied  lo  the  human  skin  by  a  momentarj  friction,  followed  by  washing  with 
warm  water.  Such  a  caustic  liquid  should  be  used  with  the  greatest  circumspection, 
beginning  with  it  somewhat  diluted.  A  soap  is  sometimes  made  with  lard  and  Ihe 
above  ingredients ;  or  soft  soap  is  combined  with  them  ;  in  either  case  to  form  a  depila- 
tory pomma/Ie.  Occasionally  one  ounce  of  orpiinent  is  taken  to  eight  ounces  of  quicklime, 
or  two  to  twelve,  or  three  to  filieenj  the  last  mixture  being  of  course  the  most  active. 
Its  causticity  may  be  tempered  by  the  addition  of  ouf  eishth  of  starch  or  rye  flour,  so  m 
to  form  a  soft  |iaste,  which  being  laid  upon  the  hairy  spot  for  a  few  minute'J  usually  car 
ri?s  away  the  hairs  with  it. 

The  rninio  should  never  be  applied  but  to  a  Small  surface  at  a  time,  for     1  p    d    tlv 
of  the  risk  of  corroding  the  skin,  dangerous  conse([uences  might  ensue  fr  m    bs  rp 
of  the  arsenic. 

DEi-OSiTlOM"  OF  METAIS.  Felted  fabries  have  been  coated  with  t  I  f 
Yurious  kinds,  by  meaus  of  electricity,  in  tlie  followinj!  way; — A  plate  f  [  I  i 
exnmple,  as  a  dje  or  matrix,  is  coated  on  one  side  with  a  resinous,  n  d    t   g 

varnish,  and  on  the  other  with  graphite  or  pluralingo,  and  the  cloth  is  etr        d  t 

and  cemented  to  it  The  matrix  being  immersed  in  a  solution  of  sulphate  of  copper, 
and  connected  with  a  zinc  pole  of  a  galvanic  battery ;  while  another  plate  of  copper  ia 
immersed  in  the  solution  and  conneoted  with  the  copper  pole  of  the  batl«ry,  the  depo- 
sition  of  the  metal  upon  Ihe  matrix  eommenoes.  When  the  surface  of  the  matrix  ia 
ooTereJ  with  a  thin  him  of  copper,  the  depositing  metal  begins  to  penetrate  the  inter, 
slices  of  tlie  cloth,  and  if  the  operation  is  continued  sufficiently  long,  will  appear  in  smnll 
globules  at  tlie  other  side.     As  soon  as  the  required  thickness  of  metal  has  been  da- 

Ejaited,  the  matrix  is  removed  from  tha  soliitjon.  and  the  cloth  eeporated  therefrom, 
be  surface  of  the  metallic  coaling  will  be  either  plain  or  omamenled,  aeeotdiug  as  tin 
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m Hflce  of  the  mntrijt  is  prepared,  wliether  with  a  raised  or  sunk  pattern.  Anl  the 
metiillie  deposit  mnf  be  afi«rward  gilt  or  otherwise  iiruiim>-nled.  Other  detalU  uro 
giTen.in  the  epeeifiedtion  of  Bt  Julius  Solifltlueiidur. — Neaton'"  Journal,  C  8.,  sxv.,  66. 
DIKICCATING  APPARATUS.  The  useful  proWeiii  of  dfjiriving  timber  of  ila 
moisture  hns  received  a  complete  solution  by  Mtfssra.  Duvison  «b  Symingfon^  who  in 
Novemljer,  1843,  patented  a  nietliod  of  trftiiamitting  cnrrenta  of  air  highly  heated  (by 
an  Arrangement  similar  to  those  employed  in  the  liot  bttiBt  of  iron-am  el  ting),  through 
casks  made  of  greeu  wood,  or  through  chambers  in  whitli  tlie  deala  or  planks  are  piled 
up,  TLe  same  means  Uava  since  benn  found  effective  for  cleansing  old  tainted  beer 
tuna,  or  wine  hogsheads,  of  tlieir  fernientative  qualitiea;  and  lience  they  are  now  very 
generally  hail  recourse  to  in  brewei'iea.  A  fan  or  other  blowing  machine  is  used  for 
propelling  tlie  heated  air.  Meuhauical  friction  with  chains  or  olherwiae  is  uaed  in  con- 
jnnotion  witb  the  ventilating  process. 

DetuiaitinQ  Sgslem.  "When  we  first  noticed  thisByatem  we  instanced  its  applientinn 
to  theBensoiiingof  beer  casks,  as  the  most  striking  exemplification  of  its  efficaoy  which 
then  offered  itself  to  our  observation ;  but  though  we  have  bsen  fully  borne  out  in  our 
views  of  tbe  importance  of  that  application.  By  tlie  aubaequent  adoption  of  Messrs. 
Davison  iji  Symington's  plans  in  some  of  the  largest  breweries  in  tbe  kingdom,  this 
hirns  out  to  be,  after  all,  but  one  of  the  least  of  the  triumphs  which  the  system  lina 
achieved.  From  tlie  seasoning  of  oasks  the  patentees  liave  gone  on,  step  by  step,  till 
they  now  undertake  seasoning  of  wood  and  wooden  articles  3(  every  description  ;  and 
give  fair  promise  of  benefiting  largely,  not  only  every  art  and  manufacture  of  which 
wood  is  an  element^  but  the  public  at  lai^e.  We  have  been  oblij^ingly  permitted  by 
them  to  inspect  and  make  extracts  from  their  'Dry  Seasoning  Book,  and  some  of 
these  extracts  afford  the  best  possible  proofs  of  the  advantages  derivable  from  this  des- 
iccating system.  They  are  reeoi'de  of  work  actually  done — not  by  way  of  expeiiment 
merely,  but  in  the  ordinary  oonrse  of  an  established  and  fast  increasing  trade.  Earh 
exti'acl  shows,  first,  the  weight  of  the  wood  when  sent  in  to  be  seasoned ;  next,  the 
daily  diminution  in  weight  produeed  by  tbe  desiccating  process ;  and  lastly,  the  total 
quantity  of  moisture  expelled — moisture  which  if  allowed  to  remain  in  the  wood  could 
tund  only  (o  produce  rot  and  decay.  Tbe  extracts  give  also,  in  the  case  of  planks,  the 
d«gree  of  shrinkage  in  width  produced.  Some  of  the  results  are  exceedingly  startling. 
Mdliogany  is  reduced  in  weight  by  desiocation  ii-4  per  cent,  and  pine  planks  SI'S. 
The  woods  least  affected  ore  fir  and  white  deal,  which  lose  12*50  per  cent  Tlie  de- 
gi'ee  of  ahrinkage  produced  is  still  more  remarkable;  amounting,  in  both  tlie  eases  no- 
ticed, to  no  less  than  three  fourths.  It  will  be  observed,  moreover,  that  al!  these 
effects  are  produced  ia  the  course  of  a  few  days,  soma  ten  or  twelve  at  most,  while  by 
tbe  ordinai'y  mode  of  drying  tliey  could  hardly  be  accomplished  in  aa  many  months," 
— Mr.  RobirUon,  in  his  Sfedtaniei  Magazine. 

We  need  scarcely  add  that  tbe  leas  moisture  there  is  left  in  wood,  the  greater  its 
strength — the  mora  complete  its  fitness  for  every  purpose  to  which  it  can  be  applii^ii. 

DEnX)NATIOH.  See  Fuihwatiko,  for  the  mode  of  preparing  detonating  powder 
for  the  percussion  caps  of  firc-arma. 

DEDTOXIDE  literally  means  tiie  second  oxide,  but  is  asunlly  employed  to  denote  a 
compound  containing  two  atoms  or  ttvo  prime  equivalents  of  oxygen  to  one  or  more  of 
a  metal.  Thus  we  say  dentoxide  of  copper,  and  deutoxide  of  mercury.  Berzelius  Iian 
abbreviated  this  expression  by  adopting  the  principleB  of  the  French  nomenclature  of 
nST  :  according  to  which  tbe  higher  stage  of  oxidizement  is  characterized  by  the  ter- 
mination ic,  and  the  lower  by  cm,  and  he  writes  aeeordingly  ciiprio  and  mercuric,  to 
designate  tbe  deutoxides  of  these  two  metals  ;  cuprous  and  mercurous  to  designate  their 
protoxides.  I  have  adopted  this  nomenclature  in  the  article  DECOMroaittoH,  and  in 
some  other  parts  of  this  Dictionary,  us  being  short  and  sufficiently  precise. 

DEXTRINE  ia  a  matter  of  a  gninniy  appearance  into  which  the  interior  substance 
of  the  molecules  of  starch  are  converted,  through  the  influence  of  diastase  or  acids.  It 
derives  its  names  from  the  circum^tFinee  that  it  turn^  more  than  any  other  body,  the 
plane  of  polamation  to  the  right  hand.  It  is  white,  inHpid,  without  smell,  transparent^ 
in  thin  plates,  friable,  with  a  ghissy  fi'ncture  when  well  dried.  It  is  not  altered  by  the 
heat  of  boiling  water,  but  at  280°  F.  it  beeomea  bi'own,  and  flcqnires  the  flavor  of 
toasted  bread.  It  is  not  colored  by  iodine,  like  starch,  it  does  not  form  mucic  acid  with 
the  nitriii,  a*<omraon  gum  does,  and  it  is  transformed  into  grape  sugar,  when  heated 
along  with  dilute  sulphuric  acid  or  dintase. 

Dextrine  is  much  employed  by  ibe  French  pastrycooks  and  confectioners:  it  lo  a 
good  s"l>3litute  for  gum  arabic  in  medicine.  For  the  conversion  of  potato  or  other 
starch  Into  dextrine,  by  the  action  of  diastase,  see  Bbewtno. 

This  "".bstance  has  exactly  the  same  chemical  composition  as  starch,  consisting  of  24 
Ktoma  of  carbon,  20  of  hydrc^en,  and  10  of  oxygen  (Dumas) ;  but  it  is  distinguished 
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from  Btnrch  by  its  Bolnbility  in  <^oId  water,  like  grnn,  AnA  not  being  iiffect*^  hy  if.flina 
British  gum,  hs  it  is  onlleil,  oi'  roasted  sUrfh,  is  iiierely  dextiiiis  somewhat  discolori^d 
a  Bulistance  apparently  nseil  for  tlia  i>Beta  on  tlie  Qneeii'a  bend  poet  office  letter  etflmps. 
A,  proeass  diseovered  bj  M.  Pujen,  and  pntenled  in  Frnnca  by  M.  Hanzfi,  for  niflkiiig 
dextrine,  conEiata  in  moielenjng  one  ton  of  dry  etaren  with  water  oonfaining  4J  liia.  of 
strong  nitric  ncid.  The  Btnreh  thus  uniformly  wetted,  is  ninde  up  into  EmHll  bricks  or 
loaves,  BJid  dried  in  a  stove:  It  is  then  miibed  down  into  a  oonrse  powder,  and  ex 
posed  in  b  stove-room  to  «  stream  of  nir  heated  to  about  16(1°  F.  Being  now  trituratfid, 
sifted,  and  heated  in  a  etove  to  fl1>oiit  US"  F.,  it  forms  a  perfect  dextrine  of  a  fail'  color, 
becnuBO  the  aeid  acta  as  a  substitute  for  the  ]ii^her  hea^  used  i^  making  the  Britieb 
gnm.  Such  an.  article  makes  a  fine  dressing  for  muslin  and  silk  goods,  and  is  mucli 
employed  in  French  anrgerj,  for  making  a  stiff  pasta  support  to  the  bandages  of  frao 
tured  Nml)Sp 

DIAMOND.  Since  this  body  is  merely  a  condensed  fomj  of  carbon,  it  wnnot  in  a 
:>i*iijica]  elassiScalion  be  ranlicd  aDioni:  stones;  but  as  il  forms  in  commerce  the  mcs! 
precious  of  the  gems,  it  claims  our  first  atlcnlion  in  o  pratlical  treatise  on  the  arls. 
Diamonds  are  dislingiiishable  by  a  Ereat  many  peculiar  properties,  very  remarkable  and 
easily  recognised,  both  in  Iheir  rough  slate,  and  when  cur  and  polished.  Their  piosl 
absiilule  and  conslanl  character  is  adegree  of  hardness  superior  to  that  of  every  mineral, 
whence  diamonds  scratch  all  olher  bodies,  and  axe  scralched  by  none.  Their  peculiar 
adamanline  lustre,  not  easy  to  define,  but  readily  distinguishable  by  the  eye  from  that  of 
every  other  gem,  is  Iheir  most  obvious  feature.  Their  specific  eravily  is  3^55.  Whetiier 
rough  or  polished,  diamonds  acquire  by  Oiction  positive  eleelrieijy,  but  do  not  retain  it 
for  more  Ilian  half  an  hour.  The  nalural  form  of  diamonds  is  derivable  from  an  oclahe- 
dron,  and  Ihej  never  present  crystals  having  one  axis  ionser  ihan  the  olher.  Their  slrac- 
lure  is  very  percepliblj  lamellar,  and  Iherefore,  notwilhslanding  their  Greet  hardness. 
Ihey  are  biiltle  and  give  way  in  ibe  line  of  their  cleavage,  affording  a  direct  means  oi' 
arriving  at  their  primitive  Ibrm,  Ihe  regnlar  octahedion. 

The  diamond  poEsesses  either  single  or  double  refraction,  according  to  its  diflerent  crys- 
talliae  forms  j  lis  refractive  power  on  li^ht  is  far  greater  than  il  ought  to  he  in  the  ratio 
of  its  density;  Ibe  index  of  refraction  being  2'44,  whence  Newton  long  ago  suppused  it  Ic 
consist  of  inSammable  matter.  Its  various  forms  in  nature  present  a  circnmslance  peculiat 
to  this  body ;  its  faces  are  rarely  terminated  by  planes,  like  most  othei  native  cr^sibln, 
but  they  are  often  rounded  off,  and  the  edges  between  tliem  are  curved.  When  thi-se 
Becndary  faces  are  attentively  examined  with  a  lens,  we  remark  that  they  nie  marked 
with  strite,  sometimes  very  fine  and  almost  imperceplihle,  but  at  alhers  well  deliiied  j  and 
that  these  slrice  are  parallel  lo  ihe  edges  of  Ihe  octahedron,  and  consequently  to  those  of 
the  plates  that  are  applied  on  the  primitive  faces  of  this  fign/e. 

Diamonds  Are  usually  colorless  and  transparent;  when  colored,  tlieii  ordinary  lint 
verges  npon  yellow,  or  smiike- yellow,  approaching  sometimes  lo  IJachish-brown.  Green 
diamonds  are  next  lo  yellow  the  most  comifton ;  the  blue  possess  mrely  a  lively  hne,  but 
they  are  much  esteemed  in  Scotland.  The  rose  or  pink  diamonds  are  the  most  valned  of 
the  colored  kind,  and  exceed  sometimes  in  price  the  most  limpid ;  Ibongb  generall; 
spraking  the  latter  are  the  most  hiuhly  prized. 

The  eeoloaical  locality  of  the  diamond  seems  lo  be  in  diluvial  gravel,  and  among  con- 
glomerate  rocks;  consisting  principally  of  fragments  of  quartz,  or  rolled  pebbles  ofqwarli! 
mixed  with  ferruginons  sand,  which  compose  somelunes  bard  aggregated  masses.  This 
kind  of  formation  is  called  raicalho  in  Brazil,  Its  accompanyinc  minerals  are  few  in 
number,  beine  merely  black  oxide  of  iron,  micaceous  iron  ore,  pisiform  iron  ore,  fragment! 
of  slaty  jasper,  several  varieties  of  quartz,  principally  amethyst.  In  Mr.  Heidand's 
splendid  collection  there  was  a  Bi  azilian  diamond  imbedded  in  brown  iron  ore  ;  another 
in  the  same,  belonsing  to  M.  Schnch,  librarian  to  the  Crown  Pi  incess  of  Portugal ;  and 
in  the  cabinet  of  M.  Eschwege  there  is  a  mass  of  brown  iion  ore,  containing  a  diamond 
in  the  drusy  cavity  of  a  green  mineral,  conjeclnred  to  be  arseniate  of  iron.  From  these 
facts  it  maybe  inferred  with  mnch  protiability  thai  the  matrix  or  original  repository  of  Ihf 
diamond  of  Brazil  is  brown  iron  ore,  which  occurs  in  beds  of  slaty  qnartzose  micaceou; 
iron  ore,  or  in  beds  composed  of  iron-glance  and  magnetic  iron  ore,  both  of  which  a.'< 
apparentlj  subordinate  in  that  country  to  primitive  clay  slote. 

The  loose  earth  containing  diamonds  lies  always  a  little  way  beneath  the  surface  oi 
tlie  soil,  towards  ine  lower  outlet  of  broad  valleys,  rather  than  upon  the  ridges  of  ti.a 
(djoinina  hills. 

Only  two  plares  on  the  earth  con  be  adduced  with  certainty  as  diamond  mines,  ot 
rather  ditlricls;  a  portion  of  the  Indian  peninsula,  and  of  Brazil. 

India  has  been  celebrated  from  the  most  remote  antiquity  as  Ihe  country  of  diamonds, 
)t8  principal  mines  are  in  the  kingdoms  of  Golconda  and  Visapour,  extending  fron 


Cape  Comorin  to  Bengal,  a(  the  foot  of  a  ehn  n  f  m  nnta  ns  ailed  tbe  Orixa,  ivliich 
ap[ipHr  to  belong  to  tlia  tr.ip-roet  formation  In  all  tl  I  1  an  diamond  soils,  Ditse 
goiiis  are  so  dieperseil,  tliHt  the}  ate  rarelj  fuu  id  tly  n  searchiiij;  llie  ritlii'St 
epiitJS  heoanae  they  are  envelopeii  in  an  eartliy  u  t,  wl  hn  tbe  removed  lirf.ire  liny 
eiin  be  seeru  The  etoiiy  matter  ia  therefore  b  k  n  t  p  ecci^  and  ib  then,  as  wi-li  as 
tlie  looser  earth,  washed  in  baeina  soooped  out  on  purpose.  The  gravel  tlina  waslicd  is 
rillecled,  spreftd  ojt  on  a  smooth  piece  of  ground,  and  left  lo  dry.  The  diamonila  ait 
now  recojnised  by  their  sparldine  in  ihe  sun,  and  are  picked  out  from  the  stones. 

The  diamond  mines  of  Brazil  were  discovered  in  1728,  in  the  district  of  Serro-do- 
Frio.  The  ground  in  whicli  they  are  imbedded  has  the  most  perfect  resemblanre  to  thai 
of  (he  East  Indies,  where  the  diamonds  occur.  It  is  a  solid  or  friable  coniclomerate, 
coniistin?  chieSy  of  a  ferniiinous  sand,  which  encloses  fragments  of  various  magnitude 
of  yellow  and  bluish  qusrlz,  of  schistose  jasper,  and  grains  of  gold  di.>!eiiiinaleil  with 
oli::ist  iron  Ore;  all  mineral  matters  ditfereni  fiom  those  that  conslimte  the  neiiihborlns 
mountains;  this  conglomerate,  or  species  of  pudding-stone,  almost  always  superficial, 
occurs  sometimes  at  a  considerable  height  on  the  moantainous  lahle-land.  The  mosl 
celebrated  diamond  mine  i$  that  of  Mandarga,  nn  the  Jizilonhonha,  in  the  district  of 
Serro^lo-Frio  to  the  north  of  Rio  Janeiro.  The  river  Jigilonhonha,  three  limes  broader 
Ihm  the  Seine  at  ParL'?,  and  from  3  to  9  feet  deep,  is  made  nearly  dry,  by  drawiu!;  the 
waters  off  with  slnices  nlacerlaia  ssasou  ;  and  the  cascatho  ordiamond-jjavel  is  removed 
from  Ihe  channel  by  various  mechanical  means,  lo  be  washed  elsewhere  al  leisure.  This 
cascallio,  the  same  as  the  matrix  of  the  gold  mines,  is  Collected  in  fhe  dry  season,  lo  be 
searched  into  during  the  rainy;  for  which  purpose  it  is  formed  into  little  mounds  of  15 
or  16  Ions  weight  each.  The  washing  is  carried  on  beneath  an  oblong  shed,  by  means 
of  a  stream  of  nraler  admitted  in  determinate  quantities  into  boxes  conlaining  the  cas- 
calho.  A  negro  washer  is  attached  to  each  box;  inspectors  are  placed  al  regular  dis- 
tances on  elevated  stools,  and  whenever  a  negro  has  (bund  a  diamond,  he  rises  up  and 
esliitiits  it.  If  it  weighs  17|  carats,  he  receives  his  liberty.  Many  precautions  are 
taken  lo  prevent  the  negroes  from  secreliug  the  diamonds.  Each  s^uad  "f  ivurkmcn 
coasisis  of  200  negroes,  with  a  surgeon  and  an  almoner  or  priest. 

The  flit  lands  on  either  side  of  the  river  are  equally  rich  in  diamonds  over  tboir  whole 
suiface,  so  Ihat  it  becomes  very  easy  to  estimate  what  a  piece  of  ground  not  jet  waslieil 
may  produce. 

It  is  said  that  the  diamonds  surronnded  with  a  greenish  crust  are  of  the  first  water, 
or  are  the  most  limpid  when  cut.  The  diamonds  received  in  the  difl'erenl  niinea  of  llie 
district  are  deposited  once  a  month  in  the  treasury  of  Tejuco  ;  and  Ihe  amonnl  of  what 
was  thus  delivered  from  1801  to  1SU6,  may  be  estimated  at  about  18  or  19  thousand  ea- 

On  the  banks  of  the  torrent  called  Rio  Pardo,  there  is  another  mine  of  diamonds. 
The  ground  presents  a  great  many  fiiable  rocks  of  pudding-stone,  distributed  in  irregu- 
:ar  slrala.  It  is  chiefly  ia  the  bed  of  ibis  stream  ihat  masses  of  oascalho  occur,  pecu- 
liarly  rich  in  diamonds.  They  are  much  esteemed,  particularly  those  of  a  ereenish-blue 
color.  The  ores  that  accompany  the  diamonii  at  Rio  Pardo  differ  somewhat  fram  those 
of  the  washing  grounds  of  Mandnnga,  for  they  contain  no  pisiform  iron  ore;  but  a  great 
many  pebbles  of  skty  jasper.  This  lable  land  seems  to  be  very  high,  probably  nol  Itsa 
Uian  5.500  feet  above  the  level  of  the  sea. 

Tocaya,  a  principal  village  of  Minas  Novas,  is  34  leagues  to  the  northeast  of  Tejuco, 
n  an  acute  angle  of  the  confluence  of  the  Jigilonhonha  and  the  Rio  Grande.  In  ihe 
herl  of  the  streamlets  which  fall  westward  ialo  the  Jigilonhonha,  those  rolled  white 
topaies  are  found  which  are  known  under  llie  name  of  minat  hokcm  with  bU'i  lopazes,  aad 
aquamarine  beryls.  In  the  same  country  are  found  the  beautiful  cymophanes  or  crvso- 
beryls  so  much  prized  in  Brazil.  And  it  is  from  the  cantons  of  Indaia  and  Abaite  that 
the  largest  diamonds  of  Brazil  come;  yel  Ihcy  have  not  so  pure  a  water  as  those  of  the 
district  of  8erro-do-Frio,  but  incline  a  little  Co  tbe  lemon  yellonr. 

Diamonds  are  said  to  crime  also  from  the  interior  of  the  island  of  Borneo,  on  the  banks 
of  the  river  Succadan,  and  from  the  peninsnla  of  Malacca. 

It  is  known  that  many  minerals  become  phosphorescent  by  heat,  or  exposure  lo  the 
inn's  light.  Diamonds  possess  ibis  property,  but  all  nol  in  equal  degree,  and  ceriain 
piecaulions  must  be  observed  lo  make  it  manifesl.  Diamonds  need  to  he  exposed  to  ihe 
feonbeam  for  a  certain  time,  in  order  lo  become  setf.luminous ;  or  lo  the  blue  rays  of  Ihe 
prismatic  spectmm,  which  augment  still  more  the  facully  of  shining  in  the  dark.  Dia- 
monds susceptible  of  phosphorescence  exhibil  it  either  after  a  heat  not  raised  lo  redness, 
or  the  electric  discharge.  They  possess  nol  only  a  great  refractive  power  in  ihe  mean 
ray  of  light,  but  a  high  dispersive  agency,  which  enables  them  tt  Ihrow  out  the  most 
varied  and  vivid  colors  in  multiplied  directions. 

Loais  (le  Bertiuem  diseuvered,  in  14T6,  Ihe  an  of  cutting  diamnodo  by  rubbing  them 
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agninet  one  another,  and  of  polishing  Ihem  with  their  own  powder.  These  operdliong 
mnj^  be  obii.lged  by  two  mttliodn:  I.  by  nvniliHg  ourselyes  of  tlie  direction  of  I.Ua 
laiiiinoiof  theiiiamond  to  split  tliem  in  tliiil.  Jireelioii,  Btid  llins  to  produce  eeypi'iil  fiicets. 
Tiiia  pi-oetBS  is  odled  denving  the  diaiinjnd.  Siiiiie,  wliich  appear  io  Ise  mttcle  crjeUlB, 
resist  tliie  meelinnical  division,  mid  are  called  diamofida  of  nalnre.  ,2.  by  eawing  llie 
disinondfl  by  means  of  a  very  delicafe  wire,  coaled  with  diamond  powder. 

Dtamoada  take  precedence  of  irerj  gem  for  tlie  purjioae  of  dress  and  decoration  ;  and 
hence  tEje  price  attached  to  those  of  a  uiir«  water  lucreHaes  in  so  rapid  a  proportion,  that^ 
beyond  a  oertain  term,  there  is  no  rule  of  corniiieruial  valuation.  The  Jargeet  liiamond 
tliat  ia  known  seenia  to  be  that  of  the  Rajah  uf  Mattan.  in  the  East  Indies.  It  Wfl8  of  tlie 
purest  water,  and  weigliB  S61  carats,  oi'  at  tlie  nito  of  4  grains  to  a  carat,  upward  of  8 
ouneefl  troy.  It  is  shaped  like  an  egg,  with  hu  indented  hollow  near  the  smaller  end ; 
it  was  discovered  at  Lnndak  about  100  years  ago;  and  though  the  poaseEsion  of  it 
has  coat  several  wara,  it  remained  in  tlie  Mattan  family  for  SO  yeara.  A  govei'nor  ot 
Batavia,  after  ascertaining  tlie  qualities  of  the  gem,  wished  to  be  the  purthaeer,  and 
offered  150.000  doliara  for  it,  besides  two  war  hrigs  with  their  guns  and  amniunilion, 
ti^ether  with  a  certain  number  of  ^reat  guns^  and  a  quantity  of  powder  and  allot.  But 
this  diamond  possessed  such  celebrity  in  liulia,  being  regard  as  n  talismaa  involving 
the  fortunes  of  the  Rajah  and  hia  family,  that  he  refused  to  part  with  it  at  any  price. 

Hie  Mo^il  diamond  passed  into  the  poaacasion  of  the  ruling  fiimily  of  Knbuf  aa  has 
been  invariably  affirmed  by  the  members  of  that  family,  and  by  the  jewellers  of  Delhi 
and  Kabul  It  haa  been  by  both  parties  idenlificd  with  tJie  great  diamond,  now  known 
under  the  name  of  the  Koh-i-Noor,  or  moantain  of  Uglil,  which  was  diaplay  1  by  'fa 
present  proprietor,  her  Majesty  the  Queen,  at  the  recent  Great  Exhibitio  w 

being  properly  out  by  akilful  Dutch  artist*,  uiidpr  the  charge  of  Mea  ra.   & 
jewellers  in  London,  ia  order  to  bi'iiig  out  all  its  lustre,  and  remove  som       p    fi   a 
epeeka  or  clouds.    The  weight  of  it  haa  been  of  old  varioua  atnted. 

The  diamond  possessed,  in  the  lime  of  ihe  traveller  Taremier,  by  the  emp  o  of 
Moeul,  a  kingdom  now  no  more,  weicli-il  27!»  carats,  and  was  reckoned  w  h  pwa  i 
of  400,000/.  sterling.  It  was  said  \o  have  lost  the  half  of  its  origina  w  frh  n 
tlie  culling.  After  these  prodigious  gems,  the  next  ares— 1.  That  of  the  mp 
Russia,  housthl  by  the  lale  empress  Cnlbarine,  which  weighs  193  carats.  It  is  said  lo 
be  of  the  size  of  a  pigeon's  eg!,  ami  to  have  been  bouEht  for  90,000).,  besides 
an  annuity  lo  the  Greeji:  merchant  of  4000/.  It  b  reported  Ihai  Jie  atmve  diamcnd 
formed  one  of  the  eyes  of  Ihe  famous  statue  of  Sheriuean,  in  the  temple  of  Brama,  and 
that  a  French  grenadier,  who  had  descried  into  the  Malabar  sert^^e,  found  the  means  of 
robbing  the  pagoda  of  this  precious  aem ;  and  escaped  wilh  it  lo  Madras,  where  he 
disposed  of  it  lo  a  ship  captain  for  2,000/.,  who  resold  it  lo  a  Jew  for  12,000/.  Prom 
him  it  was  transferred  for  a  lai^e  sum  lo  the  Greek  merchant.  2.  That  of  the  emperor 
of  Austria,  which  weiehs  139  carats,  anil  has  a  slightly  yellowish  hue.  It  has,  however, 
been  valued  at  100,000/.  3.  That  of  the  king  of  France,  called  the  Reeent  or  Pitt 
diamond,  remarJiable  for  its  form  and  its  perfect  limpidity.  Although  it  weighs  only  136 
carats,  ils  fine  qualities  have  caused  it  to  he  valued  at  160,000/,,  though  it  cost  only 
100,000/. 

The  largest  diamond  furnished  by  Brazil,  now  in  possession  of  the  crown  of  Portuaal, 
weialis,  according  to  the  highest  eslhnales,  120  carats.  B  was  found  in  the  streamlet 
of  Abaite,  in  a  clay-slate  district. 

The  diamonds  possessed  of  no  extraordinary  magniinde,  bnt  of  a  good  form  and  a 
pure  water,  may  be  valued  by  a  certain  slanrlard  rule.     In  a  brilliant,  or  rose-diamond 
of  regular  proportions,  so  much  is  cut  away  that  the  weishl  of  the  polished  gem  does 
not  exceed  one  half  the  weight  of  the  diamond  ia  the  rough  state ;  whence  the  value  of 
a  cut  diamond  is  esteemed  equal  to  that  <il"  a  simitar  rough  diamond  of  double  weiEht, 
eiclosiveof  the  cost  of  worktnanship.    The  weight  and  yalue  of  diamonds  are  reckoned 
by  carats  of  4  grains  each;  and  the  comparative  value  of  two  diamonds  of  equal  quality 
hut  different  wefehts,  is  as  the  squares  of  these  weights  respectively.     The  average  price 
of  rough  diamonds  that  are  worth  working  is  about  2/.  for  one  of  a  single  carat;  but  as 
i^..._i  j:         I  _,.  -  .    ....         .1  ig  ^j.  2  carats,  its  price  in  Ihe  rough 
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c»n  no  kngar  rise  in  tliis  geometricnl  progresaion,  from  the  small  number  of  purclinsi'i's 
of  fneh  expanaive  toys.  A  very  trifling  spot  or  flaw  of  any  kind  lowers  exeeediujjly 
tli«  oommereial  value  of  a  diamond. 

DIamonda  are  itaed  not  only  as  (Jeearative  genia,  bat  for  more  naefiil  purpoeea,  as  for 
eutting  gldas  by  llie  glazier,  and  all  kinds  of  bard  atones  by  tlie  lapidary. 

On  tlie  Btmetnre  of  the  glaiiei'a  dinmuiid  wa  possws  eome  very  inleresting  obser- 
vaLlonB  and  reflettioTia  liy  Dr.  Wollnston.  lie  I'einarks,  tliat  llie  liardest  si.bataiices 
Itronglit  to  n  sharp  point  scrHtcb  fshtea,  indeed,  bnt  do  not  cnt  it,  and  tlint  diamonds 
nlone  possessed  tlrnt  [ii'operty;  wliieli  he  aauribes  t«  Ibe.peouljpirity  of  its  ervBtidliaitiim 
in  rounded  faces  nud  Gurvilinenr  edgea.  For  gIaBB-eutlin(!,  those  roogh  diamoudB  are 
alwaya  aeleeted  which  are  sharply  crystallized,  lienee  called  diamondsparkB ;  but  cut 
alamonas  are  never  naed.  The  inclination  tn  be  given  lo  a  ael  diamond  in  cutting  g1>u 
is  comprised  wilhin  very  narrow  limiiB;  rrd  it  oushl,  moreover,  to  be  moved  in  (he 
iliieclion  of  one  of  its  angles.  The  curvilinear  ed^  adjoinin!;  the  curved  faces,  entefiaj 
as  a  wedge  into  the  furi-ow  opened  up  by  itself,  thus  tends  to  seimi-ate  the  pBri$  of  the 
KiasB  ;  and  ia  ordi-r  that  the  cracli  which  causes  Ihe  Beparalion  of  tlie  vitreons  paiiu,les 
may  lake  place,  the  diamond  must  be  held  ahnost  perpendicular  lo  (he  surface  of  the 
glass.  TheDoctur  proved  this  theory  bf  an  eiperiment.  If,  by  suitable  cultingwith  the 
wheel,  we  make  the  edgea  of  a  Spinel  ruby,  or  corunduia  lelesie  (sapphire)  curvilinear, 
and  the  adjacent  faces  curved,  these  stones  will  cutglaBSas  well  as  a  glazier's  dinmand,  but 
being  less  hard  than  it,  they  will  nol  preserve  this  property  su  Jong,  He  found  thai  upon 
givins  the  surface  of  even  a  fras-ment  of  flint  llie  snine  shape  as  that  of  the  ouilin? 
iii».iBond,  it  aeqoired  the  same  property  ;  but,  from  its  felutive softness,  was  uf  little  duin- 
tion.  The  depth  lo  which  the  fissure  caused  by  the  );lazier's  diamond  penetrates,  does 
not  seem  to  exceed  (he  two-hundredth  of  an  inch. 

I  shall  here  introdnce  Mr.  Milburn's  valuable  ohservalions  on  the  choice  of  rough 
diamonds,  as  published  in  his  tfork  on  OrUiUal  Commerce. 

The  color  shonlJ  he  perfectly  crystalline,  reserublinit  a  drop  of  clear  spring  water,  in  the 
middle  of  which  yon  will  perceive  a  strong  li^ht,  playins;  with  a  treat  deal  of  spirit.  If 
the  coat  he  smooth  and  bright,  with  a  liille  tincture  of  green  in  it,  it  is  not  the  worse, 
and  seldom  proves  bad,  but  if  there  is  a  mixture  ofjelluw  with  green,  then  beware  of  it; 
'  It  a  soil  greasy  stone,  and  will  prove  l>ad. 

If  the  stone  has  a  ruu;;h  coal,  so  Ihat  you  can  hardly  see  through  it,  and  the  coat  be 
white  and  look  as  if  it  vvre  rough  by  art,  aad  clear  ot^  flaws  or  veins,  and  no  blemish  cast 
in  the  body  of  Ihe  stone  ^which  may  be  discovered  by  holding  it  against  the  light),  the 
stone  will  prove  good. 

II  often  happens  that  a  stone  will  appear  of  a  reddish  hue  on  the  outward  coot,  not 
unlike  the  color  of  ruaty  iron,  yet  by  looking  through  it  against  the  light,  you  may  observe 
the  heart  of  the  stone  to  be  while  <and  if  there  be  any  black  e^pots,  or  flaws,  or  veins  in 
it,  they  may  he  discovered  by  a  trne  eye,  although  (he  coat  of  the  stone  be  the  same),  and 
such  stones  are  generally  good  and  clear. 

If  a  diamond  appears  of  a  Ereenish  bright  coat,  resembling  a  piece  of  green  glass, 
inclining  10  black,  it  generally  proves  hard,  aad  selJoui  bad;  snch  stones  hive  .been 
knuwn  to  have  been  of  Ihe  first  water,  and  seldom  worse  than  the  second,'  but  if  any 
tincture  of  yeUow  seeins  to  be  mixed  with  it,  you  may  depend  on  its  being  a  veiy  bad 

All  stones  of  a  milky  cast,  whether  the  coat  be  bright  or  didl,  if  ever  so  little  inclining 
to  a  bluish  cast,  are  naturally  soft,  and  in  danger  of  being  flawed  in  Ihecullin?;  and 
though  they  should  have  the  good  fortune  to  escape,  yel  they  will  prove  dead  and  milky, 
and  turn  to  no  account. 

All  diamonds  of  cinnamon  color  are  dnbiousj  hut  if  of  a  bright  coat  miicd  with 
a  lilllc  green,  then  Ihey  are  certainly  bad,  and  are  accuunlel  among  the  worst  of  cidnrs. 
You  will  meet  with  a  great  many  diamonds  of  a  rouah  cinnamon -colored  cuat,  opaque  ; 
lliis  sort  is  generally  very  hard,  aud,  when  cut,  contain  a  great  deal  of  life  and  spirit  i 
but  the  color  is  very  uncertain  ;  it  is  soinelim>'S  while,  sometimes  brown,  and  somelimei 
ol'  a  fine  yellow.  Rough  diamonds  are  frequently  beami/,  that  is,  lorik  fnii'  to  the  eye, 
yat  are  so  full  of  veins  to  the  centre,  thai  no  art  or  labur  can  polish  Ibem.  A  good 
diamonci  should  never  contain  small  spots  of  a  while  or  gray  color  of  a  nebulous  foiin  ; 
it  should  be  free  from  small  reddish  and  brownish  grains  Ihat  somclimen  occur  on  IhL-ir 
surface,  or  in  their  inleiior.  A  good  diamond  should  split  readily  tn  the  direeiion  of  ihe 
ciuavuge;  it  sometimes  happens,  however,  (hat  the  folia  are  cnrved,as  is  (he  casein  twin 
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erystnle.  Whpn  this  happens,  the  stone  does  not  rendily  out  and  polish,  and  is  therft 
fore  of  infei'iur  vnliie, 

III  the  put  and  [Milisbed  gem,  tlie  t.luolinssa  must  nliVHjs  bear  a  certain  proportion  to 
the  bi-Endlli.  It  must  not  be  too  tliiii  Dor  thick;  for,  ivlien  too  thin,  it  loses  muuh  of 
its  fire,  ami  app'^are  not  unlike  glass. 

Tlie  term  earate  is  suid  to  be  derived  fi'om  the  name  of  a  bean,  the  produee  of  n  apeolel 
(if  erythina,  a  native  of  the  district  of  Sbangallits,  in  Afriea,  a  famous  mart  of  giihl-diiBt. 
Tbe  tree  is  called  jtuora,  a  Word  sigaifyiiig  Biiii  in  the  language  of  the  eonntry ;  because 
it  bears  flowers  and  fruit  of  a  flam^  color.  As  the  diy  seeds  of  this  pod  are  always  of 
nearly  uniform  weiglit^  the  savages  have  used  tbem  from  time  immemorial  tj:i  vfigli 
eold.  Tiie  beans  were  transported  into  liidin,  at  an  ancient  period,  and  have  been 
long  employed  there  fur  weigliing  diamonds.  Tlie  carnt  of  the  civiliEed  world  is,  in 
fact,  an  imaginary  weighs  coiisisting  of  4  tiuminat  grains,  a  little  lighter  than  4  grains 
troj  (po!^  as  mare);  it  requires  74  carat  grains  Hnd,J_  to  eiqiiipoiee  72  of  tlie  oilier. 

Ill  valuing  a  out  diamond,  we  must  reckon  tliat  one  half  of  its  weight  i.as  bren  lost  in 
the  lapidary's  liands;  whence  ita  weight  in  tiiis  state  should  be  doubled  before  we 
aaleulate  its  price  by  tlie  general  rule  fur  estimating  diamonds.  The  French  ninlliply 
by  48  the  square  ot  this  weisiit,  and  ihej  call  ihe  iiriiduct  in  fiauca  .he  value  of  iha 
dinmond.  Thus,  for  example,  a  cut  diamoad  of  10  carats  would  be  irorlh  (10  X  ?•)' 
X  48=19,S00franc8,  or  768/.,  allowing  only  25  francs  lo  Ihe  pound  sferlinf. 

The  diaiDond  mines  of  Brazil  have  bionshl  lo  its  Rovernraent,  fron.  the  year  1730 
til!  1814,3,023,000  carats;  heing;  al  the  average  rate  annually  of  36,000  ceials,  or  a 
little  more  than  16  lbs.  weighl.  They  have  not  been  so  produclive  in  the  later 
years  of  that  period;  for.  according  to  Mr.  Mnwe,  between  1801  and  1806,  nnlj 
1 1.1,675  carats  were  obtained,  heinj  19,279  a  year,  Tlie  actual  eipenses  incurred  1^ 
Ihe  Hovernment,  dnrini"  Ihis  interval,  was  4,419,700  francs ;  and,  deductins  the  pro. 
diiction  in  ftolj  from  the  washings  o(  Ihe  diainand  gravel,  or  cascalha,  it  is  found  (hat 
the  rough  diamonds  cost  in  exploration,  per  carat,  38  francs  20  c,  or  nearly  31s. 
British  money.  The  eonlraband  is  supposed  lo  amount  to  one  third  of  the  above 
lesitiinale  trade.  Si'azU  is  almost  Ihe  only  country  where  diamonds  are  mined  al  Ihe 
present  day  ;  it  sends  annually  to  Europe  from  25  to  SO  thousand  carats,  or  fiom  10  to 
I6|  lbs. 

DIAMONDS,  calling  of.  Although  the  diamond  is  the  hardest  of  all  known  sub- 
stances, yet  it  may  be  split  by  a  stfvl  tool,  provided  a  blow  be  applied ;  bul  Ihis  rcpiires 
a  perfect  knowledge  of  the  struclnre,  because  it  will  onlv  yield  lo  sach  means  in  certain 
direclions.    This  eircamstance  h    w    k    u  f   m  f   m*      f     lies         I 
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A  flat  circular  plate  of  cas  ed  i[ 

the  abrasion  of  the  diamonds;  and  b>  this  means  a  tool  is  formed  which  is  capable  of 
producing  Ihe  exquisite  lustre  so  much  admired  on  a  finely-polished  Eem.  Those 
diamonds  that  are  unfit  for  working,  on  account  of  the  imperfection  of  (heir  lustre  or 
color,  are  sold,  for  various  puiposes,  under  the  technical  name  of  Bort.  Stones  of  this 
kind  are  freqaenlly  broken  in  a  steel  mortar,  by  repealed  blows,  until  they  are  reduced 
to  a  fine  powder,  which  is  used  lo  charge  metal  plates,  of  various  kinds,  for  the  nse  of 
jewellers,  lapidaries,  and  olhers.  Bort,  in  this  State  nf  pre]«ralinn,  is  incapable  of 
polif^hing  any  gems ;  but  it  is  used  to  produce  flat  surfaces  on  rabies  and  other  pi«cious 

Fine  drills  are  made  of  small  splinters  of  bort,  which  are  used  for  drilling  small  holes 
la  rubies,  and  oilier  hard  siones,  fur  ihe  nse  of  Watch-jewellers,  gold  and  silver  wire- 
drawers,  and  olhers,  who  require  very  fine  holes  drilled  in  such  substances.  These  drills 
are  also  used  to  pierce  holes  in  china,  where  rivels  are  to  be  inserted ;  also  for  piercing 
aoles  in  artificial  enamel  teeth,  or  any  vitreoos  substances,  however  hard, 

DIAMOND  DUST.  The  demiind  for  diamond  dust  within  a  few  j'ears  has  in 
creased  very  materially,  on  account  of  the  increased  demand  for  alt  articles  tliiit  are 
wrought  by  it,  such  as  cameos,  intaglio",  &c  Beuenlly  there  has  been  a  discoverj 
tnade  of  the  peculiar  power  of  diamond  dust  upon  steel;  it  gives  the  fluest  edge  to  all 
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hinils  of  oufclerj,  «nd  threftt^nsto  displnee  the  hone  of  HTingary.  It  is  well  known  Ih^t 
ir<  ciit.Mi>g  a  diamond  (Uie  tinnleat  eiiListance  in  niitnre),  tliti  dust  is  plsced  on  the  teetli 
of  tliB  BrtW — to  which  It  HdhereSjiind  thus  fireventatlie  iiistriinient  from  mnking  ils  wiij 
tlii'rtiiyli  the  gem.  To  Ibis  duet,  too,  is  tu  be  iitliil)ur«d  solely  the  power  of  ninn  to 
uiiiku  liriUinnts  from  rough  diamunds;  from  the  dust  Is  obtained  the  perfectioa  of  the 
ge.'ioBtneal  symmetry,  which  is  one  of  the  ehief  bennljee  of  the  mineral,  and  also  tlijit 
aiUiiiniitine  polish,  wbiuh  nothing  can  injure  or  affect,  save  a  substance  of  ila  own 

DIAMOND  MICROSCOPES  mere  first  siiggi-sted  by  Dp.  Goring,  and  have  hepii 
woll  executed  by  Mr.  Pritchui-d.  Previous  to  grinding  a  diamond  iut«  s  spliericnl 
fi^iue,  it  should  be  groond  Hut  and  pamllcl  npori  both  sidep,  that  by  looking  (hroni-h 
il^  as  iiptlciana  try  flint  glnef^  we  may  see  whether  it  has  a  double  or  tri|ile  Pefmctive 
power,  as  many  have,  which  wonM  render  it  iieeleM  ne  a  lens.  Among  the  14  dif- 
ti^ieut  crystalline  forms  of  the  diamond,  probably  the  octahedron  and  Ihe  cnlie  are 
'  ones  that  wiU  give  a  eiiigle  vision.  It  will,  in  many  cnses,  be  advisable  to 
.mand  lenses  plano-conves,  both  becanse  t^ia  figure  gives  a  low  spherical 
aiitfii-ation,  and  heeanse  it  snves  the  trouUe  of  grinding  one  side  ot  the  gem.  A  con- 
cave tml  of  cast  iron,  paveil  with  diamond  powdi'r,  liainmereil  into  it  by  a  harderifd 
steel  puncli,  was  employed  by  Mr.  Pritchni'd,  This  ingtnions  artist  succeeded  in  com- 
pli^ting  a  double  convex  of  equal  radii,  of  about  J.,  of  an  inch  focus,  beaiing  an  aper- 
ture of  Jj,  of  an  inch  with  dlatinetness  upon  o|uique  objectj,  and  its  entire  diameter 
Upon  iTHiisparent  ones.  This  lens  gives  vision  with  a  trifling  chromntia  aberration  ;  in 
other  respects,  like  Dr.  Goring'a  Arnicinii  reflector,  bi.t  withont  its  dsrknesfl,  its  light  is 
said  to  he  superior  to  thiit  of  any  compound  mii.niscdpe  whatever,  nctiiig  with  the  saras 
powei',  and  the  same  angle  of  aperture.  Tlie  advantage  of  seeing  an  object  without 
aberration  by  the  interjvosition  of  only  a  pingle  niagnifier,  instead  of  looking  at  a  pie- 
tuie  of  it  with  nn  eje-glasi\  is  evident.  We  thus  have  a  simple  direct  view,  whereby 
we  shall  see  more  accurately  and  minutely  the  real  teiture  of  objects. 

DIAPER,  is  the  name  of  a  hind  of  cloth,  nsed  chiefly  for  tsble  linen.  It  is  known 
among  the  French  by  the  name  of  (oHa/oifrri,  and  in  ormimehted  wiih  the  most  extjinpive 
nsures  of  an;  kind  of  iweelcd  clolh,  excepting  damask.  The  mounling  of  a  loom  foi 
working  diaper  is,  in  principle,  much  the  same  as  a  draw-loom,  bul  the  figures  hein; 
le»«  extensive,  Ihe  mounting  is  more  simple,  and  is  wrought  entirely  by  the  weaver, 
without  the  aid  of  any  other  person.  As  tweeled  cloths,  of  any  number  of  leaves,  are 
o.ily  iiitefwoven  at  those  intervals  when  one  of  the  leaves  is  raised,  the  woiif  above,  and 
the  warp  below,  is  ke[>t  floatins  or  lushed,  until  the  intersection  lakes  place.  (Y  con- 
sequence, the  floating  ^arn  abuve  appears  across  the  fabiic,  and  that  below  tonsitudi- 
naliy.  Thia  property  of  tweeled  cloths  is  applied  to  foi  m  the  ornamenlal  fiaures  of  all 
kinds  of  tweeled  goods,  mernlj  by  reversing  the  floalins  yarn  when  necessary.  In  the 
simi>ler  patterns,  this  is  i-ffrcled  by  a  few  aildilinnnl  leaves  of  Ireddles;  but  when  the 
raoEic  of  pattern  becomes  loo  fr>-at  to  render  this  convenient,  an  apparatus  called  a  back 
kar-ness  is  employed,  and  the  cloth  woven  with  this  mounting  is  called  diaper.  Diapers 
are  eenerally  iive-leaf  Iweelsj  thai  is  to  say,  every  warp  floats  under  lour  threads  of 
woof,  and  is  raised,  and  of  course  interwoven  with  the  fiAh.  This  is  done  either  suc- 
cessively, forming  diagonals  at  45°  upon  the  cloth,  or  by  intervals  of  two  threads,  which 
is  calli-d  the  broken  tweei.  The  latter  is  geneially,  if  not  universally,  adopted  in  the 
manufacture  of  diaper.  The  reason  of  pre/erring  the  broken  to  Ihe  regular  Iwcel, 
where  ornaments  are  to  he  formed,  is  very  obvious.    The  whole  dependinp;  upon  reversed 

de*lroy  much  of  the  effect,  and  materially  injure  Ihe  beauty  of  the  rabiic.  The  broken 
tweel,  on  the  contrary,  restores  to  the  tweeled  chilh  a  sreat  similarity  of  appearance  to 
plain,  or  atlernalely  interwoven  Ihbrics,  and  at  the  same  lime  preserves  the  facility  of 
priHtiicing  ornaments  by  reversini;  the  flnshing.  The  simplest  kinds  of  reversed  Iweels 
will  be  found  described  under  Tkxtile  Fabbics. 

DIASTASE.  This  curious  substance,  extracted  by  water  from  crushed  malt,  and  pre- 
cipilated  from  that  inriision  by  alcohol,  as  is  described  under  FKRMtNTATiON,  has  been 
made  Ihe  subject  of  new  researches  by  M.  Guerin  Varry.  Tlie  conclusions  deducible 
from  his  interesting  experiments  are  the  following : — 

1.  One  part  of  diastase,  dissolved  iu  30  paris  of  cold  water,  put  with  408  parts  of  po- 
taio  starch  oat  of  contact  of  air,  did  not  exercise  the  slishteat  action  upon  this  substance 
in  Ihe  coarse  of  63  days,  under  a  temperature  varying  from  68°  to  79°  Fahr. 

2.  Two  parts  of  diastase  do  not  in  the  course  of  an  hoar  cause  the  globules  of  three 
parts  of  starch  10  burst,  a_l  a  temperatnre  approachini;  very  neariy  to  thai  of  the  hot  water 
wliich  bursts  them  into  a  paste.  Il  follows  that  diastase  acts  no  part  in  the  process  of 
germination,  towards  eliminating  the  teguments  of  the  starch,  or  (lanslbrming  its  inte- 
rior portion  into  sugar,  and  a  gummy  mailer  assimilated  by  plants. 
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3.  Diastsse  liquefies  nnd  eacclinrifiea  the  paste  of  stnreh  without  absorption  or  liliaiiB- 
jagemuiit  of  gas;  a  reaction  which  takes  |  place  eqiiallj  in  vacuo  aa  in  the  open  nil-, 

■4.  100  ['arLs  of  stHruli  iiinde  irilo  a  paste  wiih  SB  times  their  weight  of  water,  mised 
with  S'lS  p'lrls  of  diastnee  dissolved  in  40  parts  of  water,  and  kept  lor  an  liour  l>etH>eea 
140"  and  149°  Fiihr.,  attorded  8fl-91  parts  of  sugar. 

5.  A  piste  ooutainiiig  100  parts  of  slaruh,  and  1898  parts  of  water,  put  in  oonUot 
with  12'25  vaUa  of  diastase  diBSutved  in  S6T  pnrts  of  cold  watrr,  having  been  inaiu- 
tfliiied  at  BB°  F.ihr.  during  24  hours,  pradueed  77-64  parts  of  sngnr.  _ 

6.  The  pj'eceding  experiment,  repeated  at  the  temperature  of  melting  iee,  afforded  at 
tiie  end  of  a  hours,  11-82  pai-ts  of  sugar. 

7.  The  moat  favorable  proportions  and  eirourostanoes  for  the  prodnetion  of  a  great 
qnnutity  of  sugar,  are  a  slight  excesa  of  diaataae  or  barley  malt  (at  least  So  per  cent. 
of  the  latter^  about  50  pnrta  of  water  to  one  of  starch  and  a  temperature  between  140" 
and  149°  Falir.  It  ia  of  the  te  t  seq  1  tb  sa cell nriS cation  to  take 
place  aa  apeedil;  as  possible,  sotltth  ug  pod  dmj  not  he  left  io  contact  with 
muuli  gummy  matter  (dKcirine)  wl  I  ase  tl  d  tase  will  not  convert  the  Utter 
into  sugar,    la  faet^  the  liquet    t           d  aa    har  b    t         bould  proceed  airniiltane- 

8.  The  sugar  of  starch  prep  ed  tl  w  th  d  t 
in  cauliflowers,  or  in  ptisuis  w  th  h  mbo  d  I  f  U 
sugar  of  grapis. 

9.  Diiistuse  even  in  e-^cess  d  t  h  fy  tl 
water  along  with  the  stardi  s  ^  b  t  1  tl  g 
almost  entji-ely  inUi  siignr 

10.  Gum  arahio.  eane  sugar        1  b        j    ist       ft 

11.  A  watei-y  solution  ut  diastase  read  \y  deoo    po..ea  on  keeping, 
or  out  of  contact  of  air 

12.  When  starch-sugar  ivhettier  obtained  by  means  of  diastase  or  snlpliuric  acid, 
ia  submitted  to  the  spu  itnous  fermentation,  the  sum  of  tlie  weights  of  the  lueohol,  enr- 
bonic  flcid,  and  water  of  crystallization  of  the  sugar,  is  less  than  the  weight  of  the 
BUgar  by  about  S  J  per  cent.  This  difference  proceeds  in  a  great  measure  from  the  form- 
ation of  some  acetic  acid,  lactic  acid,  volatile  oil,  and  probably  some  other  unknown 
products  in  the  act  of  fermentation. 

DIDYM.  A  new  metal,  found  in  oxide  of  cerium,  and  so  called  as  being  aaaaciaf«d 
in  that  ore  as  a  ttein  brother  of  larHhanitm. 

DIES  FOR  STAMPING.  (Coins,  Fr. ;  Miimniemjieh,  Germ.)  The  first  circum- 
Etance  that  claims  particnlar  atlenlion  in  the  manulactore  of  die*,  is  the  seleclion  of  (he 
best  kind  of  sreel  for  (he  purpose,  end  this  must  In  some  measure  be  !elt  to  the  expe- 
rience of  the  die-foreer,  who,  if  well  skilled  in  his  art,  will  be  able  to  form  ft  lolerably 
coirecl  judament  of  the  Biness  of  the  melal  for  the  purpose,  hy  (he  manner  in  which  il 
voiUs  upon  the  anvil.  It  should  be  ralher  Gne-sniined  than  olherwise,  and  above  all 
things  perfectly  even  and  nniform  in  ils  textare,  and  free  from  spots  and  patches  finer  or 
coarser  than  the  general  niass.  But  the  Very  fine  and  uniform  steel  with  a  silky  frac- 
ture, which  is  so  much  esteemed  for  some  of  the  purposes  of  cutlery,  is  unfit  for  our 
present  purpose,  from  the  extreme  facility  wilh  which  it  acquires  Sreat  hardness  by  pres- 
sure, and  its  liability  lo  cracks  and  flaws.  The  very  coarse-grained  or  highly  crystalline 
steel  is  also  eqnally  objectionable;  il  acquires  fissures  under  the  die-press,  and  seldom 
admits  of  bein;  eqnally  and  properly  hardened.  The  object,  therefore,  is  to  select  a  steel 
of  a  medium  quality  as  to  fineness  of  texture,  not  easily  acted  upon  by  diloie  sulphuric 
acid,  and  exhibitins  a  uniform  texture  when  its  sorfaee  is  washed  over  with  a  little 
aquafortis,  by  which  Its  freedom  from  pins  of  iron,  and  other  irregularities  of  composi- 
tion, is  sufficiently  indicated. 

The  best  kind  of  steel  being  thus  selected,  and  properly  forged  at  a  high  heat  inio 
the  rouuh  die,  il  is  softened  by  very  careful  annealins,  and  in  that  stale,  having  been 
smoothed  externally,  and  brought  Lo  a  table  In  the  turning  tallie,  it  is  delivered  lo  the 

The  process  of  annealing  the  die  consists  in  heating  it  to  a  bright  cherry  red,  and  suf 
fering  it  to  cool  grodnally,  which  is  best  efi'ected  by  bedding  il  in  a  crucible  or  iron  poi 
if  coarsely -powdered  charcoal,  that  of  animal  substances  being  generally  preferred.  In 
this  operation  it  is  sometimes  supposed  that  the  die,  or  at  least  its  superficial  parts,  be- 
comes super-carbonized,  or  highly- con verte'd  steel,  as  it  is  sometimes  called  ;  but  expe- 
rience does  not  justify  such  an  opinion,  and  I  believe  the  compo<itinn  of  the  die  ia 
scarcely,  certainly  not  materially,  aflected  by  the  process,  for  it  does  not  remain  long 
enough  in  the  fire  for  the  purpose. 

The  engraver  usually  commences  hb  labors  by  worlting  oat  the  device  with  small 
Bleel  tools,  in  imaglio ;  he  rarely  begins  in  relief  (though  this  is  sometimes  donp) ;  and 
having  ullimalcly  completed  hi;  design,  and  satisfied  himself  of  its  general  eflect  and 
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fl  rrectTiL^  by  impresaions  in  dav  find  dila,  or  O'^aU  in  type  metal,  the  die  is  ready  for 
the  iranurtant  operatitii  of  Imrdemn^  which  from  vanoua  canses,  a  few  of  which  I 
shn  I  enun  erate  i--  a  process  oC  much  ri°k  and  difiicaJti  for  should  any  accident  nrin 
occur,  the  labor  of  nianj  months  may  he  aeriou'ily  injured,  or  even  rendered  quitt 

The  proccs-v  of  hardenme  soft  =teel  is  in  itself  verj  simple  thongh  not  very  easily 
explained  upon  mechanical  or  cli^mical  principle-  Vie  know  by  experience  that  jl 
IS  a  I  ropcrly  of  this  h  "hly  valuable  "ubetance  to  becdne  excessively  hard,  if  heated 
and  SDdiieniy  cooied  if,  therefore  we  heit  a  bar  of  sail  njalleahle  and  ductile  sleel  led 
hot,  and  then  (suddenly  qiiencli  it  in  a  larce  quanlitv  of  cold  water,  it  nut  only  becomes 
hard,  hul  fraeile  and  brittle.  But  as  a  die  is  a  mass  of  steel  of  considerable  dimen- 
sions, this  hardening  is  an  operation  slleoded  by  many  and  pecniiar  difficnilles.  more 
especially  as  we  have  at  ihe  same  time  to  attend  to  the  careful  preservation  of  the 
engravin?.  TJiia  is  effccled  by  covering  the  ensraved  face  of  the  die  with  a  protecting 
face,  composed  of  fixed  oil  of  any  kind,  thickened  with  powdered  charcoal :  some 
persons  add  pipe-clay,  others  nse  a  pulp  of  garlic,  but  pure  lamp-black  and  linseed  oi. 
answer  the  purpose  peifeclly.  This  is  thinly  spread  npon  Ihe  work  of  the  die,  which, 
if  requisite,  may  be  further  defended  by  an  iron  rin^;  the  die  is  then  placed  with  its 
face  downwards  in  a  crucible,  and  completely  surronniled  by  pGvrdered  charcoal,  ll  is 
heated  to  a  suitable  temperature,  (hat  is,  about  cherry  red,  and  in  that  slate  is  taken  out 
with  prbpcr  longs,  and  plnngcd  into  a  body  of  cold  water,  of  such  masnilnde  as  not 
to  become  materially  increased  in  lempenturei  here  it  is  rapidly  moved  about,  until  all 
noise  ceases,  and  then  let)  in  the  water  till  quite  cool.  In  this  process  it  should  produce 
a  bubbling  and  hissing  noissj  if  it  pipes  and  sings,  we  may  generally  apprehend  a  crnck 
or  fissure. 

No  process  has  been  found  to  answer  better  than  the  above  simple  and  common  mode 
of  hardening  dies,  thoush  others  have  had  lepeated  and  fair  trials.  It  has  been  proposed 
to  keep  up  currents  and  eddies  of  cold  water  in  the  haidening  cistern,  by  means  of 
delivery-pipes,  coming  from  a  heishti  and  to  subject  the  hot  die,  with  its  face  upper- 
most, to  a  sudden  and  copious  current  of  water,  let  upon  it  from  a  large  pipe,  supplied 
fi'om  a  high  reservoir;  bnt  these  means  have  not  in  any  way  proved  more  snccessfui, 
cither  in  saving  Ihe  die  or  in  giving  it  any  good  qualilies.  It  will  be  recollected,  from 
the  form  of  the  die,  (hat  it  is  nceessitrily  only,  as  it  were,  case-hardened  i  (he  hardest 
strata  being  outside,  and  the  softer  ones  within,  which  envelop  a  core,  somelhinB  in 
the  manner  of  the  successive  coats  of  an  onion ;  an  arrannement  which  we  sometimes 
haTe  an  opportunity  of  seeing  displayed  in  dies  which  have  been  smashed  by  a  violent 
blow. 

The  hardening  having  been  effected,  and  the  die  being  for  the  time  safe,  iome  fur- 
ther steps  may  be  taken  for  its  protection ;  one  of  these  consists  in  a  ^ery  niild  kinJ  of 
temperins,  produced  by  pntiiiig  it  into  water,  gradually  raised  to  me  boiling  point, 
till  heated  throughout,  and  thei  suITcring  it  gi-adually  to  cool.  This  operation  renders 
the  die  less  apt  to  crack  in  very  cold  weather.  A  great  safegnard  is  also  obtained  by 
thrusting  the  coki  die  into  a  red-hot  iron  ring,  which  just  fits  it  in  that  state,  and  which, 
by  contracting  as  it  cools,  keeps  its  parts  together  under  considerable  pressure,  pre- 
venting the  spreading  of  external  cracks  and  fissures,  and  oflen  enabling  us  lo  employ  a 
split  or  die  for  obtaining  punches,  which  «ould  break  lo  pieces  wjlltont  the  prolecticg 

If  the  die  has  been  siiecessfally  hardened,  and  the  protecting  paste  has  done  its  duty, 
by  preserving  (he  face  from  all  iujary  and  oxydizement,  or  bnrning,  as  it  is  usually 
called,  it  is  now  to  be  cleaned  and  polished,  and  in  this  stale  constitutes  what  is 
technically  called  a  si*Taix ;  it  mny,  of  course,  be  used  as  a  multiplier  of  medals,  coins, 
or  impressions,  but  it  is  not  generally  thus  employed,  for  fear  of  accidents  happening 
to  il  in  (he  coining  press,  and  because  (he  artist  has  seldom  perfected  his  work  upon 
it  in  this  state.  It  is,  therefore,  resorted  lo  for  the  purpose  of  finishing  a  punch,  or 
steel  impression  for  relief.  Foe  this  purpose  a  proper  block  of  steel  is  selected,  of 
the  same  quality,  and  with  the  same  precautions  as  before,  and  being  carefully  annealed, 
or  softened,  is  turned  like  (he  malrix,  perfectly  true  and  flat  at  the  bottom,  and  oblnseiy 
conical  at  top.  In  (his  slate,  its  conical  surface  is  carefully  compressed  by  pow- 
erful and  proper  machinery  upon  (he  malrii,  which,  being  very  hard,  soon  allows  il  to 
receive  the  commencement  of  an  impression]  hot  in  (bus  receiving  the  impression,  it 
becomes  itself  so  hard  by  condensation  of  texture  as  to  require,  during  the  operation,  to 
ie  repeatedly  annealed,  or  softened ;  otherwise  it  woald  split  into  eituill  superficial  lis- 
tnres,  or  would  injure  (he  matrix;  much  practical  skill  is  (berefore  required  in  taking 
this  impression,  and  the  punch,  at  each  annealing,  must  be  carefully  protected,  so  that 

Thus,  after  repealed  blows  in  the  die-press,  and  frequent  annealing,  the  irapressuin 
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from  the  matrix  is  Ht  lenglli  pcrfepteil,  or  broiiglifc  comjlef^ly  uti,  nnd  hnving  been 
retouched  by  Ibe  enjri'uvcr,  is  tnnieii,  liariiened,  and  eollrtreH,  like  tite  mntrix,  of  «liioh 
it  i's  now  a  complete  impression  in  reliaf,  and,  us  wa  liave  before  said,  is  callud  a 

This  punch  becomes  »n  inexlianslible  parent  of  dies,  without  further  reference  to  the 
oriKinal  matrix ;  for  now  by  imiiressing  upon  it  plugs  of  eoA  steel,  and  by  pursuing  with 
them  ao  exaetly  similar  operation  to  that  by  wliich  the  punch  itself  was  obtained,  vre 
procure  impressions  from  it  to  any  amount,  which  of  course  are  fac-similes  of  the  matrii, 
nnd  these  dies  beins;  turned,  hardened,  polished,  and,  if  necessary,  tempered,  are  employed 
for  the  piirpcees  of  coinage. 

"he  distinction  between  striking  medals  and  common  coin  is  very  essential,  and  Ihc 
wnrit  upon  the  dies  is  accoi'dingly  adjusted  to  each.  Medals  ore  usually  in  very  hiah 
relier,  and  the  effect  i9  produced  hy  a  succession  of  blows ;  and  as  the  metal  in  which 
Ihey  are  strnelt,  be  it  gold,  silver,  or  copper,  acqnii«s  considerable  hardness  at  each 
stroke  of  the  press,  ihey  are  repeaieiily  annealed  during  the  process  of  bringing  Ihem  »p. 
rn  a  heanliful  medal,  which  Mr.  Wyon  some  time  sioce  completed  for  the  Royal  Navy 
College,  the  obverse  represents  a  head  of  the  King,  in  very  bold  reliefi  it  required 
tliifly  Wows  of  a  very  powerful  press  to  complete  Ihe  impression,  and  it  was  necesaa-ii 
to  anneal  each  raeilal  ader  every  third  blow,  so  ihat  they  vfent  ten  times  into  the  lire 
for  thai  purpose.  In  striking  a  coin  or  medal,  Ihe  lateral  spread  of  the  metal,  which 
otherwise  would  ooze  ont  as  it  were  fiom  between  the  dies,  is  prevented  by  the  applica- 
iion  of  a  steel  collar,  accnrately  turned  lo  the  dimensions  of  the  dies,  and  which, 
when  'eft  plain,  gives  lo  the  edge  of  Ihe  piece  a  finished  and  polished  appearance;  it  ia 
Gometimes  gi-ooved,  or  milled,  or  otherwise  oinamented,  and  occasionally  lettered,  in 
which  c»se  it  is  made  in  three  sepniate  and  moveable  pieces,  confined  by  a  ring,  into 
which  they  are  most  accurately  filled,  and  so  adjusled  that  Ihe  metal  may  be  forced  intc 
the  lelteis  by  its  lateral  spread,  at  the  same  time  that  the  coin  receives  the  blow  of  the 

Coins  are  generally  completed  by  one  blow  of  Ihe  coining-press.  These  presses  are 
wofhed  in  the  Royal  Mint  by  machinery,  so  contrived  that  they  shall  strilie,  u|ion  an 
aveiaire,  siity  blows  in  a  minute;  the  blank  piece,  previously  properly  prepared  and  an- 
nealed, being  placed  between  Ihe  dies  by  pari  of  the  sa-ne  mechanism. 

The  number  of  pieces  which  may  be  struck  by  a  sinsle  die  of  good  steel,  pr^perl]' 
hardened  and  duly  tempered,  not  unfrequenlly  amonnls  at  the  Mint  lo  between  three  and 
four  hundred  thousand,  but  the  average  consumption  of  dies  is  of  course  moch  grcalerj 
owing  lo  the  variable  qualities  of  steel,  and  lo  Ihe  casualties  to  which  the  dies  are 
liable:  Ihns,  the  upper  and  lower  die  are  often  violently  struck  together,  owing  lo  an 
error  in  the  layer-on,  or  in  that  part  of  the  machinery  which  ought  to  put  the  blank  into 
its  filace,  but  which  now  and  then  fails  so  lo  (lo.  This  accident  very  commonly  aiises 
from  the  boy  who  supeiinlends  the  press  neglecting  lo  feed  Ihe  hopper  of  the  Inyer-on 
with  blank  pieces.  If  a  die  is  loo  hard,  it  is  apt  lo  break  or  split,  and  is  especially  sub- 
ject to  fissuies,  which  Win  iVom  letter  lo  letter  upon  the  edge.  If  loo  soA,  it  swells,  and 
Ihe  collar  will  not  lise  and  fall  upon  it,  or  it  sinks  in  the  centre,  and  Ihe  work  becomes 
distorted  and  faulty.  He,  therefore,  who  supplies  Ihe  dies  for  an  extensive  coinage  has 
many  accidents  and  difficnlties  to  encounler.  There  are  eight  presses  at  the  Mini,  fie- 
quenlly  at  work  for  ten  hours  each  day,  and  the  destraction  of  eight  pair  of  dies  |>er  day 
{one  pair  for  each  press)  may  be  considered  a  fair  average  result,  ihough  Ibey  much  more 
frequently  fall  short  of,  Ihan  exceed  this  proportion.  It  must  be  rememberc<i  that  each 
press  produces  StiOO  pieces  per  hour,  but,  making  allowance  for  occasional  stoppages,  we 
may  reckon  the  daily  prodnce  of  each  press  at  30,000  pieces;  Ihe  eight  presses,  there- 
fore, will  furnish  a  diurnal  average  of  240,000  pieces. 

DIGESTER  is  the  name  of  a  strong  kelUe  or  pot  of  small  dimensions,  made  very 
strong,  aod  mounted  with  a  safety  valve  in  its  lop.  Fapin,  the  contriver  of  this  appa- 
ratus, used  it  for  subjecling  bones,  cartilages,  tec.  lo  the  solvent  action  of  high -pressure 
steam,  or  highly  healed  water,  whereby  be  proposed  lo  facilitate  their  digestion  in 
the  stomach.  This  contrivance  is  the  origin  of  the  French  cookery  pans,  called 
uvlfKlares,  because  the  lid  is  self  lieyed,  or  becomes  steam-t^ht  by  tnming  it  round 
under  clamps  or  ears  at  Ihe  sides,  having  been  previously  pronnd  with  emery  to  fit  the 
edge  of  the  pol  exactly.  In  some  autoclaves  the  lid  is  merely  laid  on  with  a  fillet  of 
lioen  as  a  lule,  aod  then  secured  in  its  place  by  means  of  a  screw  bearing  down  npon  its 
tenlie  fiom  an  arched  bar  above.  The  safety  valve  is  loaded  either  by  a  weight  placed 
Fertically  upon  it,  or  by  a  lever  of  Ihe  second  kiod  pressing  near  its  fulcrum,  and 
acted  upon  by  a  weight  wldch  may  be  made  lo  bear  upon  any  point  of  its  giadualed 
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lilver,  IiBving  its  eflge  turned  over  at  Tight  angles  to  the  nsis  of  the  cylinder,  so  ns  re 
form  the  rim  of  tli«  digester,  A  segment  of  a  oopper  sphere,  alao  liiieil  with  silver 
stops  ihe  aperture  of  the  silver  cylinder,  Wing  applied  closely  to  its  rim.  It  Ims  a 
eoiiital  valve  pressed  with  a  spiral  spring,  of  any  desired  force,  estiinsted  by  a  steelyard, 
Tliia  spring  is  enclosed  witliin  a  braes  box  pei'forated  with  four  holes ;  which  may  be 
eiriewed  into  a  tapped  orifice  in  the  top  of  tbe  digester.  A  tube  screwed  into  ano'.hfr 
hole  serves  to  conduct  sway  the  condensable  vapors  at  pleasure  into  a  Woulfe'e 
flppRrntns. 

DIMITT  is  a  kind  of  cotton  cloth  ol.',TinnllT  imported  from  India,  and  now  manu- 
factured in  great  qnantiCtes  in  various  parts  of  Britain,  especially  in  Lnncasliire.  Dr 
Johnson  eallsjt  <Ummily,  and  describes  it  as  a  kind  of  fustian.  The  distinction  between 
fiistinn  and  dimity  seems  to  be,  that  tbe  former  designates  a  common  tweeted  cotton 
cloth  of  a  stout  fabric,  whicli  receives  no  ornament  in  the  loom,  but  is  moat  frequently 
dyed  after  being  woven.  Dimity  is  also  a  stant  cotton  cloth,  but  not  asually  of  so  thick 
a  texture ;  and  is  ornamented  in  the  loom,  either  with  raised  stripes  or  fancy  figures^ 
is  seldom  dyed,  but  usually  worn  white,  as  for  bed  and  bed-room  furniture.  The 
fllPiped  dimities  are  tlie  moat  common,  they  require  Jeas  labor  in  weaving  than  the 
otfiers;  and  tEie  mounting  of  the  loom  being  more  simple,  and  consequently  lees  expen- 
Kive,  tlnty  can  be  sold  at  much  lower  rates.  See  Testilb  Faebics,  for  ;  wticular  detaila 
of  Ihe  iiinn  of  mounting  them. 

DIrilSFECTIOlT  OF  CmTHlrfG,  {Jfej.w.i.  Davison  and  Symington's  pataU  otvwbss). 
—The  alisorption  of  noxious  effluvia  by  clothes  or  soft  and  porous  articles  of  UKithin- 
disc,  liiis  been  long  recognised  as  a  fact  by  men  who  have  directed  special  attention  to 
this  subject. 

The  vise  of  the  various  liquid  disinfectants,  wbich  have  of  late  bean  proposed,  is  not 
ibie  to  ai'ticles  of  clothing;  and  the  common  practice  of  baking  clotlies  in  ovens 
le  to  lead  to  tlieir  dest.rnction,  owing  to  the  impoesibility  of  regulating  the  tem- 
perature to  which  it  is  necessary  to  expose  them.  The  only  plan  wliieh  combines 
ei'onomy  with  certainty  of  disiiitKction,  is  that  which  has  been  patented  by  Messrs. 
Davison  and  Symington,  and  which  is  now  extensively  employed  in  various  manu- 
faetnres.  Tliis  plan  consists  in  esposjng  the  articles  of  clotliing  in  a  large  chamber  to 
ra]>ld  currents  of  air  heated  to  a  temperature  insufflcient  to  injure  them,  t.  e.  varying 
from  2(10°  to  260°.  We  have  had  an  opportunity  of  witnessing  this  process  as  applied 
to  certain  brandies  of  manufacture,  and  the  results  were  of  the  most  saUsfaetory  kind. 
In  the  case  «f  infected  clotliing,  it  is  obvion;^  that  while  a  high  temperature  tends  to 
destroy  tlie  animal  poisons,  a  rapid  current  of  air,  constantly  passing  through  the  chamber, 
ter^ds  to  carry  them  oS.  The  temperature  of  the  current  of  air  can  be  so  regulated  that 
common  albumen  is  speedily  dried  into  a  yellow  transparent  Solid,  without  coBguJation. 
oi-  if  necessary,  tlie  heat  may  be  iiicrensed  from  400°  to  600°,  according  to  the  nature 
nf  tiie  nrl.ieles  which  are  ex|>ased.  Dr.  Copland  lias  already  directed  the  attention  of 
tlie  profession  to  this  process,  and  observes  that,  '■  the  great  ndvantaee  of  this  method 
is  its  easy  applicability  to  nil  kinds,  and  to  any  number  of  object,s  and  articles  without 
i^ijnryto  their  textures  or  fntirics."  From  an  inspection  of  one  of  these  cbambers,  when 
the  ttimperatura  of  the  current  of  air  was  1 16°,  we  can  state  that  the  process  of  Messrs. 
Davison  and  Symington  for  tha  drying  and  disinfecting  of  the  clothing  of  cholera  and 
fever  patients,  will  be  far  more  efficacious  tiian  the  common  plan  of  wasliing  and  baking. 
In  our  o])inion,  an  apparatus  of  this  kind,  fitted  up  in  iai^e  hospitals,  infirmaries, 
prisons  and  workhouses,  as  well  as  all  q  uarantine  stations,  would  be  admirably  adapted 
to  prevent  the  dilTusion  of  infectious  diaeasah 

DISTILLATION  (Ens.  and  Fr. ;  BTaimlutinbreimerd,  Germ.)  means,  in  tJie  commer- 
cinl  lancimse  of  this  country,  Ihe  manufactnre  of  intoyicnling  spirits ;  under  which  are 
comprehended  the  four  processes,  of  maihing  the  vegetable  materials,  cooU-ag  the  wons, 
escitina  the  vinous  fermentalioji,  and  separaline  by  a  peculiar  vessel,  called  a  stilt,  the 
alcohol  combined  with  more  or  less  water.  This  art  of  evoking  Ihe  fiery  demon  of 
di'iinhenne^s  from  his  allempered  stale  in  wine  and  beer,  was  untnown  lo  the  ancien: 
Greeks  and  Romans.  It  seems  lo  have  been  invented  by  the  barbarians  of  the  north  of 
Eun  pi-,  as  a  solace  lo  their  cold  and  hnmid  ctime;  and  was  first  made  known  lo  Ihe 
souihern  nations  ji  Ihe  wrilinss  of  Amoldus  de  Villa  Nova,  and  his  pupil,  Raymond 
r.ully  of  Majorca,  who  declares  this  admirable  essence  of  wine  lo  be  an  emanation  of 
Iho  Divinily,  an  element  newly  revealed  lo  man,  but  hid  from  antiriuily,  beeaase  the  bu- 
man  race  were  then  loo  jouns  lo  need  this  beverage,  destined  lo  revive  Ihe  energies  of 
modern  decrepitude.  He  further  imastned  Ihal  (he  discovery  of  Ihis  ai/aa  iii/iE,  as  itwai 
Palled,  indicaled  Ihe  approachiuK  consummation  of  all  thing? — ihe  end  of  this  world, 
Howevpr  much  he  erred  as  lo  the  value  of  (his  rematkahle  essence,  he  truly  predicted  its 
Va^t  influence  upon  humanily,  since  to  both  civilized  and  savage  nations  it  hits  realized 
peater  ills  than  were  threatened  in  the  fabled  box  of  Pandora. 


-rt.-^ 


^S^  DISTILLATION, 

£  eliall  consMer  in  lliis  place  the  first  three  of  these  subiects,  reserving  for  the  aiticlt 
Stiil  Bji  accoiini  of  tlie  construction  and  use  of  Ihal  apparalas. 

Whiskey,  from   the   Irish  Wi.nl   [Jsquebauah,  is   the  British    name  of  the  spiriloous 

liquor  man  II  fact  LI  red  by  our  ilislilJers,  and  corresponds  lo  Ihe  Eaii  de  me  of  the  French 

DBd  the  Sramituvin  of  the  Germans.    Il  is  generated  by  thai  intestine  change  which 

erape  juice  and  other  ^lut loo-saccharine  Iii|nids  simnlaneonsly  undergo  when  exposed  lo 

the  almnsphere  at  common  temperatures;  the  Iheoiy  of  which  will  be  expounded  nndei 

Ihc  anicle  pEtwiENTATtoN,    The  production  of  whiskey  depends  upon  the  simiJe  fael, 

Ihal  when  any  vinous  fluid  is  boiled,  the  alcohol,  bein?  vei7  voiatile,  eraporates  first,  and 

"■"■  •i'""-bj  be  separated  from  ihe  aqoeous  vejetable  infusion  in  which  it  took  its  birlh. 

le  only  substance  which  can  be  Iransformed  into  alcohol.    Whatsoever  fruits, 

lots  afford  juices  or  extracts  cai^ibie  of  conversion  into  vinous  liquor,  either 

«ac  ready  formed,  or  slarch  susceplible  of  acquiring  the  saccharine  slate  by 

itmenl.    In  common  laneuaire,  Ihp  inlon^^tine  liquor  obtained  from  the  sw""! 

ruiLs  IS  called  wine;  and  that  fiom  the  infusions  of  farinaceous  Seeds,  heer; 

?re  is  no  real  difierence  between  Iheio  in  chemical  conslilution,    A  similar 

Ihoush  probably  less  palatable,  ii  procurable  from  the  juices  and  :i  'usions  of 

:,  by  the  process  of  fermenlalion.     Wine,  eiiler,  beer,  and  fermr-nted  wash  of 

I,  when  distilJed,  yields  an  identical  intoxicntinj  spirit,  which  differs  in  these 

ises  merely  in  flavor,  in  consequence  of  the  presence  of  a  minule  quantity  of 

s  of  different  odors. 

luices  of  sweet  fruits  contain  a  glutinous  ingredient  which  arts  as  a  ferment  in 
eir  spontaneous  change  into  a  vinous  condition;  but  the  infusions  of  seeds, 
eit  germinated  or  malted  sWte,  require  Ibe  addiiion  of  a  glutinous  subswnee 
tjto  excite  the  best  ferine nlation.  In  the  fabrication  of  wine  or  beer  for  drink- 
;rinentalive  action  should  be  arrested  before  all  the  frnily  saceharum  is 
1;  nor  should  il  on  any  account  be  suffered  lo  pass  into  the  acetous  slage; 
ir  makini  dislQIery  wash,  that  action  should  be  promoted  as  long  as  the 
of  alcohol  is  increased,  becaase  the  formation  of  a  little  aeetic  acid  is  nol 
.0  the  quality  of  the  distilled  spirit,  but  rather  improves  its  flavor  by  the 
e  ether,  while  all  the  nndccoraposed  sugar  is  lost.      Dislillers  operate 
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I  from  the  grain,  and  subjert  Ihi?  species  of  wort  to  fer- 
.  in  the  second  they  ferment  and  distil  the  in(\ised  mass  of  grains.  'I'he 
the  practice  of  the  dislilleis  in  Ihe  United  Kingdom,  and  is  preferable  oo 
lunls;  the  latter,  which  is  adopted  in  Germanv,  Hulland,  and  the  noilh 
,  is  less  economical,  mcire  uncertain  in  the  product,  and  nllbrds  a  cruder 
consequence  of  the  fetid  volatile  oil  evolved  from  Ibe  husks  in  the 
;  substances  employed  by  the  distillers  may  be  distributed  into  the  following 

larine  juices.      At  the  head  of  these  stands  cane-juice,  which  fresh  from  the 
ins  from    12  W  IH  per  cent,  of  raw  sugar,  and   like  the  must  of  the  grape 
I  Ihe  vinoos  fermentation  without  the  addition  of  yensl,  affording  the  speciej 
illed  Eum,  which  is  possessed  of  a  pecnliar  arrma  derived  from  an  essential 
cane.      An  inferior  sort  of  rom  is  fabricated  fn)m  molasses,  mixed  with  the 
sk  mm  OES  and  washinas  of  the  sugar  pans.      When  molasses  or  treacle  is  diluted  wiih 
n       mes  its  weight  of  warm  water,  nod  when  the  mixlnre  has  crwled  to  78°  F.,  if 
one      e    h  of  its  weight  of  yeast  be  added,  fermentation  will  speedily  ensue,  and  an 
a  -d         sp  ril  will  be  generated,  which  when  distilled  has  none  of  the  aroma  of  rum ; 
n     his  lo  reside  in  the  immediate  joice  or  substance  of  (he  cane,  and  lo  bo  dis-i- 
p    ed  t     he  high  lemperatore  employed  in  the  production  of  molasses.      Thoagh  the 
cane    u  ce  will  spontaneously  underao  the  Tinoos  fermentalinn,  il  does  so  more  slowly 
an       reaularly  ihao  the  routine  of  business  requires,  and  Ihei-efure  is  qnickened  by  the 
addi  ion  of  the  lees  of  a  preceding  distillalion.      So  sensible  are  the  mm  distillei^  of 
the  advanlaie  of  such  a  plan,  that  they  soak  woollen  cloths  in  the  yeast  of  the  ferment- 
ing vats,  in  order  lo  preserve  a  ferment  from  one  sngar  season  lo  another.      In  Jamaica 
and  some  other  of  our  colonies,  50  gallons  of  s[*nt  wash  or  lees  are  maed  with  6  gal- 
Ions  of  molasses,  36  salloos  of  su'iar-pan  skimmings  (a  substance  rich  in  aroma),  and 
8  gallons  of  water;  in  which  miiture  tb^re  is  about  one  twelfth  part  of  solid  saechn- 
rura.     Those  who  attend  more  lo  the  quality  Ihan   Ihe  qiianlily  of  their   rum,  will  use 
a  smaller  proportion  of  the  spent  wash,  which  is  always  empyrenmatic,  and  imparts  more 
or  less  of  its  odor  to  the  spiiit  dislilled  from  il.    Tlie  fermentation  is  seldom  complete 
in  less  than  a  days,  and  most  commcralj   il  requires  from  12  to  15;  the  period  being 
dependant   upon   the  Ca|)acily  of  the  fermenlins  tun,  and  the  quality  of  its  contents. 
The  liquid  now  becomes  clear,  the  froth  having  fallen  to  the  bottom,  and  few  bubbles 
»f  aas  are  extricated  from   it,  while  lis  specific  gravity  is  reduced  from  1-050  down  ic 
J'992.    The  sooner  il  is  subjected  lo  distillation  after  this  period,  the  heller,  lo  preveni 


Ccioolc 


DISTILLATION.  585 

the  loss  ol  alcohol  bj  the  snpervenlion  of  the  ocetous  slage  of  fermtnlalion,  on  afcideni 
Tpry  liable  to  hap[ien  in  Ihe  sugar  ciilonies.  The  crude  spirit  obtained  frcim  the  InrM 
Einales:ill  at  the  first  operation,  is  rectified  in  a  smaller  still.  About  114  gallons  of 
mm,  proof  strerwlb,  S|iecific  gravity  0-920,  are  obtained  fiom  1200  i;a!lons  of  wash. 
Now  these  1200  caUons  neigh  12,600  lbs.,  and  contRin  neeily  one  eolith  of  their  neisbl 
of  sugar=1575  Ib-i.;  which  should  yield  nearly  ile  own  weiahl  of  proof  spirit,  whose 
bulk  is=J|Yjj5_i7i2  pound  nieasures^ni-2  goJIuns;  whereas  only  114  aieobtajnedi 
pravinK  the  processes  to  be  conducted  in  n  manner  far  from  economical,  even  with  every 
reasonable  ailowance. 

Mr.  Edwards  gives  Ihe  following  eslimfttei  "The  total  amount  of  sweets  from  an 
cftate  in  Jamaica  which  makes  BOO  hogsheads  of  sUKar,  is  16,666  gallons.  Thewafli  fct 
at  Ihe  rate  of  12  per  cent,  sweets  should  return  34,720  gallons  of  low  nines,  which  should 
give  14,412  gallons  nf  rum,  or  131  puncheons  of  110  gallons  each." 

By  my  own  experiments  on  Ihe  quantity  of  pioof  spirit  obtainable  from  molasses  by  fcr- 
menlalion  (nflerwards  to  be  delailed),  one  gallon  of  sweets  should  yield  one  callon  of 
spiiitj  and  hence  (be  above  16,666  gatlons  should  have  aflordeil  Ihe  same  bulk  of  ram. 
Bill  here  we  are  left  somewhal  in  Ihe  dark,  by  not  knowing  the  specific  gravity  of  Ihe  mm 
s-^-ii'Ma  of  by  Mr.  Edwards.  The  only  light  lei  in  upon  us  is  when  he  mentions  rum  oit- 
proof,  that  is,  a  spiiit  in  which  olive  oil  will  sink  ;  imiicaiing  a  density  nearly  the  same 
with  our  actual  excise  proof,  for  oHtb  oil  at  60°  F.  has  the  specific  (ravily  0'919.  When 
a  solntion  of  sugar  of  the  proper  slrength  is  mij;«i  with  wine  lees,  and  fermented,  it 
altonls  a  spirit  by  dislillalion  not  of  the  rnm,  but  of  the  brandy  flavor. 

The  sweet  juices  of  palm  trees  and  cocoa  nnts,  as  also  of  the  maple,  and  ash,  birch, 
&c.,  when  irealed  like  cane  juice  aiFord  vinous  liquors  I'lom  which  ardent  spirits,  under 
various  names,  are  obtained ;  as  arrack,  &.C. ;  the  quantity  being  about  50  pounds  of 
alcohol  of  0-825  for  every  100  pounds  ol"  solid  saccharine  ejtract  present.  Honey  sim- 
ilarly treated  affords  the  metheglin  So  much  prized  by  our  ancestors.  Good  whey,  fieed 
from  curd  by  boilins,  will  yield  4  per  cent,  of  spirit  of  wine,  when  fermented  with  If  e 
Bddilion  of  a  little  yeast. 

2.  The  juices  of  apples,  pears,  curranis,  and  Such  frails,  afford  by  fermenlal  on  qnan 
lilies  of  alcohol  proportionitl  lo  the  sugar  they  contain.  Bnt  the  quality  of  the  cp  r  s 
much  betler  when  it  is  distilled  from  vinous  liquids  of  a  ceitnin  age,  than  from  eeen  ly 
fermented  must.  Cheriies  are  employed  in  Germany,  and  other  pans  of  Ihe  Con  nen 
for  iiiating  a  hish-Davored  spiril  called  Etrx'-k-Kats^,  or  cherry  water.  The  f  llj  e 
fi  uit  is  cnishcd  by  a  roller  press,  or  an  edge-stone  mill,  along  with  the  kernels  the  p  Ip 
is  fermented  in  a  mass,  the  liquid  pnrl  is  then  drawn  off,  and  distilled.  More  or  e  s 
prust'ie  acid  enters  from  the  kernels  into  this  spirit,  nhich  renders  it  very  injurlons,  as  a 
liquor,  to  many  cnnslimtions.  I  was  once  nearly  poisoned  by  swallowing  a  wine  |:rlass  of 
it  in  Ihe  valley  of  Chamouni.  The  ripened  red  fruit  of  the  mountain  ash  conslilnies  a 
pood  material  for  vinons  fermentation.  The  juice  being  mixed  with  some  water  and  a 
iiille  yeasi,  affords  when  well  fermented,  according  lo  Hermslaedt,  12  pounds,  or  J 
gallons,  of  alcohol  fi-om  2  bushels  of  Ihe  ripe  berries. 

3.  Many  roots  coniain  susar,  particularly  beet,  from  which  no  less  than  7  per  cent,  of 
il  may  be  extracted  by  judicious  means,  Hermstaedt  recommends  to  mash  the  steam 
boiled  clean  roots,  and  add  to  the  pasle  two  thiids  of  its  weight  of  l>oiling  wnlpr,  and  a 
tliirlietb  of  its  weiabt  of  ground  mall,  miiina  the  materials  well,  and  then  leaving  litem 
three  hours  in  a  covered  vessel.  The  mixlure  must  now  be  passed  through  a  wire  sieve, 
with  methes  of  one  third  of  an  inch  square  aach  ;  the  residuum  is  washed  with  a  liltle 
cold  water,  and,  when  the  lemperalnre  has  fallen  lo  77°  F.,  tlie  proper  qnanlily  of  yeast 
musl  be  added,  and  Ihe  fermentation  suffered  to  proceed  in  a  covered  tun.  In  5  or  6 
days  it  will  be  complete,  and  will  afford  by  distillation, /rom  100"  pounds  of  beet  root, 
about  10  or  12  pounds  of  priKif  spirits.  Carrots  and  parsnips,  when  similarly  ireated, 
yield  a  considerable  quantiiy  of  alcohol. 

II.  uJritoW  spirtVj  or  Khiskey  from  /ectila  or  ifarchy  maferialii. 

I  have  already  pointed  out,  in  the  article  Bf^r,  how  Ihe  slarch  is  transformed  inio  n 
saccharine  condition,  by  malting  and  mashing;  and  how  a  fermentable  worl  may  be  ob- 
tained from  starchy  meal.  By  like  operations  may  nil  vesetable  substances,  which  con- 
sist chiefly  of  slarch,  become  malerials  for  a  whiskey  distillery.  To  this  class  belong 
bII  the  farinaceous  Erains,  potatoes,  and  the  pods  of  shell  fruits,  as  beans,  vetches,  horse- 

1.  Whiakei/  from  corn.  All  those  Species  of  corn  which  are  employed  in  breweries 
answer  fordistilleiies;  as  wheat,  rye,  barley,  and  oats;  as  well  as  buckwheat,  and  maiieoi 
Indian  corn.  The  product  of  spirits  which  these  difierent  grains  afibrd,  depends  upon 
llie  proportion  of  starch  they  contain,  includine  the  small  quantiiy  of  nucrrstallizahle 
BMsar  present  in  them.  Hermslaedt,  who  has  made  einct  experiments  upon  the  siiVjjpct, 
ffckons  a  quart  {Prussian  or  Biitisb)  of  fpirits,  containing  30  per  cenl.  of  the  absolute 
tlcohol  of  Richtcr,  fcr  2  pounds  of  starch.    Hence  100  pounds  of  starch  should  yield 
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35  poacids  of  alcohol  -,  or  4-375  gallons  iinpevial,  equal  (o  7'8  gulloiis  of  spirits,  eicist 

100  pounds  of  Ihe  following  grains  afford  in  spirils  of  epecific  gravity  0.9427,  coiv 
laining  45  per  cent,  of  absolme  alcohol,  (=  ^j  of  Brilish  proof,)  the  following  quan- 
tilim:— 

Wheat,  40  to  45  pounds  of  spirits ;  rye,  36  to  42 ;  barlej',  40 ;  oals,  36  i  buckwheal, 
40 ;  maize,  40.  The  mean  of  the  irhole  may  be  tshea  at  40  pounds,  equal  to  4^  zallnna 
Lmpirial,  of  0-9427  $peciSe  gravilf  =  3,-4T  gallon!:,  at  excise  proof.  The  chief  dllference 
in  tiiese  several  kinds  of  corn  eonsisls  in  their  different  hulks  under  the  same  wcichi ;  a 
matter  of  coasiileraUe  importance;  fur  since  a  bushel  of  oats  weighs  little  more  ihan  the 
half  of  a  bushel  of  wheat,  the  former  becomes  for  sume  purposes  less  convenient  in  nse 
than  the  latter,  Ihongh  it  affords  a  good  spirit. 

Barlpy  and  rye  ore  I  be  species  of  grain  most  commonly  employed  in  the  European 
distilleries  for  making  vrhiskey.  Barley  is  mostly  taken  either  partly  or  aliogelher  ia 
the  mailed  state;  while  (he  other  corns  are  not  malted,  but  merely  mixed  with  a  cerLaia 
proportion  of  barley  mntt  to  favor  the  saecharine  fermentation  in  the  mashinii.  It  is 
deemed  preferable  to  nse  a  mixture  of  several  sorts  of  grain,  instead  of  a  single  one ;  for 
example,  wheal  with  barley  and  oals;  or  barley  with  rye  and  wheat;  for  Ihe  husl<»  of 
[be  oats  diffused  through  the  wheal  ffuur  and  rye  meal  keep  it  open  or  porous  when 
mashed,  and  thus  faVorthe  abstraction  of  the  wort ;  while  the  gluten  of  the  wb^t  lends 
to  convert  the  starch  of  the  barley  and  oats  into  suaar.  When  the  whole  of  tl.e  Srain, 
however,  is  mailed,  a  much  more  limpid  wort  is  obtained  than  from  a  mixture  of  malt 
with  law  grain  ;  hence  the  pure  mall  is  preferable  for  the  ale  anil  porter  brewer,  whiJa 
Ihe  mixture  affords  a  larger  product,  at  the  same  cost  of  material^;,  to  thedistiller.  When 
barley  is  the  only  grain  employed,  from  one  Ihiid  to  one  sixth  of  malt  is  usually  mixed 
with  it ;  but  when  wheal  and  rye  are  also  taken,  the  ttddjtion  of  from  one  eighth  to  one 
sixteenth  of  barley  mall  is  sufficient.  Oats  are  peculiarly  proper  to  he  mixed  with  wheat, 
to  keep  the  menl  open  in  tlie  mashing. 

Tlie  following  are  the  proportions  used  by  some  experienced  Scotch  distillers. 
250  bulls,  containing  6  bushels  each,  being  used  for  a  mashing,  consist  of, 

25  bolls  of  oats,  weighing  2S4  lbs.  per  boll,  or  47|  lbs.  per  bushel  j 


aSO  mean  4Ri 

From  each  boll,  weighing  201  lbs.,  14  imperial  gallons  of  proof  whiskey  are  obtainCH 
cai  an  average;  equivalent  to  11-2  gallons  at  25  over  proof. 

The  mailing  for  the  db'tilleries  is  to  be  conducted  on  the  same  principles  as  for  tho 
breweries,  but  the  mall  oiu;ht  to  be  lightly  kiln-dried,  and  that  preferably  at  a  steam  heat, 
instead  of  a  Hie,  which  is  apt  to  give  an  empyTeumatic  smell  to  the  grain  that  passes  into 
the  spirili.  For  ruch  persons,  indeed,  as  rel'sh  the  sciell  of  bi.rned  mrf,  called  i  eal-reel£ 
in  ScHllsnd,  the  malt  sboukl  be  dried  by  a  turf  fire,  whereby  the  whiskey  will  acquire 
llint  peculiar  odor. 

But  this  smell,  which  was  originally  prized  as  a  criterion  of  whiskey  made  from  pure 
mall,  moderately  fermented  and  distilled  wilh  peculiar  care,  has  of  late  years  lost  its 
value,  since  the  artilice  of  impr^naling  bad  raw  grain  whiskey  with  peat-smoke  has  been 
extensively  pi-actised. 

Dr.  Kolle,  in  his  treatise  on  making  spirits,  describes  a  mailing  kiln  with  a  copper 
plate  heated  with  steam,  18  feel  long,  and  13  feet  broad,  on  which  a  quantity  of  malt 
being  spread  tliin,.is  changed  every  3  or  4  hours,  so  that  in  24  hnurs  he  turns  out  upwards 
of  28  cut.  of  an  excellent'and  well  kilned  article.  The  malt  of  the  distiller  should  he  as 
pale  as  possible,  because  with  the  deepening  of  the  color  an  empyreumalic  principle  is 
genernted. 

When  Indian  corn  is  the  subject  of  distillation,  it  mast  be  malted  in  the  same  way  as 
describi'd  in  the  article  Bkeh.  According  to  HermstaeJl,  its  flour  may  be  advan- 
tageously nixed  with  the  crushed  rnalt  in  the  mash  tun.  But  its  more  complete  dissolu- 
tion mny  be  accomplished  by  Siemeu's  mode  of  operating  upon  potatoes,  presently  to  be 
described. 

I.  Afatking.  Barley  and  raw  grain  are  grnnnd  to  meal  by  mlllston.-a,  but  malt  i=  mereli 
crushed  between  rollers.  If  only  one  tenth  or  one  eighth  of  malt  be  used  with  nine 
tenths  or  seven  eighths  of  barley,  some  husks  of  oats  are  added,  to  render  Ihe  masll 
Mixture  more  drainable. 

When  40  bushels  of  barley  nnd  20  of  malt  form  one  mashing,  from  600  to  700 
gallons  of  water,  heated  to  150°  F.,  are  mixed  with  these  fiO   bushels  in  the  mash  tun. 
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and  carePrlly  incorporated  bi  much  manusl  labor  with  wooden  curs,  or  in  great  toncc 
by  the  m«clianica1  apparatus  usf^  in  Ihc  breweries.  Tlii9  agiintion  must  be  conlim 
for  2  or  3  bours,  wilb  liie  admission  from  time  (o  lime  of  about  400  additional  gallons 
water,  at  a  temperature  of  100°,  lo  counteract  the  cooling  of  the  materials.  But  si 
the  discovery  of  diastase,  as  the  best  heal  for  saccharifying  starch  is  sbonn  lo  be 
hi?;)ier  than  160°  P.,  it  would  be  far  belter  lo  ma*h  in  a  lun  partially,  at  lea^l  -tt 
incased,  whereby  we  could  prceerve  the  temperature  at  the  appropiiate  degree  for  se 
rating  the  greatest  quantity  of  <:ii°ar 

If  the  wort  he  examiued  erery  haifbour  of  the 
1.1   become  progressively  sweeter  to  the  lasle,  thinn 

The  wort  must  be  drawn  (Q  fiom  the  grains  wheneier  it  hae  attained  Is  maxir  urn 
dendty,  which  seldom  eiLCeeus  150  lbs    per  hairel,  that  i  ,  ^t-O -h_l^  ^  j  42^  ^^  4. 

per  cent.  As  the  corn  of  the  disliller  of  raw  gram  has  not  the  same  porosily  as  the 
brewer's,  the  wort  cannot  be  drawn  oil'  fiom  the  bottom  of  the  ton,  but  through  a  series 
of  holes  at  the  level  of  the  liquor,  bored  in  a  pipe  stuck  in  at  the  corner  of  the  vessel, 
About  one  third  only  of  the  water  of  infusion  can  thus  be  drawn  off  from  the  pusiy 
mass.  More  water  is  Uiercfore  poured  on  at  the  temperature,  of  ]!I0°,  well  mixed  hi 
aailation  for  half  an  hour,  then  qni^lJy  infused  for  an  hour  aad  a  half,  and  finally  drawa 
oif  as  befoi-e.  Fully  400  gallons  of  water  are  used  upon  this  occasion,  and  nearly  as 
much  liquor  may  be  drawn  off.  Lnslly,  10  extract  from  the  grains  everything  soluble, 
ahi>iit  700  gftllons  of  boiling  hot  water  are  turned  in  upon  them,  thoroughly  incorjjo- 
rali'd,  then  left  quietly  lo  infuse,  snij  drawn  oil'  as  above.  This  weak  wort  is  commonly 
reserved  foe  Ihe  first  liquor  of  the  next  mashing  operation  upon  a  fresh  qoantily  of  meai 
and  malt. 

The  English  distiller  is  bound  by  law  to  make  his  mixed  worts  to  be  let  down  inlo  the 
fermenting  lun  of  a  specific  gravity  not  less  than  1-050,  nor  more  than  1  090  ;  the  Scotch 
and  Irish'distillers  not  lees  than  1-030,  nor  more  than  1080 ;  which  numbers  are  called, 
gravity  50,  90,  30,  and  80,  respectively. 

Wilh  the  propoition  of  mall,  raw  eiain,  and  water,  above  prescribed,  the  infusion  first 
drawn  ofimny  have  o  strength  =  20  percent.  =  spec.  grav.  1-083,  or  73  lbs.  per  barrel  j 
the  second  of  50  lbs.  per  barrel,  or  14  per  cent. ;  and  the  two  together  woukt  have  a 
strength  of  61-2  lbs.  per  barrel  =  IT  per  cent.,  or  spec.  grav.  1070,  From  experiiuenls 
carefully  made  upon  a  considerable  scale,  it  appears  that  no  more  than  four  fifths  of  the 
soluble  saccharo- starchy  matter  of  the  woi  ts  is  decomposed  in  the  best  regulated  fermpu- 
tatioiis  of  the  distiller  from  raw  giain.  For  every  2  lbs.  so  decomposed,  1  lb.  of  alcohol, 
spec.  grav.  0-826,  is  generated  i  and  as  every  gallon  of  spirits  of  the  spec.  grav.  O-BOB 
cijnlain8  4-6  Iha.  of  such  alcohol,  it  will  taie  twice  4-6  or  92  lbs.  of  saccharine  matter  to 
produce  the  said  galloa.  To  ihese  9-3  lbs.,  truly  transmuted  in  the  process,  we  must  add 
one  fifib,  or  1-84 'lbs,,  which  will  raise  lo  11  04  the  amount  of  solid  matter  employed  in 
producing  a  sallon  of  the  above  spirits. 

Some  distillers  mash  a  fourth  tiifie;  and  always  use  llic  feeble  wort  so  obtained  in 
mashing  fresh  grain. 

2.  As  the  imperfect  saccharine  infusion  obtained  from  raw  grain  is  much  more  aces- 
cent than  the  rich  sugary  solution  got  from  malt  in  the  breweries,  the  disliller  must 
use  eveiy  precaution  to  cool  his  worts  at,  quickly  as  possible,  and  lo  keep  them  clear  fiom 
any  acclous  taint.  The  different  scliemes  of  cooling  worts  are  considered  under  Bi:Ea 
and  Rr.FBiGKRATioK.  As  the  worts  cool,  a  quantity  of  starchy  matter  is  precipitated,  but 
it  is  all  carefully  swept  along  into  the  fermenting  tun,  and  nndonbtedly  contributes  to  in- 
frease  the  production  of  alcohol.  During  the  winter  and  lempi'iate  months,  when  the 
disldleries  are  most  actively  al  work,  the  temperatnre  at  which  Ihe  worts  are  set  is 
usually  about  70°  F,  When  much  farinaceous  deposite  is  present,  the  heal  may  be  only 
05°,  because,  in  this  case,  a  slow  feimenlalion  seems  to  favor  the  conversion  of  that 
slarch  inlo  sugar.    In  some  German  distilleries  a  lilUe  chalk  is  mixed  wilh  Ihe  worls,  to 

3.  Tic  jiiTiimlelion. 

Thi  yeast  added  to  llie  worts  as  a  ferment,  ought  to  he  the  best  top  barm  of  tht 
London  porter  breweries.  Abont  1  gallon  of  it  is  reqiiisile  for  every  2  bushels  .of  meal 
and  malt  worked  up  in  the  mashing  process ;  and  of  this  quantity  only  a  certain  proimr- 
lion  is  introduced  at  the  beginning;  the  remainder  being  added  by  degrees,  on  tlie  seconC 

Should  Ihe  fermenlalion  flag,  a  little  more  may  be  added  on  the  fourth  or  fifth  day 
and  Ihe  contents  of  the  tun  may  be  roused  by  an  acllator.  About  8  or  9  gallons  mnv  be 
introduced  four  days  ia  succession  lo  the  quantity  of  worls  extracled  from  fiO  bushels  of 
the  farinaceous  materials ;  or  the  third  day's  dose  may  be  intermitted,  and  juined  to  the 
(mrlh  on  the  subsequent  day. 
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Great  diversity  and  no  liille  caprice  prevail  amonc  dislillera  in  respeel  of  the  pci'ioils  ol 
adniinisterinfi  the  jeael ;  biil  ihey  .honld  be  Eoverned  very  much  by  the  appearance  of 
tiie  fiTmenUtion,  This  process  cuntinues  from  nine  lo  twelve  or  even  fourteen  da)"i, 
accoriiin;  to  ciicumslanccs ;  the  Inns  beiiie  leR  quite  open  dnrina  the  lirsl  Hve  days,  bul 
beiiiE  covered  moderately  close  afterwards  to  favour  the  full  impreirnntion  of  the  liquor 
with  enrbonic  acid,  as  a  fermentins  aaent.  In  conscqnence  of  the  preat  altenualion  of 
the  woi't  b;  the  ^neralion  of  so  much  alcohol,  no  Good  body  of  yeast  continues  lo  float 
on  the  sarfnce,  and  what  is  liirmed  is  beat  down  into  the  liquor  on  purpose  to  promote 
tiie  fermpntation.  The  temperalurH  of  the  wash  gi-adually  increases  till  towards  the  end 
of  the  Rinrlh  day,  when  it  a'lains  its  maiimum  height  of  ahoot  25"  above  the  pilch  of 
fi5°  or  ew  at  which  it  may  have  been  set.  The  lime  of  the  greatest  elevation  of  lem- 
perainre,  as  wc'.l  as  its  amount,  depends  conjointly  upon  the  quality  of  the  jeapt,  the 
nature  of  the  saccharo-slarchy  matter,  and  the  state  of  (he  weather.  It  is  highly  pro- 
bable (hat  the  electrical  condition  of  (he  atmosphere  ejercises  a  considerable  influence 
upon  rermen(alLor  We  know  the  pnwer  of  a  thnnder-storai  lo  Sour  vinous  fluids.  An 
experimental  inquiry  into  (he  relation  between  electricity  and  fetmenlalion,  could  not  fail 
lo  pi-ove  both  curious  and  profitable. 

X  lie  dimunilion  of  Ihe  density  of  the  wort  is  carefully  watched  by  the  distiller,  as  the 
true  criteriott  of  the  success  of  his  process.  This  allenitaiioa,  as  he  Calls  it,  is  owing 
partly  to  the  decomposician  oC  the  euear,  which  eommunicaied  its  gravity  to  ihe  snlaiion, 
ami  partly  to  Ihe  introduction  of  the  lighter  alcohcilic  particles.  Were  iC'  the  saccharo- 
Etarchy  matter  resolved  into  gasenns  compounds,  the  wort  would  become  water ;  out  since 
a  pari  of  it  remains  undecomposed,  and  a  portion  of  alcohol  is  produced  al  Ihe  expense 
of  the  decomposed  pan,  the  dearee  of  ntlenualion  becomes  a  somewhat  complicated  (>ro- 
blein  in  a  theoretical  point  of  view ;  the  density  due  lo  the  residuary  sugar  being  masked 
and  counteracted  by  the  spirit  evolved.  Could  Ihe  alcohol  be  drawn  off  as  it  is  formed, 
the  attenuation  would  probably  become  greater,  because  the  alcohol  checks  the  fermenta- 
tive acliipn,  and  eventually  slops  it,  before  all  the  gaechariim  is  dt^comfosed.  AAer  the 
wash  has  lalten  its  highest  degree  of  temperature,  not  much  more  spirit  is  found  to  he 
generated ;  were  Ihis  Iherefore  removed  by  proper  means,  the  remaining  vegetable  mat- 
ter would  undoubtedly  yield  a  further  pmiuct  of  alcohol. 

In  the  attenuation  of  raw-icrHin  wash,  the  specific  t;ravily  seldom  arrives  at  I'OOO ;  but 
most  commonly  stops  short  at  1-002  or  1-OiM.  When  the  vinous  fetmentalion  comes  to 
an  end,  Ihe  acetous  is  apl  to  commence,  and  lo  convert  a  portioti  of  the  alcohol  into  vin- 
egar ;  a  result  which  is  easily  ascertained  by  Ihe  increasing  specltic  gravity,  sour  smell, 
and  acidulous  reaction  of  the  wash  upon  litmus  paper,  which  remaina  afler  the  paper  is 
heated,  showing  that  the  red  color  is  not  caused  by  carbonic  acid. 

Fermentation  proceeds  wilh  more  uniformiiy  and  success  in  the  large  tans  of  the  dis- 
tiller, than  in  the  experimental  apparatus  of  the  chemist;  because  Ihe  body  of  heal 
ccncratcd  in  the  former  case  maintains  the  action.  Bul  I  have  succeeded  in  obviating 
ihi=  inconvenience  in  operalinc  upon  80  or  90  enllons,  by  keeping  up  the  temnerBture, 
when  it  begins  to  flag,  by  transmitting  hot  water  Ihroagb  a  recurved  pipe  plunged  into 
the  tun. 

We  have  already  mentioned  that  one  gallon  of  spirits,  one  in  len  over-proof,  is  upon 
the  aveiage  generated  from  11  "04  lbs.  of  staich  ?Hgar ;  hence  we  conclude  that  one 
pound  water-measure  of  spirits  at  proof  (=J_  imperial  gallon)  is  produced  from  one  pound 
of  Ihe  saccharutn. 

Mall  whiskaj. — The  treatment  and  produce  of  malt  distilleries  are  in  some  tespecli 
different  fn.m  those  of  raw  grain.  Having  been  pr.)fcBs  ion  ally  employed  by  the 
proprietors  of  both,  I  ain  prepared  to  stale  Ihe  peculiarilies  of  .the  latter,  by  an 
ejample.  500  bushels  of  ground  mall  are  first  mashed  wilh  9000  gallons  of  water, 
healed  lo  the  temperature  of  160°  F. !  6OD0  gallons  of  worts  are  drawn  otT  into  the 
tonlers,  and  let  dnwn  into  the  fermenting  Inn  at  68°.  Fiom  3  To  4  per  cent,  of  a 
lni):lnre  or  London  porter  yeast  with  quick  Scotch  barm  are  added,  and  well  stirred 
through  the  mnss.  At  the  enti  of  two  or  three  days,  in  general,  the  fermentalion  is 
finished.  On  the  residuary  grains  of  Ihe  mall,  from  ^500  to  5000  gallons  of  water  ul 
131P  are  mn,  which  af(er  proper  mashing  as  before,  are  drawn  oft'j  then  4500  more  are 
poured  on,  the  drainage  of  which  is  added  to  the  second.  Both  of  these  together,  con- 
Klilnling  SOOO  gallons,  are  heated  next  day,  and  employed  for  Ihe  tnashing  of  500  bushels 
of  fresh  mall.  Duringlheferinenlation,  Ihe  wash  which  was  set  at  Ihe  spec.  grav.  r065, 
comes  down  to  wnlcr  =  1-000. 

The  wash  is  distilled  in  two  stills,  appropriated  to  i1,  of  about  800  gallons  capacity 
each,  provided  wilh  a  rotatory  chain  apparatus  for  preventing  Ihe  lees  from  adherina  lo 
Ihe  bollom  of  the  still.  Inio  about  8'I0  saltons  of  wash  8  lbs.  of  soap  are  put.  The 
liquor  obtained  at  ibis  first  diplillalion  is  called  low  wines.  These  low  wines  are  redis- 
tilled in  the  spirit  stills ;  the  first  and  last  portions  of  liquid  being  more  or  less  blue  oi 
milky  in  color,  and  rank  in  flavor,  are  run  inlo  a  separate  receiver  called  lhe/uiii(s-iiiick; 
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nnile  Ihe  mitJdte  portian,  conslilulins  in  a  well-managed  dislillerjr,  Irom  (tree  fuurDls  10 
four  fifths  orihe  whole,  are  leceived  into  the  spirit-bacli.  The  fainlsare  mixed  with*  lar^ 
(iinriilty  of  water,  and  re.liitillBii,  in  orJer  li>  free  Ihem  froin  Che  fetid  oil  derived  Ceoa 
ttie  hnsks  of  the  ^rain.  The  interception  of  this  noxious  ail  may  be  best  elfecled  by  a 
self-reenlating  batfi,  between  the  capital  of  ihe  eiill  and  the  reffiserarory,  as  will  be 
explaiiie'l  in  Ireatini  of  STri.r,9.  The  capitals  of  the  cnininon  Scotch  stills  are  marie  from 
15  to  20  feet  hi^h,  in  onler  to  prevent  the  chance  of  the  wash  boiling  oVer  into  the 
worm;  and  tliey  are,  towajch  the  beainnin?  of  the  process,  struck  from  time  to  lime 
with  a  rod,  and  by  the  sound  emitted  it  is  itnown  whether  Ihey  he  empty,  partially 
filled,  or  in  danirer  of  an  overflow ;  in  which  case  the  fire  is  damped,  by  a  apout 
near  the  furnace  door,  connected  by  a  leather  pipe  with  an  elevated  reservoir  of  wa'-r. 
When  very  pure  spirits  are  wished  for,  a  third  or  even  a  fourth  distillation  is  had  recourse 
to  I  there  bein;  a  quantity  of  water  mixed  each  time  with  the  spirit  in  the  still,  to  pre- 
vent its  acquiring  a  har^h  alcoholic  flavor. 

AccorJing  to  some  experienced  dlsiillere  from  raw  arain,  the  mashintr  temperature  of 
the  Brat  liquor  should  not  exceed  IWF.;  whereas  with  ms!"  ■!  may  be  safely  and 
beneficially  Jfio"  or  170°.  When  rye  is  uaeil  inslend  of  malt,  90  bushels  of  it  are  mixed 
v.-i.th  190  bnshels  of  raw  ^rain,  constituting  280  bushels  in  wh'de,  for  the  mashing  of 
which  5200  gallons  of  water  are  required.  An  hour  and  a  half  more  lime  is  necessary 
for  settling  the  mashing  of  Ihe  above  mixture,  than  of  grain  alone.  Gin  is  made  in  this 
way. 

Tde  distiller  of  mnlt  whisliey  calculates  on  obtainin«  Iwo  Jfallons  of  proof  spirits  from 
one  bushel  of  mall,  in  average  years.  The  hiirhest  yield  is  JO  gallons  per  quarter  of  8 
bushels;  and  the  loweal  is  IR,  when  the  malt  and  fermentation  are  indifl^erent.  The  best 
'emperatare  to  set  the  fermenting  tun  with  malt  wash  is  about  70°  or  73?  F. 

VThen  malt  is  5i.  the  bushel,  6  bushels  at  30j.  will  yield  12  gallons  of  proof  spirits. 
These  cost  therefore  2t.  6i.  per  gallon  for  the  malt^  to  which  must  be  added  Zd.  pei 
bushel  for  the  amount  of  malt  duty  not  returned,  or  l^-t.  on  the  gallon  ;  this  added  to  the 
Scotch  duty  of  3*.  id.  the  gallon,  makes  the  price  a  I  together  j'.  llld.;  besides  the  ex- 
penses in  fnel,  yeast,  labDr,and  rent,  which  may  be  estimated  at  8|i£.  per  gallon.  But3<i. 
may  be  deducted  fur  what  i-i  paid  by  the  dairymen  for  the  spent  wash  and  grains.  The 
total  cost,  Iherefore,  exclusive  of  use  of  capital,  is  6s.  5d.  per  gallon  in  Scotland. 

Tlie  following   is   Ihe  work  of  a  Scotch  distillery,  where  good  malt  whiskey  was 

One  bushel  of  the  malt  weighed  35  lbs.,  or  the  boll,  =  6  bushels,  210  lbs.  In  mashin;; 
each  boll  of  malt,  1 10  eallona  of  water  weie  run  on  it  at  160°  F.  As  soon  as  the  fer- 
menting tun  of  3000  gallons  capacity  was  charged  with  the  wash  at  from  ti4°  to  74°  F.,  2 
gallons  per  cent,  of  barm  were  added.  When  the  wash  had  become  allenuated  from 
l-OfiO  to  I'OIO,  another  gallon  of  barm  was 'introduced. 

The  temperature  of  the  fermenting  wash  sometimes  rises  to  96°,  which  is,  however, 
an  extreme  case,  and  not  desirable.  When  Ihe  bubbles  of  carbonic  acid  mount  in  rapid 
succession,  it  is  reckoned  an  excellent  sign.  If  the  tun  be  small,  and  stand  in  a  cool 
apartment,  it  shouU  bo  started  at  a  higher  temperature  thfn  in  the  reverse  predicament. 
Shnuld  the  fermentation  be  suffered  fo  fln^,  it  la  in  {.eneial  a  hopeless  task  to  /eslore 
vigorous  action.  Some  try  the  addition  of  ba'ia,  that  ia,  of  some  wort  brought  into  a  stale 
of  rapid  fermentation  in  a  tub,  by  a  Inrge  proportion  of  yeast,  but  seldom  with  much 
success.  Indeed,  the  law  prohibits  the  addition  of  any  wort  lo  the  tan  at  a  later  period 
than  24  hours  after  it  is  set;  so  that  if  bubs  are  used  afterwards,  the  dbtiller  is  apt  to 
incur  a  penalty. 

The  maximum  quantity  of  proof  spirits  obtained  on  ihe  great  scale  at  any  time  froTii 
raw  grain  mixed  with  from  one  fourth  lo  one  eighth  of  malt,  seems  to  be  23  gallons  pe: 
quarter.  _ 

By  the  British  laws  a  diitiUef  is  not  allowed  to  brew  and  distil  at  the  same  tiraej 
but  he  must  work  alternately,  one  week,  for  instance,  at  fermentation,  and  nent  week  at 
distillation. 

In  fermenting  solutions  of  su^r  mixed  with  good  yeast,  the  allcnuation  has  been 
carried  down  to  0-gS4,  and  even  0'9S2,that  is,  in  the  language  of  the  excise,  16  and  IS  de- 
grees below  water,  from  1-OGO,  the  density  at  which  it  was  originally  sel  in  the  tun.  Thia 
was  eicellent  work  done  on  the  scale  of  a  great  distillery  nearly  30  years  ago,  when  dis- 
liltaEion  from  sugar  was  encouraged,  in  consequence  of  bad  com  harvests. 

In  an  experiment  which  I  made  in  183 1,  for  the  information  of  a  committee  of  the 
House  of  Commons,  on  the  use  of  molasses  in  the  breweries  and  distilleries,  I  dissolved 
I  cwt.  of  raw  sugar  in  water,  so  as  Co  form  71^  gallons,  inclnsive  of  2  gallons  of  yeast. 
Ihe  speciflc  gravity  of  the  mixture  was  1-0593  on  Ihe  SIstof  March.  By  the  61h  of 
April,  that  is,  in  6  days,  the  gravity  had  sank  to  0-993,  or  8  degrees  under  water,  which 
Iras  reckoned  a  good  attenuation,  considering  the  circumstances  and  the  small  quantity 
Dperalei)  upon.  By  distillatioa  It  afforded  at  Ihe  rate  of  14-873  gallons  of  proof  spirili 
for  100  gallons  of  the  wash. 
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When  the  distillers  first  w.'ked  from  sugar,  Ihey  onlj'  obtained  upon  Bn  averase  froit 
[  cwt.  I0'09  gallons  imp.  of  proof  spirili  but  they  afterwards  got  no  less  than  ll'.IZ 
Imp.  sal  Ions. 

The  fulluwing  experiinenf,  which  I  maile  upon  the  ferine  nlation  of  West  India  molatse! 
into  s|)ii'its,  far  the  infurmation  of  the  said  commitiee,  amy  piare  not  uninleresljiic-  to 
mf  readers.  150  lbs.  were  dissolveil  in  waler  and  mixed  with  2  g:al]ons  of  Jfeast, 
weighing  exactly  20  tbs.  The  wash  measnied  70  gallons,  and  had  a  spec,  gravity  of 
I-OSIV  at  60°  F.  lu  two  days  Ihe  gravity  had  fi;!len  to  1-0055 :  in  three  days  to 
1-0022;  and  in  five  dayo  lo  l-OOI.  The  temperature  wis  nepl  up  at  from  80°  lo  90°  F., 
duiing  the  last  two  days,  uy  means  of  a  steam  pijie,  to  favor  the  fermenlalion.  The 
product  of  spirits  was  11  Eallons,  and  ^^^  of  a  Eallon.  Now  150  lbs.  of  [be  above 
molasses  were  found  lo  contain  of  solid  matter,  chiefly  nncryslalliiable,  112  lbs.  And  as 
112  lbs.  of  sugar  are  estimated  by  the  revenue  laws  to  afford  by  fermentation  Mj  gallims 
imp.  of  proof  spirit,  the  result  of  that  experiment  upon  molasses  must  be  eon«idereJ 
satisfaclory,  bearing  in  mind  that  Ihe  saccharine  i-iistance  in  molasses  has  been  not  r>nly 
partially  decomposed  by  heat,  but  is  mixed  with  somi.  of  the  glutinousor  extractive  mattel 

Since  the  alleration  of  (be  excise  laws  relative  to  disliilation  in  1825  and  1826,  when 
permission  was  given  to  set  the  wort  at  lower  gravities,  the  quantity  of  spirits  proJnced 
from  1  quarter  of  corn  has  been  iniicb  increased,  even  up  to  fally  20  gallons ;  and  the 
proporiion  of  mall  has  been  niucli  diminished.  The  latter  was  Soon  reduced  from  ti.ree 
sevenths  malt,  and  four  sevenths  barley,  or  two  fifths  malt  and  three  fifths  liarley,  lo  one 
fiUb  of  matt  and  now  to  one  tenth  or  even  one  sixteenth. 

A  discussion  haviui;  lately  taken  place  in  Ireland  between  certain  persons  connK-'^l 
>iith  [he  distilleries  and  the  ofiicers  of  the  excbe.  whether,  and  lo  what  extent,  raw 
grain  worts  would  pass  spontaneously  into  the  vinous  fermentation,  the  Board  in  London 
reqaesled  me  to  superintend  a  series  of  researches  in  a  laboratory  fitted  up  at  their  office, 
to  settle  this  important  puioi.  I  shall  content  myself  here  with  iciving  ihe  result  of  one 
experimenl,  out  of  several,  which  seems  to  me  quite  decisive.  Three  bnsbel-i  of  mised 
grains  were  taken,  consialinK  of  two  of  barley,  one  balf  of  oals,  and  one  half  of  mall, 
which,  being  coarsely  ground  by  a  band-mill,  were  mnshed  in  a  new  tun  wiih  24  gallons 
of  water  at  155°.  The  mash  liinor  drawn  olT  amounted  lo  IS  gallons,  at  the  density  of 
I-0t65;  and  eemperatore  of  82°  F.  Being  set  in  a  new  tun,  it  bi^an  to  fermenl  in  the 
course  of  12  hours,  and  in  4  days  it  was  allenuated  down  to  gravity  1-012.  This  yielded, 
upon  distillation  in  low  wines,  3-22  gallons,  and  by  leclifi cation,  in  spirits,  3-05 ;  while 
the  quantity  equivalent  to  (he  attenuation  by  the  tables  was  3-31,  being  an  eicelleat 
accordance  in  such  circnmslances. 

The  inquisitorial  rigimi  imposed  by  law  upon  onr  distilleries,  might  lead  a  stranger 
to  imagine  that  our  leaisJaEors  were  desirous  of  repressing  by  every  species  of  annoyance 
the  fibrication  of  the  Aery  liqnid  which  infuriaies  and  demoralizes  the  lower  populaiion 
of  these  inlands.  But  ala^  ■  credit  can  be  given  them  for  no  such  moral  or  philanthropic 
motive.  The  necessity  of  the  exchequer  to  raise  a  great  revenue,  created  by  ihe  wasteful 
expenditure  of  the  stale,  on  Ihe  one  band,  and  the  eforls  of  fraudulent  ingeniily  on  Iha 
Other,  10  evade  Ihe  payment  of  Ihe  high  duties  imposed,  are  the  true  origin  of  that  regime. 
Examinations  in  distilleries  are  constantly  making  by  the  officers  of  excise.  There  is  a 
survey  at  6  o'clock  io  the  morning,  when  Ihe  officers  take  their  accounts  and  gauges, 
and  inaite  calculations  which  occupy  several  hours.  At  10  o'clock  they  again  survey, 
going  over  the  whole  premises,  where  ihey  continue  a  considerable  time,  frequently  till 
Ihc  succeeding  officer  comes  on  duty;  at  2  in  the  afternoon  another  survey  lakes  place, 
bat  not  by  the  same  people;  al  6  in  the  evening  Ihe  survey  is  repeated;  at  10  there 
comes  another  survey  by  an  officer  who  had  not  been  engaged  in  any  of  the  previous 
surveys  of  that  day.  He  is  not  relieved  till  6  o'clock  next  morning.  In  addition  lo  these 
regular  inspections,  the  distilleries  are  subject  lo  frequent  and  uncertain  visits  of  the 
surveyoi'  and  general  surveyor.  "  We  are  never,"  says  Mr.  Smith,  the  emineat  distiller 
of  Whiiecliapel,  "out  of  their  hands,"' 

Before  the  fermented  wort  goes  into  the  stilt,  a  calculation  is  made  of  the  quantity 
of  wash  drawn  from  the  wash  back,  and  which  is  first  piimped  into  what  is  called  the 
wash  charger.  If  ihe  quantity  in  the  wash  charger  exceeds  the  quantity  in  ibe  wash 
back,  the  distiller  is  charged  upon  the  higher  quantity;  if  i[  contains  less,  he  must  pay 
according  to  the  wash  back,  as  being  the  larger  quantity.  When  the  quantity  of  wash  ii 
all  transferred  lo  the  charger,  the  discharge  code  of  the  wash  charger  is  unlocked,  and 
the  wash  is  allowed  lo  be  drawn  ofi"  from  the  charger  into  the  stil^  the  charging  and 
discharging  cock  of  the  still  being  locked  by  the  olScer.  There  can  be  no  transfer  of 
wash  but  through  the  pnmps,  which  are  locked  also.  The  first  distillation  from  tht 
wash  is  worked  into  the  tow-wine  receiver,  which  is  also  a  locked  up  vessel;  then  oC 
■  Bfjiiiri  of  CommiiiBs  on  Irtolaases,  JltfS. 
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those  low  wbes,  Ihe  strenelh  and  quanli'y  are  ascertained  by  the  excise.  The  accounl 
■>f  ihein  affords  a  compari!4)n  with  llie  quantity  which  the  contents  of  the  wast-'ni,!*  had 
been  FstimHied  lo  produce  ;  they  are  then  pumped  from  the  low  wine  rcctiver,  tliio,^gh 
pumps  pieviously  Jocked  into  the  tow  wine  charger,  which  is  also  a  toclied  up  ve^^l; 
rriim  the  locked  u  p  chanrer,  afler  the  officer  has  done  his  duty  regarding  it,lhe]'arealhjw- 
etl  10  be  drawn  off  into  the  low  wine  stilt,  which  is  adislitlalion  of  the  second  exlraclioa; 
tli''n  (hat  low  wine  sliil  works  inio  another  tocbed  np  caek,  cbUhI  the  spirit  receiver,  Tor 
the  receiving  of  rawspirilsj  when  that  distillation  is  finished,  I  be  ofiicer,allending  aaain 
on  iCLMilar  notice  for  that  purpose,  talces  the  qnanlity  and  strength  of  (he  spirits  therein, 
Bn<I  upon  the  quantity  so  ascertained  he  chaises  (be  duty.  In  distillins  low  wines,  one 
portion  of  them  goes  into  the  spirit  receiver,  and  a  portion  into  what  is  Call-d  llie  faint 
receiver,  which  is  another  locked  up  vessel.  These  faints  are  in  the  next  dliiillation 
united  with  the  low  wines,  from  the  succeeding  wa?h-baclt  on  their  second  distillitiim, 
and  aie  worked  together:  the  united  produce  of  these  goes  partly  into  the  spirit  cask, 
and  |iart];  iKick  again  into  the  faint  cask.  The  operation  is  thus  continued  till  all  the 
backs  in  the  house  are  emptied. 

There  is  a  kind  of  anient  spirits  manufactaied  in  Holland,  vnkarly  called  Bulch  gin, 
HiillHnds,  and  sometimes  geneva,  from  geiiie.ere,  the  French  for  juniper,  a  plant  wiih  the 
essential  oil  of  whose  berries  it  is  darored.  One  cwl.  of  ground  malt  mix'-d  with  iwo 
cwts.  of  rye  meal  are  mashed  for  two  hours,  with  about  450  gallons  of  water  Rt  the  tem- 
perature of  160''  F.  The  mash  drawn  off  is  reduced  with  cold  water  till  the  liquid  part 
has  llie  density  of  45  lbs.  per  barrel,  ^specific  gravity  1-047  ;  and  is  then  put  all  toselher 
into  the  fermenting  baclt  at  the  temperature  of  80"  F,  One  or  two  calluns  of  yeast  are 
added.  The  fermentation  soon  becomes  so  Tigorous  as  to  raise  the  heal  to  9{P  and  ari- 
wa.id:<,  but  it  is  not  pushed  far,  being  generally  over  in  two  days,  when  (he  ttraviiy  bf  the 
wa>h  still  indicates  12  pounds  of  saccharum  per  harrcl.  By  this  moderate  atteniiaiion. 
tike  that  practised  by  the  contraband  distillers  of  the  Hiehtands  of  Scotland,  it  is  supposed 
that  the  fetid  oil  of  (he  busks  is  nut  evolved,  or  at  least  in  very  small  quantity.  The 
grains  are  put  into  the  alembic  along  with  (he  liquid  wash,  and  diHiilled  into  low  wines, 
which  are  rectified  twice  over,  some  juniper  berries  and  bops  beine  added  at  the  last  dis- 
lillaliao.  But  the  junipers  are  sometimes  bruised  and  pit  into  the  mash.  The  produce 
of  worts  so  imperfectly  fermented,  is  probably  little  more  than  one  half  of  whnl  the 
British  dislilier  dra^^s  from  the  same  qnantily  of  grain.  But  the  cheapness  of  labor  nnd 
of  urain,  as  well  as  the  snperior  Savor  of  the  Skiedam  spirits,  enables  the  Dntch  iltsliiler 
to  curry  on  his  business  with  a  respectable  profit.  In  opposition  lo  the  above  facts,  Du- 
biunlaut  says  that  about  one  third  more  spirits  is  obtained  in  Holland  from  grain  than  in 
Fiance,  because  a  very  calcareous  spiing  water  is  employed  in  the  mashing  operalion. 
Were  ttiij  account  welt  founded,  all  that  the  distillers  of  other  countries  would  have  (o  ilo 
woukl  be  merely  to  introduce  a  portion  of  chalk  into  their  mash  tuns,  in  order  to  be  on  n 
par  with  the  Dutch.     But  the  statement  is  altogether  a  mistatie. 

In  the  vine  countries,  the  inferior  wines  or  those  damaged  by  keeping,  as  alrj)  a  fsi'- 
mented  mash  of  the  pressed  grapes,  mixed  with  water,  are  distilled  to  form  the  ecu  df  -nit 
di  Copuit  of  the  French,  called  Brandy  in  this  connlry.  It  contains  less  essential  oil, 
and  that  of  a  more  agreeable  flavor,  than  com  spirits.    See  Brandt. 

B<-rzelius  says  that  there  are  distillers  who  are  guilty  of  putting  a  little  arsenions  acid 
into  the  stiQ;  that  the  spirits  contain  pretty  frequently  traces  of  nrsenic,  which  may  he 
detected  by  adding  tu  them  a  lillle  muriatic  acid,  then  evaporating  olf  (he  alcohol,  and 
p.issing  a  current  of  sulphureted  hydrogen  gas  'lirough  the  residuary  liquid,  which  will 
give  it  the  characteristic  orpiment  yellow  linge,  RtBinic  being  present.  Copper,  which  is 
sometimes  introduced  into  distilled  grain,  or  even  malt  spirits,  in  consequence  i>f  the  s<iap 
enijiloyed  in  the  process  of  distillation,  may  be  detnp.l/yl  best  by  the  brown  precipitate  whith 
it  occasions  with  ferroprDS!<iale  of  potash.    No  arsiii  f.  is  ever  used  in  this  coonliy. 

When  damaged  grain  has  been  mashed  in  making  whiskey,  a  peculiar  oily  substance 
malfcs  its  appearance  in  it.  On  approaching  the  nostrils  10  such  whiskey  slightly  hesti^d, 
this  volalile  matter  irritates  the  pituitary  membrane  and  the  eyes  /eiy  powerfully.  These 
«pirils  have  exactly  the  smell  of  nn  alcoholic  snlntion  of  cyanogene ;  Ihey  intcjxicaie  more 
powerfully  than  pure  alcohol  of  equal  strength,  and  produce  even  temporary  phrensy, 
with  Bubiequent  sickness  and  disordered  functions.  This  volatile  body  is  not  cyanogene, 
though  it  !«  so  like  it,  for  it  forms  no  snch  combinations  es  cyanogene  does.  Ii  may  be 
e>Ltiacled  fjDm  diluted  alcohol  by  agitating  it  with  an  unctuous  oil,  and  then  distilline  the 
oil  ahmg  with  waier.  At  the  end  of  3  or  4  months,  this  volatile  matter  disappears  in  a 
great  measure,  even  when  the  spirits  impregnated  with  it  are  enclosed  in  well-corked 
bottles  1  obviously  from  its  undergoing  a  spontaneous  deoornposition.  It  may  be  preserv- 
ed jnnch  lunger  in  the  state  of  a  watery  solution. 
When  acetic  ether  is  added  to  well  purified  or  clean  spirits,  such  as  the  distillers  call 

•  Thnmas  Smith,  Eaq.,  of  Whilecliapol  Riiad,  in  Report  of  MolasseB  ConimitloE,  l>arl  tl.  p.  H9. 
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sil«nt  whiskey,  it  gives  it  srtmewliat  of  the  flavor  of  brandy.  For  this  purpose,  also,  thi 
spirits  are  reclilieii  fiom  bruised  prunes,  or  ihe  lees  of  the  cognac  disiilleries,  whereby 
they  ac(|uire  aJdilional  flavor.  The  aslrin^ent  ttisle  of  old  brandy  is  imitated  by  the  in- 
Iroduclion  of  a  liltle  cnleehu  into  the  Srili&b  spijils.  Burned  sugar  is  employed  as  a 
coloring  in  these  imitations. 

IV.  Of  making  wkhkfg  from  poiatoes. — This  Tool,  in  certain  localjl'  H     h    e  't 
abounds  at  a  modernte  price,  i-s  an  excellent  materia)  for  fermenlins  inio  ale  h  Vh  n 

sound,  it  possesses  from  20  In  25  {>er  cent,  of  solid  snb^Cance,  of  which  h 

tules  at  least  three  fourths;  hence  100  pounds  contain  from  16  to  22  pound  b 

susceptible  of  being  saccharified.    In  the  expressed  juice  there  is  a  smal   q 

Previously  to  masliin;,  poiatoes  must  be  first  tvell  washed  in  a  horizon  a         nd     a 
cagB  revolving  partially  in  a  iroueh  of  water,  as  will  be  described  in  1   a 
ntanufacvjre  of  sugar  from  beet  root.    They  must  be  then  boiled  in  a  clo  se        h 

steam,  provided  with  a  perforated  bottom  a  few  inches  above  the  real  one.  The  top  has 
an  opening  with  a  cover  fitted  tightly  to  it;  through  thai  the  potatoes  are  inlriliiced ; 
and  immediately  above  the  false  bottom  there  is  a  similar  aperture  through  which  Ihe 
l>oiled  potatoes  are  taken  out.  The  sleam-ptpe  enters  at  the  lop,  runs  down  the 
EiJe  a  little  way,  and  terminates  in  a  widened  mouth.  The  laree  lids  are  secured  by 
cross  bars,  the  small  hole  by  folds  of  linen.  In  the  lower  valve  there  are  two  small  holes 
dosed  with  pins,  for  inserting  a  wire  to  feel  whether  the  potatoes  be  sufficienlly  boiled, 
's  immediately  stopped  off,  the  lower  lid  b  removed,  and  the  potatoes 
pulled  out  with  a  hook  into  a 
tub.  They  must  be  imme- 
diately made  into  a  bomuse- 
neous  paste  before  the>  get 
cold.  Fig.  4W  represents,  in 
plan,  or  horizontal  seclion,  the 
apparalns  used  in  France  for 
this  purpose,  a  b  are  two 
cylinders  covered  with  wire 
cloth,  bill  open  at  the  ends; 
c  c  and  D  D  are  two  pieces  of 
wood  fixed  on  the  two  axes, 
in  ihe  foim  of  two  cones,  with 
the  aitjoining  surfaces  t 


ed;    I 


■,   of  11: 


greaier  has  21  Icclh.  Ted 
Above  and  between  the  two  cyl 
potatoes.  This  machi  e  t  oral 
be  forthwith  mashed  w  h  some 
be  set  a  feriDenlins;. 

As  in  the  above  mode  of  triluTatloi 
obstruct  Ibeir  ready  admiilure  with 
vessel  in  which  they  are  steamed, 
this  end.    It  consists  essentially  of 
drical,  and  made  of  planks  from  3 


me  diameter,  made  fast  to 
Of  he  two  wheels  a  h,  the  smaller  has  IS,  the 
er  of  each  cylinder  is  14  inches,  the  length  18. 
■r«  tl  ere  is  a  hopper  for  the  reception  of  the  boiled 
"00  pounds  of  potatoes  per  hour.     Their  paste  m 


r  barley,  and  a  proportion  of  malt;  then 

the  potatoes  are  apt  to  cool  to  such  a  decree  as  to 
Iter,  it  is  belter  to  make  them  into  a  paste  in  the 
lie  apparatus  contrived  by  Siemens  fully  answers 
tub  A,  represented  in  Jig.  465,  in  section.  It  is 
4  inches  thick,  joined  firmly  and  sleam-tifht; 
(be  upper  and  under  ends  being  well  secured  with  iron  hoops.  The  lower  part  is  about  2 
inches  more  in  diameter  Ihan  the  upper.  About  a  fool  from  the  bottom,  in  a  circnlar 
grixive,  a  cast  iron  partition  w,  or  disc  full  of  holes,  is  made  fast,  which  serves  the  pur- 
pose of  a  scarce,  the  apertures  being  an  inch  asunder ;  above,  from  }  to  t.  of  an  inch 
in  dismeter,  and  below,  scooped  out  to  half  an  incb.  Th  dis  la  h  an  ch  h  It  in 
Ihe  eilsps,  and  live  fourths  of  an  inch  in  the  middle. 

Through  the  female  screw  a  in  the  top  of  the  c     nd       h        p    ses    h  wed 

rod  i,  one  and  a, half  inches  thick,  provided  at  top        h  a  b  for 

lurnin;  it  round.    The  under  end  of  this  rod  has  a  sqn        p  hort 

screw,   upon  which   a  wroni^ht  iron   cross  is  seen  ed    b     in  aw  nut, 

so  as  to  stand  at  right  angles  to  Ihe  rod.    This  o    lo"^         w    d   tinet 

arms ;  of  which  one  of  them  is  mtinnled  on  the  upp  w  k  n  inch 

and  a  half  long ;  tlte  other,  upon  the  ondt?  side,  with  a  w^re  brush,  that  may  be  made 
lo  rub  against  the  perforated  east  iron  disc.  On  the  side  of  the  cylinder  at  e.  Jig.  4(i.^, 
there  is  a  narrow  aperture  provided  with  a  bnns  sectired  by  a  cross  bar,  and  near  the 
bottom  at  H  there  is  another  like  it.  Both  openinas  serve  for  taking  out  the 
residuary  mailer.  Through  the  opening  e,  the  above  two  arms  are  introduced ;  and 
secured  to  the  square  of  the  rod  b;  the  screw  nut.    In  the  top  there  is  nn  opening,.!^ 


,  C.ooqIc 


same  way.  From  Ihe  lid  Uipn: 
a  lubfiil  ol'  vaier.  Tor  conden^in)^ 
m  boilBf,  for  conilucliiig  llje  sleaiE 
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fnr  pulling  in  Ibe  polaines  which  may  be  shut  in 
UliewLse  L^sufs  a  laliml  lube  F,  which  terniinBle; 
Ihe  waste  sleam.  g  i^;  Ihe  lube  connected  with  Ihe  s 
into  Ihe  spaM  under  Ihc  iron  ilitc  w. 

With  this  apparatus  the  polaloeg  are  prepared  as  forowE  i  lvhf n  Ihe  pcrew  rod  is  »: 
fiKeii  that  the  cjoss  toncbeB  Ihe  disc,  the  cylinder  is  lo  be  filled  nilh  washed  potnloes  to 
wilfiin  one  foot  of  the  lop,  Itavina  them  sume  rpace  lo  expand.  Tlie  oiifice  d  is  to  be 
Chen  closed,  and  Ihe  Meam  admitted.  When  Ibe  piilalnes  are  boiled  enough,  two  laborers 
lay  hold  of  the  lever  handles  c  c,  of  Ihe  screw  rod  6,  and  lam  it  round  with  Ihe  eJTccl  of 
screwing  up  the  spiked  crcj$s,  and  of  triturating  the  polaloes ;  an  operation  which  may 
be  still  more  efftctnollj  done  by  screwine  it  down  aaain.  The  polaio  paste  is  now  lei 
oil'  by  the  plni;  tiole  h,  into  the  tub  l,  where  it  is  uiikeJ  with  about  30  per  cent,  of  boil- 
ing water,  and  one  Ihousandth  pari  of  potash,  made  caustic  with  quipfclime,  in  order  to 
disfoive  the  albuminous  n;aller  coagnlated  by  the  heat,  and  give  romplele  fluidity  lo  the 
irass.  The  alliali  also  neutralizes  Ihe  lartaric  acid  present.  The  n^ashed  matter  mvist 
row  be  mixed  with  the  crushed  malt  difiiised  Ihronch  40  or  50  pounds  of  cold  water  for 
every  100  pounds  of  poiatoes,  which  lowers  the  temperature  lo  lo"".  The  worl  mnel 
be  then  diligently  stirred  dniiug  two  hours;  mited  with  tO  or  50  pounds  of  cold  water 
for  100  pounds  of  polaloes,  and,  when  reduced  lo  the  teniperature  of  77°,  put 
into  the  fermenting  tun  along  with  the  proper  quanlily  (3  or  4  per  cent.)  of  yeasl. 
As  poiatoes  readily  pass  iolo  Ihe  scelnus  fermenlalion,  the  admijlure  of  Ihe  moll,  the 
mashinfr,  and  Ihe  cooling  should  be  rapidly  perfoimtd,  while  the  ulmost  cleanliness  must 

The  fermenlalion  is  brisk,  probably  from  the  aseney  of  Ihe  albumen,  nnd  furnishes  a 
good  head  of  barm,  whi.;h  answers  well  for  the  bakers  i  100  pounds  of  potatoes  yield 
irfim  18  W  SO  pounds  measure  of  spiiils,  nine  elcventlis  of  our  excise  proof;  or  about  16 
[lonnds  measure  of  proof,  =  aboul  if  eallons. 

Il  has  been  observed  that  after  Ihe  mnnlh  of  December  potatoes  begin  lo  yield  a 
•mailer  product  of  fermented  spirits ;  and  when  Ihey  have  once  sprouted  or  germinated, 
they  afibid  very  little  indeed.  From  the  difficulty  of  keeping  and  Iransporling  polaloes, 
distitlation  from  Ihem,  even  thoiish  our  laws  now  permit  il,  can  never  become  senera!  till 
some  plan  be  adopted  for  ofercoming  these  disadvantages.  A  scheme  of  this  kind,  how- 
ever, has  been  successrully  piactised  in  Vienna,  which  consists  in  snbjeeting  Ibe  washed 
polaloes  lo  strong  pressure  in  a  perfoiated  chesl  by  a  hydraulic  or  screw  press,  wbeifby 
they  lose  about  Ihree  fnurlhs  of  their  weiehi,  nnd  may  then  be  readily  dried  into  a  while 
flour,  that  may  be  kepi  for  several  years  without  injiiij,  and  Iranspoiled  to  considerable 
distances  with  comparolive  ease.  This  flour,  mixed  wilh  a  moderal*  quantity  of  ground 
mail,  and  saccharitied  by  mashing  wilh  water,  at  Ihe  temperature  of  167°  F.,  beconie? 
capable  of  afibrding  a  sweet  wort   convertible  by  fermentalion   either  into   beer  or 

Horse-chestnuls,  acrordinc  lo  Hermslaedl,  are  an  eligible  material  for  producing  aJpo- 
hol,  as  12S  pounds  of  them  aflbrd  iOO  pounds  of  meal;  which  100  pounds  yield,  by 
proper  treatment,  34  pounds  of  spirilSf  eonlaining  36  per  cent,  of  absolute  alcohol,  by 
Bicht'ir's  tables.  Bnilry  to  [he  cjlent  of  10  pounds  per  iOO  should  be  ground  up  with 
them,  after  they  have  been  boiled  in  a  sleam  apparaliis,  not  only  for  Ihe  ]>urpose  ol 
soHening  them,  but  freeing  them  from  their  bitter  aslringcnt  matter.  Acoins  are  pro 
duclive  of  aleohol  by  similar  irenlmeni. 

The  best  means  hitherto  discovered  for  depriving  bad  whiskey  of  its  nauseous  smell 
nnd  taste  is  to  pass  it  Ihioush  well  burned  and  coarsely  pulverized  cbarcoBl,  distributed 
as  follows  in  a  seiies  of  cylindrical  casks.  Kach  Tcssel  must  have  a  double  bouom,  Ihe 
false  one  beins  perforated  wilh  conical  holes,  and  placed  a  few  inches  above  Ihe  true. 
Upon  this  perforated  board  a  layer  of  chopped  clean  straw,  one  inch  thick,  is  laid  ;  and 
over  Ihe  straw,  a  Slratum  of  small  river  gravel,  Ihe  size  of  large  peas.  This  is  lo  be 
covered  wilh  a  prelly  thick  slrnlnm  of  the  charcoal,  previously  freed  fiom  dirt  nnd  dusl 
by  washing ;  upon  which  a.  piece  of  close  canvass  is  to  be  spread,  and  pressed  doun  by 
a  thin  bed  of  river  sand.  The  cylinder  or  cask  shoiild  be  filled  wilh  these  snccefsive 
layers  to  tvilhin  Iwo  inches  of  its  lop,  and  i(  is  then  lo  be  closed  aii-ligiil.  Immtdialely 
below  (he  bend,  a  roup''  "rifice  is  pierced  in  Ihe  side,  for  receiving  an  overflow  lube, 
which  is  eitJier  screwea  .eclangularly  to  another  elbow  pipe,  or  is  bent  (when  of  block 
tin)  so  as  lo  enter  light  inio  an  orifice  beneath  the  false  bollnm  of  the  second  cylinder  or 
cask.  In  this  way,  the  series  may  be  continued  lo  any  desiied  nnmber  of  vessels;  the 
last  discharging  the  purified  i  piril  into  the  store-back.  The  fonl  spirit  most  be  made  lo 
flow  into  the  hoilom  space  o(  Ihe  first  cjlinder  diiwn  Ihionph  a  pipe  in  commnnii^lion 
With  a  chaiying-bacl."  placed  upon  such  an  ilevaled  level  as  lo  give  sufficient  pressure  lo 
force  the  Spirits  up  throush  the  series  of  fillers;  Iht  supjily-pipe  being  providid  wilh  a 
regulaung  slop-coek.    The  spirit  may  be  fillered  doKTiwariia  Ihrough  sand  and  cloth  in 


j^le 


its  finni  passage  to  Ihe 
Fig.  466  re[  rcacuta  i 


It  has  b«en  found,  wil.h  yery  oi 


The  nose  pipe  of  the  worm- tub  terminatei 
in,  and  is  firmly  eemenled  to  the  Bide  of'lh« 
glass  globe,  a,  from  whose  bollom  tlie  dis. 
cliarge-pijie  descends  verlically,  bot  has  a 
slo,  cock  upon  i(,  and  n  branch  small  pipe 
6,  turned  up  parallel  to  the  fiirmer.  Thii 
branch  is  surmounted  with  a  glass  cylinder, 
c,  which,  when  the  slop-cock  b  opened,  get! 
tilled  with  tlie  spirits,  and  then  receives  a 
hydrometer  to  show  the  gravity  of  the  fluid. 
The  stop-cocti  mechanism  is  ao  contrived, 
thai  only  one  full  of  the  sinall  glass  cylin- 
der can  be  obtained  al  a  time. 

The  following  is  the  gross  produce  of 
the  excise  duties  on  British  distilled  spirits 
for  the  United   Kingdom   annually  from 
1830  to  I8J0  inclusive  1  lf31,  5,196,175/.; 
1832,5,163^73;.;  1833,5,258,572i.;  1834, 
5,287,032(.i   1835,  5,073,276^.;   1836,  5,. 
3;,;  1837,5,006,697..;   1838,  S,451,792(. ;  IS39,  5,363,2J0i.!  1840,  5^08,040/. 
1  ne  net  produce  is  very  nearly  the  same.    In  1838, 28,486,543  millions  of  gallons  paid 
duty;  in  1839,  25,liH),843  ;  and  in  1840,  21,859,337.    See  Rum,  Spirits,  and  Stili^ 

BIVIDIVI,  is  an  indigenous  production  of  Jamaica.  Hr.  Bootsey  obtaiiica 
n  mean  produce  of  6-62S  grs.  of  leather  from  60  grs.  of  dividivi,  wliile  the  sume 
qimntitj  of  the  best  Aleppo  galls  yielded  only  a  mciin.  produce  of  4'62G.  Hence  it 
appears  from  Sir  Humphry  Davys  estimate,  tliat  tlie  60  grs.  of  dividivi  contain 
BU475  grs.  or  6-07S  per  cent,  of  tnnnin  and  60  grs.  of  galls,  on  2-12704  gi'niiis,  or  849 
per  cent.  Sixty  gie.  of  oak  bni'k  yielded  only  115  grains  of  leallier ;  wiience  it  follows 
tliatit  conCainsbutO'SOSofagrainoftatinin  to  thedracbin,  or  not  more  than  1*84106 
DOCIMACy,  from  the  Greek  AMijiafw,  I  prove  <Doc!:wMie,  Fr. ;  PniMerfttinrf, 
Germ.) ;  is  the  art  hj  which  the  nature  and  proportions  of  an  ore  are  determined. 
This  analytical  eiaminalion  was  originally  conducletl  in  the  dry  way,  the  metal  being 
extracted  {mm  its  mineralizers,  by  means  of  heat  and  certain  fluxes.  But  this  mevhoj 
w^s  evenliially  found  to  be  insufficient  and  even  fallacious,  especially  when  volatile 
metals  were  in  question,  or  when  the  fluxes  couM  absoib  them.  The  latter  circum. 
stance  became  a  very  serious  evil,  whenever  the  object  was  to  appreciate  an  ore  that  waj 
to  be  worked  at  ereat  expense.  Bergmann  <irsl  demonslrated,  in  an  elaborate  disser- 
tation, [hat  (he  humid  analysis  was  much  to  be  preferred  ;  and  since  his  lime  the  dry 
way  has  been  consecrated  chiefly  to  the  direction  of  melaUuriric  operations,  or,  al 
least,  it  has  been  employed  merely  in  concert  with  the  liiunid,  in  trials  upon  tha 
small  scale. 

Aiter  discovering  an  ore  of  some  valnable  metal.  It  is  essential  to  ascerlain  if  its 
qiiantiiy  and  slate  of  combination  will  justify  an  adventurer  in  working  the  mine,  and 
smelting  ils  products.  The  metal  is  rarely  found  in  a  condition  approaching  to  purity; 
it  is  olten  disseminated  in  a  mineralizing  gangiie  far  mare  bulky  tlian  itself;  and  more 
^requenlly  still  it  is  combined  with  simple  non-melallic  substances,  such  as  sulphur, 
carbon,  chlorine,  oxygen,  and  acids,  more  or  less  difiicalt  to  get  rid  of.  In  these 
compound  states  its  distinctive  characters  are  so  altered,  that  it  is  not  an  easy  task 
either  to  recognise  its  nature,  or  to  decide  if  it  can  be  smelted  with  advantage.  The 
assayer,  without  neglecliug  any  of  the  external  cliaraclers  of  the  ore,  seeks  to  penetrate, 
so  to  speak,  into  its  interior ;  he  triturates  it  to  an  impalpable  powder,  and  then  subjects 
it  to  the  decomposing  action  OH  poweifiil  chemical  reagents;  sometimes  with  the  aid  of 
alkalis  or  sails  appropriate  lo  its  nature,  he  employs  the  dry  way  by  fire  atone;  at 
others,  he  calls  in  the  solvent  power  of  acids  with  a  dizesting  heat;  happy,  if  afler  a 
EciicK  of  labors,  lunc,  varied,  and  iniricate,  he  shall  finally  succeed  in  separating  a 
noiabie  proportion  of  one  or  more  metals  either  in  a  pure  State,  or  in  a  form  of  coic- 
bmaiion  such,  thot  from  the  amount  of  this  known  compound,  he  can  infer,  with 
precision,  the  quantity  of  fine  melal,  and  thereby  the  probable  value  of  the  mine.  The 
blow-pipe,  skilfuUy   applied   affords  ready  indications  of  the  nature  of  the  metallic 
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i  is  ihcT^'fore  nsnally  the  prelitniimry  tpat,  Tha  separntion  of  tlifl 
nits  of  tlie  ore  chh  he  efieetait,  tiuwevtr,  oiilv  liy  h  olitriiist,  ivlio  j  liiia 
ti)  the  must  eiteusive  kimwleilge  of  Ihu  liiiliitmies  of  iiiiiipml  fiiUetiiiicea,  iniieli  exfe- 
riitiiup,  sogucitj,  and  pr«i:isiun,  in  tlie  eoii^liii^t  of  aiDilyllca]  ojieivitiotis.  Under  llie 
inJiviJuiil  maliil^  us  ai»o  in  tlie  ai'ticles  SIetallurot,  UiKBa,  and  OKH^  I  linve  enileav- 
ored  to  present  aueb  a  coniuiis  and  correct  detiiil  uf  doci^ninstic  pnicPBSrs,  Ha  will  serve  to 
guiiie  tlie  iiit«tligent  stiidtsiit  l.liroiiji'li  Uiis  must  niyBteiioiiB  liiliyi-iiit.h  of  iintiu'e  and  art. 
DOSARIUM,  a  recently  diseovered  utetid. — Dr.  Bepgeiiiaiiii  I'ectiviHj  through  ili\ 
Kniiitz  H  mineral  from  Bri-rig  in  Korwny,  width  ia  found  in  the  aiinie  zircon-Bjeiilta 
that  cuntnins  wohterite  and  eukoliCe,  and  he  diaaovered  In  it  the  oxiile  of  a  new  nietnl 
coiiibiiied  Kith  siliolc  aaid.  This  metal  lie  calk  DoTtarium,  after  the  god  Donar,  aiid 
be  asaij^nB  to  it  the  sjniliol  Do. 

Tlie  ailieftto  of  the  oxide  of  donarinm,  Doj  O3  Si  Os4-2H  0,  is  yellowish  red,  in  soma 
fr^nienta  paasing  into  liniwn,  in  otiiers  into  yellow;  wlien  eci'nti-heil  or  powdered,  it 
is  liglit  orange.  In  thin  films  it  is  almost  transparent,  the  tliicber  ones  tranelitcid. 
Some  pieces  linve  a  distinctly  laminated  etrnctnre,  in  others  tlie  frnetnra  is  more  flat,  or 
cunchoidal.  Itshardnaas  is  li.etween  that  of  fluorspar  and  apatite;  itsspea  grav.— 5'39T. 
Small  films  heated  in  a  platina  apoon  break,  own  into  a  dark  bTOwn  mass,  which 
raassnmes  an  orange  color  when  cold :  Che  Ini'ger  pieces  lose  their  ti'nnsparency.  By 
bea'.injr  it  in  a  glass  tnbe,  watery  vapor  is  driven  off.  Fragments  tield  by  the  platiiia 
forceps  in  tbe  ftame  of  n  s{>ii'ic  lamp  decrepitiite.  Heated  liy  tlie  blowpipe  00  churconl, 
It  does  Dot  melt,  a  slight  vitrificiitJon  lieing  somcljmes  oliserved  on  the  edges,  perbapa 
in  eoiiseqnanca  of  tbe  inlariiiixture  of  some  foreign  suliafjinGe.  Fused  with  soda,  tbe 
silicic  neid  is  disolved.  The  other  constitiipnta  ure  seen  in  the  non- transparent  mnes. 
by  the  help  of  a  g'aas,  b»  small  jelfow  particles.  Borax  yields  a  yellow  ^lead,  whieb 
is  eolorleaa  when  eold.  Tlie  jihoaphiites  ]irodiiaa  in  the  eiit«rnal  pnrt  of  tbe  flame  a 
reildiah  glass,  wliieb  is  colurlesa  when  cold ;  in  the  inner  part  of  the  flame  the  bead 
ijeeoTiies  yellow,  and  when  oold  ia  eolorlesa. 

Tlia  mineral  is  readily  and  completely  decomposed  bv  aaida,  and  yields  when  treated 
by  hydrochloric  acid  a  cleiir  and  transparent  gelntliions  matter.  At  tlie  same  time 
BOine  uarboiiie  aeid  is  evolved.  The  color  of  the  solution  is  deep  yellow,  like  that  of  a 
a<inc6iitrated  solution  of  iron.  Tlie  mineral  is  also  affecleci  by  dilnted  acida,  even  hy 
tartarie  neid.  After  having  been  exposed  to  a  strong  bent,  the  essential  parts  of  the 
mineral  are  no  longer  aetrci  upon  even  by  concentrated  neids. 

Tlie  analysis  showed  tbe  presence  of  lima,  water,  and  the  new  oxide,  also  some  traces 
of  mng!iesia,  manganese,  oarlionate  of  aoi^R,  and  iron. 

The  oxide  of  donarinm  belongs  to  the  class  uf  earthy  bodies,  and  ranks  uext  to 
lircoiiia  and  yttrin,  Tlie  hydrate,  wliich  is  tbniwn  down  by  nmnionin  of  a  l)enHtiful 
white  Dolor,  beeoines  yellow,  and  at  last  yellowlKli  red.  losliii;  its  livdrate  water  in  the 
air.  By  beat  the  latter  is  completely  reniovcd,  nn<l  the  oxide,  \\\\k\\  is  insolublo  in 
iimrintie  aeid,  can  be  p-rfeetly  deprived  by  this  acid  of  thecontiiined  iron.  The  analysis 
showed  the  constituents  to  be: — 

Silieioacid  .......    1T'G95 

Oxide  of  donarinm 11-247 

Carbonate  of  Ibne  ......       4042 

Oxide  of  iron         .......      oaiO 

Magnesia  and  oxide  of  manganese  -  -  .  .      IC2!4 

Piitnsb  and  a  little  soda    -.-.-.      o-SOS 
Water         -  .  -  0 

lui     41 

The  m»til  ]?  ullHo^l  ns  a  btiel,  pon  ler  bv  freit  ng  th»  ox  la  w  t!i  potassium. 
If  tha  alkaiine  eolulmn  be  diracdv  poiirei  (ff  and  the  powier  wiahei  with  water, 
it  can  ho  kept  for  from  H  to  %  hoirs  unler  water  wiChuiil  alteration,  but  if  it 
ri-mHuis  under  hot  nater  a  yellowish  gray  mass  is  i^railiially  formeil  m  conseqnenea  of 
oxidation  The  blaik  metallic  powder  firms  heavy  floconu  whuli  soon  eunglomerato 
"n  the  dried  state  they  assume  a  metallio 
'lEn  an  ngaie;  and  then  can  be  preserved  in  l.liis  comilitiaii  for 
a  damp  atmosphere  without  developing  any  small.  The  specific 
gravity  is  nearly  ^^ ■SB.  The  powder  thrown  into  a  flame  bnrns  with  a  reddish  lighty 
and  yields  tlie  red  oxld^  ao  also,  if  the  blaeb  powder  be  heated  in  a  platina  spoon,  it 
burns,  and  moreover  appears  to  s?low,  bnt  only  transitorily.  Neither  cold  nor  boiling 
muriatic  acid  affeeti  the  metal;  nitric  acid  acta  not  whun  eold,  and  but  slowly  when 
heated ;  nitro-murintio  aeid  readily  produces  the  red  oxide,  of  which  a  small  portion 
isd'asolved;  by  the  application  of  a  few  orona  of  sulphuric  acid  a  sulphate  is  formed, 
whi^e  at  the  same  time  the  smell  of  sulphuroqs  acid  ia  perceived.    Ihe  grayish  yellow 
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Biibstonce  produced  by  potnsh  water,  qiiickly  form* 
with  iiitfii;  acid,  tlie  rid  oxide.  Tliie  powder  alei 
apirit  ]nm]\  ylows. 

Hgdrated  Oride  of  Jhnarinot, — The  preeiiiilnfa  prodiieed  hy  b 
niurinliii  solution  of  Ihe  mineral  is,  by  long  di^CHtion  willi  £iil|iliiiria  acid,  converted 
into  eiilpliiite  of  the  oxide  of  donarium,  and  fitiiii  Lliis  theliydrnt^d  oxide  is  precipitiit.et 
by  ammonia.  Tlie  voluminous  precipilal*,  dried  Bt  oroiuary  tern  pern  turee,  fornu 
yellow  gummy  maaeee,  the  powder  of  wliiuh  a  reddiiJi.    In  lliia  condition  the  Bubptance 

._  .1 .g  ],j|jjgted  oxide,  which,  like  oxide  of  i™n,  pnibably  combinea  wilh 

ons  of  water.    The  water  is  expelled  by  a  eliglit  inorenee  of  tfiii- 
liydrale  is  dispolved  by  all  acids  at  eomnion  tempera tncee,  and  more  90 
VI  iiirn  heated.     If  mnrintic  acid  be  employed,  no  cliloriiie  is  developed. 

Oxide  of  Bonaniida  is  ol>tained  by  heating  the  hydrate  to  rednefi  Its  sp.  grnv.  ia 
G576,  color  deep  red  ;  ita  fomi  heavy  glittering  senleH.  Finely  powdered  it  is  oranjue; 
darker  when  eti-ongly  beated,  and  lighter  again  -when  cold.  Miii'ialio  acid,  nitric  acid, 
aqua  regia,  and  even  f  uoric  acid,  tiave  no  effect  upon  (he  oside  which  has  been  iieated 
l»  rednesa.  By  the  continued  action  of  eoncenirated  siiliiliuric  acid  it  is  rendered 
soluble,  if  it  be  afterward  mixed  with  much  water.  If  tlie  oxide,  however,  be  exposed 
only  to  that  temperature  which  expels  the  water  from  the  bjdrnCe,  it  is  slightly  acted 
upon  by  muriatic  acid,  without  the  development  of  chlorine. 

DORKOCK  19  a  species  of  fignred  iin^n  of  stout  fabric,  which  derives  ifs  name 
from  &  town  in  Scotland,  where  it  was  first  manufactured  for  talile-clotbs.  It  is  tlie 
most  simple  in  pattern  of  all  the  varieties  of  tlie  diaper  or  damask  style,  and  therefore 
the  goods  are  usually  of  coarse  quality  for  common  honsehold  wear.  It  receives  the 
figure  by  revei'sing  the  flnehiiif;  of  the  warp  and  woof  at  certain  intervals,  so  na  to 
form  squarea,  or  oblong  reetnnglea  npon  the  cloth.  Tlie  most  simple  of  these  ia  a  suc- 
cession of  alternate  squares,  forming  an  iroitntion  of  a  checker  board  or  mosaic  work, 
Tlie  eoaracst  kinds  are  generally  woven  as  twecia  of  three  leaves,  where  every  tliread 
floats  over  two,  and  is  intersected  by  tlie  third  in  saceession.  9ome  of  the  finer  are 
tweelsof  four  or  five  leaves,  but  few  of  more;  for  the  aix  or  aeven  leaf  tweels  are  sel- 
dom or  never  used,  and  the  eiglit  leaf  tweel  is  confined  almost  exclusively  to  damask. 
See  Textile  Fabric. 

DEACON'S  BLOOD,  {Sang  Araeon,  Fr. ;  Dradenbliil,  Germ.)  is  a  resinous  substance, 
which  comes  to  us  sometimes  in  small  balls  about  the  size  of  a  pigeon's  fgg.  sometimes 
in  rods  like  the  finger,  and  sometimea  like  irregular  cakes.  Its  color,  in  lump,  is  dark 
brown  red;  in  powder,  bright  red;  friable;  of  a  shining  fracture;  ap.  grav.  1196. 
It  eoHtains  a  little  benzoio  acid,  is  insoluble  in  water,  but  diseolves  readily  in  alcohol, 
ether,  and  oils.  It  ia  brought  from  the  East  Indies,  Africa,  Soulh  America,  as  the 
produce  of  several  tree^  the  Oraecena  Draeo,  the  PlerocaTpvi  tanialmua,  PteTocarpua 
Drano  and  the  Calamus  Rotaitg. 

Drain's  blood  is  uaed  chiefly  for  tinging  spirit  and  turpentine  varnishes,  for 
preparing  gold  lacquer,  for  iootli  tinctnres  and  powders,  for  staining  marble,  Ac 
According  to  Herbenger,  it  eonsiats  of  9*07  parts  of  red  resin,  2  of  fat  oil,  8  of  beuKoio 
acid,  1-6  of  oxalate,  and  8-7  of  phosphate  oflime. 

DEUGGET  is  a  coaiae,  bat  rather  alight,  woollen  fabric,  used  for  covering  carpels, 
and  as  an  article  of  olotliing  by  females  of  the  poorer  classes.  It  ia  now-a-doys  nearly 
superseded  by  coarse  cotton  goods. 

DRYING  ITOUSR  _  An  apartment  fitted  up  in  a  peculiar  manner  for  drying 
calicoes  and  other  textile  fabrics.  Mr.  Southworth,  of  Sharpies,  a  Lnneash ire  bleacher, 
obtained  a  patent^  in  1823,  for  the  following  ingenious  arrangement;  wliieh  has  been 
eince  generally  adopted,  with  certain  modiGeation!^  in  most  of  our  extensive  bteaching 
and  printing  worts.  Mg.  467  is  a  section  of  the  drying-house,  where  a  is  a  furnace 
and  boiler  for  the  purpose  of  generating  steam  ;  it  is  furnished  with  a  safety  valve  in 
the  tube  h,  at  top,  and  from  this  tube  the  ateam  main  c  passea  down  to  the  floor  of  the 
basement  story.  From  this  main,  a  seriea  of  steam-pipes,  asrfi^  extend  over  fbe  surface 
of  the  floor,  and  from  them  heat  is  intended  to  be  diffused  for  the  purpose  of  warming 
tlie  drying-honse. 

Along  tlie  middle  of  the  building  a  strong  beam  of  timber  e  e  estends,  and  is  sup- 
ported by  cast-iron  pillars;  from  Ibis  beam  to  bearinga  on  the  side  walla,  a  series  of 
rails  are  carried  in  a  cross  direction,  over  which  rails  the  wet  clo(h  is  to  be  hung  in 
folds,  and  the  steam  or  evaporation  emitted  in  drying  is  allowed  to  escape  through 
apertures  or  ventilators  In  the  roof. 

The  mode  in  which  the  cloth  ia  delivered  on  to  the  rails,  on  either  side  of  the  beam, 
will  be  best  understood  by  reference  to  the  delivering  carriage,  which  is  shown  with 
its  rollers  partly  in  section. 

The  wet  cloth  is  first  to  be  coiled  upon  a  roller,  and  then  placed  in  the  carriage,  as 
\tf,  with  its  pivots  bearing  npon  inclined  planes.    The  carriage  is  to  be  placed  at  the 
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It  of  tl. 
bea rings  or  rHilwBj'B 
upon  g,  level  with  tli 


tha  miijijle  beiim,  Rnd  al^a  upon  the  aide- 
ide  walla  of  tlie  buiiding,  parallel  to  and 
de  to  travel   by  raeans  of  fin  endlees  band 


]-RSsing  over  t»o  risers,  g  and  h.  In  Jig.  467,  and  over  pullers  and  a  bniid-wlieel 
flltii'li^d  to  tlie  enrriiige,  as  will  be  expliiiiied.  The  rigger  p,  wbioh  moves  tiiis  endless 
bind,  IB  actuated  by  buvd  ^fer,  seen  at  i,  tvliicli  ia  put  in  motion  by  a  pinion  at  the  end 
of  a  rsvolving  sliaft  leadnig  from  a  eteani  engine. 

In  the  same  jig.,  k  kj&  &i»  endless  band  peesing  over  a  pulley  under  the  band-nheel 
and  over  the  pulley  n,  by  which  it  will  be  perceived  that  the  traversing  of  the  band,  as 
dcsct'ibed,  would  cituea  these  pulleys  and  irlieels  to  revolve.  On  the  axle  of  tbe  bnnd- 
wiieel  m,  there  is  a  drum  against  wbinh  the  roll  of  wet  cloth  f  presses,  and  ns  this 
drum  revolve^  tfie  roll  of  wet  cloth  is,  by  ita  friction,  made  to  turn  in  a  eontrary  di- 
rection, and  to  deliver  off  the  oloth  on  to  the  periphery  of  the  drum,  whenca  it 
passes  over  a  roller  and  descends  to  the  rails.  Upon  the  end  of  tlie  asle  of  the 
hand  wheel  tn,  there  is  a  pinion  which  takes  into  the  teeth  of  tlie  large  wheel,  and 
upon  the  axle  of  this  large  wheel  there  is  a  pinion  that  actuates  tbe  intermediate  wheel 
which  turns  another  toothed  wheel.  TEiia  last-mentioned  tootlied  wlieel  takes  into 
cogs  upon  the  side  railway,  and  hence,  as  the  train  of  wheels  moves  roand,  the  carriage 
to  which  tbe  wheels  are  attached  Is  slowly  impelled  forward. 

^s  soon  as  the  wheels  begin  to  move,  and  the  carriage  to  advance,  the  wet  cloth 
begins  to  uncoil,  and  to  pat's  down  over  tbe  first  roller;  a  smalt  roller  attached  to  the 
cai'i'iage,  ns  it  passes  over  tbe  rails  in  succession,  holds  the  oloth  against  each  rail  fur  a 
short  space  oE  time,  and  prevents  it  from  slipping,  by  wliich  means  the  cloth  deseends 
in  folds  or  loops  between  the  rails,  and  is  thereby  mode  to  hang  in  a  series  of  folds  or 
loops,  as  shown  in  the  figtn-e. 

It  will  be  perceived  tliat  as  the  pivots  of  the  clolJi  roller/  bear  npon  inclined  planes, 


In  order  to  stop  the  carriage  in  any  part  of  ita  course,  or  to  adjust  any  of  llie  folds  of 
the  cloth,  a  man  is  usually  placed  upon  the  platform  travelling  with  the  carriage, 
over  which  he  has  perfect  command.  This  apparatus  may  be  also  employed  for  taking 
the  cloth  'when  dried  off  tbe  rails;  in  which  ousa  the  carriage  must  bo  made  to  travel 
backward,  and  by  first  guiding  the  end  of  the  elolli  on  to  tlie  roller/,  and  then  putting 
the  wheels  in  a  retrograde  motion,  tlie  clotb  will  be  progressively  ouiled  upon,  tbe  rolUr 
/,  ill  a  similar  way  to  tliat  by  which  it  was  uncoiled. 

DRYING  MAOHiiSE  (CENTRIFUGAL),  (lli/dro-exlracteiir ;  Machine  A  essorer. 
Fr.) — By  this  contrivance,  Pentzoldt  was  enabled  (o  deprive  all  kinds  of  wet  clothes 
in  a  few  minutes  of  their  moistnre,  without  Compression  or  heat.  Kelly,  a  dyer, 
and  Alliott^  a  blecpher.  have  since  obtained  a  patent  for  the  abore  machine  ivilh 
improvements.  Ilg.  4fiB  represents  a  partial  section  of  the  machine,  ji,  a,  ia  the 
frame ;  b,  tbe  Tertieal  shaft  turning  in  the  step  a,  fixed  on  tlie  bridge  i.  This  shufi 
bears  on  its  upper  part  a  friction  einiai^  fioin  whiuh  it  receives  its  movement  of  rotation, 
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■ests  wlian  it  is  not  in  motion  upon  two  eonical  projootions  /  a  w!iic!i  forn 
riart  of  tlie  eliaft  Tlieee  two  tompartmenls  are  enoh  Composed  mflinU  of  mc- 
iiid  their  Bi1«a  con»at  of  tinned  iron  irne  coiled  circnlarly  at  yery  smill  diethn 
encli  other  and  sotderel  together  crowwisa  bj  bdihII  slips  of  metal    The  ( 


wliloh  c 


s  the  II 


impartment  d,  is  secnred  bv  bolts  an  1  sni 

■  1,  but  tliat  which  Bi 


I  to  a  ciitle  i 


■e  sides  of  the  Bnnie  metal,  i 
to  tlie  little  connpnrtment  «  in  vhich  alone  the  goods  are  p!n  pI  is  disposed  si 
it  may  be  removed  with  ease,  when  tlieae  are  to  ba  introdnced  or  witiidrnwn.  It  ia 
furnbbed  wilb  an  outer  and  inner  border,  dispoeed  so  that  when  tlie  top  is  fixed  the 
inner  liorder  presses  Ruin  tlie  eonvex  circiimfei'ence  of  ilia  central  compartment,  while 
the  exterior  border  falls  oataide  of  Hie  edges  of  the  other  compartment.  While  the 
mncliine  is  at  work,  the  second  plate  is  maintained  in  its  place  by  pine  or  bolts,  not 
shown  in  the  figure. 

TIieeiilGaof  the  outer  eomnavtment  i^  are  connected  wilh  1be  bottom  br  means  of  a 
prolongiiLion  of  cross  bands  of  metal  whieb  unite  the  wires  anil  are  riveted  or  soldered 
to  the  two  outer  phites.  The  wires  of  tlie  interior  compartment  are  attached  by  an 
iron  boop,  to  whicli  they  are  riveted  and  soldered,  and  are  united  to  the  bottom  iilate 
by  means  of  a  rim  upon  this  plate ;  a  rim  somewhat  flattened  upon  tlic  sides  wbicu  are 
riveted  and  soldered. 

D,  is  B  r^iilntor  suspended  in  tbe  inner  compartment  d,  and  wlioae  two  branches  Ji,  Ji, 
arc  loaded.  Tliese  two  brnncliee  having  room  to  ]>hiy  aronnd  tbe  bolla  whicli  serve  oa 
points  of  attachment,  and  wliiiJi  are  fixed  to  tlie  npper  plate,  terminate  in  liiieed  bran- 
ches whose  extremities  I'cst  upon  n  rope  ff,  wliich  projects  from  ttie  shaft  n,  is  an  ex- 
terior envelope  secnred  to  the  frame  a,  a.  It  encloses  the  whole  drmn  except  at  top, 
and  serves  to  enroll  the  water  tlirowti  out  of  Ibe  gooils.  At  y  there  is  a  stopcock  for 
the  discliRi^e  of  tliia  water,  and  Uie  bottom  contains  be^des  tbe  eiM  of  a  pipe  by  which 
hot  air  is  ill  (rod  Deed. 

Tlie  vertical  shaft  b  receives  a  movement  of  rotation  and  cari'ies  with  it  the  drum. 
Tlie  more  rapid  this  movement  is  the  more  does  the  cenlrifi'gal  force  tend  to  expel 
tbe  water  contained  in  the  clotlies  or  yarn  to  ba  driiii.  But  ns  this  force  mi^lit  aW 
displace  the  central  shaft,  if  tlie  weight  was  not  riglitly  distributed  in  the  drum,  and 
cause  the  dislocotion  of  the  machine  when  Ihe  great  Telocity  requisite  for  quick 
di'ying  is  given  to  it.,  the  regulator  n  ia  tested  to  prevent  aceiilent.  Tlie  liranchea 
of  this  regulator  sprcail  wider  the  more  tbe  velocity  is  increased,  and  raise  conse- 
quently the  drum  o  above  tlie  conical  enlargements,  which  permits  the  drum  to  be 
somewhat  misplaced  and  to  rectify  its  position  conformably  to  the  inequalities  of  its 
load,  so  th.at  its  centre  of  (gravity  may  always  coincide  witli  its  centre  of  rotation.  The 
drim  is  cunnected  with  tiie  shaft  as  is  shown  in  2;  leaving  it  free  to  take  the  requisite 
adjustment  To  hinder  it  from  rising  too  suddenly,  n  spiral  spring  A  is  fixed  over  tiie 
*liaft  immediately  nlmvo  tlie  conical  enlargement  ff.  In  order  to  miuntsin  tbe  equi- 
librium more  certninly,  the  apparatns  is  surrounded  with  a  hiillow  orown  r,  half  filled 
with  wntj;r,  and  if  during  the  revolution  of  the  machine  the  weight  of  the  goods 
prmiomiimles  on  one  side,  that  of  Ihe  wafer  which  accnmiilatas  on  the  olher  side  serves 
Llie  more  to  counterbalance  it.     The  effeet  of  this  ei^owii  may  be  increased  by  dividing  il 


into  two  compartments  or  more,    o,  is  a  Isrge  pipe  by  wliioh  steam  or  hot  air  is  jntro- 
diioeit  into  tlie  bellj  of  tlie  drum,  wliioh  is  pierced  in  tliis  place  witt  a  great  number  u' 

Tlie  rotnrj'  movement  is  transmitted  to  the  dram  in  the  following  way. 

I  is  a  conicnl  disc  mounted  upon  the  extremity  of  a  sLnft  wliiuh  actuates  the  eone  4 
anil  llie  shaft  b  bj  means  of  friction  ;  l  is  a  cone  fined  upon  the  extreniit;  of  tlie  Elinft 
K  L  "is  anofliep  cone  of  the  same  dimension,  bnt  wliose  hase  fronts  the  top  of  tlie  other 
nnil  wliieh  is  placed  oQ  tlie  shaft  e"  commanded  by  the  prime  mover,  u  is  the  lielt 
\vhlch  embraces  the  two  conei^  and  whose  lateral  displncement,  effected  by  means  of  a 
full.-,  permitB  the  velaoitj  of  the  machine  to  be  regulated  at  plensare.  V  19  the  pulky 
'ivhicli  directly  receives  tlie  moTcment  In  place  of  a  single  friction  diso^  another  may  be 
employed,  if  judged  neoeesaiy,  and  placed  between  the  two,  an  additional  friction  pole  in 
Older  better  to  equalize  tlie  friction.  In  this  case  the  disc  and  additional  cone  should 
turn  freely  upon  their  own  shafts.  We  may  also  adopt  anotlier  arrangement  for  the 
bottom  of  the  vertical  shaft.  Tlie  shaft  immediately  above  the  step  is  surrounded  by 
a  loose  rim,  around  whicli  a  certain  quantity  of  lead  shot,  or  other  granular  matter,  13 
cnntiiined  in  tlie  rim  in  the  bos  which  serves  for  tlie  step.  The  top  of  this  box  is 
nirrcKl  with  an  openint;,  into  which,  wlien  the  machine  U  al  rest,  a  cord  connected  -whh 
the  shaft  sinks,  oontrollad  by  the  shaft,  and  when  the  drum  ,e  raisei!  hy  tlie  action  of  the 
rejfiilfltor  n,  this  eord  quits  its  place,  wliich  allows  tlie  shaft  to  displace  the  shot  a  little, 
and  to  talce  a  position  conformably  to  the  point  of  the  centre  of  gravity. 

But  afl.er  all  great  attention  should  be  paid  to  the  proper  workina;  of  the  machine. 

DUCTILITY  (SIreckbarkH',  Germ.)  is  the  property  of  being  drawn  out  in  lenilh 
without  breaking,  posses-ed  in  a  pre-eminent  degree  by  get'  :ind  silver,  as  also  bywany 
other  metals,  by  glass  in  the  ]i:|uid  state,  and  hy  many  semiQuid  resinous  and  gnr.Jnj 
substances.  The  spider  and  the  silli-wurm  exhibit  the  Rnest  natuia)  w:ercise  ofduclilit) 
upon  Ihe  peculiar  vi'cid  secretions  from  which  they  spin  Iheir  threads.  When  a  budj 
can  he  readily  extended  in  ail  directions  under  the  hammer,  it  is  said  to  be  malleable,  an  j 
when  inlo  iitlels  under  the  rolling  press,  it  is  said  lo  be  laminable. 

Table  of  the  dticlilily  and  mallsabilily  ofMetaU. 


M.,al.du..il«.„d 

BaUla^W, 

^M.^ul.m_tl,,,™^.r 

MeWlsinlhsmiBrof 

i.,*r. 

Blphiil.rt.fal  ,.,der. 

tacnliLj. 

rtictihty. 

CaJmium. 

Gold. 

Cold. 

Arsenic. 

Gold. 

Bi=miilli. 

Platinum. 

Iron. 

Cliromium. 

CobalL. 

Zinc. 

Lead. 

Cohimbiiim. 

Tin. 

Zinc. 

MerCTiry. 

Iriilium. 

Lead. 

lion. 

Nickel. 

MansiEinese. 

Nickel. 

Nick.l. 

O.'mium. 

Molvbdenum. 

Palliidinm.  1 

Palladium.  1 

Osminm. 

Cadmium.  1 

Cadmium.  ? 

Platinum. 

Kliodiuin. 

Pota;siuin. 

Tellurium. 

Sodium. 

T:;:::"e':: 

Tin. 

Zinc. 

There  appears  to  be,  therefore,  a  real  difference  between  ductility  and  malleability) 
r  the  metals  which  draw  into  the  finest  wire  are  not  Ihose  which  afford  the  thinnest 
aves  under  the  hammer  or  in  the  rolling  press.     Of  this  fact  iron  affords  a  eood  illus- 


Iration.  Among  the  metals  permanent  in  the  air,  17 
the  most  duelile  cannot  be  wire-drawn  or  laminated 
being  annealed  from  time  to  lime  dnrinif  the  progr 
iliding  of  the  particles  alonnside  of  each  other,  so  a? 
DUNGING,  in  calico-printing,  is  the  appli 


;  brittle. 

0  any  considerable  extent  without 
IS  of  the  extension,  or  rather  tha 
)  loosen  their  lateral  cohesion. 

cowdnng,  diffused 


through  hot  water,  to  cotton  goods  in  a  particular  sla^e  of  the  manufacture.  Dunaing 
■nd  scouring  are  commonly  allcrnaled,  anil  are  two  of  the  most  important  steps  in  the 
process.     The  operation  of  dunging  has  fr.r  its  objects  : — 

I.  To  determine  :he  entire  combination  of  the  aluminous  sub-salts  witli  the  stuffs,  by 


(.  .(MK 


^yc 
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seiiaraling  almost  all  the  acetic  acid  which  mas  not  rolatilizcd  in  the  store-drying  of  Iht 

2.  To  di?6oIve  and  carry  off  rrniti  the  cloLh  a  porlion  of  llie  Ihiclicnins  matters. 

3,  To  sepamle  from  the  clolh  the  part  of  the  mordant  that  is  uncombined,  and  mercJy 
mixed  mechanically  with  the  (tum  or  starch. 

i.  To  prevent,  by  the  pecaliar  aciion  of  the  dung,  Ihe  iincomblned  mordant,  as  well  as 
Ihe  BCPlic  acid  with  which  the  baih  is  apt  to  gel  loaded,  from  Hifecling  ihe  blapk  parts 
of  Ihe  clolh,  or  beint:  injurious  to  the  mordant. 

The  alominous  hase  or  mordant  on  ihe  clolh,  ni.re  or  less  neu(it.lized  by  the  dunsins. 
is  neit  iiiibjpcced  lo  the  dash-wheel  or  fullina  mill,  where  by  the  stream  of  waler  tn* 
tcrrainder  of  Ihe  thickenins  and  of  her  im  purities  are  washed  away. 

Ko  very  txacl  analysis  has  been  made  of  cowdung.    Morin's,  which  is  the  most  recen( 


of  a 

, ,  ,. ,     ...._ ,  and  forms  about  one  lenth  i 

weieht;  2.  of  albumen  j  3.  of  animal  macus;  4.  of  a 

muriate  of  soda,  muriate  and  acetate  of  ammonia,  phosphate  of  lime  and  other  sattSj  6. 

of  benzoin  or  musk. 

Probably  Ihe  hoi  water  in  which  the  calico-prinler  diffuses  the  dun!  exerts  a  powerful 
solvent  action,  and  in  proportion  as  the  nncombined  mordant  floats  in  (he  bath  il  is  pre- 
cipitated by  the  albumen,  the  animal  mncus,  and  the  ammoniacal  sails;  bnt  there  is  rea- 
son to  think  that  the  fibrous  matter  in  pnrt  animalized  or  covered  with  animal  malter, 
plays  here  the  principal  part ;  fur  the  great  affinity  of  this  substance  for  the  aluminous 
sails  is  well  linown. 

All  practical  men  are  aware  that  the  affinity  of  colton  for  alumina  is  increased  by 
its  combination  with  oi!  or  animal  snbslancei!,  to  such  a  deeree  as  lo  take  it  from  the 
duno  bath;  which  would  not  be  possible  without  this  combination.  It  would  therefr.re 
appear  that  the  principal  function  of  diinRini  is  to  hinder  the  nncombined  mordant, 
diriitsed  in  the  dun?  bath,  from  attaching  itself  lo  the  nnmordanted  porlion  of  the 
clolh,  as  alreadj  observed ;  for  if  we  merely  wished  to  abstract  the  thickening  slufls,  or 
to  complete  by  the  removal  of  acetic  acid  Ihe  tomhinalion  of  the  aluminous  base  with 
the  goods,  dung  wonld  not  be  required,  for  hot  waler  would  suffice.  In  fael,  we  may 
observe,  that  in  such  cases  the  firsl  pieces  passed  ihrouah  Ihe  boiler  are  fit  for  dyeins ; 
bnt  when  a  ceitain  number  have  been  passed  throueh,  the  mordant  now  dissolved  in  the 
water  is  allracled  to  the  white  Jjorlions  of  the  clolh,  while  the  free  acid  impoverishes 
Ihe  mordanted  pails,  so  that  Ihey  cannot  afford  gotld  dyes,  and  Ihe  blanlt  spaces  are 
tarnished. 

The  cowdons  may  be  in  some  measure  replaced  by  bran,  but  not  with  perfect  success. 
The  former  both  answers  the  purpose  belter  and  is  chea|ier.  The  bran  is  only  preferred 
for  the  most  delicate  yellows,  for  cochineal  pinks  and  lilachs,  to  which  ihe  dunit  may 
sometimes  impart  a  greenish  east.  It  is  lo  be  presumed  (hat  the  action  of  Ihe  bran  in 
this  process  bos  much  analogy  with  that  of  the  dung,  and  that  Ihe,  ligneous  fibre  h  the 
most  active  constitnentj  with  which  Ihe  gluten  and  mucilage  co-operate,  no  doubt,  in 
reizing  the  aluminous  sails. 

It  seems  to  be  ascertained  that  the  mordant  applied  to  the  cloth  does  nol  combine  en- 
tirely with  i(  during  the  drying;  (hat  this  combination  is  more  or  less  perfect  according 
to  the  strength  of  the  mordanls,  and  the  circumslances  of  Ihe  drying  ;  that  the  operation 
of  dungine,  or  passing  Ibronjth  hot  water,  eompleiea  the  combination  of  Ihe  cloUi  with 
the  aluminous  base  now  insoluble  in  water;  that  Ibis  base  mij  EllU  contain  a  very  nii- 
nnte  quantity  of  acetic  acid  or  sulphate  of  alumina;  that  a  long  ebtillition  in  water 
impoverishes  Ihe  mordant  but  a  Utile ;  and  thai  even  then  the  liquid  does  not  contain  unj 
perceptible  quantity  of  acelale  or  subsulphate  of  alumina. 

The  maimer  of  immersing  the  goods,  or  passing  Ihem  thronsb  the  dnng  halh,  is  an 
imporlanl  circumslance.  They  should  be  properly  extended  and  free  from  folds,  whicli 
is  secured  bv  a  series  of  cylinders. 

The  cistern  is  from  10  to  12  feet  long,  4  J  feet  wide,  and  6  or  8  feel  deep.    The 
piece    passes   alternately  over    the    upper  rollers  and    nnder    roller: 
There  are  two  main  squeezing  rt  lers  at  one  end,  which  draw  the  clo 
Ihem.    Whcneva     be  goods  come  out  of  the  bath  they  are  put  ii 
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Fne  immersion  Khould  take  place  as  fast  as  pnesible,  n>r  the  jnoment  the  bot  nater  pene- 
lTa1(!s  Ttie  mordanletl  clolh,  the  acetic  acid  quits  it;  anil,  tbererare,  if  the  immersion  vnf 
mailii  stowlf  or  one  ply  alXer  another,  Ihe  acid  as  tvell  a.^  the  uncombiaed  mordanl  become 
free,  would  spread  their  inflnence,  and  would  have  time  to  dissolve  the  aluminous  sub- 
tall?  now  combined  with  the  elulhi  whence  inequalilJes  aiiJ  impoverish  me  nt  of  the  colors 

II  is  dilficuU  to  determine  the  number  of  pieces  which  may  be  passed  through  a  Biien 
luanlily  of  dung  and  water.  This  depends  upon  the  slate  of  the  mordant  whether 
Ihey  are  strone  or  oeid,  and  on  the  quantity  of  the  surface  covered  with  the  fiaures 
The  number  varies  usually  from  20  lo  60  pieces,  for  from  240  to  300  gallons  of  water 
anil  6  gallons  of  dun*.  The  lime  of  the  immersion  varies  with  the  conceutration  of  the 
mordants,  and  the  nature  of  their  thickening.  The  lernpevature  must  be  regulated  bv 
tiie  same  circomsfanees ;  for  starch  or  flour  paste  a  mocli  warmer  bath  is  needed  thin 
for  gum.  The  heai  raries  usually  fram  130°  lo  212°  F.  When  the  printing  is  heavy 
and  the  thickening  is  starch  or  fiour,  (he  goods  are  usually  twice  dunged,  with  tvo  wich 
in<rs  between  the  two  dungs.  A  srrong  acid  mordaat  is  more  ctifficalt  to  dung  and  (□ 
Wiish  than  a  neulral  murdnnl,  especially  wfl^n  it  is  to  receive  the  madder  dye  Some 
times  a  little  chalk  is  added  lo  the  bath,  <vhen  the  eocNis  have  Deen  padded  in  an  neid 
mordant.  Too  much  dung  i;  injurious  lo  Weak  mordants,  as  well  as  lo  pinks  It  has 
also  been  lemarked  that  a  mordant  when  neutralized  does  not  produce  as  brillrmi  tints, 
esrieciaily  yellows.  The  Inter  are  obtained  of  a  liner  shade  when,  instead  of  dunainp, 
they  are  exposed  for  an  hour  in  a  stream  of  water,  provided  its  temperature  is  not  too 
low.  In  winter  they  are  passed  through  a  slightly  ehalky  water,  then  washed  at  Ihe 
wheel,  and  dyed  in  quercitron  or  weld. 

A  very  able  and  learneil  memoir  upon  this  subject,  by  M.  Penol,  Professor  of  Chem- 
istry, appeared  in  the  Bulletin  of  the  Society  of  Mulhausen,  in  October,  1834,  with  an 
inaeiiioiis  commeniary  upon  it,  under  the  title  of  a  Eepori  by  M.  Camille  Kosehlin,  in 
March,  1835. 

Experience  has  proved  that  dnnging  is  one  of  the  most  important  steps  in  the  procesf 
of  calico  prinliUE,  and  that  if  it  be  not  well  performed  the  dyeing  is  good  for  nolhing. 
Before  we  can  assisn  its  peculiar  function  lo  the  dung  in  this  case,  we  most  know  its 
composition.  Fresh  cow"s  dung  is  commonly  neutral  when  tested  by  litmus  paper;  but 
eomelimes  it  is  slightly  alkaline,  owing,  probably,  to  some  peculiarity  in  llie  food  of  the 

The  total  consliluents  of  100  pans  of  cow  duns  are  as  follows;  Water,  69'58!  bitlor 
mailer,  0-74;  sweet  substance,  0-93;  chloropliille,  0-28j  albumine,  0-63  ;  muriate  of 
sodOjO'OS;  sulphate  of  potash, O-OS;  sulphate  of  lime,  0-25;  carbonate  of  lime,  0'24i 
phosphaie  of  lime,  0-46 ;  carbonate  of  iton,  0  03:  woody  fibre,  26-39i  silica,  0-14; 
loss,  0-14. 

In  dunging  calicoei  the  excess  of  uncombined  mordant  is  in  part  altracled  by  the 
poliible  matters  of  Ihe  cow's  done,  and  forms  an  insobible  precipitate,  which  has  no 
BlBnily  for  the  cloth,  es|iecially  in  presence  of  tile  insrdnble  part  of  the  dun?,  which 
Klrongjy  attracts  alumina.  The  most  important  pait  which  that  insoluble  matter  plays, 
is  to  seize  the  excess  df  the  mordants,  in  proportion  as  Ihey  are  dissolved  by  the  water 
of  the  bath,  and  llius  to  render  their  reaction  upon  ihr  cloth  impossible.  It  is  only  in 
the  deposile,  therefore,  that  the  matters  carried  olf  fri  n  the  clolh  by  the  dung  are  lo 
he  found. 

M,  Camille  KcEchlin  ascribes  the  aclion  of  cow  dung  chiefly  to  its  albuminous  con- 
stituenl,  combining  wilh  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolv-d 
by  the  hot  water  of  the  bath.  The  acids  co<isequently  set  free,  soon  become  evident  by 
the  test  of  litmus  paper,  after  a  few  pieces  are  passed  Ihroagii,  and  requiie  to  be  got  rid 
of  either  by  a  Hash  baih  or  by  adding  chalk  to  the  old  one.  The  duni;  thus  serves  also 
to  fix  the  bases  on  the  clolh,  when  nsed  in  moderation.  It  exercises  likewise  a  disoxyda- 
ting  power  on  the  iron  mordant,  and  restores  it  lo  a  slate  more  iit  to  combine  wilh  color- 

DYEING,  (Temtiin,  IV. ;  Farieni,  Germ,)  is  (he  art  of  impregnating  wool,  silk, 
CO Itun,  linen,  hair,  and  skins,  with  colors  not  removable  by  washing,  or  the  ordinary 
usage  to  which  these  fibrous  (lodies  are  exposed  when  worked  up  into  articles  of  furnilure 
or  raiment,  I  shall  here  consider  the  general  principles  of  the  art,  referring  for  the 
patlicniar  dyes,  and  peculiar  treatment  of  the  stuffs  to  be  dyed,  to  the  different  tinctorial 
sub=tances  in  their  alphabetical  places;  such  as  cochineal,  indigo,  madder,  fee. 

Dyeing  is  altogether  n  chemical  process,  and  requires  for  its  due  explanation  and 
practice  an  acquaintance  wilh  the  properties  of  the  elementary  bodies,  and  the  laws 
which  regulate  their  combinations.  It  is  true  that  many  operations  of  this,  as  of  nltier 
chemical  arts,  have  been  practised  from  tlie  most  ancient  times,  long  before  any  jusl 
views  were  entertained  of  the  nMure  of  the  changes  thai  took  place.  "Mankind,  equally 
m  the  rudest  an '  most  refined  state,  have  always  sought  to  giatify  the  love  of  disiinction 
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by  9(ain[n?  their  dress,  eometimps  even  Iheir  Rkin,  with  °;aiiiJy  colors.  Moses  speass  oJ 
Caimenl  dyed  blue,  and  purple,  and  scarlet,  and  of  sheep  skins  dyed  red;  circums lant^et 
whicn  indicnte  no  small  dft;ree  of  iincu>rial  skill.  He  enjoins  purple  siulfs  for  tliewo.is 
of  the  inbeinacle  and  tbe  vestments  ol'  Ibe  hiub  prieet. 

In  the  article  Calico  Printing,  I  have  shown  from  Plin;  thai  the  itncient  Bgj'ptiank 
CBliivated  ibnl  ait  wiih  some  degree  of  seieniiiic  precision,  since  they  linew  tl^e  use  ui 
mordants,  or  these  sutistances  which,  IhouGb  they  may  impart  no  color  themselves,  ]e< 
enable  nhite  robes  (caiiifiiia  vela)  to  absorb  coloring  drngs  (coiorem  sorieudUnts  riitdl 
rammlia).  Tyre,  however,  was  the  nation  of  antiquity  which  made  dying  its  chief 
ocenpalion  and  the  staple  of  its  commerce.  There  Is  little  doubt  that  pniple,  the  sacred 
symbid  of  royal  and  sscerdutal  dignity,  was  a  color  discovered  in  that  city,  and  that  il 
contributed  to  its  opulence  ami  gjandeur.  Homer  marks  no  less  the  value  than  th« 
anLiijuity  of  this  dye,  by  describins  his  heroes  as  arrayed  in  pnrple  robes.  Purple  hahiU 
are  mentioned  among  the  presents  made  to  Gideon  by  the  lsratlili.'S  from  the  s|)oils  of  ihc 
tcini^  of  Midian. 

The  juice  employed  for  commnniealin?  this  dye  was  obtained  from  two  diiferenl 
kinds  (if  shell-Esb,  described  by  Pliny  under  the  names  of  pur/mra  and  bacciintm;  and 
WHS  extracted  &om  a  smalt  vessel,  or  sac.  in  their  throats,  lo  the  amount  of  only  one 
drop  fi-om  each  animal.  A  darker  and  inferior  color  was  also  procured  by  ci'ushing  Ihe 
whi  le  substance  of  the  baccinutn.  A  ceitain  quantity  of  the  jiLlce  collected  from  a  vast 
number  of  shells  being  treated  with  sea-salt  was  allowed  lo  ripen  for  three  days;  after 
which  it  was  diluted  with  tlve  limes  its  hultc  of  water,  kept  at  a  moderate  heal  tor  si:c 
days  more,  occasionally  skimmed,  lo  separate  the  animal  membranes,  and  when  thus 
elariSed  iras  applied  diiectly  as  a  dye  (o  while  wool,  previously  prepared  for  this  purpose 
by  Ihe  action  of  lime-'ivater,  or  of  a  species  of  lichen  called  fucus.  Two  operations  were 
requisite  to  comniunicale  the  finest -Tyriaa  purple;  the  first  consisted  is  plunging  the 
wool  into  the  juice  of  the  purpura  :  the  second,  into  thai  of  (he  buucinum.  FiAy  di'acbms 
of  wool  requii-ed  one  hnn.lred  of  the  former  liquor,  and  two  hundred  of  the  ktler.  Some- 
times a  preliminary  lint  was  given  with  coccus,  the  kermes  of  the  present  day,  and  tha 
cloth  received  merely  a  finish  from  the  pi-ecions  animal  juice.  The  colors,  though  pi'ob- 
ably  not  nearly  so  brilliant  as  those  producible  by  our  ciichiueal,  seem  to  have  been  very 
dmable,  for  Plutarch  seys,  in  his  Life  0/  Macaiuler,  (chap.  36,)  that  ihe  Greeks  liiund 
in  the  treasury  of  the  Kingof  PeisLa  a  large  quantity  of  purple  cloth,  which  was  as 
heoutifiil  as  at  first,  tbouEh  it  was  ISO  years  old. 

The  dilficulty  of  collecting  the  purple  juice,  and  the  tedious  complication  of  the  dyeing 
process,  made  Ihe  purple  wool  of  Tyre  so  expensive  at  Rome,  thai  in  the  lime  of  Augus- 
tus a  pouni  of  it  cost  nearly  30/.  of  onr  money.f  Notw ith sin  n ding  this  enormous  iirice, 
such  was  the  wealth  accumulated  in  ihut  capitnl,  that  many  of  the  leading  citizens  deco' 
rated  Ihemselves  in  purple  attire,  till  the  emperors  arrogated  to  Ihemselves  the  privilege 
of  wearing  purple,  and  prohibited  its  use  to  every  other  person.  This  prohibition  opera- 
ted BO  much  to  discourage  ibis  curious  art  as  eventually  to  occasion  its  extinction,  fiisl  in 
the  western  and  then  in  iJie  eastern  empire,  where,  iiowev«r,  it  existed  in  certain  impel  ial 
mnnufaciuries  till  the  eleventh  century. 

Dyeing  was  little  cultivated  in  ancient  Greece;  the  people  of  Athens  wore  generally 
wool  I  en  dresses  of  the  natural  color.  But  the  Romans  inu^t  have  bestowed  some  jjains 
npon  this  an.  In  the  sames  of  Ihe  circus  pai-ties  were  distinguished  by  colors.  Four  of 
these  are  described  by  Pliny,  Ihe  green,  the  orange,  Ihe  gray,  and  the  white.  The  follow- 
ing ingredients  were  used  by  iheir  dyers.  A  erode  nalive  alum  mixed  with  copiieras, 
copperas  itself,  blue  vitriol,  alkanet,  lichen  rocellus,  or  aichil,  broom,  madder,  woad,  nul- 
galls,  the  seed  of  pomegranale,  and  of  an  Enyptian  acacia. 

Gage,  Cole,  Plumier,  Reaumur,  and  Duhamel  have  severally  made  researches  concern- 
ins  ;he  colorine  juices  of  ahell-fi-h  eau;jht  on  varioas  shiires  of  the  ocean,  and  have  suc- 
ceeded in  forming  a  pnrple  dye,  but  they  found  it  much  inferior  to  Thai  furnished  by  other 
means.  The  jnice  of  the  hucciuum  is  at  first  white ;  it  becumes  by  exposure  10  air  of  a 
yellowish  green  bordering  on  blue;  it  sherwards  reddens,  and  finally  chaoses  lo  a  deep 
pur[>le  of  considerable  vivacity.  These  circumstances  coincide  with  the  minute  desciip- 
tion  of  the  manner  of  catching  the  purple^lye  shelt-fij.li  which  we  possess  in  the  woik  of 
an  eye-witness,  Budocia  MacremboiitlESa,  daughter  of  the  Emperor  Constantine  VllL, 
wh"  lived  in  the  eleventh  century. 

The  moderns  have  obiained  fiom  the  New  World  several  dye-drugs  unknown  to  the 
ancients;  such  as  cochineal,  quercitron,  Brazil  wood,  logwgod,  annalto  ;  and  ihey  have 
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i[scovered  the  art  or  usin;  diIj^o  as  a  dye,  which  (he  RomEis  knew  only  as  a  pigment, 
Bui  the  vast  superiorit;  uf  our  dyes  over  those  uf  furmer  times  tnust  be  asci  ibcil  pi  inci 
paliy  tu  the  employtaeiit  of  pure  alum  and  Sululion  of  tin  uf  manlanls,  either  aJane  oi 
mixed  with  other  bases;  substances  which  give  la  our  common  dye-sluli's  remarkable 
depth,  (InrBbility,  and  lustie.  Anuther  iinpiuvetnent  in  dyeini  of  more  recent  d^l?  is  [he 
application  lo  teilile  suhstances  of  metallio  compounds,  sach  as  Prussian  blue,  chrome 
yellow,  manzsnese  brawn,  &c. 

Iiidiw,  the  innoxious  and  beautir^il  product  of  an  inleresling  tribe  of  tropical  plants, 
finch  is  adapted  ta  form  the  must  useful  and  substantial  of  all  dyes,  was  actually  denoun- 
ced as  a  dan^rous  drug,  an[l  forbidilen  to  be  used,  by  our  parliament  in  the  reii;a  of 
Queen  Eliaabelh.  An  act  was  pissed  au  I  horiiing  searchers  to  burn  butli  jt  and  laifwaod 
in  every  dye-house  where  ihey  could  be  foand.  This  act  remained  in  full  force  till  the 
lime  uf  Charles  11.  t  that  is,  for  a  great  part  of  a  cenlary.  A  foreianer  l  ight  have  su[^- 
poseil  Ihat  the  legislators  of  England  entertained  such  an  atfeclion  for  their  native  woad, 
with  which  their  naked  sues  used  to  dye  (heir  skins  in  the  old  times,  thai  they  would 
alliiw  no  ontlandl^h  drug  to  cume  in  competition  with  it.  A  most  instrtictive  book  mii;ht 
be  written  illustrative  of  the  evils  iuHicted,  npoa  ails,  manufactures,  and  commerce,  iti 
cans<^quence  of  the  ignorance  of  the  legislature.* 

Colors  are  not,  properly  speaking,  material;  they  are  impressions  wnicli  we  reeerve 
from  the  rays  of  light  reaecl&J,  in  a  decomposed  state,  by  tlie  surfaces  of  bodies.  It  is 
well  knoiyn  that  a  vihite  sunbeam  consists  of  an  indeterminate  number  o,'  ■'itferently  col- 
ored rays,  which  beia?  separated  by  the  refractive  force  uf  a  ijlass  prism,  -orui  the  solar 
spectrum,  an  image  distinsuishable  into  seven  sorts  of  rays;  the  red,  orange,  yellow, 
green,  blue,  indig'o,  and  violet.  Hiince,  when  an  opaque  body  appears  colored,  for  ex- 
ample, red,  we  say  that  it  reHecta  the  red  rays  only,  or  in  greatest  abundance,  mixed  vith 
more  or  less  of  the  white  beam,  which  has  escaped  decomposition.  According  lo  this 
ii.anner  of  viewing  the  coloring  principle,  the  art  of  dyeina  ciin.<i^ts  in  fixing  upon  stulfs. 
by  means  of  corpuscular  allrnctiiin,  substaoces  which  act  upon  light  In  a  dilferenl  manner 
from  the.  surfaces  of  the  stulfs  llieraselves.  The  dyer  ought,  therefors.  to  be  familiar  willi 
(wo  princiiiles  of  optics;  thetirst  relative  lo  the  mixture  of  colors,  and  the  second  to  their 
eicnultaneons  contrast. 

Whenever  the  different  colored  rays,  which  have  been  separated  by  (he  p.-ism,  are 
totally        niled   Ih  y      p  od        wh  t     I    ht      It  I    t    lb  I  in   this  composition 

of  liiiht,  f  Eom  rayw  Iff,  ftl  Idjb  ta  certain  pro|)ortion, 
we  sh    Id  n  I  h        wh  t    1    h     b  (  1   h      t  I  For  example;  if  we 

separa  th  red  j  f  m  th  1  ght  d  po  d  by  a  p  m  11  e  remainin;  colored 
rays  w  11  f   m  by  111  mb      t  pi       bl     h  g  ee         If  we  separate  in  like 

manne    tl  ih  ^^        ">  d    ed      y     w  II  f   m  by  their  combinaiioa 

a   bine      I  If  para      f    m    1     d       mposed   p     m  t      1    ht  the  rays  of  greenish 

yellow    h        m         gldraiwllfm  ItAdf       sepai'ate  the  rays  uf 

yellow  bordering  onoran^B,  the  remaintng  colored  raj  swill  torm  by  their  union  an  indigo 

Thus  we  see  that  every  colored  light  has  such  a  relation  with  another  colored  light 
that,  by  uniting  (he  first  with  the  second,  we  reproduce  while  light;  a  relation  which  we 
express  by  saying  that  the  one  is  the  complement  of  the  other.  In  this  sense,  red  is  the 
complementary  color  of  bluish  green  ;  orange,  of  blue  ;  greenish  yellow,  of  violet ;  and 
orange  yellow,  of  indieo.  If  we  miu  the  yellow  ray  with  the  red,  we  produce  orangej 
the  blue  rav  with  the  yellow,  we  produce  green ;  and  the  bine  with  (he  red,  we  produce 
violet  or  indigo,  according  as  there  is  more  or  less  red  relatively  to  the  blue.  Bnt  these 
tints  are  distinguishalde  IVom  the  orange,  green,  indigo,  and  violet  of  the  satar  spectrum, 
because  when  viewed  throngh  the  prbm  they  are  reduced  to  their  elementary  compound 

If  the  dyer  tries  lo  realize  the  preceding  results  by  the  mii:lureordyes,he  will  succeed 
only  with  a  certain  number  of  them.  Thds,  with  red  and  yellow  he  can  make  ornnae  ; 
with  blue  and  yellow,  green ;  with  blue  and  red,  indigo  or  violet.  These  facts,  the 
re.'ult^  of  practice,  have  led  him  to  conclude  that  (here  are  only  three  primitive  colors; 
tue  red,  yellow,  and  blue.  If  be  attempts  to  make  a  while,  by  applying  red,  yellow, 
and  blue  dyes  in  certain  quantities  to  a  white  stuff,  in  imitation  of  the  philosopht-r's  ex- 
periment on  the  syi:(hesis  of  the  sunbeam,  far  from  succeeding,  he  will  deviate  still  further 
from  his  parpose,  since  the  slutT  will  by  tliese  dyes  become  so  dark  colored  as  to  appear 
blnck. 

The  fact  must  not,  however,  lead  os  to  suppose  that  in  every  case  where  red,  yellow, 
and  blue  are  applied  lo  while  clotb,  black  is  produced.  In  reality,  when  a  little  ultra- 
marine, cobalt  blue,  Prussian  blae,  or  indigo,  is  applied  to  goods  with  (he  view  of  giving 
Ihcm  the  best  possible  white,  if  only  a  certain  proportiur,  be  used,  the  goods  will  appear 
wniter  after  this  addition  Ihan  before  it.     What  happens  in  this  case  ?     Tiie  violet  blue 
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flirnis,  wili  ihe  brown  yellow  ol  the  soods,  a  mixture  tending  lo  white,  or  Ifss  coNirM 
lE.an  the  yellow  of  ihe  eoods  and  the  blue  loselber  were.  For  ihe  same  rcafon,  a  mil 
tiirp  uf  Prussian  tliie  and  eochineal  pink  has  bten  of  lale  years  used  in  the  wbjlenin?  oi 
the  azuring  of  silUs,  in  prererence  lo  a  pure  blue  j  (or  on  eiamining  closely  the  iidur  si 
the  silk  to  be  nentralized,  il  was  found  by  the  relations  of  [be  cotnplemenlarj  colors,  thai 
tbe  violet  was  more  suitable  than  the  indigo  blue  forinerty  used.  The  dyer  should  know, 
that  wheu  he  ajipliee  several  diD'erent  coloring  matters  to  atnfls,  as  yellow  and  blue,  fur 
example,  if  they  appear  eieen,  ii  is  because  the  eye  cannot  distinguish  the  points  which 
reflect  the  ;elIow  froni  tbuse  which  reflect  the  bluej  and  (lint,  eonseqaently,  it  is  only 
where  the  distinctiun  is  not  possible,  thai  a  mixture  or  combination  appeal's.  When  we 
examine  certain  gray  snbslances,  such  as  hairs,  feathers,  &c.,  with  the  microscope,  we 
see  that  the  gray  color  results  from  blai^k  points  disseminated  over  a  colorless  or  slightly 
colored  surface.  In  refeience  lo  compound  colors,  this  instrument  might  be  DSed  with 
advantage  by  the  dyer. 

The  dyer  should  be  Bcqnainted  also  with  the  law  of  the  simaltaneoHS  contrast  of 
colors.  When  Ihe  eye  views  two  culors  close  alonu'iite  of  each  other,  it  sees  Ihem 
diiTering  most  in  Ibrir  opiical  composiiion,  and  in  Ihe  beislit  of  their  lone,  when  Ihe  lw( 
are  nut  equally  pale  or  full-biidied.  They  appear  most  different  as  lo  Iheir  optical  com. 
Msilion,  when  the  complementary  of  the  one  of  them  is  added  to  the  color  of  the  other. 
Thus,  put  a  green  zone  alongside  of  an  orange  zone;  the  red  color  complementary  of 
fcreen,  being  added  to  the  orange,  4111  make  it  appear  reilder;  and  in  like  manner  the 
blue,  complementary  of  oranae,  hein^  added  In  the  green,  will  make  it  appear  more  in- 


but  on  the  same  side,  and  the  orange  at  a  distance  from  the  other  orange,  also  on  Ihe 
same  side. 

As  lo  the  contrast  in  the  height  of  the  tone,  we  may  satisfy  oorselves  by  taking  Ihe 
lones  No.  i,  No.  2,  No.  15,  and  No.  16,  from  a  gradualed  pnllet  of  reds :  for  esample, 
by  placing  No.  2  and  No.  la  close  alongside,  putting  No.  1  at  a  distance  from  No.  2 
on  the  same  side,  and  No.  16  at  a  distance  fi-om  No.  l.i  on  ihe  same  side, — we  shall 
see  (if  the  pallet  is  snfiicienlly  lowered  in  tone)  No.  2  equal  lo  No.  1,  and  No.  13 
equal  to  No.  16 ;  whence  it  follows  that  No.  2,  by  the  vicinity  of  No.  15,  will  appear 
to  have  lost  some  of  its  color;  while  No.  15  will  appear  lo  have  acquired  color.  When 
black  or  gray  figures  are  printed  npon  colored  grounds,  these  figures  are  of  tlie  color 
complemenlBjy  of  the  ground.  Consequentls,  in  order  lo  judge  of  their  color,  we  must 
cut  out  spaces  in  a  piece  of  gray  or  while  paper,  so  as  to  allow  ihe  eye  10  see  nolhinjf 
liut  the  figures;  and  if  we  wish  lo  compare  figures  of  the  same  color,  applied  upon 
grounds  of  dlHerent  colurs,  we  can  judge  riglitly  of  the  iigures  only  by  insulating  them 
from  the  grounds. 

The  relations  nf  dyeing  with  (be  principles  of  chemistry,  constitute  the  theory  of  the 
art,  properly  speaking ;  this  theory  has  for  its  basis,  the  knowledge — 1.  of  l!ie  species  of 
bodies  which  dyeing  processes  brinz  into  contact;  2.  of  the  ciicumstances  in  which  these 
B|iecies  act ;  3.  of  the  phenomena  which  ap|>ear  during  their  action  ;  and  4.  of  ihe  prop- 
erties of  the  colored  combinations  which  are  produced.  These  generalilies  may  be  speci- 
fied under  the  ten  following  heads  : — 

1.  The  preparation  of  the  stuffs  lo  be  dyed,  whether  fibres,  yarn,  or  clolh ;  under 
the  heads  of  ligneous  matter,  cotton,  hemp,  flax;  and  of  Ihe  animal  matters,  silk  and 

2.  The  mutual  action  of  these  stuffs,  and  simple  bodies. 

3.  The  rnutual  action  of  these  stuH's,  and  acids. 

4.  The  mutual  action  of  these  stulfs,  and  salifiable  bases,  as  alumina,  &c. 

5.  The  mutaal  actiim  of  tliese  stnf^,  and  galls. 

1.  The  mutual  acticm  of  these  stuffs,  and  nealial  compounds  not  saline. 
T.  The  miiluul  action  of  these  stulfs,  and  of  one  or  more  definite  com|)ounds. 
8.  01'  dyed  stuffs  considered  in  reference  to  tlie  fastness  of  Iheir  color,  under  Ihe  in* 
fluenee  of  heat,  tight,  water,  oxygen,  air,  boilioES  with  soap,  and  reagents. 


:  sobjected  before  dyeing,  are  intended — 1. 1 
rale  liom  ihem  any  loreign  matters;  2.  lo  render  them  more  apt  to  unilc  v. 
coloring  tinctures  which  the  dyer  proposes  lo  fix  upon  Ihem,  in  order  to  give 
more  agreeable,  or  mure  brilliant  aspect,  or  to  lessen  their  tendency  to  assume 
appearance  by  use,  which  while  surfaces  so  readily  do.  The  foreign  mailers  ar 
naturally  inherent  in  ihc  stufis,  or  added  lo  them  in  the  spinning,  weaving,  f 
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iiianfpulaltoii  of  rnannTactnre.  The  ligneous  flbres  must  be  freed  from  the  culareil  azo- 
l.ipl  varnish  on  their  surfiice,  from  a  yetlow  colorine  mailer  in  their  substance,  from 
sjnie  lime  and  iron,  from  chloraphylle  iir  leal^zreen,  and  from  peclic  acid;  alt  aaLural 
cotnbi II ii lions.  Some  nf  these  principles  require  to  be  oxysfnized  befure  aHfaline  le;r 
can  cleanse  ihem,  as  I  have  slaleJ  in  the  article  Bleaching,  which  may  be  consullej  in 
reference  to  this  subject.  See  also  SiLK  and  Wool.  A  weak  baih  of  soda  has  (he  prop- 
erty of  preparing  wool  for  takin°  on  a  uniform  dye,  but  it  must  be  well  rinsed  and  aired 
before  be  ins  put  into  the  dye-vaL. 

2.  M.itual  action  of  sluRs  and  simple  Indies. 

Siutfs  chemically  consiJered  bein:  composed  of  three  or  four  elementii,  already  in  a 
slate  of  leciprocat  saturation,  have  but  a  feeble  atlraction  for  simple  substances.  We 
know  in  fact,  that  the  latter  combine  only  with  each  other,  or  with  binary  compounil'^, 
and  that  in  the  greater  number  of  cases  where  Ihey  exert  an  action  up<m  more  complele 
cninpiiund^,  it  is  by  disturbing  the  Brranjement  of  their  elements,  and  not  by  a  resul[m° 
°l!iniiy  with  the.  whole  together. 

3,  4.  Althongh  stuffs  may  in  a  eeneral  point  of  view  be  considered  as  neutial  in 
r^'alion  to  coloring  rea^enls,  yet  experience  shows  that  they  aie  more  disposed  to  corn- 
>"ne  wilh  acid  than  with  alkaline  compounds;  an.l  that  consequently  their  nature  seems 
to  be  more  alkaline  than  acid.  By  sleeping  dry  wool  or  other  stuff  in  a  clean  stale  in 
ari  .ilkaline  or  acid  solution  of  known  strength,  end  by  tes''ng  the  liquor  after  .be  sluS 
13  tnken  out,  we  shall  ascertain  whether  there  be  any  real  arfiaily  between  them,  by  (he 
.solution  bein;  rendered  more  dilute  In  conseqnence  of  the  abstraction  of  alkaline  or  scid 
pirlicles  from  il.  Wool  and  silk  thus  Immersed,  abstract  a  portion  of  both  sulphuric  and 
z.iuriaLlc  acids;  but  cotton  and  flax  Imbibe  the  water,  with 

the  acid.     The  acid  may  be  again  taken  from  the  stuffs  by  w  w  IL 

5.  The  affinity  between  saline  bodies  and  staffs  m»y  be  ta  m    w 
as  that  of  acids,  by  planging  the  dry  stuffs  into  solutions                               d       m 
the  density  of  the  solution  before  the  immersion,  and            w          w  fl 
Woi  I  abstracts  alum  from  its  solution,  but  il  gives  it  al          ag       to  bo      g  w 
The  sulphates  of  protoxyde  of  iron,  of  copper,  aad  line,  re 

When  silk  is  steeped  for  some  time  in  solution  of  protn^utph 

otyd  •,  gets  thereby  dyed,  and  leaves  (he  sulation  aciJulons       7 

cre.iia  of  tartar  decomposes  a  portion  of  it;  it  absorbs  the 

a  neutral  salt  in  the  liquor.     The  study  of  the  action  of  sa  ta     po  ff 

eni  day  the  foundation  of  the  theory  of  dyeing;  and  some  m  ar      m         d    mm 

dialely  as  dye-3rugs. 

6.  Mutual  action  of  stufTs,  ani  neutral  compounds  not  saline. 

Several  salphurets.  Such  as  those  of  arsenic,  lead,  copper,  antimony,  tin,  are  suscepti- 
ble of  being  applied  to  stuffs,  and  of  dyeins  them  in  a  more  or  less  fast  manner.  Indijo, 
heimtine,  breziline,  carmine,  and  the  peculiar  coloring  principles  of  many  dyes  belong 

7.  Mutual  action  of  eoods  with  one  or  more  definite  compounds,  and  dye-stuffs. 

I  sha'l  consider  hi,Te  in  a  theoretical  point  of  view,  the  most  general  results  which 
a  certain  number  of  organic  coloring  matters  present,  when  applied  upon  stuffs  by  tiie 
dyer. 

/iiiigo.  This  dye-drug,  when  tolerably  good,  contains  half  its  weight  of  indigotine. 
The  cold  vat  is  prepared  commonly  with  water,  copperas,  indijo,  lime,  or  sometimes  car- 
bonate of  soda,  and  is  used  almost  exclusively  for  cotton  and  linen;  immersion  in  acidu- 
:aled  watei  Is  occasionally  bad  recomse  to  for  removing  a  little  oxyde  of  iron  which 
attaches  iiseir  to  the  cloth  dyed  in  this  vat. 

The  indigo  val  for  wool  and  silk  is  mounted  exclusively  with  indigo,  good  potashes  of 
commerce,  madder,  and  bran.  In  this  vat,  the  immediate  principles  with  base  of  caibon 
and  hydrogen,  such  as  the  extracts  of  madder  and  bran,  peiform  the  disoxydiziog  finc- 
tion  of  the  copperas  in  the  cold  val.  The  pastel  vats  require  most  skill  and  experience, 
in  consequence  of  their  complexity.  The  greatest  difficulty  occurs  in  keeping  them  in  a 
Kood  condition,  because  they  vary  progressively  as  the  dyeing  goes  on,  by  the  abstraction 
;r  the  inrligoline,  and  the  modification  of  the  fermentable  matter  employed  lo  ijisoxyge- 
nate  the  indigo.  The  alkaline  matter  also  changes  by  the  action  of  the  air.  Bj  the  euc- 
i:es9ive  additions  of  indigo,  alkali,  &c.,  this  val  becomes  very  difficult  lo  manage  with 
profit  and  success.  The  great  affair  of  Ihe  dye-  's  the  proper  addition  of  lime;  too  much 
or  loo  iillle  being  equally  injurious. 

Sulphate  of  indigo  or  Saxon  blue  is  useo  also  to  dye  silk  and  wool.  If  the  wools  be 
ill  sorted,  it  will  show  their  differences  by  the  inequalities  of  the  dye.  Wool  dyed  in  thii 
bath  put  into  water  saturated  with  sulphureled  hydroeen,  becomes  soon  colorless,  owing 
lo  the  disoxyge nation  of  the  indigo.  The  woollen  cloth,  when  exposed  to  the  air  for  some 
'imc  resuiaes  its  blue  color,  bul  not  so  intensely  as  before. 


The  properties  of  hemaline  eiploin  the  mode  of  Dsin?  loiwood.  When  Eliiffa  are 
dyed  in  Ihe  infii-ioii  or  decoction  of  this  wood,  under  (he  influence  of  a  base  which  »cfs 
npi<n  Ihe  hemnliae  in  the  manner  of  an  aikali.  a  blue  dye,  borderins  upon  viulel,  i! 
ohiained.  Such  is  the  process  fir  dyeing  cotton  and  wool  a  logwood  blue  by  means  of 
rerdisris,  crysiallizedacclRte  of  copper,  and  acetate  of  alumina. 

When  we  dye  a  staff  yellow,  red,  or  oranie,  we  have  always  bright  tintsi  willi  Wue, 
we  may  have  a  very  daik  shade,  but  somewhat  violet ;  (he  proper  black  can  he  obiained 
only  by  using  the  three  colore,  blue,  red,  and  yellow,  in  proper  propoitions.  Hence  we 
can  explain  how  the  linls  of  jelhiW,  red,  oranse,  blue,  green,  find  violet,  tnaj  be  biowneil, 
by  applying  to  rhem  one  or  two  colors  which  along  with  themselses  would  produce 
black  J  and  also  we  may  explain  (he  nature  of  lliat  variety  of  blacks  and  grays  which 
Beems  to  be  indefinite,  Nulfralls  and  sulphate  of  iron,  so  frequently  employed  fur  iht 
Qlack  dye,  give  only  a  violet  or  bluislt  gray.  The  pyruliznite  of  iron,  wh>ch  eoiilsina 
a  bn.wn  empyreumatic  matter,  i-ive,  la  sinffs  a  brown  lint,  borderini;  upon  greenish 
yellnw  in  the  pale  hues,  and  (o  chestnut  brown  in  the  daik  ones.  By  galling  cotton 
knd  silk,  and  giving  Ihem  a  balh  of  pyrolignlte  of  iron,  we  may,  aller  some  aUerna- 
{lima,  dye  them  black.  Galls,  logwood,  and  a  snli  of  iron,  produce  merely  a  very  deep 
violet  blue;  hut  by  boiling  and  exposure  to  air,  the  hematale  of  iron  is  changed,  becum- 
ing  led  brown,  and  favors  the  production  of  black.  Galls  and  salts  of  copper  dye  sluR'g 
an  olive  drnh,  logwood  and  salts  of  copper,  a  violet  blue;  bei.ro  their  combinaiion  should 
produce  a  black.  In  using  sumach  as  a  substitute  for  gslls,  we  shonW  take  into  account 
the  pioportion  of  yellow  mailer  it  contains.  When  the  best  possible  black  is  wanted 
•ipon  woij,  we  must  give  Ihe  stuff  a  fonndation  of  indigo,  then  pass  it  inio  a  balh  of  hig- 
Wood,  sumach,  and  proto-sulphate  of  iron.  The  sumach  may  be  replaced  by  one  Ihijd  of 
its  weight  of  nulgalls. 

8.  Of  dyed  stuffs  considered  in  reference  lo  the  fastness  of  their  colors,  when  exposed 
to  water,  light,  heat,  air,  o.tygen,  bailing,  and  reanenis. 

Pure  water  without  aii'  has  no  aclion  upon  any  properly  dyed  stuff. 

Heat  favors  the  aclion  of  certain  oxygenized  bodies  upim  the  carbonaceons  and  hydro- 
genous constituents  of  the  staff  j  as  is  seen  with  regard  lo  ehmmic  acid,  and  perosyile  of 
manganese  upon  cotton  eoods.  Il  promoles  Ihe  solvent  aclion  of  water,  and  it  even  allecis 
some  colors.    Thus  Prussian  blue  applied  to  silk,  is  reduced  to  peroxyde  of  iron  by  lung 

Lishi  wiihout  contact  of  air  affects  very  few  dyes. 

Oiygen,  especially  in  the  nascent  slate,  is  very  powerful  u^nn  dyes      See  Bifaciiin 

The  atmosphere  in  a  somrwhat  moist  slate  alfecls  man]  dyen,  at  an  eleialed  x  m 
pernlure.  Silk  dyed  pink,  with  safflower,  when  hrated  to  400°  F  hecon  e:  ol  a  <!i  y 
while  hue  in  the  course  of  an  hour.  The  violei  of  ioKivnod  upon  al  imed  wool  beiomes 
of  R  dull  brown  at  the  same  lemperatare  in  Ihe  same  lime  But  balh  ^land  a  heal  of 
SOO*  F.  Brazil  red  dye,  turmeric,  and  weld  jellow  dje  ,  di^^lay  Che  same  phenomena 
These  facts  show  the  great  fixity  of  colors  commonly  deemed  tender  The  s  i  Hi 
become  aflVcled  lo  a  certain  degree,  under  the  same  circamstances  as  ihe  djes  The 
allerabilily  even  of  indino  in  the  air  is  shown  in  the  wearing  of  pale  blue  cjuihes  in 
the  dark  blue  cloth  there  is  such  a  body  of  color,  that  it  resists  propaitionaN;  longer, 
bnl  ihe  seams  of  coats  exhibit  the  effect  very  dislinclly  In  silk  window  curiam'  «hic't 
have  been  long  exposed  to  the  air  and  lighl,  the  stuU'  is  found  to  be  decomposed,  as  well 
as  the  color, 

Boi/it;g  was  formerly  prescribed  in  France  as  a  lest  of  fast  dies  It  consi-ted  in 
putlins'  a  sample  of  the  dyed  goods  in  boiling  water,  hi  Iding  in  solnli  n  a  deleiminale 
quantity  of  alum,  lartar,  soap,  and  vioegsr,  &c.  Duf  y  improved  that  barhanus  lr«l 
He  considered  that  fast-dyed  cloih  could  be  reci^nised  by  resisting  an  exposuieof  twelve 
hours  to  Ihe  sunshine  of  snnuner,  and  lo  the  miilniwhi  dews,  or  ot  sixteen  days  in 

In  trying  the  stability  of  dyes,  we  may  offer  the  followtne  rules  — 
Thai  every  stuff  should  be  exposed  lo  the  light  and  air ,  it  it  he  inten  led  (o  be  worn 
abroad,  it  should  be  exposed  also  lo  ihe  wind  and  rain    that  tarpets,  inoreovei,st  ould  be 
siibjfcted  lo  friction  and  puliing,  to  prove  (heir  tenacily,  and  that  clulha  to  be  vt^jhed 
should  he  exposed  lo  the  aclion  of  hoi  water  and  soap 

In  examining  a  piece  of  dyed  colion  goods,  we  may  proceed  as  follows  — 
S'ipi>ose  its  color  lo  he  orange-biown.  We  find  first  that  it  imparts  no  color  to  bcil 
ing  water;  that  protochloride  of  tin  takes  Out  its  color  thai  plunged  into  a  solution 
of  ferroprnssiate  of  potash  it  becomes  blue;  and  Ihal  a  piece  ot  it  bemg  burned,  leaies 
B  residuum  of  peroxyde  of  iron;  we  may  ihence  ctnclude  that  Ihe  dyeing  matter  is 
penixyde  of  iron. 

Suppose  we  have  a  blue  stuff  which  may  have  been  dyed  either  with  indigo  or  nith 
Prussian  bine,  and  we  wish  lo  know  what  il  will  become  in  use  He  inquire  hrsl  into 
the  nature  of  Ihe  blue.    Hot  water  sliEhtly  alkaline  w  11  be  coloied  blue  by  ii    if 
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il  lias  been  dyed  with  sulphate  of  ind^o ;  it  will  not  be  colored  if  it  was  jyed  in  the  indiea 
val.  but  it  viti  become  yellow  by  niliic  acid.  Boilia?  water,  without  bfcomin;  colored 
iisi-if',  will  destroy  the  Prus-ian  bine  dye ;  an  allfaline  water  will  convert  its  color  iiilo  an 
iioti  ruat  lint;  nitric  acid,  which  makes  the  ini%n  dye  yellow,  makes  thai  of  P^us^i^J 
blur  grren.  The  liquor  rrsultinz  from  boiling  alkaline  water  on  the  Prussian  bloi!  clotb. 
wjll  convert  sulphate  of  iron  into  Prussian  blue. 

9.  Division.    Of  dyeini  viewed  in  ilB  relation  to  chemistry. 

The  pbennmena  of  dycinn  have  been  ascribed  to  very  dilferent  causes  j  by  some  they 
weie  siip|iosed  to  depend  upon  mechanical  causes,  and  by  others  upon  the  forces  from 
wliich  oliemical  effects  flow.  Hrllol,  in  confurmily  with  the  first  mode  of  esplanntiim, 
Ihon^hi  that  ibe  art  of  dyeing  consisted  essentially  in  opentn?  the  pores  in  order  to  adinil 
cdlniing  matters  into  them,  and  to  Qx  (hem  there  by  cooling,  or  by  means  of  a  morJanl 
imagined  to  act  like  a  cement. 

Dufay  In  173T,  Bersma.in  in  1776,  Macquer  in  1778,  and  Berlhollet  in  1790,  hail  re- 
cnui^e  to  cbemical  affiniiies,  to  explain  the  fixation  of  the  coloring  principles  apnn  suifis, 
eilher  without  an  intermedium,  like  indig;,  walnut  peels,  annotto;  or  by  the  inlerven- 
Liiin  of  an  acid,  a  salifiable  base,  or  a  salt,  wbich  were  called  mordanls.  When  bodies 
pri'sent  phenomena  which  we  refer  to  an  attraction  uniting  particles  of  the  same 
nature,  whether  simple  or  componnd,  to  form  an  aggregate,  or  to  an  affioily  which 
"niles  ihe  particles  of  diHerenl  natures  to  form  Ihem  Into  a  chemical  compound,  I beee 
b<nlies  are  in  apparent  contact.  This  happens  precisely  in  all  the  cases  tf  the  mutual 
action  of  bodies  in  an  operaiiun  of  dyeing  ;  if  their  parijcl^^s  were  iiut  in  apparent  con- 
tact, Ihere  would  be  absolutely  no  change  in  their  respective  condition.  When  we  see 
slnlTs  and  metallic  oiydes  in  apparent  contact,  form  a  mutual  union  of  greater  or  less 
force,  we  cannot  therefure  help  referring  il  lo  affinity.  We  do  not  know  how  many 
djes  [nay  be  fixed  upon  the  same  piece  of  clolli ;  but  in  the  operations  of  the  dye-house 
[.ulficieiitly  complex  compounds  are  formed,  since  they  are  always  slulfs,  composed  of 
three  or  four  elements,  which  are  combined  with  at.  least  binary  acid  or  basic  com- 
pijundsj  with  simple  salts  compounded  themselves  of  two  immediate  principles  at  least 
binary ;  with  double  salts  composed  of  two  simple  salts ;  and  Anally  wiib  orgiinic  dye- 
stulfs  eontaining  three  or  four  elements.  We  may  add  that  different  species  belonging 
lo  one  of  these  classes,  and  different  species  belonging  to  diffeient  classes,  may  uniie 
simultaneously  with  one  stuff.  The  union  of  staffs  with  coloring  matters  appears,  in 
ceriei  al,  not  to  lake  place  in  definite  proportions ;   though  there  are  piobabiy  some 

We  may  conclude  this  head  by  remarking,  that,- besides  the  staff  an-1  the  coloring- 
matter,  it  is  not  necessary,  in  dyeing,  to  distinguish  a  third  body,  under  the  name  of  mor- 
diint ;  for  the  idea  of  morciant  does  not  rest  opon  any  definite  fiict;  the  body  to  which 
tills  name  has  been  given  being  essentially  only  one  of  the  immediate  principles  of  the 
colored  combinalinn  which  we  wish  to  fix  upon  the  stuff. 

19.  Division.  Of  dyeing  in  its  relation  with  caloric,  mechanics,  hydranlics,  pneumatics, 

l)yei;ig  baths,  or  coppers,  are  heated  directly  by  a  furnace,  or  by  means  of  steam  con- 
diicred  in  a  pipe  from  a  boiler  a(  a  cerlain  distance  from  the  bath.  In  the  first  casi-,  tlie 
vessels  are  almost  always  made  of  copper  i  tinly,  in  special  eases,  Hir  the  scarlet  and  some 
detieate  silk  dyes,  of  tin ;  in  the  second  case,  they  are  of  copper,  iron,  or  wood.  A  direct 
fire  is  more  economical  than  healing  steam  pipes,  where  thee  is  only  one  or  iwo  baths  lo 
heat,  or  where  the  labors  are  often  suspended.  Mailder  and  indigo  vats,  when  heati'J  by 
steam,  have  it  eilher  admilied  dirt-clly  Into  Ihe  liquor,  or  made  to  circulate  through  pipes 
plunged  into  it,  or  between  the  copper  and  an  exterior  iron  or  wood  case.      See  the  end 

Everything  else  bein»  equal,  dyeing  with  heat  presents  fewer  difficulties  towards  obtain- 
\ai  an  evenly  color,  than  dyeing  in  the  eld  ;  Ihe  reason  of  which  may  be  found  in  the 
ollo'ving  facts  :— The  air  adhering  lo  the  surface  of  stuff*,  and  that  interposed  between 
'he  fibres  of  their  consliluenl  yarns,  is  more  easily  Mtricalcd  in  a  hot  bath  than  a  eold 
.mo,  and  thus  allows  the  dye  liquor  to  penetrate  more  easily  into  their  interior  :  in  Ihe 
secoml  place,  the  currents  which  take  place  in  a  hot  bath,  and  which  tend  incessantly  lo 
reu'lei  its  Contents  onifiirm,  by  renewini;  continually  the  strata  of  liquid  in  contact  with 
(he  stufl",  conlribute  mainly  to  render  .the  dyeing  evenly.  In  cold  dyeing,  it  is  necessary 
to  ;;>  up  the  bath  from  lime  to  lime  :  and  when  goods  are  first  put  in,  they  mael  he  care- 
fully  dipped,  then  taken  oul,  pressed,  and  wrung,  several  times  in  succession  till  they  be 
onilbrmly  moistened. 

The  mechanical  relations  are  lo  be  found  in  the  apparatus  employed  for  wincins, 
(firing,  and  pressing  the  goods,  as  we  have  described  under  Calico  Printinh  and 
Banijana,  The  hydraulic  relaliona  refer  lo  Ihe  wash-wheals  and  other  similar  ap. 
paraius,  of  which  an  aecouat  is  given  under  the  same  articles.      The  opiicsl  relations 


have  been  already  considercJ.    In  l.he  sequel  of  lh:s  arliele  an  aulomatic  dyeing  vat  wii 

Ine  extracts  of  solutiuno  of  native  dje-slufls  may  be  divided  into  two  classes,  in  refer- 
ence to  Iheii  habiludes  wilb  tlie  oxvi-fii  of  the  almopphere ;  sucb  as  conlinne  essentially 
nnaltered  in  the  air,  and  such  as  siifier  oiydalion,  and  lliereby  precipitate  a  deleiniinflle 
coluiin?  matter.  The  dyes  containcil  in  the  walety  infiieions  of  the  different  veEctable 
and  animal  substances  which  do  not  belong  to  tlie  second  class,  are  feebly  a.tlBcii<fd  to 
their  solvents,  and  quit  them  readily  fur  any  other  bodies  Itial  pussess  an  altracliun  fui 
them.  On  this  principle,  a  decuclion  of  cochineal,  loanorKt,  brnzil  wood,  or  a  sutulion 
o<  Eitlphnte  of  indiso,  by  digeslion  with  powdered  bone  black,  lose  their  color,  in  conse- 
quence of  the  coloring  particles  combining  by  a  kind  of  capillary  allraclion  wilb  the 
poroas  carbon,  without  undergoing  any  chnnge.  The  same  ihinK  happens  when  well- 
scoured  wool  is  Steeped  in  tuch  colored  liquids;  and  the  color  which  the  wool  assumes 
by  its  attraclion  for  the  dye,  isi,  with  regaid  to  most  of  the  above  colored  i^olotions,  but 
fcfble  and  fugitive,  since  the  dye  may  be  a^aiu  abstrncled  by  copious  wa?hin?  '"ilh  simple 
water,  whose  atlraclive  force  therefore  overcomes  thai  of  tl.i  wool.  The  a"i(i  of  a  bish 
temperature,  indeed,  is  requisiie  for  the  Kbslraciion  of  the  color  from  the  wool  and  the 
bone-black,  probably  by  enlarging  the  size  of  the  pores,  and  increaslu;  the  solvent  powet 
of  ihe  water. 

Those  dye-balbs,  on  Ibe  contrary,  whose  colorinif  cintler  is  of  the  nalure  of  eilracfive 
cr  apothpme,  form  a  faster  combination  with  stuffs.  Thus  the  yellow,  fawn,  and  bronn 
dyes,  which  conlain  tannin  and  extractive,  become  oxygenated  b]'  contact  of  air,  and  in- 
Soluble  in  water  J  by  which  means  they  can  impart  a  durable  dye.  When  wool  is  imprcR- 
nated  with  Jecoctions  of  that  kind,  its  pores  get  charged  by  capillarity,  and  when  the  liquid 
becomes  ojlyeenated,  they  remain  filled  with  a  color  now  become  insoluble  in  water.  A 
similar  change  to  insoUibilily  ensues  when  Ihe  yellow  liqnor  of  the  indiiro  vat  gelsoxydized 
in  the  pores  of  cotton  and  wool,  into  which  it  hail  been  introduced  in  a  fluid  slate.  The 
same  chan^  occurs  when  prolosulphate  of  iron  is  converted  into  persntphaCe,  with  the 
deposition  of  an  insoluble  peroxyde  in  Ihe  substance  of  ihe  stulF.  The  change  here 
effected  by  oxydalioii  can,  in  other  circumstances,  be  piodueed  by  acids  which  have  the 
power  of  precipitating  the  dye-stuff  in  an  insolnble  state,  as  happens  with  decoction  of 
fu^tic. 

Hence  we  perceive  that  the  dyeing  of  fast  colors  resW  upon  the  principle,  that  the 
colors  dissolved  in  Ihe  vat,  during  their  union  with  the  stiilT",  should  suffer  such  a  cl^an^e 
as  to  become  insoluble  in  their  former  nienstruum.  The  more  this  dye,  as  altered  in  its 
union  wilb  the  stuff,  can  resist  other  menstruaor  agents,  the  faster  it  will  be.  Ihis  is 
Ihe  essential  difference  between  dyeing  and  painting;  or  applying  a  coat  of  pigment,  de- 
void of  any  true  affinity  for  the  suiface. 

If  we  mix  a  clear  infusion  of  a  d;e  with  a  small  qnanlity  of  a  solution  of  an  caithy 
or  metallic  salt,  both  in  water,  the  limpid  liquids  soon  become  turbid,  and  Ibere  grad- 
ually subsides  sooner  or  later,  acoordinc  to  the  nature  of  the  mixtare,  a  colored 
precipifnte,  consisting  of  the  alleied  dye  united  with  a  basic  or  siibsalt.  In  this  com- 
pound Ihe  coloring  nialter  seems  to  act  the  part  of  an  acid,  which  is  saturated  by  a 
small  quantity  of  the  basis,  or  in  its  acid  rel  t       h  p       f   bt  that  it  c  in  also 

combine  with  acids,  being  in  reference  to  th  m     b  Th    dec  mpr        n  of  a  salt,  as 

alum,  by  dyes,  is  effected  principally  thr      h  tl     f   m  f  soluble  sub^alt, 

wilh  which  the  color  combines,  while  a  sapersall      m  th     bath       d  modifles,  by 

its  solvent  rt'action,  the  shade  of  Ibe  dyed  t  ff  Dyed  1  ff  m  y  h  considered  a; 
composed  of  the  fibrous  body  intimately  a&oc   led  w  Ih  ll         1  tier,  the  oxyde, 

and  acid,  all  three  constituting  a  compou  I  sail  M  p  <ons  h  'e  erroneously 
imagined,  that  dyed  goods  conlained  none  f  th  d  mpl  yd  lb  dye  bath ;  but 
they  Ibrget  that  even  potash  added  to  aluro  does  t  h  w  d  lb  p  e  earthy  basis, 
butaEobsall;  and  they  should  not  ascribe  t       I  m  t         p  w       1  decomposition 

at  all  approaching  to  that  of  an  alkali.    Sail  la       g  g       d        turate  a  very 

large  quantity  of  coloring  matter,  in  propo  t    (I        pi  th         le  of  chemical 

equivalents.      Mere  bases,  snch  as  pure  al  m        and  p  yd      ft      have  no  power 

of  precipitaling  coloring  matter ;  when  Ihey  seem  to  do  so,  they  always  contain  some 

Such  salts,  therefore,  as  have  a  tendency  to  pass  readily  into  Ihe  basic  state,  are  pecu- 
liarly adapted  to  act  as  mordants  in  dyeing,  and  to  form  colored  lakes.  Magnesia  alfords 
as  fine  a  while  powder  as  alumina,  and  answers  equally  well  ,to  dilute  lakes,  but  its 
soluble  salts  cannot  be  employed  to  form  lakes,  \ecause  they  do  not  pass  into  the  basic 
state.  This  illustration  is  culcutaleJ  to  throw  much  light  upon  dyeing  processes  in 
general. 

The  color  of  the  lake  depai.Js  very  much  upon  the  nalure  of  the  acid,  and  the 
basis  of  Ihe  precipitating  sail.  If  it  be  white,  like  alumina  and  oxyde  of  tin,  Ihe  lake 
^ill  have,  more  or  less,  the  color  of  the  dye,  but  brightened  by  the  reflection  of  white 


_XIiiiia]ir 


DYEING. 


60& 


Terence  of  the  acid  oi 

less  of  Iheir  color  lo  the  lakes,  not  ineielj  in  virtue  uf 
[iii;ii  own  Mn[s,  Dui  oi  Midr  chemical  acliim  upon  the  dye. 

Upun  these  principles  a  eriinsi)n  precipilate  is  oblaineJ  from  infusiona  of  cochineal  by 
alum  end  salt  of  Lin,  which  becomes  scarlet  bf  the  addition  of  tartar;  by  acetaie  o! 
lead,  a  violet  blue  precipitate  ii  obtained,  which  is  durable  in  the  air ;  by  rnnriate  of 
lime,  a  pink  brown  precipjlatn  falls,  which  soon  becouies  black,  and  at  last  dirty  ^leen  ; 
by  the  solulion  of  a  ferruginous  salt,  the  precipitBles  are  dark  violet  and  black ;  and, 
:n  lii.e  manner,  all  other  salts  with  earthy  or  metallic  bases,  alford  diTersitics  uf  shade 
with  cochineal.  If  this  dye  stuff  be  dissolved  in  weak  water  of  ammonia,  and  be  pre- 
ci]>ilaled  with  acetate  of  lead,  a  green  lake  is  obtained,  which,  ailer  some  time,  will 
become  green  on  the  suiface  by  contact  of  air,  but  violet  and  blue  beneath.  Hence  il 
appears,  that  the  shade  of  color  of  a  take  depends  upon  the  .iegtre  of  oxydatirm  or 
cliange  of  the  color  caused  by  Ibe  acid  of  tlie  precipilaling  sail,  opoii  the  degiee  of  ojy- 
diition  or  color  of  [he  oxyde  wliich  enters  into  union  with  the  dye,  and  upon  its  (luanlity 
in  reference  Id  that  of  the  coloiing  principle. 

Such  lakes  are  the  diSicutily  soluble  salts  which  constitute  the  dyeing  materials  of 
filnffs.  Their  particles,  however,  for  the  purposes  of  dyting,  must  pvist  in  a  slate  of 
extremely  line  division  in  the  bath  liquor,  in  order  that  they  mav  neneii?.^  along  v-'.'h  it 
into  the  minute  pores  of  textile  fibres,  and  fill  the  cavities  observed  by  means  of  (be 
microscope  in  .the  filaments  of  wool,  silk,  cotton,  and  fiai.  I  have  examined  iHese  stulfs 
wiih  an  achromalie  microsciipe,  and  find  Ihar  when  they  are  properly  dyed  with  fast  col- 
oi-.s,  the  interior  of  their  tubular  texture  is  filled,  or  lined  at  least,  with  coloring  malter. 
When  the  balh  contains  the  coloring  particles,  so  finely  divided  that  Ihey  can  pass 
(broitgh  filtering  paper,  it  js  Capable  of  dyeing ;  but  if  the  infnsion  mixed  with  its  inor- 
ilant  be  Aocculent  and  ready  to  siibside,  it  is  niifil  for  Ibe  puriiose.  In  the  latter  case, 
ih.'  ingredients  of  the  dye  have  already  become  air^regaled  into  compuiinds  too  coherent 
and  too  gross  for  entering  into  Combination  with  fibrous  stnfis.  Eiliaciive  matter  and 
tannin  are  particularly  liable  to  a  change  of  this  kind,  by  the  prolonged  action  of  heat  in 
Ibe  balh.  Hence,  also,  an  alkaline  solution  of  a  coloring  matter  alfords  mi  useful  dye 
balh,  when  mixed  with  the  solution  of  a  salt  havlni;  an  earthy  or  metallic  basis. 

These  circumstances,  which  are  of  frequent  occurrence  in  the  dye-house,  render  it 
necessary  always  to  have  the  Itiky  matter  in  a  Bptoewhat  soluble  condition,  and  to  eliecl 
irs  precipitation  within  the  pores  of  the  stuffii,  by  previously  impregnating  them  with  the 
saline  solutions  by  the  ai  I  of  heat,  which  facilitates  their  introducliou. 

When  a  mordant  is  applied  to  any  staff,  the  portion  of  it  remaining  upon  the  surface 
of  the  fibres  should  be  remuveds  since,  by  its  combination  with  the  coloring  matter,  it 
would  be  apt  to  form  an  external  crust  of  merE  piirmenl,  which  would  block  up  the 
pores,  obstruct  the  entrance  of  the  dye  into  the  interior,  and  also  exhaust  to  no  purpose 
the  dyeing  power  of  the  bath.  For  this  reason  (he  slnffs,  after  the  application  of  the 
mordant,  are  drained,  squeezed,  washed,  and  soinelimes  (particularly  with  cotton  and 
lini  n,  in  calico  printing)  even  hard  dried  in  a  hoi  stove. 

The  saline  mordants,  moreover,  should  not  in  general  possess  the  crystal! izine  properly 
in  any  considerable  desree,  as  this  opposes  their  affinity  of  camposilifjn  for  Ih^  cloth.  On 
this  account  the  deliquescent  ac?tates  of  iron  and  alumina  are  more  ready  lo  aid  the 
dyeing  of  COUon  than  copperas  and  alum. 

Alum  is  the  great  mordant  employed  in  wool  dyeing.  I  s  f  eguent  d  oWed  in 
water,  holding  tartar  eqnal  to  one  fourlh  the  weight  of  the  alum  n  so  on  by  which 
addition  its  tendency  to  crystallize  is  diminished,  and  the  re  ul  ng  Co  b  ihlenpd. 

The  alum  and  tartar  combine  with  the  stuff  without  snlf  g  any  chan  and  aie 
decomposed  only  by  the  aclion  of  the  colorinif  matters  in  the  d  e  b  h  The  a  um  opc- 
rales  solely  in  virtue  .f  its  sul[ihoric  acid  and  earthy  basis ;  he  su  p  a  e  of  po  nsh  pres- 
ent in  that  salt  being  rather  injurious.  Hence,  if  a  sulphale  of  a  m  na  f  om  iron 
could  be  readily  obtained,  it  would  prove  a  preferable  mordant  to  alum.  It  is  also  prob- 
able, fur  (he  reasons  above  assigned,  that  soda  alum,  a  salt  much  less  apt  lo  crystallize 
than  potash  or  amiimnia  a' am,  would  suit  the  dyer  very  well.  In  order  to  com 
ency  of  common  alnm  lo  crystallize,  and  lo  promote  its  tendency  lo  pass  in 
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II  the  equivalent  in 


We  shall  conclude  this  account  of  the  general  principles  of  dyeing,  with  Mr.  Delaval's 
observations  on  the  nature  of  dyes,  and  a  list  af  the  diifeient  substances  used  in  dyeing, 
in  reference  lo  the  colors  pmduced  by  ibem. 

8ir  Tsanc  Newlon  supposed  colored  mailers  to  reflect  the  rays  of  light ;  some  boJics 
.■eHecting  the  more,  others  the  less,  refrangible  rays  most  copiously ;  and  this  he  conceived 
lo  he  the  true,  and  the  only  reason  of  their  colors.  Mr.  Delaval,  however,  proved,  in 
the  3d  vol.  of  the  "  .Memoirs  of  the  Philosophical  and  Literary  Society  of  Manchester," 
thai,  "  in  transparent  colored  substances,  the  coloring  substance  does  not  reflect  any 


C(ic|jle 


SIO  DYEING. 

liqht;  anc  t^st  n^en,  by  intcrc^lintt  the  light  whicti  was  trenstniited,  it  is  hindered 
from  parsing  through  eubslnnces,  tliey  do  not  vary  rrom  their  Ibtmei  color  loan)'  ctjicr 
ciilor,  but  become  entirely  hlack  ;"  and  he  inglanccs  a  confiderable  nniiiber  of  cclored 
liquors,  none  of  llitm  endued  willi  reSective  powers,  which,  when  Been  hy  trsn^Diilled 
liEhl,  appeared  severally  in  their  true  eoiors ;  but  all  of  thein,  when  seen  hy  incidenl 
Iiah(,  appeared  black ;  which  is  also  the  case  o[  black  cherries,  black  currants,  blach 
berrie?,  &e.,  the  juices  of  which  appeared  red  when  spread  an  a  while  ground,  or  olher- 
•vise  viewed  by  iran^milled  instead  ol'  incident  liahl^  end  he  concludes,  thpl  bleached 
liaen,  &c.,  "  when  dyed  or  painted  \rith  vegelable  color!,  do  not  differ  in  their  manner 
of  acling  on  the  rays  of  liglit,  from  natural  Teselable  bodies ;  both  yieldiut:  their  colore 
by  Iran^milting  Ibronsh  tlie  trans|>arent  colored  matler  tbe  ticiht  nhich  is  reflected  Irim 
the  white  gronnd :"  it  being  apparent,  from  different  ejtperimenls,  "  that  no  reflecling 
power  resides  in  any  of  their  components,  encepl  in  Iheir  while  matter  only,"  and  that 
"  transparent  colored  substances,  pinned  in  «ilualiong  by  which  transmission  of  tight 
through  ihem  is  intercepted,  exhibit  do  color,  hut  become  entirely  black." 

The  art  of  dyeing,  therefore,  (acco  iihg  to  Mr.  Delaval,)  "consists  principally  in  cover- 
ing while  substances,  from  which  liaht  Is  sli-ongly  reflected,  willi  transparent  colored 
media,  which,  accunflng  in  thrir  several  colors,  transmit  more  or  less  copionsly  the  rays 
reflected  from  tlie  while,"  BJnce  "  the  trans|mrenl  media  ihemselves  reflect  no  liiht;  and 
it  is  evident  Ibal  if  they  yielded  (heir  cr)]orE  by  reflecting,  instead  of  transmitting  ihe 
rays,  the  -fchiteness  or  color  of  the  ground  on  which  tliey  are  applied,  would  not  in  any- 
wise alter  or  afltci  the  colors  which  they  exhibit." 

But  when  any  onnaue  basis  is  inlerposed,  Ihe  reflection  is  doubtless  made  by  it,  rather 
than  by  the  suhsiance  of  the  dyed  wool,  tiUt,  ftc,  and  more  especially  when  such  basis 
ctinslsls  of  the  while  earih  of  alum,  or  the  while  oxyde  of  tin ;  which,  by  their  strong 
refleclive  poweis,  areally  augment  the  lustre  of  colors.  There  are,  moreover,  some 
opaque  coloring  mntlers,  particularly  Ihe  acetons,  and  other  solutions  of  iron,  used  to 
stain  linen,  cotton,  &c.,  which  must  necessarily  themselves  tellecl,  instead  of  transmit- 
tinE  the  light  by  which  their  colors  are  made  perceptible. 

The  compound  or  mixed  colors,  are  snch  as  resnlt  from  the  combination  of  two  differ- 
ently colored  dye  slnfls,  or  from  djeine  s'ufls  with  one  color,  and  then  with  sncilher. 
The  simple  colors  of  the  djer  are  red,  yelli>w,  blue,  and  hlack,  with  which,  when  skil- 
fully blended,  he  can  produce  every  variely  of  lint.  Perhaps  the  dun  or  fawn  color 
might  be  added  to  the  above,  as  it  is  directly  obtained  from  a  great  many  vegetable  sub- 

I.  Red  with  yellow,  produces  orauEe;  a  color  which,  apon  wool,  is  given  usually  with 
Ihe  spent  scarlet  bath.  To  this  shade  may  be  lefervej  flame  color,  pomegranate,  sapu. 
chin,  prawn,  jonquil,  catna,  chamois,  ca/i  aa  latl,  aurora,  marlEold,  orange  peel,  mor- 
dores,  cinnamon,  gold,  &.c.  Snuff,  chestnnt,  musk,  and  other  shades  are  pn>diice4  b; 
tubsiiluting  walnnl  perls  Or  sumach  for  bright  yellow.  If  a  little  blue  he  added  toomnge, 
an  olive  is  obtained.  The  only  direct  orange  dyes  are  annutto,  and  subcbromalc  of  lead  j 
sec  Silk  and  Wool.  Dyfiiig. 

9.  Red  with  blue  produces  purple,  violet,  Hlach,  pigeon's  neck,  mallow,  peach-blossom, 
bleu  de  roi,  linl-blo'som,  amaranlh. 

3.  lied  with  hlack;  brawn,  chocolate,  marone,  &.c. 

4.  Yellow  with  blue ;  ereen  of  a  gteai  vaiiely  of  shades,  such  as  nascent  ereen,  gay 
green,  grass  green,  spring  green,  laurel  green,  sea  green,  celadon  green,  parrot  green, 
eabbace  green,  apide  green,  duck  creen. 

5.  Miitares  of  colors,  three  and  tliree,  and  four  and  fottr,  produce  an  indefinite  divei 
siiy  of  tints;  thus  red,  yellow,  and  blue,  form  brown  olives,  and  greenish  grays;  in 
which  the  blue  dye  ought  always  to  be  first  given,  lest  Ihe  indigo  vat  should  be  soiled  by 
other  colore.  Bed,  yelhiw,  and  eray,  (which  is  a  gradation  of  black,)  give  the  dead  leaf 
lint,  as  well  as  dark  oranee,  suuft'  color,  &c.  Hed,  blue,  and  gray,  give  a  vast  variely 
of  shades;  as  lead  gray,  state  gray.  Wood- pigeon  giay,  and  other  colors,  too  numerous  to 
specify.    See  Shown  Dve. 

The  following  list  of  dyes,  and  the  coloring  substances  which  produce  Ihem,  may  prove 

Itcd.  Cochineal,  kermes,  lac,  madder,  archil,  cnrlhamus  or  safllower,  brazil  wood 
logwood,  period  id  e  of  mercury,  alkancl. 

Yell<ni>.  Queicitron.  weld,  fiislic,  (vellow  wood,)  annotto,  sawwort,  dyer's  broom,  Itir 
merie,  fustet,  (fAU!  cotiiius,)  Persian  a'nd  Avignnn  berries,  (rhaiinms  hiJidoriTis,)  willow, 
peroiyde  of  iron  chromate  of  lead,  (chrome  yellow,)  sulphuret  of  arsenic,  hydiusul- 
phurct  of  antimony;  nitric  acid  on  silk. 

Bine.  Indigo,  WDud  or  pastel,  Prussian  blue,  turnsole  or  litmng,  logwood  with  a  sail 
ti'  copper. 
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flffe.    Galla,  sunifteh,  loBwood,  walnat  peels,  and  olher  xegdables  which  conlain 

in  and  ealUc  acid,  slon^  with  ferrusinous  muHanls.    The  anRcanlUim  of  India. 

e™.    Tlieae  are  produced  by  Ihe  blu?  and  jelh.w  dyes  skilfully  cumhintd ;  with  the 

ition  of  the  chrome  ai-een,  and  jierbftps.lhe  copper  ereen  of  SchweinfHrl. 

vmge.     Annolto,  and  mixlores  of  red  and  yellow  dyes ;  subchromale  of  lead. 

OHJfl,    See  the  remarks  al  the  beainnio?  of  this  article ;  Brown  in  its  alphabPtieal 

' ;  Calico  Prtnting,  Catkcku,  and  Manganfef:. 

'iwi,  Dua,  or  Root.     Wnlnnt  peels,  soniach,  birch-tree,  henna,  sandal  wood.       See 

ID  Printing,  fui  a  greal  variety  of  these  dyes. 

gs.  4G9  and  4T0  represent  in  a  cross  and  longitudinal  section  Ihe  aiiloiiiBtic  dyeing 

■1  Cfipper,  si  generally  employed  in  the  well-appointed  factoiies  of  Lancashire. 

A  19  the  long  reel,  composed  al  each  end  of  six 
radial  iron  arms  or  spokes,  hound  at  their  outer  ex- 
tremiLies  with  a  six  sided  wooden  frame  ,■  Ihe^e  two 
terminal  hexaaons  are  connected  by  long  wooden 
iaihs,  seen  above  and  below  A  in  fig.  470.  i  shows 
the  slopins  border  or  ledae  of  (he  copper,  b  and  c 
are  rollers  laid  horizontally,  fur  facilitalin;  The  con- 
linaous  motion  of  the  series  of  pieces  of  goods 
SIilch"d  loselher  into  an  endless  web,  which  are 
made  lo  travel  by  the  incessant  rotations  of  Ihe  reel. 
Immediately  abo^re  the  roller  b  in  fig.  469,  all  the 
spare  foldinss  of  the  web  are  seen  resiina  opon  Ihe 
sloping  wooden  eralini,  which  guides  them  onwards 
in  Ihe  direclion  indicated  by  the  arrow.  The  dye 
stuHs  are  put  within  the  middle  gniling,  like  a  hen- 
coop, marked  G.  Each  copper  is  6  feel  long,  3i  feet 
wide,  3J  feet  deep,  exclusive  of  the  top  ledge,  9 
inches  hiEh.  Such  steam  coppers  are  usually  erected 
in  pairs,  and  moved  by  a  eommcm  horizontal  bevel 
wheel  seen  at  d  in^g,  470,  fixed  upon  a  verticalshafX, 


into  geir  bi  a  wbenl  at  its  top,  with  one  ol  llie  driv  ng  shafts  of  the  factory.  Upor. 
iide  o!  D,  the  two  steam  pipes  fo  supplying  the  rijhl  and  left  hand  coppers  are 
eacii  provided  with  a  slop  cocic  ibr  aumitlinit,  regulating,  or  cutting  oif  the  steam, 
steam  pipes  descend  at  r  e,  the  horizontal  branch  having  severd  orlBces  in  ils 
surface.  The  horizonlal  shaft  in  a  line  with  the  axes  of  Ihe  reels,  and  whicb 
Ihem,  is  rurnisheil  upon  each  side  with  a  clutch  for  putting  either  of  Ihe  reels  intt 
out  of  gear,  thai  is  to  say,  setting  it  a  going,  or  al  rest,  in  a  nviment  by  Ihe  touch  of  a 
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s  horizontally  near  the  hollom  of  the  middle  coop, 
■nds  up  the  steam  through  its  numerous  orifices, 
vhich  it  is  cohered.    Thus  the  infusion  or  decoe- 
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EAETH9.  [Terrss,  Fr, ;  Erdeii,  Germ.)  Modern  aoienee  has  demonstrated  that  tha 
eubBtances  oaUeJ  prhnitiva  earths,  and  which  prior  to  the  great  eleet^o■cheIlli■^al  cnreci 
of  Sir  H.  Dttvy,  were  deemed  to  be  elementarj  matter,  are  nil  compounija  of  certain 
metallic  bases  and  oxygen,  with  the  eioeption  of  silica,  whose  base,  Bilieon,  being  annlo- 
gouB  to  boron,  haa  led  tliat  componnd  to  be  regarded  as  an  acid;  a  title  oharaoterisLio 
of  the  pait  it  extensirelj  performs  in  nentralizing  alkaline  bodies,  in  mineral  nntnre, 
and  in  the  processes  of  art.  Four  of  the  earths,  when  pure,  possess  decided  alkatins 
properties,  beine  more  or  less  eoluble  in  water,  having  (at  least  G  of  them)  an  acrid 
alkaline  tast*,  changing  the  purple  infusion  of  red  cabbage  to  green,  most  readily  satu- 
rating the  aaidB,  and  affording  thereby  neutro-saline  crystals.  Tliese  four  are  baryta, 
itrontia,  lime  [ealeia),  7>tagneaia.    Tiie  earths  proper  are  five  in  number;  al^o)i^na, 

Slucina,  yllria,  zirconia,  and  tliorina.  Tliese  do  not  change  the  color  of  infasion  of  cab- 
agt  or  Uncture  of  litmus,  do  not  readily  neutralize  acidity,  and  are  quite  ineolnble  in 
water.  The  albalis  are  eoluble  in  water,  even  when  carbonated;  a  property  which 
^jsljnguisbes  them  from  the  alkaline  earths.  Liihia  must  for  this  reason  be  considered 
to  be  an  alkali.    See  tbe  above  substances  in  tlieir  atphahetical  places. 

EAU  DE  COLOGNE.  This  well-known  perfume  is  a  solution  of  different  volatile 
oils  in  pure  strong  spirit  The  principal  condition  for  the  preparation  of  a  fine  water,  is 
the  employment  of  a  spirit  quil«  devoid  of  fuselsjil  (oil  of  grain),  and  of  all  foreign  odor. 

In  respect  to  the  proportion  and  kind  of  oils  employed,  we  have  numerous  formulfe. 
It  is  of  importance  that  these  oils,  which  are  naualW  pnrohaaed  of  the  di-uggiats  of  the 
south  of  France,  elioutd  be  of  tbe  finest  qnality,  and  that  no  oil  shonld  be  used  in  suffi- 
cient quantity  to  allow  of  its  peculiar  odor  being  rcM^nisable  in  the  mixture.  The 
oils  Hre  to  be  dissolved  in  spirit,  and  the  mixture  allowed  to  stand  for  some  weeks  (or 
still  better  for  some  montJis)  to  improve  its  odor.  Distillation  does  not  effect  this  \  on 
the  contrary  a  fresh  distilled  water  requires  to  be  kept  a  much  longer  time.  Distilla- 
tion is  indeed  objection  able,  for  on  account  of*  tlie  great  volatility  of  Uie  spirit,  the  oils 
in  part  remain  behind  in  the  still.  Distillatian  can  improve  the  odor  only  when  tha 
less  volatile  oil  has  been  used  in  too  great  a  quantity,  and  wa  wish  to  obtain  a  better 
proportion.  Before  all  things,  we  should  employ  a  pure,  old,  strong  spirit,  and  not  too 
much  of,  nor  a  too  strongly  smelling  oil. 

The  different  sons  of  volatile  oil  wliich  are  obtained  from  varieties  of  citrons,  oranges, 
and  lemons,  in  different  states  of  maturity,  are  llie  most  important;  and,  therefore,  it 
is  most  important  to  ascertain  their  pnrity  and  goodness. 

Forster  gives  the  following  formula  for  tbe  preparation  of  a  fine  aau  da  Golr^ne : 
Take  of  rectified  spirit  82  pec  cent.  otTralles(—sp.  gr.  0'855),  6  (wine)  quarts;  essence 
of  oranges,  essence  of  bergamot,  essence  of  citron,  essence  of  limette,  and  essence  of 
petits  grains,  of  each,  Ji ;  essence  of  cedro,  essence  of  cedrat,  essence  do  Portugal,  and 
essence  da  neroli,  of  e^i  ?sb;  oil  of  rosemary,  3'j;  and  oil  of  thyme,  3. 

Otto  gives  (be  following;  formula  for  a  good  aau  de  Cologne :  Rectified  spirit  of  86 
per  cent,  of  Tralles  (—0-848  sp.  gr.),  200  (wine)  quarts;  oil  of  citrons,  lb.  iv;  oil  of 
bergamot,  lb.  ij;  oil  of  nei-oli,  fib. ;  oil  of  lavender,  lb.  ss;  oil  of  rosemary,  {  lb.;  and 
spirit  of  ammonia,  Jss.     Mix.     Don't  distil. 

This  preparation  haa  long  possessed  great  celebrity,  in  consequence  chiefly  of  the 
numerous  virtues  ascribed  to  it  by  its  venders;  and  is  resorted  to  by  many  votnries  of 
fashion  as  a  panacea  against  ailments  of  every  kind.  It  is,  however,  nothing  more 
than  aromatized  alcohol,  and  as  such,  an  agreeable  companion  of  tbe  toilets  Numerous 
fictitious  recipes  have  been  offered  for  preparing  eon  de  Cologne;  the  following  may 
be  reckoned  autbeutie,  having  been  imparted  by  Farina  himself  to  a  friend. 

Take  60  gallons  of  silent  brandy;  sage,  and  Uiyme,  each  6  drachms;  baiu)-mint  and 
spearmint^  each  12  ounces;  calamus  aromaticua,  4 drachms;  root  of  angelica,  2  drachms 
camphor,  1  drachm ;  petals  of  roses  and  violets,  each  4  ounces ;  flowers  of  lavender,  3 
ounces;  flowers  of  orange,  i  drachma;  wormwood,  1  ounce;  nutmegs,  cloves,  cassia, 
lignea,  mace,  each  4  drachms.  Two  orangea  and  two  lemons,  cut  in  pieces.  Allow  the 
whole  to  macerate  in  tbe  apirit  during  24  hours,  then  distil  off  40  gallons  by  the  heat 
of  a  water  bath.    Add  to  the  product: 

Eisence  of  lemons,  of  cedrat,  of  balra-miut^  of  lavender,  each  1  ounce  4  drachms; 


^^ 
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neroli  and  essence  of  the  seed  of  nnthoe,  each  4  draelims ;  esaenoe  of  jasmin,  1  oii:!ce ; 
of  bei^amot,  12  onnces.    Filter  and  preserve  for  use. 

Cadet  de  Gussmcoiirt  has  proposed  to  prepare  eaa  de  Cdopte  by  the  following  recipe: 
Take  ai<!ohol  at  83°  B.,  2  qiiavW;  necoli,  easetica  of  oedrat,  of  ornnge,  of  lemon,  of  Ijer- 
gnmot,  of  rosemary,  each  24  drops ;  add  2  drilchms  of  the  seeds  of  lesser  oardamoms, 
distil  by  the  beat  of  a  water  bath  a  piut  and  a  half.  Wheo  prepared  na  thus  by  aimple 
mixtnre  of  essences  without  distillation,  it  is  never  so  good. 

EAU  DE  LUCE,  is  a  <ompound  formed  of  the  distilled  oil  of  amber  and  water  of 


EBULLITIOIT.  (Eng.  and  Fr.;  Kochen,  Germ.)  When  tha  bottom  of  an  open 
vessel  containing  water  is  exposed  to  heat,  the  lowest  stratnin  of  fluid  imniediatply 
expands,  becomes  therefore  spBoificallj  lighter,  and  is  forced  upward  by  the  superior  gra- 
vity of  the  superincumbent  colder  and  heavier  particles.  Tlie  heat  is  in  this  way  diffused 
tlirough  tha  whole  liquid  mnss,  not  by  simple  communioation  of  that  power  from  par- 
ticle to  particle  aa  in  solids,  oallad  the  caaduclion  of  caloric,  but  by  n  translation  of  the 
several  pai'tioles  from  tlie  bottom  to  the  top,  and  the  top  to  the  bottom,  in  alternate 
succession.  This  ia  denominated  the  caTTying  power  of  fluids,  being  common  to  imth 
liquid  and  gasaous  bodies.  These  internal  movements  may  be  rendered  verjr  conajiio- 
iiouB  and  inatruotive,  by  mingling  a  little  powdered  amber  with  water,  contained  in  a 
toll  class  cylinder,  standinic  upon  a  sand-baih.  A  column  or  the  heated  and  lighter 
particles  will  be  seen  ascending  near  the  axis  of  the  cylinder,  surrounded  by  a  hollow 
column  of  the  cooler  ones  descending  near  the  sides.  That  this  molecular  translation 
Dr  locomotion  is  almost  the  sole  mode  in  which  fluids  get  heated,  ma;  be  demonstraled 
i)y  placing  the  middle  of  a  prelly  long  elass  tube,  nearly  filled  wiih  water,  obliquely 
over  an  argand  flame.  The  up|ier  halfof  the  liquid  will  soon  boil,  but  the  portion  under 
(he  middle  will  continue  cool,  sn  Ihut  a  lump  of  ice  may  remain  for  a  considerable  lime  at 
the  bottom.  When  the  heal  is  rapidly  applied,  the  liquid  is  thrown  into  afritalion,  in 
consequence  of  elastic  vapor  being  suddenly  generated  at  tlie  bottom  of  the  vessel,  and 
being  as  suddenly  condensed  at  a  little  distance  above  it  by  the  surrounding  cold 
columns.  Thtie  allernale  eipansions  and  conlraciions  of  Tolume  become  more  manifest 
as  the  liquid  becomes  hotter,  and  conslitnte  the  aimmmng  vibralory  sonnd  which 
ig  Ihe  prelade  of  ebuUilion.  The  whole  mass  being  now  heated  to  a  pilch  compatible 
with  its  permanent  elasticity,  becomes  turbulent  and  explosive  under  the  continued 
influence  of  flre,  and  emitling  more  or  less  copious  volumes  of  vapor,  is  said  to 
boil.  The  furliier  elevation  of  lemperalure,  by  the  influence  of  caloric,  becomes 
impossible  in  these  circumstances  with  almost  all  liijuids,  because  the  vapor  car- 
ries off  from  them  as  much  heat  in  a  latent  slate  as  they  are  capable  of  receiving  from 
the  flre. 

The  temperature  at  which  liquids  boil  in  the  open  air  varies  with  the  degree  of  atmo- 
spheric pressure,  being  higher  as  that  is  increased,  and  lower  as  it  is  diminished.  Hence 
boiling  water  is  colder  by  some  degrees  in  bad  wealher,  or  ia  an  elevated  situation,  with 
a  depressed  barometer,  than  in  flne  weather,  or  at  the  teiltom  of  a  coal-pit,  when  the 
barometer  is  elevated.  A  high  column  of  liquid,  also,  by  resisting  the  discharge 
of  the  steam,  raises  the  bnilin?  point.  In  varmo,  all  liquids  boil  at  a  temperature  about 
124'  F.  lower  than  under  the  average  atmospheric  pressure.  For  a  table  of  elasticities, 
see  V*POR.  Gay  Lussac  has  sliown  ihal  liquids  are  converted  into  vapors  more  readily, 
or  with  less  turbulence,  wlien  they  ate  in  contact  with  angular  or  irreRular,  than 
with  smooth  surfaces ;  that  they  therefore  boil  at  a  heat  2"  F.  lower  in  metallic  than  in 
glass  vessels,  probably  owing  to  the  greater  polish  of  the  latter.  For  example,  if  into 
waler  about  to  boil  in  a  glass  matrass,  iron  filings,  ground  glass,  or  any  other  insoluble 
powder  be  thrown,  such  a  brisk  ebullition  will  he  instantly  determined  as  will  sometimes 
Ihrow  the  waler  out  of  the  vessel ;  ihe  temperalnre  al  the  same  time  sinking  two  degrees 
F.  It  would  thence  appear  that  the  power  of  calorie,  like  that  of  eleclriciiy,  becomes 
concentrated  by  points. 

The  following  table  exhibits  the  boiling  heals,  by  Fahrenheit's  scale,  of  the  most  im- 
portant liquids ! — 

Ether,  specific  gravity  0'7365  al  48=        -            -            -            -            -            ■  lOIT 

Carburet  of  sulphur -           -  1 13 

Alcohol,  6p.grav.0'813  -            -            -            -         Ure         -            -            -  173-o 

Nitric  acid,             1-500  .            .            -            -       Dalton       -            -            -  210 

Water 212 

gaturated  solution  of  Glauber  salt             -             -           Biot          ...  213' 

do.         do.            Acetate  of  lead       -             -            do.           -             -             -  215? 

do.         do.            Sea  salt       -             -             -            do.           -             -             -  224} 

do.        do.           M'lriale  of  lime,    -            -         Ure         -            -            -  285 

do.         do.                        do.                 1  +  water  2,    do.            -             -             -  230 

do.        do.                     do.         35-5  -A-    do.  64-5,  do.          -            -            -  235 
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Saturn  teii  eolulio 

ti  of  Muriate  of 

ime40-5+watnr50-5Ure,         .             -             -240 

MuL-intia  aeiJ,  ^ 

Ki'nv.     vmi 

-            -               D.Lllon, 

-       233 

da. 

do.           1'127 

do. 

-       223 

Hltric  acid, 

do. 
Eeetified  petr-ole 

da           1-420 

<1„, 

-       248 

m 

Ui't'i 

■       2;)S 
-       SOS 

Oil  of  turpentine 

da 

-       Sfb 

Suljiliurio  aeid,  sp.  grar.  1-848 

Dalton, 

.       600 

do. 

do.         1-810 

da 

-       47S 

do. 

do.         1-780 

da 

-       436 

do. 
do. 

'o.         1-700 
la           1  650 

do. 
da 

-      374 
•       350 

<i(i. 

[la           I-o^O 

da 

281) 

do. 

a         1-J08 

do. 

-     2r.o 

■lo. 

lo,           1-300 

da 

■       240 

Phospliorus     - 

da 

1154 

Sulpfiur 

do. 

Linseed  oil       - 

da 

Mtrsnry 

Diilong, 

-       6Ua 

SaturatV.d   eoluti 

n   of   Acetnte 

snda,  containing  60  per  Jinl.  Griffitli?,             -       256             1 
of  soda,                60                            da                  -        246 

do. 

RoeUelle  aalt,                     flO                            da                  -       240             1 

do. 

Kilre, 

74                           do.                  ■       2.'i3 

da 
do. 

Muriate 
Tnrtrat. 

of  ammonia,      60                        do.               -      236 
ofpotjieh,          68                        da                -      234 

da 
da 
da 
da 
-io. 
da 

Miirint^ 

Sulpll,! 

Borax, 
Pliosph 
OirUHi 
AInm, 

of  soda,             30                        da               -      224 
eofmngiieaifl,57-5                            do.                  -       223 
B-2-5                        da                -      2-22 
teofeodn,            %                        do.                -      222 
teofeoda,            t                        do.               ■      220 
63                        do.               -      220 

da 

ClilorHteofpotnali,         40                        da                ■      213            1 

do. 

Sulphi, 

e  of  copper,         45                            da                  -       216 

41 

I 

Ebulutiom    ALConotuuren.      That    tlie     boilinsj 

^^ 

^%. 

tenii>L-rBt,iir6  of  water  is  idoi-enaed  bj  holdini;  neiitro- 
BBlineandBneolinrineeiilistiinceainBoliitioH  liaalhtan 
long  known,  and  lina  been  tba  Bubjeot  of  mnnr  el- 
priiiienta,  made  partly  with  the  view  of  aeeerUii.ing 

/% 

sugar,  and  partly  with  the  view  of  obtaining  a  praeti- 
e«r  liquid  batli.    But  it  a^ei»s  to  Iiave  been  r«4orved 

for  the  Abie   Broaaard-Vidfll,   of  Toulon,   to    Flare 

disco  veredtbat  the  boiling  temperature  of  alooholio 

ofoleohol,  irreapetively  of  tha  miantity  of  neutri- 

ealin«  or  aaoobarjne  matter  disaolvld  in  tliem.   WheD, 

^^^ 

^^ 

or  sugar,  is  nddei  to  a  spirituons  liquor  aa  to  ab- 

strnct  or  fix  in  the  solid  Btsta  a  portion  of  the  waicr 

preaent,  then  the  boiling  temperature  of  that  mistnrs 

will  be  lowered  in  proportion  to  the  coneentraUon 

of  the  alooliol.  instead  of  being  raised,  as  would  be 

the  case  with  water  ao  mixed.    But^  generally  Bpeak- 

ing.  it  may  be  aaeumed  as  a  faol^  that  the  boiling 

point  of  an  alcohoHo  liquor  ia  not  altered  by  a 

i     ^ 

moderate  addition  of  Baliue,  aad-hnrine,  or  extraotive 
matUr.     On  this  prinoij.le,  M.  BrotBard-Vidal  oon- 

Jji|| 



1^ 

:'!'. 

aloohol  presenU    Hia  chief  oljeet  was  to  furnisb  tha 

revenue  boarda  of  France  with  a  means  of  esti- 

mating direotly  the  proportion  of  aleoliol  in  wine^ 

ao  aa  t*  detect  tlia  loo  common  practice  of  intro- 
ducing brandy  into  their  cities  and  towns  under  the 

"-W 

mflsk  of  wine,  and  thereby  committing  a  fraud  upon 

\\ 

the  aclroi ;    as  the  duly  on  epirita  is  much  higlief 
than  on  wires. 
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The  flbove  inBtruraeot  consiafs  of  a  spirit-lamp,  surmonnUd  by  a  Bmall  boiler,  into 
w1iii')i  H  ]arge  cvliiidrio  glnsa  bulb  ia  plunged,  having  an  i  p  g1 1    t  m    f      h      11 
tlint  the  quicksilver  eotitaincd  in  them  may,  bj  iia  enpaas  <1    ec    t  wh      h    t  li 

raise  before  it  a  little  gIneafloHt  in  the  stem,  which  13  conn    tdbj    tl   eal      th 
itir  gliiaa  bead,  that  hangs  in  the  air.    The  threa<l  piisaes  ro     d     p  II  ;  wh   h  t         ^ 
wilh  the  motion  of  the  heads  causes  tlie  index  to  move  al     g  tl     g    d     t  d  I 

sunle.     The  Enmbera  on  this  scale  represent  per  oeatagea    f   baol  t      1    hi        tl    t 
mber'oppoait^  to  which  the  index,  etops,  when  the  1  □  tl       yl    i 

. i_.-i_  i._f_i_i_  .1 *^^,i. ^ ^..r-^^f^i i._i       ', 


Tha 


oU 


boils  briskly,  denotea  the  per  centage  of  alcohol 
latrument  was  placed  in  my  hands  three  years  by  M    F   M  ■wh    hi 

n  patent  in  thi<  country  for  determining  theieby  tl       t        tl     f    p    t 
I  have  made  a  gieaC  luany  eiperimenta  on  the  bo  I    g  p      Is   f    1    I    1    t 
Tunous  Buceeaaive  d  g  t  w  t    y  d  1  t 

and  verified  the  ge        I       1  ty    f  tl  t 

anie,    but  1  fouad  tl  t       t  f  II 

Btiuii  nt  snbjeet  to  ^         1  d  f   Is.    Th     m 
of  mercury  tu  be  bented        tl      1  b  lb 

so  great  as  to  occa         so       1  '»    f    1    t   1 
the  comae  of  the  e\»e  t    tl     1      tl     f  t} 

thread  was  liable  to  b      ft    ted  by  tl  t 

of  the  si] ,   It  occ«         lly  r   1  d  t  tb 

liilley  -ULth  auffieie  t  d  I       y  t     f 

tiiitiin    and  nliea  th      p    t        tl     1      p  ^  t 
heiited  m  its  ease,    t  11      dp      d  b        d    I 
thread  tliiisierden      th      pp      f  1  ss  t  II 

a  fresh  Ihiead  »as      p     ui    t  lly    dj    f  d  t 
thebeals. 

On  these  account    I  d  th  t 

tjon  of  M.  Vidul,  ai  d     3  j  ted  th  ]  I 

and  direel  form  ot       d     t  [  t  i 

/if.  472. 

It    consists,   ],   of       fl  t     p    tl  mp  A, 
rounded  by  a  aaiioe    f  t         g      Id  w  tc 

ta  keep  the  lamp  co  1    1      Id         y      P  ' 

reqiiii-e   to    he   mnd  &  Z       f  tl 

boiler  E,  which  lits  by   ts  I   tto         g  p 

the  case  of  the  lat  \      Ab  ll      p      t  c, 
the  edge  of  the  damp  r-pl  te  f     m  d  ly    g  tl 
flame  of  the  lamp,  o       ti  g     1     g   t     h      th 
experiment  is  compl  l«d  U     tl     m       t 

made  with  a  very  m      te  b    e,        tl      m 
of   the   Ilev.    Mr,    W  11    to  t    m    t    f 

measuring   the   height     t  ta       by   th 

Iwiliog  point  of  wnt  la  t.     Tl     b  t 

tomof  the  scale  In  tl       b  11 1       tl  m  t 

ia  niai'ked  t  for  pro  f         tl      I  a     d         d  1  0 
17S6  r  I  y  ly        tl 

jl    g    esth    b   I 


(of  proof  spirit)  on  the  right  side.     It  cori'aspoiida 
l)ijilin(;pomt  of  alcohol  of  0-830  specific  gravity.     The  foil  W 
ing  iioiuts  corresponding  to  the  indicated  densities: — 


iao-4 

181-00 
183  40 


40 


191'80 
196-4 
202-O 


0-9K66  60  V.  P. 
0-9T29  60  „ 
0-9766     70       „ 


The  above  table  ia  t!io  mean  ot  a  gi'eat  many  experiments.  When  alcohol  is  atronger 
thiir.  0-92,  or  the  excise  proof,  its  boiling  point  varies  too  little  with  ita  progressive  in- 
erease  of  strength,  to  render  that  test  applicable  in  practice.  In  fact,  even  for  pruo! 
S)iii'itfl,  or  epirila  npproauhing  In  strength  to  proof,  a  more  exact  indication  may  be  ob- 
tained by  diluting  them  with  tiieir  own  bulk  of  water,  before  ascertaining  their 
alrength,  and  then  doubling  it. 

The  boiling  point  of  any  alcoholic  liquor  ia  apt  to  rise  if  the  lieat  be  long-continuotl, 
and  thereby  to  lend  into  error  in  using  tliia  instrument.  This  sou ree  of  fallacy  may  be 
ill  11  great  niensitra  avoided  by  adding  ta  llie  liquor  in  the  little  boiler  about  a  tea. 
spoonful  (thirty-five  grains)  of  common  culinary  salt,  which  lias  IJie  eurloua  effect  of 
arresting  the  mercury  in  the  thermometer  at  the  true  boiling  point  of  the  spirit,  wine, 
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or  beer,  to  .Table  a  cnrrart  reading  to  be  hud.  Tlie  small  measure  niarted  u,  holdi 
tlie  reqiiisitu  quantity  of  salt. 

Tlie  tliBrmoinBter  ia  at  first  (n]JH3t,ad  to  an  atmospheric  preseiiro  of  29"6  incbea. 
Wlien  tliHt  )iressupe  ia  liiglier  or  lower,  both  water  and  alooliol  boil  at  a  soniewliat 
liiglier  or  lower  temperature.  In  order  to  eorreet  tlia  error  wbjch  wonid  henos  arise 
in  t)ie  [ndicationa  of  tiiis  iiiEtrument  under  different  etnCes  of  tlie  weather,  a  barometrir 
aal  equation  h  attHehed  bj  means  of  the  eubsidiary  scale  e,  (o  tlic  tliermopietcr  n. 

Having  stated  the  prinuiplea  and  the  constraetion  of  the  ebullition  ijcoholmeter,  I 
ahnll  now  describe  tlie  mode  of  its  application. 

t'lrst. — Light  the  ?])icit  lamp  a. 

Second. — charge  the  boiling  Teasel  B,  with  the  liquid  to  be  tested  (to  within  an  inch 
of  tlie  top),  introducing  at  the  same  time  a  paper  of  iJie  powder ;  then  place  the  yessel 
E  (the  dam|ier  plate  being  withdrawn)  on  lo  the  lamp  a. 

Tiiird. — Fix  the  thermometer  d  on  the  Stem  attached  ton,  with  jts-bulb  immersed  in 
(he  liqnid.    Tlie  process  wilt  then  he  in  operation. 

The  barometrical  scale  indicated  on  the  thermometer  is  opposite  the  mean  boiling; 
point  of  water.  Prior  to  commenoina  opei-atii  ns  for  the  dnj,  ciinr^e  the  boiler  b  with 
water  only,  and  Rx  tlie  instrument  as  directed ;  when  the  water  boils  freely,  the  mercnr; 
wili  lieeoins  statiimary  in  tlie  stem  of  the  tliermometer,  o|ipoBite  to  tlie  tme  barometri- 
cal indication  at  tlie  time.  Slioald  the  mercnry  stand  at  Uie  line  29'5,  this  will  lie  tli# 
height  of  the  barometer,  and  no  correction  will  be  required ;  but  should  it  stand  at  anj 
otlicr  line,  above  or  below,  then  the  various  lioiling  points  will  bear  refereEce  to  tlial 
boiling  point. 

In  testing  epirituous  or  fermented  liquors  of  any  kind,  when  the  mercury  bi^ins  to 
rise  out  of  the  bulb  of  the  therm omei.er  into  the  atem,  pnsli  the  damper-plate  half-way 
in  its  groove  to  niodsrate  tie  heat  of  the  fiame.  When  the  liquor  boils  freely,  the  mer- 
cury will  become  atntionniy  in  the  ateni ;  and  opposite  to  its  indication,  on  the  left^  the 
nnrter-proof  per-centage  of^  epiiit  may  be  read  off  at  once,  if  tlie  barometer  stand  lliat 
day  at  29-5  inches ;  while  on  the  rijrht  hand  aonle,  the  |ier  centnge  of  proof  spirit  ia 
shown ;  bsing  the  difference  of  the  former  nnmlier  fioin  100,  The  damper-plate  ia  to 
be  immediatflly  pnshed  home  to  extingiiiah  tlie  flame. 

The  alci>holmeter  will  by  itself  only  indicate  the  per  centage  of  alcohol  contained  in 
any  wine,  but  by  the  aid  of  the  hydrometer,  the  proportionate  qnantitv  of  aacclinruni 
in  all  wines  may  he  readily  and  easily  determined.  Tlie  hydrometer  "will  show  tlie 
Epecifie  gravity  of  the  liquid  upim  reference  to  table  Ko,  1,  annexed.  In  t^ating  a 
aample  of  wine,  firat  take  the  specific  gravity,  and  suppose  it  to  be  B89,  then  eliar^(e  the 
boiler  of  the  alcohol  meter  with  the  wine,  as  diraoted,  and  at  tlie  boiling  point  it  indi- 
cates the  presence  of  alcohol  at  69'6  per  nant'ri  whose  specific  graTity  will  be  fonnd  to 
be  979 ;  deduct  timb  gravity  from  the  gravity  of  the  bulb,  or  889,  and  10  will  remain, 
which  10  degrees  of  gravity,  upon  reference  to  the  wine  table,  will  be  found  to  represent 
26  lbs.  of  saccharine  or  attractive  matter  in  every  100  gallon^  oombined  with  SO.tjth 
gallons  of  piMof  spirit, 

Bike's  hydrometer  will  only  show  the  sp.  gr.  of  liquids  lighter  than  water  (or  1000), 
and  for  wines  in  general  use,  the  gravities  iJing  lighter  than  that  article,  will  answer 
every  purpose;  but  there  are  wines  whose  gravities  are  heavier  than  water,  such  na 
mountain,  tent,  rich  Malaga^  lachrymte  Chrisli,  ttc,  to  embrace  which  additional  weighta 
to  the  hydrometer  will  be  required,  as  for  cordialized  spirits,  &e.  In  testing  a  sanipla 
of  rich  mountain,  il«  sp.  gr,  was  fonod  to  be  1089,  or  88  degrees  heavier  than  water, 
that  wire  at  the  boiling  point  indicated  tlie  alcohol  12-5  |ier  eent."?;  but  B80  sp.  gr. 
deducted  from  1039  leaves  £9  dc'grees  of  sp,  gr. ;  ngniiist  60  of  the  wine  tables  will  be 
found  147-8  or  1471  lbs.  of  aaceharine  or  estraclive  matter,  eoinbined  with  27^  gallons 
of  proof  spirit  Ifl  every  100  gallons. 

Should  the  barometer  for  the  day  show  any  other  indication  above  or  below  the 
itandiird  of  20-5,  the  thermometer  scale  will  then  only  show  the  apparent  strength, 
and  reference  must  be  had  to  the  small  ivory  indicator,  f,  it  being  the  ecnnterpart  of 
the  bnroinetrioni  scale  of  the  therrnumeler ;  thus  should  the  barometer  indionte  80, 
plaoe  SO  of  the  indicator  against  the  boiling  point  of  the  liquid,  and  oppo^te  the  line  of 
29-5  will  lie  fonnd  the  true  strength. 

JSiMiiiple  1.  Barometer  at  80. — Suppose  the  mercury  to  stop  at  the  boiling-point 
T2"r,  place  30  of  the  indicator  i^ainst  72  on  the  thermometer,  and  the  line  of  29'a  will 
out  69'8"i',  tlie  true  strength. 

Exft'Bple  2.  Barometar  at  29. — Suppose  the  mercury  to  slop  at  the  same  point,  72  ^, 
place  29  of  the  indiealor  against  72  ou  the  thermometer,  and  the  line  89'5  will  cut 
74-5"!',  the  true  strength. 

For  malied  Lig-uors. — To  all  brewers  and  dealers  in  fermented  liquors,  the  principle 
by  its  application,  will  supply  a  great  desiileratum,  aa  it  will  not  only  show  the  alcohol 
ireated  in  the  wort  by  the  attenuation,  as  well  aa  the  origiuol  weight  of  the  wort  prioi 
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No.  2. 

TABLE,  showJiiK  the  11.3,  of  Sugar  per  GnUon  in  CordLilized  Spirits,  with  Pe^CelltoaM 

to  be  Rddi:d  to  the  jndicatiid  SLrtiigtli,  ])er  Hie  Alcohol  meter. 

»s:™"' 

10 

15 

20 

25 

30 

35 

40 

45 

60 

»SS" 

'r™ 

«™' 

R^l 

iM^M. 

8H 

ID 

°^- 

VI 

Llbj,ofeBear 

to  100. 

10  100. 

to  ICO, 

per  Gsllori, 

9ai> 

829 

2-5 

5- 

7-5 

1-a 

1-5 
I'S 

■!■'(, 
2-5 
2-4 
2-3 

3-3 
3-2 

4-3 
4-2 
4-1 

5-2 
5'0 
4-9 

S-9 
6-3 

B-8 

7-3 

7-7 

9-0 

8-6 

8-4 

3-5 
7 '5 

933 
936 
929 

»32 

10- 

2-2 

3-1 

4-0 

4-M 

»'\ 

10- 

932 

2-^ 

31 

3-H 

4-7 

h-i) 

7-y 

8-0 

13-5 

985 

s;<s 

2'1 

3-0 

3-M 

4'rt 

h-4 

H-2 

711 

19- 

938 

940 

17-6 

1-3 

Bi 

2'» 

3-7 

4-5 

.1-H 

Hi) 

«H 

7-fl 

17-6 

940 

843 

20- 

2-0 

2-H 

«■« 

4-4 

ii-2 

«-7 

7-n 

20- 

943 

945 

22'5 

l-H 

211 

3-5 

4-3 

tilt 

ft -J 

fi-n 

7-3 

22 -S 

945 

913 

Tl 

T9 

2'ti 

3-4 

4-I 

4-a 

nS 

«-3 

7-0 

25- 

943 

S3() 
952 

27 'o 
BO- 

1-2 
1-1 

1-9 
1-8 

2-S 
2-4 

a-3 

3-1 

4'0 

4-J 
4-0 

B-3 
5-1 

.'i-8 

6-8 

27-5 
30- 

950 
952 

B04 

SS'S 

1-1 

\-'} 

2-;i 

«-o 

31i 

4-8 

!■•!> 

11-2 

82-5 

954 

966 

35- 

l-tl 

!■« 

3-,-. 

4-1 

4-6 

fi-3 

rtii 

3S- 

958 

958 

TO 

1-H 

v,-i 

2-M 

X-4 

fi-1 

fi-S 

37-6 

958 

■9 

2-11 

2-'; 

a '2 

4-3 

4-9 

fi-."! 

40- 

980 

9ii-2 
964 

42-5 
45- 

■fl 
■9 

1-4 

2-0 
1-9 

2'6 

2-5 

31 

3-0 

3-li 
.1-5 

4-1 
41) 

4'J 

6-3 
B-l 

42-5 

962 

905 

4T6 

1-4 

2-9 

3-4 

3-9 

4-4 

4-9 

47-5 

965 

9(17 

■M 

IH 

3-3 

4-3 

SO- 

9S7 

-7 

2-2 

H-1 

4-! 

52'e 

969 

9?0 

55- 

:•(. 

211 

2-4 

2-9 

.'i-4 

3M 

4-2 

970 

973 

57-0 

■« 

I-l 

V!, 

1-fl 

2-2 

a-7 

3-1 

R-fi 

M-H 

57-6 

973 

073 

60- 

■M 

lit 

1-S 

2-1 

2-a 

2-9 

fi-3 

3-H 

60- 

073 

974 

62-5 

■H 

U> 

\-t 

211 

2-4 

2-7 

3-1 

3-4 

63-5 

914 

978 

■ft 

1-2 

\l> 

1-M 

2-H 

65- 

976 

I'l 

1-4 

2-tt 

67 '6 

977 

979 

70- 

■4 

■7 

1-0 

1-3 

1-a 

•i-\ 

2-4 

2-fi 

70- 

979 

980 
982 

72-5 
75- 

■4 

■c 

■9 

1-1 

1-3 
1-2 

1-4 

1-rt 

21 
1-R 

2'3 

72-6 
76- 

930 

983 
984 

77 -g 

■2 

■6 
■4 

■P, 

■8 

1-U 

1-0 

1-4 
1-2 

l'6 
1-4 

VK 

77-5 
SO' 

984 

986 
9S8 

82-5 
85- 

-> 

t 

-5 

■7 
■fl 

■7 

■9 

10 

■9 

1-11 

1-4 
1-2 

83-5 
85- 

988 

990 
992 

87 '6 
90- 

■! 

■2 

■1 

■5 

■4 

■6 
■5 

■7 
■6 
■5 

-9 

■7 

10 
■9 

B7-5 

993 
994 

99fl 

.    .   1    .   . 

■1 

■2 

■5 

-« 

99- 

996 

998 

97 -S 

■1 

•2 

-.1 

■6 

97-5 

998 

|>.>ne>it  parU.    It  will  likewise  be  a  ready  menns  of  teslJii^  the  relative  vnlne  of  wortf 

Iruin  BHgar  oompiired  with  grain,  as  well  aa  heing  n  giiiJa  to  the  oonditioQ  of  stock 

beera  and  ales. 

To  neeertam  the  strength  of  malt  liquors  and  their  respective  Talue^  the  instrument 

hns  been  supplied  with  a  glass  saceharumeter,  testing-glass,  and  elide-rii.e.    Commence 

by  ctmrging  the  testing^hisa  tflth  the  liquid,  then  insert  the  sitcaharo meter,  Co  Ascertain 
its  (iresent  gravity  or  density  per  hBrref.  and  at  whatever  number  if  floats,  that  will 

Example  I.— Suppose  the  Biwcharometer  to  float  at  the  fiaure  8,  that  would  indimta 

S  lbs.  per  barrel;  tlien  submit  the  liquid  to  the  bolinz  test,  with  the  eiilt  as  before 

M-P,  that  would  b^  equivalent  to  10  per  cent,  of  proof  alcohol.     Refer  to  the  slide-rula, 

r-^.A<Ti,^  ' 

t^' 
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fliid  place  A  on  the  slide  agnjnat  10  on  tlie  upper  line  of  fijfures,  anL  facing  b  on  the 
luwer  line  will  be  18,  liiiis  elioiving  that  18  Ibi  per  baiTel  liave  beer,  deoomposfd  tc 
conslilnte  that  per  centnge  of  spiiit;  then,  by  adding  tbe  18  lbs.  to  the  present  B  Iba. 
por  buiTel,  tlie  result  will  be  28  lbs.,  tlis  original  weight  of  the  wort  after  leaving  tlie 

MxampU  2. — The  aaooliaronieter  marliB  10  Iba.  per  barrel,  and  at  the  boiling  point  it 
jndiurttea  8S"r,  equivalent  to  i2  giiUons  of  proof  spirit  per  cent. ;  place  A  against  12, 
nnti  opposite  b  will  ba  211  lira,  per  bairel,  when,  by  flddinic  that  to  the  10  lbs.  preeeut, 
aii  lbs.  will  be  the  result 

To  ancerlain  the  Telatiiie  Value. — Suppose  the  price  of  the  26  lbs.  beer  io  be  86s.  per 
bni-i'el,  and  the  SlJ  lbs.  beer  to  be  408.  per  biirrBl.  to  ascertain  which  beer  will  be  Llia 
ohenpoat,  place  26  on  the  opposite  side  of  the  rule  against  36,  ami  oppoait*  Slilbs.  will 
lie  43s.  li,  showing  that  tlia  latter  beer  is  the  cheapest  by  3*  Id.  per  barrel. 

liy  taking  an  account  of  tlie  malt  liquors  by  this  instrument  prior  to  atocliing,  it 
may  be  ascertained  at  any  time  whether  any  alteration  has  taken  place  in  their  condi- 
tion, either  by  an  increase  of  spirit  by  after  fermentation  and  consequent  loss  of  sao- 
cliarum,  or  whether  by  an  apparent  loss  of  both,  acetous  fetineutalion  boa  been  going 
on  towards  tlie  ultimate  loss  of  tlie  whole. 

This  instrument  will  likewise  truly  indicate  the  quantity  of  apirit  per  cent,  ereateil 
in  diatilltra'  worts,  whether  in  pi-ooess  of  fermentation  or  ready  for  the  still,  the  only 
difference  will  be  in  the  allowjinues  on  the  slide-rule. 

N-B. — Tlia  saouharoineters  flp]>iioftble  to  the  foregoing  rules  for  beers,  ales,  <tc.,  have 
been  aiyusted  at  the  tempenitHrc  6(f  Fahrenheit,  and  will  be  found  correct  for  gen- 
ei'al  purjioses;  but  where  extreme  minnteness  is  required,  tlie  variation  of  temperature 
innst  be  taken  into  neconnt,  therefore  for  every  10  degrees  of  temperature  above  60, 
y^jths  of  a  pound  must  be  added  to  iJio  gross  amount  found  by  tlie  slide-rule ;  on  the 
contrary,  for  CTcry  10  degrees  below  60,  y^^ths  of  a  pound  must  be  deducted. 

For  eoTdialiied  Spirits. — Tlie  operation  in  this  instance  is  somewiiat  different  from 
tlint  of  beers  which  have  the  alcohol  created  in  the  original  worts;  whereas,  in  oor- 
dialized  apirit)^  gin^  &o.,  the  alcohol  is  the  original,  and  the  aacchaiine  matter,  or 
sii^nr,  is  an  addendum. 

If  100  gallons  of  apirit  are  required  at  a  given  sj^rength,  say  60  per  cent,  uniler  i-not, 
SO  gallons  of  proof  spliil^  with  the  addition  of  60  gallons  of  water,  would  elfe<.'t  lliat 
object^  and  upon  testing  it  by  the  alcohol  meter,  it  would  be  found  as  correct  ns  by  iha 
hydi'ometer.  But  in  cordializing  apirit  it  ia  different,  for  to  tlie  50  gallona  of  proof 
spirit,  60  gallons  of  sugar  and  water  would  be  added,  thereby  rendering  the  hydroiiicCcT 
useless,  esoept  for  taking  tlie  speeilio  gravity  of  the  bulk,  and,  according  to  the  quantity 
of  sugar  present^  so  a  relative  quantity  of  waticr  must  have  lieen  displaced ;  and  as  the 
sngar  has  no  reducing  properties,  the  aleoholmetcr  will  only  show  the  strength  of  the 
ooi'dial  in  relation  to  tlie  water  contained  in  it^  as  the  principle  indicates,  irrespectively 
of  saccharine  or  eitraoUve  matter  present 

Suppose,  in  making  lOO  gallons  of  cordial  at  60°'',  3  lbs.  of  sugar  are  put  to  the 
gallon,  or  300  lbs.  to  the  100  gallons,  that  800  lbs.,  dieplaeing  18yxth  gallons  of  water 
only  31  A'jjth  gallona  of  water  instead  of  50  have  been  applied;  the  sugar,  without 
reducing  ]>ropertie8,  making  up  the  bulk  of  100  gallona,  wliicEi  is  meant  to  represent 
50  per  cent  -r. 

The  aluoholmeter  will  only  show  at  the  full  point  of  ebullition  the  alcoholic  strengili 
in  relation  to  the  water  in  the  100  gallons  of  the  mixture,  or  36  per  cent  "p,  leaving  If 
per  cent  to  be  accounted  for  on  the  bulk. 

As  the  quantity  of  sugar  present  must  ba  determined  before  that  per  centaga  can  he 
tirrived  at,  a  double  object  will  be  effected  by  so  doing,  namely,  eliciting  in  all  inalanooi 
the  quantity  of  sugar  present,  ns  well  as  the  per  eentage  of  spirit  t-o  ba  accounted  for. 

Example  1.— flin  tahins  the  sp.  ^.  of  a  cordial,  suppose  it  to  ba  found  1016,  then 
submit  the  liquid  to  the  boiling  point,  and  having  ascertained  the  per  eentage  of  alto- 
liol,  and  it  proves  to  be  8i5 "p,  the  sp.  gr.  of  alcohol  at  that  strength  will  be  foond  to  ba 
955;  deduct  956  from  the  sp.  gr.  of  Hie  bulk,  or  1016., and  120  will  remain;  refer  tli.nt 
to  its  amount  on  the  head  line  of  table  No.  2,  namely,  120,  under  which  will  be  found 
S,  representing  3  Ihs.  of  sugar  Io  the  gallon ;  and  by  running  tha  eye  down  its  column 
lo  opposite  the  alcoholic  strength  indionted  (35  "P)  will  ba  found  14'9,  which  represents 
the  per  centaga  of  water  displaeed  hy  the  sugar,  and  which  amount  of  14-9,  added  to 
the  35  per  cent  ascertained,  makes  the  total  upon  the  bulk  49'9  per  cent-"i',  witli  3  lbs. 
of  sugar  to  fJie  gallon. 

For  Gina,  c6a — Example  3.  In  tnliing  the  sp.  gr.,  suppoae  it  to  be  fonnd  957 ;  then 
submit  tfl  the  boiling  point,  and  it  proves  to  be  i4"i',  wliose  ap.  gr.  is  937,  which, 
deducted  from  957,  leaves  sp.  gr.  20;  on  tha  head-line  of  table  No.  3,  under  20,  will 
be  found  j,  or  |  Ih  of  sugar  to  the  gallon,  aod  on  running  the  eye  down  to  opposite 
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li-up,  will  be  fonntt  SO,  wliieli,  aMei  fo  the  14,  malieB  Ibe  total  on  ilie  bulk  17  pei 
leiit-T,  with  60  llis  of  sugar  to  llie  100  gnllons. 

To  fheniisls  tor  llieir  tjiictures,  Ac,  tliis  inetrament  will  be  fonnd  eseentifillj  uBefiil. 

N.R — Cure  mnst  be  tulieii  that  the  mercury  ia  entirely  in  the  bnlb  of  tlie  tlieruio- 
meter  before  it  is  fixed  on  tba  stem  for  operalion,  and  in  nil  cns«s  (eieept  for  waterj 
tlie  salt  must  be  used. 

ConclimoK. — Wines  nre  peoulini'ly  euhjeet  fo  bemjetified  bj  adulteration  a  of  varions 
kinds.  It  will  prove  of  great  advantage  to  tlie  pnlilie  when  the  rdatiye  quantity  of 
fr  lit,  or  mechanaii,  and  aluoliol  requisite  to  conetitute  the  normal  wine  of  each  ep^eies 
it  veil  ascertained. 

Some  beera  possess  a  remartable  nurootic  power,  by  which  they  cause  droweinfss 
ai.d  stupor  without  corresponding  previous  eKhilaralioi).  Su^h  bererages  may  justly 
be  suBpeeled  of  having  been  sopliisticated  witli  oemilun  iadieas,  opium,  or  some  analo- 
gous drug;  and  this  eu?pieion  may  become  certainty,  if  they  be  shown  by  the  alco< 
bol  meter  to  contain  only  a  few  per  cents,  of  fermented  spiiit 

Tlie  instrnroent  in  its  complete  state  ia  made  and  sold  by  Mr.  Joseph  Long,  Little 
Tower  Street  The  taiJes,  of  which  the  above  is  only  a  portion,  and  the  barometric 
indientor,  have  been  constructed  by  him  and  Mr.  Alice. 

EDGE  TOOia  Mr.  Jnmea  Bonydell  weids  iron  and  steel  ti^tbcr  in  such  a  man- 
ner tliat  when  cut  np  to  form  edge  tools,  the  steel  will  eonstjtuta  a  thin  layer  to  form 
the  cutting  edge.  lie  piles  a  slab  or  plate  of  sleei  upon  two  or  more  similar  plates 
of  iron,  heats  in  n  furnace  to  a  good  welding  heat,  and  then  passes  between  grooved 
or  otiier  suitable  rollers,  to  convert  it  into  bars;  the  steel  being  in  a  thin  layer  either  on 
one  of  the  outer  surfaces  of  the  bar,  or  between  two  enrfaees  of  iron  according  to  the 
kind  of  tool  to  be  made  therefrom.  Tlie  tiars  thus  produced  are  cut  up  and  manufac- 
tured into  the  sliape  of  tlie  desired  articles  by  forging.  If  the  cutting  edge  is  to  extend 
but  a  short  distance,  t'le  steel  is  applied  only  near  one  edge  of  the  pile.  In  Uiia  man- 
ner  hatchet^  adzes,  choppers,  knives  of  all  kinds,  scissors,  scythes,  chisels,  gonges,  die., 
may  be  economically  manufactured ;  the  stoel  being  used  merely  for  forming  liie  edge, 
while  the  requisite  stiffness  of  the  tools  is  obtaini^  by  the  iron.  The  compound  bars 
wliieb  have  the  steel  on  one  side  are  suitable  for  chisels  and  other  tools,  which  have  a 
cutting  edge  on  one  side,  the  iron  being  ground  away  when  malting  or  sliai^pening  the 
tool.  Mr.  B.  manufactnres  ppades  on  a  somewhat  similar  plan. — A'«s(on«  Journal, 
vol.  xsvi.  p.  1S8.    See  CtiTLEEr  and  Steee. 

ICD[ILlX)EATE,  {EdHlearer,  Fr. ;  JuMusmn,  Germ.)  ia  a  word  introduced  hy  the 
alchemists  to  signify  the  sweetening,  or  rather  rendering  insipid,  of  aerimoniuna  pul- 
vrulent  substances,  by  copious  ablutions  with  water.  It  means,  in  modern  language, 
the  washing  away  of  all  particles  soluble  in  water,  by  agitation,  or  trituration  witli  this 
Unid.  and  subsequent  deuanlation  or  filtration. 

EFPf:RVESCENCE.  (Eng.  and  Fr. ;  Anfbrauiteit,  Germ.)  When  gaseous  matter  ia 
suiidenly  extricated  with  a  hisung  sound  during  a  chemieu.  mixture,  or  by  tlie  appli- 
cation of  a  chemical  solvent  to  a  solid,  the  phenomenon,  from  its  resemblance  to  that 
of  simmering  or  boiling  water,  ia  ealled  efrervesceiice.  The  most  familiar  example  is 
affnrded  in  the  solution  of  sodiac  powders;  in  which  the  carbonic  acid  gas  of  sesqui 
carbnnate  of  soda  is  extricated  by  the  action  of  citric  or  tartaric  acid. 

EFFLORESCENCE  (Eng.  and  Fr. ;  Veraittern,  Germ.)  is  the  spontaneous  conversion 
of  a  solid,  usually  crystalline,  into  a  powder,  in  consequence  either  of  the  abstraction 
of  the  combined  water  by  the  air,  as  happens  l«  tlie  crystals  of  sulphate  and  carbonat* 
of  soda;  or  by  the  absorption  of  oxygen  and  the  formation  of  a  sanne  compound,  as  in 
the  case  of  alum  schist,  and  iron  pyrites.  Saltpetre  appears  as  an  efflorescence  upon 
the  around  and  walls  in  many  situations. 

EGOS,  HATCHiNG.    See  Inchbatiok,  AnriFiciAL. 

EIDEE  DOWN,  is  a  kind  of  precious  down,  so  called  because  it  is  obtained  from 
the  J'/ifer-duclc.  Tliese  birds  build  their  nests  among  precipitous  rocks,  and  the  female 
lines  tliem  with  fine  feathers  plnoked  from  her  breast,  among  which  she  lays  her  five 
cf^  The  natives  of  the  distj'icts  frequented  by  the  eider-ducks  let  themselTes  down 
bj'  cords  among  the  dangerous  ctifF^  to  collect  the  downs  from  the  nests.  Jt  is  used 
to  fill  coverlets,  pillows,  cushions,  £c 

ELAINE  ia  the  name  given  by  Oievreul  to  the  thin  oil,  which  may  be  expelled 
from  tallow,  and  other  fats,  solid  or  fluid,  by  pressure  either  in  their  natural  state  or 
after  being  saponified,  so  as  lo  linrden  the  Ktearine.  It  may  be  extraclod  also  by  digest- 
ing the  fat  .n  7  or  8  times  Its  weight  of  boiling  alcohol,  spec  erav.  0-798,  till  it  dissolves 
the  whole.  Upon  cooling  the  so'ntion,  the  stenrine  falls  to  tlie  bottom,  while  the  elnine 
collects  in  a  layer  like  olive  oil,  upon  (he  surface  of  the  snpematant  solution  reduced 
by  evaporation  to  one  eighth  of  its  bulk.  If  this  elaine  be  now  exposed  to  a  cold  tem- 
perature, it  will  deposit  Its  remaining  stearine,  and  become  pure.    See  Fat,  Oiu,  and 


ELASTIC  BANIJS. 

KLASTIC  BANDS.    (Tissus  Elmtiqius,  Fr. ;  Federhars-teigf,  Germ.)    Th    manu 
faclure  of  lirstes  and  garters,   willi   threads  of  CflOutelioiic,  either  naked  or  d, 

seems  to  have  originalej,  snme  time  asn,  [ii  Vienna,  whence  it  wa?  a  few  jea  e 

ini|)nrt<i(l  into  Paris,  and  thence  into  this  cuunlry.    At  first  the  pear-shapeJ  b  f 

Iniliaa    rubber  was  Cut   into   lona  narrow  strips  by  the  scissors;    a  siniie  e 

tiirnlns:  nit  only  about  100  yards  in  a  day,  by  cutting  the  pesr  in  a  spiral  direct   n      He 
$ucc4'eded  next  in  separating  with  a  p^ir  of  pmccrs  ike  several  layers  of  which   h    b 
wag  composed.     Another  mode  of  ublaininic  fine  threads  was  to  cut  them  out  of  a  h 
which  haJ  been  rendered  thin  by  inllation  with  a  forcing  pump.    Ail  these  opera 
aie  fncililated  by  previously  sleepini:  the  caoulchoue  in  bulling;  water,  in  its  mod 
inllaled  state.    More  recently,  ninchines  have  bepn  succepsfolly  employed  fo  g 

out  these  Utaments,  but  fur  this  purpose  the  bottle  of  caoutchouc  is  transom  ed 
a  disc  oferiual  thickset  in  all  its  parts,  and  perfectly  circular.    This  prelimina 
tion  is  executed  as  foUciws:  1.  the  biillle,  soflened  in  hot  water,  is  squeezed  b  n 

the  two  plates  of  a  prest,  the  neck  hating  been  removed  beforehand,  as  useless  in  titi? 
point  of  view;  2.  the  bottle  is  then  cut  into  two  equal  parts,  and  is  allowed  la  con 
•olidate  by  cooling  befwa  subjecting  it  to  the  cntiiog  instrument.  When  the  bottle  is 
strong  enough,  and  of. variable  thickness  lu  us  different  points,  each  half  is  submilted  to 
powerful  pressure  in  a  very  strong  cylindrical  mould  of  metal,  into  which  a  metallic 
plunirer  descends,  which  forces  the  caoutchouc  to  lake  the  form  of  a  flat  cylinder  with  a 
circular  base.  The  mould  is  plunged  into  hot  water  during  tlie  compression.  A  stem  or 
rod  of  iron,  which  goes  across  the  hidlow  mould  and  piston,  retains  the  latter  in  its  place, 
notwii {islanding  the  resilience  of  the  caoutchouc,  whea  the  mould  is  taken  from  the  press. 
The  mould  being  then  cooled  in  waler,  the  caoutchouc  is  withdrawn. 

The  transformation  of  the  disc  of  caoutchouc  into  fine  threads  is  performed  bj   two 
machines  ;  the  first  of  which  cuts  it  into  a  riband  of  equal  thickness  m  its  whole  extent, 
running  in  a  spiral  direction  from  the  circumference  to  the  centre,   (he  second  subl 
riband  lengthwise  into  several  parallel  filaments  much,  narrower  but  equtlij 
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periphery  to  the  edge  of  a  knife  c,  formed  like  a  circular  blaJe,  Whose  plane  is  per"*™ 
dicular  to  that  of  the  bases  of  the  disc.  This  knife  turns  round  its  centre,  which  i= 
filed.  The  rotatory  motion  of  the  disc  forces  the  knife  to  penetrate  further  and  further 
into  itsma^s,  and  the  motion  of  the  knife  itself  makes  it  cut  the  riband  more  easily.  It 
is  obvious,  that  if  the  disc  alone  revolpe,  the  motionless  knife  could  act  only  by  pressure, 
and  would  meet  with  an  enormous  resistance.  A  third  movement  becomes  necessary. 
In  proportion  as  the  disc  is  diminished  by  the  removal  of  the  spiral  band,  the  centre  uf 
this  disc  must  advance  opnn  the  knife,  in  order  that  the  riband  may  have  always  the 
fame  breadth.  The  inspection  of  jig.  475  will  make  the  accordance  of  the  three  motions 
intelligible. 

The  knife  c  is  placed  upon  a  shaft  or  axis  A,  which  carries  a  pulley,  round  which  a 
belt  or  oovd  runs  which  drives  the  whole  machine.  This  knife  is  six  inches  in  diameter. 
In  order  that  by  being  kept  cool  it  may  cut  the  caontchouc  better,  it  is  plunged  at  its 
lower  part  into  a  trough  n,  full  of  waler ;  a  stopcock  n,  serves  to  empty  this  trough. 

The  shall  A  bears  a  pinion  p,  which  takes  into  a  wheel  H,  placed  upon  the  shaft  a'  ; 
upon  which   there  is  cut  a  worm  or  endless  screw,  v,  v.      This  worm  bears  a  nut  e, 
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which  ndyanees  as  the  screw  trr 
tlie  ilisa  i>,  enrried  iipnri  n  fhoi 
piiided  by  two  ears  which  slide  ii 


nd  oariies  with  ft  a  tie  i,  which  in  i(s  tiini  pnshei 
ooiistHiilJy  townrd  l.he  knife.  This  ehoiildpr  is 
J  grooves  oiil  in  ihe  thickness  of  the  lahlp.  The 
e  fifth  of  that  of  the  wheel  m  so  that  the  nrbor 
A  Inriis  five  lintcs  less  quickly  than  the  arbor  a';  and  Ihe  fineness  of  the  screw  v  cunlri- 
biitps  further  to  slacken  the  movement  of  translation  of  the  disc. 

When  the  disc  is  all  cut  down,  the  shoSlJer,  the  tie,  and  the  nut,  are  bronsht  back 
(o  their  original  position  by  lifting  Ihe  nut,  which  is  hinced  on.  Tiie  disc  is  fised 
upon  Ihe  shoulder  by  means  ofshati  poinis,  and  an  upper  washer.  The  shoulder  and 
the  masher  have  a  very  amall  diameter,  in  order  Ihat  the  knife  may,  in  culling  down  the 
disc,  advance  as  near  as  possible  to  the  centre. 

The  rotalory  movemeni  of  Ihe  disc  and  ils  shoulder,  is  aiven  by  an  endless  screw 
w,  w,  which  governs  a  |>in inn  p",  provided  with  10  leelh,  and  carried  by  Ihe  shaft  a, 
upon  which  the  shontder  is  mounted.  The  arbor  a'  of  this  endless  screw  receives 
Its  motion  from  the  first  shaft  *,  by  means  of  the  wheels  s  and  s'  mounloJ  upnn  these 
shafts,  and  of  an  inlermediale  wheel  s".  This  wheel,  of  a  diameter  eijual  to  that  of 
thp  «haft  A",  is  intended  merely  to  allow  thig  -haft  to  recede  ft-om  Ihe  shaft  a.  The 
dumeler  of  the  wheel  of  this  last  shaft  is  to  Ihal  of  the  two  othei  i  in  the  ratio  of  10 
to8 

Se  ond  rnacMm  for  sididiviiiing  the  Tibanis.  Fig.  476, — The  riband  is  enaaged 
b-l«een  Ihe  circular  knives,  c,  c,  which  are  mounted  upon  the  rollers  a,  b  ;  thin  brass 
washers  keep  Ihese  knives  apart  at  a  distance  which  may  be  varied,  and  two  extreme 
washers  mounted  with  screws  on  each  roller  maintain  the  whole  system.  The  axes  of 
these  rollers  traverse  two  uprights  M,  M,  famished  with  brasses,  and  wilh  adjoslina 
screws  to  approiimate  them  at  pleasure.    The  aiis  of  the  Lower  roller  carries  a  whed 


I ,  which  lakes  in 

which  is  driven  by  a  cort  _ 

wheel  r'.    The  pulley  p  is  twice  the  size  of  the  wheel  /  ;  and  nd  a 

drum  H,  which  drives  the  rest  of  the  machine. 

The  threads,  when  bronsht  to  this  stale  of  slendernes!„are  p  tubs 

filled  with  cold  water;    they  are  neit  softened  in  hot  water,  and  a   d  as  m    h  as 

possible  in  the  followinst  manner; — They  nie  wound  upon  a  ree  ed  q      k      while 

the  operative  stretches  the  ctinntchonc  thread  with  his  hand,     I     his  w  ered 

8  or  10  times  longer.    The  reels  when  thus  fiUed  are  placed  dunn?  some  days  m  a  cold 
apartment,  where  the  threads  become  firm,  and  seem  to  change  their  nature. 

This  sla.te  of  stiffness  is  essential  for  the  success  of  the  subsequent  opernlions.  The 
threads  are  commonly  coveied  wilh  a  sheath  of  silk,  cotton,  or  linen,  by  a  braiding  ma- 
chine, and  are  then  placsl  as  warp  in  a  loom,  in  order  to  form  a  narrow  web  fiir  braces, 
garters,  &c.  If  the  gum  were  lo  eseiTise  its  elaslicily  durin?  this  operation,  the  dif- 
ferenl  threads  would  be  lengthened  and  shorlened  in  an  irreinlar  manner,  so  as  to  Pirm 
a  puckered  tissue.  It  is  requisiie  therefore  to  weave  the  threads  in  their  rigid  and  in- 
e\lensible,  or  at  least  incontraclile  condition,  and  after  the  fabric  is  woven  lo  restore 
to  the  threads  of  caoalchnuc  their  appropriate  elasticily.  This  restoration  is  easiiy 
effected  by  passing  a  hot  smoothing  iron  overlhe  tissue  laid  smoothly  upon  a  table  covered 
wilh  blanket  stuff.     See  Braiding  Machine, 

ELECTIVE  AFFINITY  (Waklvemandlichafi,  Germ.)  denotes  Ihe  order  of  pre- 
ference,  so  to  speak,  in  whiph  the  several  chemical  subsiances  cftoose  to  comhine;  or 
really,  the  gradation  of  allrnctive  force  infused  by  Almighty  Wisdom  among  the  dilferenl 
objects  of  nature,  which  determines  perfect  unifLirmily  an    iJenlily  in  Ihcir  compounds 
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iimidst  iudafinita  variety  of  coinhl nation.  Tlie  diacussloa  of  this  interfsting  gabjee' 
beionj^  to  pore  cliemisti-j-     See  DEUOMPoamoN. 

ELECTKO-TELEGRAPIIY.  Mo^netis  NsedU  Telegmph'^—kher  (Ersted  Imd  dia- 
covered  tlie  mutunl  action  of  eleoti'io  enrrenta  and  iniigiieHo  needles,  Ampere  "pro 
posed,  in  oonseqiience'of  nn  iiUa  an^eeted  to  liim  bj  Cl>e  illiislrioua  Lnplxce,  to  emj^loj 
ns  iniinj  circuits  as  tliera  were  letters  of  the  alpliabel^  and  to  make  each  of  tbetu  aet  ua 
a  separate  needle." 

Suliweiger's  invention  of  the  Kalvanometer,  followed  more  recently  by  "Wlieatstone'a 
discovery  of  tlis  velocity  of  elBotricity,  gave  renewed  impnlse  to  tiieae  inqnirii's. 
ri'ufeesor  Ritchie  illustrated  Ampere's  idea  on  a  small  scale,  bnt  ratJier  with  a  view 
of  pointing  out  the  difficulties  wliiah  enveloped  it  tlian  to  propose  il  for  praotieal  piii'- 
po5«fl.  Alexander's  telegraph  had  thirty  galvanoinetrie  needles  and  thirty-one  wires ; 
each  needle  supported  a  screen,  which  it  isari'ied  with  ib  when  deflected,  and  thus  ex- 
po:ied  a  letter.  Davy's  fli'sb  tetegrnph  was  of  the  smtte  cintracter.  only  the  letters  were 
illuminated.  Baron  Schalliiiji;  and  Feebaer  projiosed  to  limit  this  nnmber  by  employ- 
ing fewer  needles  and  observing  their  combined  i notions,  a  dilfercnt  eharuetef  being 
iiidioated  according  to  tlis  nnmber  of  needles  in  motion. 

Mr.  Bain  lins  proposed  \t>  fix  the  magnet  and  deflect  the  coil.  Ttie  arrangements 
peculiar  to  Mr.  Wbeatstoiie's  needle  telegraph  are,  that  ha  lias  one  wire  only  for  each 
needle;  that  two  needles  are  thus  always  included  in  the  circuit;  that  the  coniliimition 
of  the  two  needles  out  of  five,  wliicli  he  generally  used,  will  produce  20  Bigiials,  and 
thiit  by  a  key-board,  peculiarly  his  contrivance,  tticse  Baveral  circuits  can  lie  readily 
formed.  By  combining  tJiree  or  four  needle^  200  signals  can  be  given.  Aa  the  motion 
of  these  deflected  needles  was  not  of  itself  suffiuiantly  violent  to  ring  a  bell  iu  order  to 
cult  attention,  arrangement  was  mnda  that  one  of  the  needlea  by  its  deflection  ahuuld 
cornjdete  ttie  circuit  of  a  distniit  bslteir,  and  this  would  then  make  an  clactromngiiet. 
and  liberate  the  detent  of  an  alarm.  ,  Other  modes  uf  sounding  an  alarm  were  adu|ited 
on  account  of  the  difliaiiltiea  which  attended  the  early  experiments  on  ttiat  form  of 
telegraph  wbicli  we  shall  presently  describe.  As  it  is  not  tlie  inteiitjon  to  give  bei'e 
a  history  of  telegraphs,  the  iiIhivc  illuatratioua  of  the  chief  appliculiona  of  the  galvnu- 
ometer  to  this  pui'pose  will  BUfiice. 

"The  iiistrume  »■■  to  be  fi  st  Ipecribei  me  the  inventions  of  Messrs.  W.  Fotliergill 
Cocke  acd  Charles  Wl  antato  e  PR'S     They  arc  of  two  kinds:  the  one,  in  whlth  a 
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Bingle  galvanometer  la  employed ;  tlie  otlier,  in  irhich  tliere  is  a  pairof  galTinometers 
TtiB  fui'iiier  will  eerve  our  pi'csEut  purpose,  as  the  nievliauiunl  edjuetmeuls  of  tlie  lal.her 
are  uierelj  tlie  double  of  tliis.  1  tiave  reinoveil  tlie  cnee  fioni  tlie  inetruineiit  in  ordtr 
to  give  a  clear  view  of  all  tlie  essential  parts;  and  bave  en);nived  a  back  view  of  it  [Jiff. 
477}  witli  the  battery  e  attached  as  if  for  use;  and  the  circuit  of  the  galvaaometer  a 
completed  by  tlie  wire  w  w. 

"The  instrument  is  possessed  of  n  two-fold  oharaoter;  it  is  panise,  or  ready  for 
receiving  signala  from  auother  instrument;  it  is  aciitx,  or  ready  fur  transmitting  signats 
to  another  iDstrunieut.  By  describicig  first  how  it  is  fitted  for  receininff  signals,  and 
then  how  it  is  arranged  for  trarMnilling  tiiem,  we  shall  be  better  ahlo  conveniently  to 
aualyie  it^  and  to  oonipreiiend  its  general  stpuctnre.  The  frame  of  the  coil  b  is  of  briias^ 
or  (whiith  is  in  many  respects  better)  of  polished  wood  or  of  ivory ;  it  is  screwed  ugion 
the  face  of  Qie  •instrumrDt,  whicL  face  is  a  braee  plate  varnished  on  the  inner  side. 
Looking  at  the  coil,  n  shui-t  wire  from  ltd  right-haud  end  coiuea  to  n  screw  terminal, 
which  latter,  by  a  slip  of  liraae  neatly  laid  on  tlie  instrument  eas^  is  connected  with 
another  terminal  n.  The  lett-himd  end  of  the  coil  comes  also  to  a  terminal,  from  which 
a  slip  of  hrasa  descends  to  a  bniss  plate  here,  partly  bidden ;  but  its  form  may  lie  gathered 
from  a  similar  plate,  visihie  on  tlie  li^ft  side.  These  twin  jdntea  are  in  metallic  connec- 
tion by  means  of  the  two  upright  springs,  plainly  sbown  in  tlie  drawing.  The  springs 
ore  of'stout  steel,  and  press  strongly  on  two  pointsin  osbort  inanlnted  hruearod  n.  -wiiii^h 
is  screwed  in  the  wooden  framework  of  tlie  instrument:  The  left-hand  plate  is  con- 
nected with  the  terminal  D,  also  by  a  slip  of  brass.  If  now,  the  two  tenoinaU'r  and  » 
areconneoted  by  a  wire  ww,  the  circuit  will  be  complete,  as  follows;  from  the  terminal 
u  into  the  coil  at  the  right-hand  wde;  out  of  the  coil,  at  tbe  left-dde  downwards  to  llie 
right-hand  plate;  up  tbe  right-hand  steel  spi'tng  acroes  the  hriiss  rod  »  to  tlie  leftrhnnd 
Bteel  spring;  downward  by  this  siting  to  tbe  left-hand  plate,  thence  by  the  slip  of 
brass  to  tbe  terminal  D,  and  thence  by  the  wire  ww  the  terminal  b,  whence  we  started. 
If  now  tlie  wire  from  u  went  up  tbe  line  of  railway,  and  tlie  wire  from  d  down  the 
line,  and  the  circuit  were  in  some  way  kept  complete  on  tbe  large  scale,  as  it  has  been 
here  described  on  the  small  senl^  anj  electric  euirent  pasMiig  along  llie  wire  from  a 
distant  station,  would  traverse  this  coil  in  its  course,  would  deflect  the  needle,  and  bo 
make  a  Mgnat  I  should  here  mention  that  for  ibe  sate  of  regularity,  we  adopt  one 
unvaried  order  in  attacliing  wires  to  the  instrument;  it  is  to  put  the  up  wire  on  the 
t«i'niina1,  shown  by  n  on  the  figure,  the  coils  being  all  nniforinly  wound. 

"So  far  for  receiving  a  Mgiial— now  for  sending  one.  Were  we  to  go  out  on  the 
open  railway,  taking  with  us  a  battery,  and  to  cut  any  one  of  the  wires,  and  place  its 
ta'o  ends,  thus  obtained,  npon  Hie  two  terminal  ends  of  the  biitteiy,  a  current  would 
paEs  along  the  line,  and  the  needles  on  that  wire  would  be  defleot.ed;  and  if  wa  changed 
liaiids  so  as  l«  reverse  tlie  connections,  tlie  deflections  of  the  needle  would  be  reversed. 
The  same  would  happen  were  we  to  cut  a  wire  inside  the  otBoe,  or  inside  the  tele- 
grn]'li,  and  to  treat  it  in  a  similar  wny.  Now,  in  every  apparatus  contrived  for  trans- 
mitting signals,  we  have  a  plai:e  correxponding  to  tack  a  cat  viirt;  and  near  this  place 
are  llie  poles  of  the  battery,  mounted  aud  moveable.  So  that  they  may  be  readily 
applied  in  the  breach,  one  way  or  otiier  as  required.  Tbe  place  here  [Jig.  477)  is  the 
top  of  tbe  springs.  Tliey  are  not  joined  to  the  brass  rod  «,;  but,  aa  I  said  before,  prew 
hard  upon  ilj  and  can  readily  be  raised  with  the  finger,  or  otherwise.    It  is  "!■"!"■■■> 


that,  when  either  of  them  ia  raised,  the  oirouit  is  broken.  Now,  near  this  place  is  a 
mechanical  oonlrivnncp,  by  which  the  poles  of  tbe  battery  may  make  a  breaeb  in 
tbe  circuity  and  he  applied  in  the  breach  in  either  direction.  The  drum  b  is  of  box- 
wood, the  ends  e  and  x  being  capped  with  brass,  and  insulated  from  each  other  by 
the  wood,  b,  (eft  between  tliem,  Tlie  drum  ia  moveable  by  a  handle,  not  in  sight 
here,  and  is  supported  as  shown  in  the  present  figure.  A  stout  steel  wire  i/  is  screwed 
beneath  into  the  c  end  of  the  drum ;  and  a  Mmilar  ^  is  screwed  above  info  the  z  end. 
Tbese  two  wires  are  the  poles  of  the  battery,  s'  being  connected  with  the  zinc  end, 
and  <^  with  the  copper,  tlina; — from  the  copper  end  of  the  battery  a  wire  ia  led  to 
the  terminal  o;  thence  a  slip  of  brass  leads  to  a  curved  brass  spring  which  presses 
closely  on  the  drum  at  c;  from  tlie  Kino  end  of  the  baltery  a  wire  goes  to  the  terminal 
x,  and  thenoe  8  slip  of  brass  leads  to  a  similar  curved  spring,  pressing  on  thecontinnntion 
of  tbe  z  end  of  the  drum,  as  shown  in  the  figure.  It  will  be  seen  that,  whenever  the 
drum  is  moved,  the  steel  wire  ^  will  lift  up  one  or  other  of  the  upright  steel  springs; 
it  is  now  lifting  up  the  right-hand  one,  and  so  breaks  the  cirouit;  but,  by  nlittle  further 
motion  of  the  drum,  the  wire  «'  will  press  npon  the  boss  below,  as  shown  in  the  figure, 
and  thus  there  will  be  a  battery  pole  on  each  side  of  the  breach,  and  a  signal  will  be 
made  on  this,  and  on  all  instrumtnts^  connected  with  it  And,  from  the  peculiar 
arrangement  with  the  drnm,  the  motion  can  be  changed  ns  rapidly  as  the  hand  can 
move.  I  have  shown  the  battery  oonneetions  exactly  ns  tbey  occur  in  practice ;  and 
tlieconnectionsaresiichthal^  if  the  right-hand  spiings  are  moved  oft  the  needle  moves 
to  t^f  right,  and,  if  the  left^  to  the  left.    The  needle  on  the  face  of  the  instrument  always 
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h.M  its  nortli  end  upwanl,  anil  tlie  needle  nitbin  the  coil  its  north  end  dovnwnrd,  eo 
ihat  if  w«  look  at  llie  face  of  an  iaatrunient,  and  sea  the  top  end  of  (he  needle  iiii'Ve  to 
'..lift  rig] it,  weniHj  beeiiretlintin  tlielinlfof  Lheeoil  nearest  to  iistliecuiTeiil  is  atctndiiiij." 

Tims  llie  wires  are  tUe  elianiiels  llii'oiigli  wliieh  eleetrie  ijifluenees  are  coiivejed'to 
preat  distaneea  with  ineonoeivalile  velodtj,  and  tlie  inoveiilila  ni8}rnete,  or  galvanometers, 
':o  which  tlie  wires  are  attached  at  the  statjont^  are  the  parts  of  tlie  appurntiis  hy 
wliich  signals  are  made.  The  mode  of  interpreting  these  signals  is  tliits  described  Liy 
the  nuthor: — 

■' DoUBLB-NEKnts  Code. — Having  described  the  spparaJ.iis  and  menns  employed  fur 
prodiieinK  at  pleasure  the  transniiasion  of  signals  to  distant  plac's,  it  now  reiiniiiis  tj 
IIS  to  explain  tlio  manner  of  interpreting  tlieee  sigaals,  so  that  eacli  person  shall  unAr!  ■ 
etanil  the  ideas  the  other  would  convey, 

"We  have  to  fieseribe  how,  ont  or  onlj  laa  needles,  each  of  whijh  has  but  two 
movements,  the  telegraph  Hl]ihabet  is  formed.  On  the  face  of  the  instrument  are  the 
letters  of  the  alpliabet  an'anged,  as  it  will  be  acen,  leriatim  in  two  lines,  bf^inning  at 
the  Icfl,  and  ending  at  the  light,  as  11  wi-iting.  The  oomuiencing  series  from  A  to  P 
JEi  nbove  the  top  end  of  the  needles;  and  the  coneluding  series  from  It  to  Y  below  tlie 
bottom  end.  It  will  also  be  seen  that  some  letters  aii.  engraved  onee,  some  tmce,  and 
others  i/iree  tdoics.  To  make  a  letter  engraved  once,  requires  one  motjon  of  the  needle ; 
to  make  ons  engraved  twice,  lieo  motions  of  the  needle ;  and  to  make  one  engmved  three 
times,  IhrsB  motions.  In  I'espect  to  the  Oeteb  row,  the  needle  nearett  to  tlie  letter  it 
tiioved,  and  it  is  moved  so  ns  to  point  toward  the  letter.  In  respect  to  the  loweb  row, 
both  needles  are  moved,  and  their  lower  end  is  made  to  point  in  the  direction  of  the 
letter  reqnired.  Sis  of  the  letters  C,  D,  L,  M,  and  U,  V,  reqnipa  &  twofold  motion 
of  the  needle  or  needles,  Urst  to  the  rlgiit  tlien  to  (he  left  for  C,  I^  and  U,  and  first  to 
the  left  then  to  tlio  right  for  D,  M,  and  T.  These  sis  letters  arc  engraved  iMermediate, 
and  witli  a  doable  row  between.  Tlie  alphnliet  produced  hy  this  arrangement  is  of  a 
eiiiiple  character,  and  is  very  readily  acqnu'ed.  To  the  stranger  it  appears  confused ; 
bnt  when  he  lias  tlie  faey  to  it  the  difflcultr  disappears;  it  might  at  first  sight  nppear 
>'jat  a  dial  instrnment — a  telegraph,  tlint  is,  provided  with  nlphabeta  engi'aved  on  a 
c'ronlar  dial,  and  an  indes  made  to  revolve,  and  point  to  any  required  lelter,  is  more 
simple;  several  such  telegraphs  esist;  and  among  them  are  some  very  happily  ananged; 
and  tliere  is  something  so  simple  in  the  fact  of  being  able  to  point  to  any  desired  letter, 
I  iiat  it  is  no  wonder  the  ptiblie  generally  may,  on  a  hasty  gbinee,  and  before  stiidyiti^ 
the  practical  merits  of  the  case,  be  ready  to  decide  in  their  fiivor,  and  prefer  them  to 
any  other  plan,  the  A,  B,  C  of  wliiali  is  less  obvious. 

"But  is  it  such  a  I'er^  serious  matter  to  learn  another  alphnbett  Every  sebool- 
bov,  now-a-days,  knows  some  half-dozen  alphabets;  there  are  ROMAN  letters  Inrce, 
aii^l  RnuAN  letters  small;  MANJISCRIPTUnenXavge,  and  monusm^f  letters  small; 
©10  33nfllisll  largft  and  Old  English  small ;  Ghees  large,  and  Greet  smoll,  and  so  on, 
HTid  all  different,  and  not  one  of  them  in*which  the  letters  are  re[ireBented  by  so  few 
stroket  of  the  j>sn  as  are  the  telegrapii  lettei*  liy  heais  of  tht  needle.  Take  one  of  oitr 
plainest  alphabets  as  an  example;  the  KOUAH  CAPITALS,  for  instance,  and  place 
a  few  of  lliem  in  juxta-positicn  with  the  corresponding  telegraph  signals: — 
A  W  E  /  O  /// 

B  \\\  F  //  H  \ 

"The  simplici^  of  these  symbols  is  obvious.  Two  diagonal  and  one  lioriiontnl 
line  are  required  for  the  Eoman  A;  two  diagonal  lines  fur  tlie  telegraph  A;  one 
\'crtieiil  and  three  horizontal  lines  make  the  Roman  Ej  one  dingonai  llie  telegrajih  E, 
and  so  on;  the  difference  being  that  all  the  world  have  learned  the  Roman  alphntiet, 
and  only  a  ehosen  few  have  studied  the  telegraphio  symbols.  That  the  latter  really 
are  simple  and  distinctive:  that  they  are  full  of  meaning  and  very  legible;  that  tliey 
ore  applicable  to  ordinary  language,  and  good,  ay,  very  good  1  no  one  will  for  a  moment 
doubt,  who  has  seen  the  rapidity  and  aeeuracy  with  which  a  telegraph  officer  receives 
a  dispateh. 

"To  one  who  sees  a  tel^raph  in  operation  for  the  first  time,  the  effect  borders  on 
the  niarvellons;  setting  out  of  the  question  the  fact  that  the  needles  are  caused  to 
iiiiive  by  an  individual  perhaps  a  hundred  miles  off;  the  motion  of  the  needles  hither 
and  thither;  qnicker  than  the  untrained  eye  can  follow;  the  want  of  all  apparent  order 
and  rule  in  their  movement;  the  ringing  of  the  changes  between  OPe  and  (ho  other, 
nnd  both;  the  qniet  manner  in  which  the  eletk  points  his  needle  to  the  letter  F,  in 
rapid  intervals,  implying  diat  he  understands  the  word;  while,  to  tne  uninitiated 
looker-on,  all  is  wonder  and  mystery,  and  confusion ;  and  tlie  rare  occnrrenee  of  t!ie 
clerk  pointing  to  ^  implying  he  did  vol  vuderntand ;  and,  flnnlly,  the  quiet  manner 
with  which  the  clerk  tells  you,  very  coolly,  as  the  result  of  his  operaliont^  "That  the 
very  pretty  girl,  with  bright  blue  eves  and  long  curls,  hat  sailed  for  Bonli^ne  in  the 
Prineesi  Clementine,  now  leaving  /olkstone  Harbor;  nnd  that  slie  is  aeeonipanied  by 
41 
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the  bill,  hnndaome  mnn,  with  tlie  dHrfc  monBtnche  and  military  cloal:.'  Aa  he  tells  yoil 
thia,  and  sajB,  'MKsaage  and  answer,  fortj  words  two  Piitea  st  lf)J.  6d.,  one  !);uines, 
a  Ehilling — one  pound  twa'    If  you  hnppen  to  lie  tlie  paps  of  the  pah     ' 


fohie  eT>is,  yoa  are  hewildered,  and  vish  you  were  an   electvie  onrrent,  and  could  bs 
gent  after  them,"— J'Vmn  Eleclrie  Telegrapk  Manipulalien,  fiy  G.  V.  Walker. 

An  inrention  npparenOy  Tary  eimple  and  oomprchensiTe  fop  alectro-tels^nphic 
correspondence,  was  made  the  snhject  of  a  pHf,ent  in  Fehruaiy.  ]&51,  in  Mewton's 
Jimvna].  It  consists  in  the  tise  of  sneh  parts  or  arrangements  of  apparatns  as  n-ill 
allow  two  or  more  pareons,  by  the  ajteney  of  eleetricily,  to  send  or  receive  signals  or 
intelligence  by  one  common  wire  of  oommnniestion  or  main  eondnctflr,  whilst  the 
rapidity  or  closeness  in  the  order  of  flncceesion  of  the  signal?,  consequent  on  the  in- 
definite short  time  the  main  conductor  is  in  actUBi  use  in  conveying  the  electric  cim'cnt 
fur  transferring  the  signal  sFiall  be  such,  thiit  all  the  persons  so  employed  in  these 
telf^rflpliie  operations  can  be  continually  and  simultaneously  occupied,  in  like  manner 
aa  if  each  one  of  tliem  had  a  diaUnet  wire  of  communication  all  tlie  time  waiting  for 


or  appropriated  to  hie  particular  use.  By  this  invention  the  same  practical  telegraphic 
results  are  obtained,  tnrough  agency  of  the  one  wire  or  main  cooduotor,  as,  in  the 
varieties  of  the  electric  telcgrnph  before  known  or  used,  would  require  Bcveral  distinct 
wirea  of  communication.  According  to  this  improved  plan  of  working,  the  wire  of 
communicafian  or  electric  conductor  may  he  considered  aa  a  public  word  road,  or  an 
omnitelegraphio  way;  whereas,  in  contradistincb'on,  the  conductor,  as  heretofore  used, 
may  be  considered  a  private  word  road,  or  a  unitelegrapbio  way.  In  addition  to  the 
ability  of  allowing  divers  parties  simnltaneously  to  telegraph  at  will  either  all  in  the  eanie 
OP  in  contrary  directions,  over  or  along  one  wire  of  eommiinicHtion,  this  improvement 
enables  each  one  of  the  operators,  so  employed,  to  have  and  to  use  as  many  dietinct 
short  wires  or  accessory  condiictors,  all  related  to  the  main  conductor,  as  the  operators 
may  desire  to  have  separate  signals;  whereby  (he  facility  of  making  and  receiving  or 
recording  wgnala  or  intelligence  is  greatly  increased.  Thus,  for  esample, — snppose  tea 
men  at  each  end  of  the  wire  of  communication  are  all  using  the  Banie  wire  of  comnioni- 
Oiition  which  connects  the  distant  places,  tlieir  practical  telegraphic  fai^ilities  would  be 
greater  than  could  be  had  bv  the  old  system,  if  these  twenty  men  had  twenty  different 
wires  of  communication  in  place  of  only  one  inch  wire:  and  would  be  as  great  as  could 
be  bad  by  the  old  system,  if  each  of  those  twenty  men  had  as  many  such  wires  oa  they 
might  desire  to  make  or  receive  different  signals.  Tims,  supposing  twenty-five  signals  to 
be  made  and  twenty-fivB  to  he  received,  for  each  of  these  twenty  men,  1,000  separate  w'--- 


in  conductors  would  be  required,  in  order  to  accomplish  what^  by  the  new  eystem, 
.  only  one  such  main  oondiietor,  aided  by  1,000  short  wires  or  aecetsory  conduct- 
jgntii-making  and  aignal-receiving  wires,  which  need  be  of  hat  a  few  inches  in 


with  the  re^eetive  ends  of  the  main  conductor  or  wire  of  communicalJon ;  or,  otherwise 
by  motirn  be  snceeBsively  brought  into  electric  commnnicfltion  with,  and  so  momentarily 
forming  in  succession,  portions  of  the  conductor,  by  which  the  electric  current^  cii'cuil^ 
or  line  of  inituctjve  action  is  established,  maintjiined,  or  broken,  from  time  to  time.  It 
may  be  stated  that  tbis  improvement  rests  upon  taking  advantage  of  the  cirenmstance 
that,  praclJeally  speahing  no  sensible  portion  of  the  time  employed  in  working  the 
telegraph  is  nipended  in  the  actual  transmission  of  the  electric  influence,  which  is  the 
niedittm  or  agent  of  the  commnniaation,  tint  that  isdne  to  the  operation  of  making  or 
reconling  the  signals  One  wire,  re ncliing  between  tlie  distant  placed  is  therefore  capable 
of  being  the  instrument  of  transmitting  an  indefinite  number  of  diflcrent  signals  in  a  sec- 
ond of  time,  provided  (hat  snitnhle  adaptations  are  made  to  enable  so  many  different  sig- 


to  be  separately  placed  upon  one  ehd  of  the  main  conductt 
e  other  end  of  the  ---'--'- !_..-iii.jn-  _ m 


intelligible  manner.  There  are  an  indefinite  ni 

applying  to  prael.ee  ■■'  -■      -  '  '-' n— =- u: 

,  and  in  modification! 

lythesam, 

ill  and  sue 


.  ind  in  modifications  of  eleciricnl  actions  applied,     ijut  ell  are  sub- 
stantially the  same  improvement;  inasmuch  as  their  action  would  be  to  set  apart  distinct 
'BBive  fractions  of  a  second  or  oilier  period,  and  b~"'""  "-^  =rml«- 
such  small  fractions  of  time  to  different  uses  or  fur  different  persons;  i 


r  period,  and  assign  and  apply 
erent  pereons ;  lo  tJiat^  altbough 
—  iny  persons  should  all  simnltnoeously  be  employed  in  using  one  common  wire  of  com- 
munication, yet  all  the  signals  so  transmitted  bv  it  may  V  successive;  the  rapidity  of  the 
electrie  condnction  admitting  by  this  invention,  the  divers  signale  to  be  transmitted 
successively  along  Hie  wire,  and  yet  so  quiokly  Ihe  one  nfter  the  other,  as  to  give  a  like 
practical  result,  ae  if  they  were  simultaneously  transmitted  by  separate  wires  or  main 
conductors.  A  convenient  mode  of  applying  this  improvemiwt  to  practice,  and  for 
illnstratingtheprincipleof  the  invention,  may  be  understood  hy  referring  to  the  diagram 
(jfy.  41a),  wherein  two  pendulums,  supposed  to  be  actuated  by  clock  work  or  olher 
suitaye  means,  are  indicated;  aueh  pendulums  being  made  to  vibrate  as  nearly  aa 
possible  together  in  position  and  in  time  of  vibration.    At  the  chief  station  a,  the 
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Btnn3iir(l  pfnflnlnm  Js  eitiiste;  and  tho  dspenflpnt  telegrnph  sfntion  U  ftlso  provided 
witli  a  pendiilnm,  as  nt,  n.  »,  D  nve  the  pendiilmii  voiU.  with  these  bulla  op  wei.-lil.s: 
E.  Ihe  ppojiinged  enc!  of  lUe  pendulum  rods,  which  ali..idd  he  mnch  tonifarin  projiortion 
lliaa  Mil  resented  in  Iha  drawing;  F,  aliylit  Bpnni|s,  iinitiid  to  the  prolonged  end  of  the 


-nrr-(fy-rrvvYYYtVT)rYrrnnrnri« 


pendulum  rods;  nnd  p,  R,  p,  and  p,  a,  p,  are  two  Grooves  or  patliwnya,  80  made  t.hnt,  the 
H|iijng  p  shuU  fall  into  tlie  groove  p,  R,  p,  when  the  pendiilnm  makes  tJie  vibration  from 
left  to  right,  and  elifiU  fiill  into  the  groove  p,  8.  p,  when  making  the  vihnilion  from  i-ii;lit 
to  left;  (V  0,  is  the  miiiii  mndnct«r  or  wire  of  comioimicition,  oonneut.Fng  the  two  t^le- 
grnphio  stations  a  and  b  tonether ;  s,  x,  are  gnmnd  ]i1nt«s  and  gronnd  wirea  At  station 
A,  there  are  metallic  points  over  whieh  the  epiing  F  pHssesi,  touohiiijt  the  snrfaoe  eiich 
viliifttion, — which  points  are  connected  with  the  ooniiactora  i,  x.  The  groove  p  e,  p 
nt  station  b,  is  of  metal,  nnd  in  eleotrio  commniiioatioii  with  l  and  x.  Tlie  spring  f  in 
moving  in  either  of  the  gnioves  p,  s,  p,  of  in  the  p.a,  p,  of  station  a,  iskept  in  ila  path  by 
an  iiisnliited  or  non-i!Onductinj{  guide;  z  ia  ateydsn  jar.  prime  eondiiefupof  an  efectrioul 
iiiiichine,  or  galvanic  piln,  kept  oonstantly  charged,  or  capable  of  ^ving  agrent  nnmber 
of  .visible  sparks  or  etHetria  pnlsntiona  per  Beoond,  on  making  or  breaking  tJie  etcetrio 
eiroiiit  or  line  of  indnotive  action.  The  wire  o,  q  q  has  a  inetallio  connection  with  the 
upper  end  of  the  pendnhim  rods^  which  are  also  metallio  as  well  as  their  prolonged  ter- 
minations. In  tills  condition  of  things  whenever  the  apriiig  r,  at  station  a,  passes  over 
K,  K,  ill  its  vibration!^  there  will  lie  an  eli^ctrio  conimnniciition  or  cii'ciitt  from  z  to  ii, 
througliT,:^  to  the  ground  at  etationA;  alsn  from  z  to  tlie  metnllic  groover,  n.  p,  at 
Bl^ilion_  E,  and  to  the  ground  there;  provided  the  pendHlnm  at  station  b  is  makini-  its 
viliration  from  left  to  right,  when  the  pendulum  at  station  a  earries  its  spring  f  over 
t]ie  oonductin!{  point  K.  At  K  on  the  left-hand  side  of  the  standard  pendulum,  there  ni-e 
two  metallic  faoes  near  t-.g^ the r;  bj;  this  arrangement  it  can  he  known  at  station  a  when 
the  pendulum  at  station  a  is  in  motion,  and  the  positjon  of  its  vibrations  esactlj  deter- 
mined ;  so  that  the  pendulum  at  a  can  be  from  time  to  time  Bct  in  motion,  aeoelerated 
or  ret.irdfld,  in  order  to  mEiintiiin  that  degree  of  synchronism  in  the  action  of  the  pendu- 
lums, and  siniilaritj  of  position,  which  are  neeeasary  for  success  of  tlia  telegraphic  opera- 
tions. When  the  pendulum  at  B  is  correctly  timed  in  its  motions,  there  will  be  visible 
two  sparks  on  the  left-hand  aide,  and  one  spark  on  the  right-hand  sirle,  of  the  conduct- 
ing groove  at  k,k,  at  atatiun  b,  equal  distance  from  the  centre  of  vibration  but  « hen 
this  pendulum  is  not  in  its  ]>roper  position  or  motion  tliese  aparks  oan  be  aeen  at  olhei 
plHces  along  the  ^ove.  n'  and  n*.  at  both  stations  are  signal  making  wires  ni  1 
o'p  o^,  at  both  stations,  are  signal-receiving  wires.  Tliese  signal  wires  are  to  he  s  n 
posed  as  numerous  in  each  set  na  the  number  of  different  signals  desired  to  be  nsed— 
SiiynotlfBtl        tl     I  tt        f  (I      Iph  1   t  II      numbei  11,  however   ehom 

in  th  d  w  f  d  t  t  ea  sab  Ali  tl  g  1  receiving  wires  rea  h  int 
the  g  to  p  th     J  1  thnt  the  spring  f  shall  to  ich 

»nd  si  d  th    fl  tf      d  f  1      f  th        wire*  in  si  poeaaion  each  t  me 

ie  p    d  1  m  m         f  1 1  t    1  ft     T(  I     aking  wires  on  the  contrary, 


628  ELECTRO-GILDING. 

standaliUluoff,  out  of  the  graoTfl  or  pathway,  but  are  intended  tobe  so  mountei]  ttiit 
eaeli  nmy  be  raked  wilh  the  pressure  of  the  finger,  Bnd  brouglit  into  tlie  line  of  Iha 
groove  or  pathway,  1«  be  touched  by  the  spring  r,  wben  the  pendulum  swings  frocc 
left  to  right.  All  lliese  signal  wires  are  united  by  one  end  to  the  conductor  I,  t,  but 
are  free  and  independent  at  the  other  end.  The  free  end  of  the  signal-receiying  wiret 
maj  hare  n  wiiitli  of  half  an  inch,  more  or  less,  where  f  passes  over  them.  The  oor- 
responding  ends  of  the  sign al-Ton king  wires  may  Le  put  on  edge  or  line;  so  tliat  the 
signal-nmking  wires  can  ha  touched  by  f  but  for  a  moment,  whilst  tjie  signal-receiving 
wires  will  be  toui-hed  for  a  sensible  time  by  f,  in  passing  over  tlicm. 

Under  these  oiroumatances,  if  any  one  of  the  signal-making  wires  nl,  at  station  a,  be 
tonebed  and  brought  intn  contact  with  the  end  f,  of  tlie  vibrating  pendulum,  a  con- 
ducting eii'eiiit  or  eleotria  current  will  he  establisbed  for  the  moment,  the  correspond- 
ing pendulum  at  Btation  b  will  be  in  front  of  the  grou^  ot  signal- receiving  wires  h'  of 
that  station.  Therefore,  from  the  electric  circuit  esisting  for  that  moment  of  contaeli 
there  would  be  a  epark  Tisible  upon  the  flattened  end  of  that  one  of  the  eignal-receiving 
wires  wbi<:h  oorresponds  to  that  one  of  the  signal-making  wires  at  the  other  station,  which 
may  have  been  pressed  upon  and  brought  int«  the  pathway  ofp;  all  these  signal  wires 
in  eacli  set  being  marked  by  and  signifying  the  diffiirent  letters  of  the  alphabet,  lEt 
It  is  obvious,  that  if  lie  left-hand  wire  of  each  set  be  marked  a,  the  nest  6,  next  c,  4c, 
then,  diovild  a,  6,  or  ^  of  a  signal-making  group  u',  station  a.  be  preaeed  upon  and 
touched  by  f,  this  act  will  ba  known  at  station  b,  by  the  appearance  of  a  spark  on  tlia 
end  of  that  one  of  the  signal-reoelving  wires  a,  b,  or  c,  of  group  Hi  station  E,  correspond- 
ing to  that  wire  which  may  have  been  so  touched  at  stafion  a.  Thus,  at  will,  can  any 
signal  or  Utter  be  sent  from  stjition  a  to  station  b,  and  during  the  operation  of  signal- 
making,  by  one  person  at  station  A.  to  another  at  station  e.  It  will  now  be  seen  that 
another  person,  or  tlie  same  person  at  station  n,  by  the  use  of  the  wirea  nl,  can  telegraph 
in  reply  to  station  a,  by  makinp  use  of  the  set  of  wires  ul  of  each  station,  in  a  manner 
similar  to  those  in  which  the  wires  nl,  before  described,  were  used.  Suppose  that  the 
time  of  a  double  Tiliration  of  tliese  pendulums  is  equal  to  the  time  necessary  for  con- 
veniently making  and  observing  a  signal,  tlien,  by  the  use  of  the  four  sets  of  signal 
wires  above  named,  a  person  may  send  to  or  reoeive  signals  from  or  between  stationa 
A  and  B  reciprocally ;  or  four  persons  may  be  continually  and  siriLultancoualy  employed 
in  making  and  receiving  signalfl  at  each  station.  The  uee  of  these  signal-wires  referred 
to,  as  able  to  employ  four  peraina  in  continual  telegraphic  intercourses,  will  in  no 
way  interfere  with  the  simultaneous  employment  of  two  or  four  other  operators  using 
the  other  signal  wires  on  tlie  right-hand  half  of  tlie  Tibrations  marked  u'  and  o=;  so 
also  by  lengtiiening  out  the  ends  of  the  pendulum  rode,  or  increasing  the  angular  mo- 
tion of  the  pendulums,  more  epaee  or  places  may  be  had  for  carrying  out  a  lai^er  num- 
ber of  teiegraphic  operations  indefinitely. 

It  has  been  said  that  the  pendulum  at  station  B  may  be  kept  adjusted  to  the  motions 
of  the  regulating  pendulum,  by  the  appearance  of  sparhsat  k,  k;  but  this  eynchrouism 
may  be  more  perfectly  maintained  by  using  any  of  the  known  forms  of  eleotro-magneta. 
In  the  above  illnstration  the  electric  spark  from  an  electrical  machine  has  for  simplicity 
been  ehnsen  as  the  visiblB  signal;  but  should  it  be  desired  to  make  signals  by  the 
bvdro-eleotiio  current  and  the  deflection  of  a  needle,  then  each  one  of  the  aignal-receiv- 
iiig  wires,  before  uniting  with  the  common  conductor  t,  may  be  lengthened  out  suf. 
ficiently  to  form  the  coll  of  a  galvanometer;  and  the  current  passing  through  any  one 
of  these  wires  can  make  itaelf  known,  or  a  signal  be  so  given,  by  the  deflection  of  the 
needle  of  the  galvanometer  belonging  to  that  partioular  signal-rcoeiving  wire  so  signal- 
ised ;  or,  in  like  manner,  those  prolonged  signal -receiving  wires  may  each  one  enclose 
a  liar  of  iron,  in  place  of  a  magnetio  needle,  so  as  to  have  an  electro-magnet  and  keeper 
belonging  to  each  one  of  these  wires;  then  the  passage  of  the  current  tlirough  any  of 
the  wii-es  may  give  magnetism  to  the  bar,  or  actuate  the  magnet  or  ils  keeper;  and 
from  tliis  motion  the  signals  may  be  perceived,  or  recorded  and  printed  in  any  con- 
'Entform.    From  tlie  above  explanations,  it  will  be  obvious  that  di — ~ -*-""-'■  ■^-'f 


complex  systems  of  telegraphic  lines  of  oommunicationa  can  be  established  on  the  prin- 
ciple of  this  invention  ;  and  it  will  be  also  understood,  that  tiie  invention  ia  susceptible 
of  an  indefinite  number  of  modifications  or  forms,  as  respects  the  appnratns  employed 


in  carrying  it  info  use.  The  patentee  claims,  rendering  available  conducting  power  of 
electric  telegraph  wires,  so  that  they  may  transmit  one  or  more  electric  currents  (in  the 
same  or  opposite  directions)  doling  the  time  that  must  necessarily  elapse  between  the 
transmission  of  succeeding  signals  which  have  reference  to  one  and  the  same  communi- 
lation. — Neviton's  Jimmal,  xl.  88. 

ELECTR0-GILDI8G  AND  SILVERING.  According  to  Le  Docteur  Phihpp, 
the  vessel  required  for  this  pnrpoaa  should  be  made  of  the  same  material  as  that 
i-jinnionly  employed  for  flower-pota;  before  being  used  it  must  be  tested  in  the  follow- 
ing mannei'T  On  being  filled  with  water,  if  it  becomes  simply  damp,  without  allowing 
the  water  to  filter  through  it,  it  ia  fit  for  use,  but  not  otlierwise.    This  vessel  is  vox 
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Founded  hy  a  cjUnder  of  xina,  and  then  introduced  into  another  veesci  (a  wood<?n  tub 
for  iTiHtance)  coutitiiiitig  dilute  sulphuric  acid.  The  earthea  vessel  is  intended  to  con- 
tain the  aolutioQ  of  gold  or  silver,  and  is  furnished  with  a  web  of  copper  wire,  wl]ii.'h 
ia  made  to  communicate  with  tha  zinc  by  means  of  one  or  more  conducting  wires.  The 
ol>jecta  to  be  gilt  or  silvered  are  plaeed  upon  the  net-work.  Tlie  earthen  vesse!  contiim> 
ing  a  zinc  cylinder,  and  some  hydroclilorio  aeid,  ia  introdnced  into  another  vessel,  enn- 
taining  the  Golntlon  of  gold  or  silver,  placed  in  the  centre  of  a  wire  web  partition, 
wbich  communicateB  with  the  zinc  cylinder  by  means  of  a  coaducting  viiie.  In  tbe 
first  case,  the  nrticlea  which  are  to  receive  the  lliickest  coating  are  placed  ncnrcat  the 
outer  sides  of  the  apparatus;  ia  tbe  second,  nearest  to  tbe  earthen  vessel:  in  both  cases 
it  is  advisable  to  shift  their  position  occasionally.  By  combining  these  different 
arrangements,  the  deposit  obtiuned  is  more  abundant,  and  more  equally  distributed 
upon  the  eurfaee  to>be  gilded  or  to  be  silvered.  For  tliis  purpose  an  opening  is  made 
in  tbe  centre  of  tlie  web  in  wbich  the  zinc  cylinder  is  inserted,  with  connecting  wires 
to  tbe  web.  When  tlie  articles  to  be  operated  upon  cnn  be  easily  suspended  from  a 
given  poinl^  the  web  of  the  apparatus  may  be  made  wilh  wider  niesbe?,  and  tlie  artJcles 
suspended  vertieally  between  tbem.  Dr.  Phillpp  prefers  a  single  galvanic  arrangement 
to  n  batterv,  as  it  affords  more  solid  deposition. 

ELECTRO-METALLORGT,  _  By  Uiis  elegant  art  perfectly  exact  copies  of  nny 
olject  can  he  made  in  copper,  silver,  gold,  and  some  other  metals,  tlirongh  the  f^ency 
of  voltaic  electrioity.  The  earliest  application  of  this  kind  seenia  to  have  been  pi-.ie- 
tiaed  about  10  years  ago,  by  Mr.  Bessemer,  of  Camden  Town,  London,  who  deposited 
iting  of  oopper  on  lead  castings,  so  as  to  produce  antique  heads  in  relief,  about  3 


or  4  inches  in  size.  He  contented  himself  with  forming  a  tew  sueb  o 
mantelpiece;  and  though  he  made  no  secret  of  his  purpose,  he  published  nothing  upon 
the  eubjeoi  A  letter  of  the  2ad  of  May,  1839,  written  hy  Mr.  J.  C.  Jordan,  wbich  ap- 
peared in  the  Mechanic^  Mag.  for  June  8,  following,  oontaiua  the  first  printed  notice  of  the 
mnnipiilation  rei^uisite  for  obtaining  electro-metallie  casts;  and  to  this  gentleman,  there- 
fore, the  world  is  indebted  for  the  first  discovery  of  this  new  and  important  application 
df  science  to  the  uses  of  life.  It  appears  that  Mr.  Jordan  had  made  liia  experiments  in 
the  preceding  summer,  and  having  become  otiierwise  busily  occupied,  did  not  think  of 
publishing  till  he  observed  a  vnaue  statement  in  tbe  Journals,  tliat  Professor  Jacobi.  of 
St.  Petersburg,  had  done  something  of  the  same  kind.  Mr,  Jordan's  apparatus  consisted 
of  a  glass  tube  closed  at  one  extreinilj  with  a  plug  of  ])laster  of  Paris,  and  nearly  filled 
with  a  aolntion  of  sulphate  of  copper.  This  tube,  and  its  contents,  were  immersed  in 
B  solution  of  common  salt.  A  plate  of  copper  was  plnnged  in  the  cupreous  solulioD, 
and  was  connected  by  means  of  a  wire  and  solder,  with  a  zinc  plale  dipped  in  the 
bfine.  A  slow  electric  action  was  tliua  established  through  the  moist  plaster,  and 
copper  was  deposited  on  the  metal  in  a  thin  plate,  corresponding  to  (he  former  in 
smoothness  and  polish ;  so  that  when  he  used  an  engraved  metal  matrix,  he  obtained 
nn  impressioQ  of  it  by  this  electric  agency.  "  On  detaching  the  precipitated  metal," 
says  he,  "  the  most  delicate  and  supecticial  marliins:^,  from  the  fine  particles  of  powder 
used  in  polishing  to  the  deeper  touches  of  a  needle  or  graver,  exhibited  their  corres- 
pondent impressiona  in  relief  with  great  fidelity.  It  ia,  therefore,  evident  that  this 
principle  will  admit  of  improvement,  and  that  casts  and  moulds  may  be  obtained 
from  any  form  of  copper.  This  rendered  it  probable  thai  impressions  might  be  obtained 
flora  those  other  melals  having  an  electro-negalive  relation  to  the  zinc  pkite  of  the 
battery.  With  this  view  a  common  printing  type  was  substituted  for  the  copper-plate, 
and  treated  in  the  some  manner.  This,  also,  was  successful ;  the  reduced  copper 
coated  that  portion  of  the  type  immersed  in  the  solution.  This,  when  removed,  was 
Ibund  to  be  a  perfect  matrix,  and  might  be  employed  for  the  purpose  of  casting,  wbere 
time  is  not  an  object.  Casts  may  probably  be  obtained  frora  a  plaster  surface  sur- 
rounding a  plate  of  copper,  &c." 

On  the  lath  of  September  following  the  above  publication,  Mr.  Thomas  Spencer 
read  a  paper  "  On  Voltaic  Electricity  applied  to  the  purpose  of  working  in  Metal,' 
before  the  Polytechnic  Society  of  Liverpool ;  which  he  hod  intended  to  present  to  the 
British  Association  at  Birmingham  in  the  preceding  August,  but  not  being  wrll  received 
there,  he  exhibited  merely  some  electro-metallic  easts  which  he  had  prepared. ■  The 
society  published  Mr,  Spencer's  paper,  aad  thereby  served  to  give  rapid  dili'usion  to  the 
practice  of  electro-metallurgy. 

One  of  the  most  successful  cultivators  of  this  ait. has  been  Mr.  C.  V,  Walker, 
lecretary  to  the  London  Electrical  Society.  He  has  published  an  ingenious  little  work 
in  two  parts,  entitled  Electrotype  MampiUalion,  where  he  presents,  in  a  lucid  manner, 
the  theory  and  practice  of  working  in  metals,  by  precipitating  them  from  their  solntions 
tiirough  the  agency  of  voltaic  electricity.  His  first  part  is  devoted  to  the  explanation 
of  principles,  to  the  preparation  of  moulds,  to  the  description  of  the  voltaic  npparatu; 
to  be  used,  to  bronzing,  to  coating  basis  with  copper,  (o  the  multiplication  of  engraved 
Blato',  and  to  the  deposition  of  other  metals. 
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epcnts  a  iiiigle-oell  Yoltiiio  ttpparntus  fir  eleotro-mttiilliirey,  t  It 
1  rod  of  HiiiiilK^iniiitetl  zinc  in  is  tlie  nioiiM  on  which  tlie  meta. 
3  to  be  JeposLted,  tc  is  tlie  wire  j  )imiii;  them;  e  is  a  slrong 
solution  of  sulphate  of  copper  in  the  large  vessel ;  p,  is  a  tube 
or  cjlinder  of  porous  earthenware,  stanilmg  in  the  other,  and 
cuntainin?  dilute  sulphnnc  acid.  The  solution  of  blue  vitriol  is 
tept  saturated,  duiin?  the  progress  of  its  depositing  copper,  by 
y  piling  crj'lals  of  the  silt  upon  the  ohelf,  shown  by  the  dots  under  p. 
The  mould  to  be  conted  should  not  be  loo  small  in  reference  to 
the  surface  of  zinc  under  voltaic  action  The  time  for  the  depct- 
si'-'on  to  be  effected  depends  upon  the  temperutiire ;  and  is  less  the 
LiJiner  this  is  within  certain  lunits;  and  at  a  freezing  temperature 
almost  entirely.    When  a  mould  of  fusible  metal  is  used, 
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ehotUd  be  thoroughly  penetrated  with  hot  water,  but  not  wet  on  the  surface, 
before  wax  casts  are  made  from  them.  Moulds  are  best  taken  from  medals  in  stearine 
(stearic  acid).  For  plating  and  j-ilding  by  electro-chemical  agency,  the  following 
simple  plan  of  apparatus  is  used.  J^ie.  480,  is  a  rectangular  porcelain  vessel,  which 
contains  in  its  centre  a  porous  cell  for  containing  the  solution  of  oxide  of  eilver  or 
gold,  by  means  of  cyanide  of  potassium  :  and  this  porons  cell  is  surrounded  at  a  little 
distance  by  a  similarly  formed  vessel  of  zinc.  The  connexion  is  formed  between  the 
Kine  and  the  suspended  object  to  be  coaled,  either  by  a  pinching  screw,  or  by  the 
pressure  of  its  weight  upon  the  wire.  The  dilute  acid  which  excites  the  zinc  should, 
in  this  case,  be  veiy  weak,  in  reference  to  the  strength  of  the  cyanide  solution,  which 
should  he  recruited  occasionally  by  the  addition  of  o\ide. 

It  has  been  found  that  with  cyanide  solutions  of  gold  and  sbfer  in  the  electro- 
chemical apparatus,  the  nascent  cyanoeen  at  the  positive  pole  or  plate,  in  a  decom- 
position cell,  will  act  upon  and  dissdve  gold  and  silver.  Two  oi  three  of  Daniells 
cvlindrie  cells,  as  shown  at  a  in  ji%.Vi\.,  of  a  pint  siic,  for  attli.g  upon  solutions  of 


;ol[l  or  silver,  will  in  general  suffice.  The  decomposition  cell  6  is  made  of  glass  or 
porcelain.  The  zinc  may  be  amalgamated,  and  excited  with  brine  j  the  copper  cell 
^ntains,  as  usual,  a  solution  of  blue  vitriol.  To  the  end  of  the  wire  attached  to  the 
copper  cylinder  of  the  batter)',  a  plate  of  silver  or  gold  is  affixed  ;  and  to  the  end  of 
Ihe  wire  altached  to  the  zinc  cylinder  is  afiixed  the  mould,  or  surface,  to  be  plated  or  gilt. 
The  plates  of  silver  or  Ji^ld  and  zinc  should  be  placed  face  to  face  as  shown  in  (he  figure 
in  the  decomposition  ceil ;  which  is  filled  by  the  cyanide  solution.  A  certain  degree 
of  heat  favors  the  piotesses  of  electro.gilding  and  plating.  The  surface  is  dead  as  first 
iiblained,  but  it  may  he  easily  polished  with  leather  and  plate-powder,  and  burnished  in 
whole  or  ii  parts  with  a  steel  or  agate  tool. 
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In  March,  1840,  Messrs.  Elkington  obtaiimd  a  patent  for  the  use  of  pniKsinte  of 
potitih,  nB  n  solvent  fnr  tlie  oxides  of  goM  and  alvtr  in  tJie  eleotro-chemiual  apparatus 
fur  ptatiii"  and  gilding  metals.  They  also  "  sometimes  employ  a  solution  of  protoxide 
(liurple  of  Cassius)  in  the  muriates  of  potash,  fcc."  The  chemical  misnomers,  in  their 
specification,  are  very  remarkable,  and  do  great  discredit  to  the  person  employed  lo 
draw  il  up.  Pcnssiate  of  potash  is  Ihe  ordinary  conuaercial  name  of  a  saliTerydiilcrenl 
from  the  cya.nide  of  potassium — the  eubslance  really  meant  by  the  patentees — and  the 
purple  of  Cassius  is  very  difl'erent  from  protoxide  of  gold. 

In  plating  or  gilding  great  care  must  be  bestowed  in  making  the  articles  clean,  bright, 
and  perf^jtly  free  from  the  least  film  of  grease.  For  this  purpose,  Ihev  should  be 
boiled  in  a  solution  of  caustic  alkali,  then  scoured  w  tl  end  and  water  next  d  pped 
into  B  dilute  acid,  and  finally  rinsed  with  water  A  solot  on  of  the  n  trate  or  c  an  de 
of  mercury  may  also  he  used  with  advantage  for  cjc  an  g  surfaces  The  foUon  n 
metals  have  lieen  deposited  by  eleetro-chemistry  — 

(^dd,  platinum,  silver,  copper,  zinc,  nickel,  ant  mony  b  t  nth  cnbal  pal  d  m 
cadmiuni,  lead,  and  tin  ;  of  these,  the  first  five  are  the  mo  t  mporta  t  and  al  nb 
The  gilding  solution  may  be  prejiared  by  placin  si  ps  or  sheets  of  old  n  a  o  uOon 
of  cyanide  of  potassium,  and  attaching  to  the  negat  ve  pole  of  a  voltai  ba  ter>  a  s  na  i 
plate  of  gold,  but  to  the  positive  pole  a  much  larger  one  whereby  the  alter  con 
bines  with  the  cyanogen,  under  the  influence  of  po  t  ve  eleclr  c  tj  a  d  f  rms  a  solu 
tiun.  Or,  oiide  of  gold,  precipitated  from  the  chlo  de  by  magne  a  may  be  diasol  ed, 
in  the  solution  of  the  cyanide. 

Tor  making  copper  medals,  &c.,  a  plate  of  atnnlgamaled  z  nc  3  to  be  put  tn  0  a 
vessel  of  unglazed  earthenware,  or  of  any  other  poroos  substance,  filled  with  dilute  sul- 
phuric acid  i  which  vessel  is  set  into  a  trough  of  glass,  glazed  pottery,  or  pitched  wood, 
cotitaining  blue  vitriol  in  the  state  of  solation,  as  well  as  in  the  stale  of  crj-stals  upon  a 
perforated  shelf,  near  the  surface  of  the  liquid. 

The  moulds  to  be  covered  with  copper  are  lo  be  attached  by  a  copper  wire  to  the 
zinc  plate.  The  surface  of  zinc  excited  by  the  acid  should  be  equal  to  that  of  the 
moulds;  with  which  view  a  piece  of  zinc,  equivalent  in  size  lo  the  mould,  should  be 
suspended  in  front  of  it. 

For  depositing  copper  upon  iron,  Messrs.  Elkington  use  a  solution  of  ferrocyanidc 
of  copper  in  cyanide  of  potassium  in  the  decomposition  trough,  instead  of  sulphate  of 
loppcl,  neutralized  <Vom  tune  to  time  with  a  little  caustic  alkali,  as  in  the  common 
pr!ictice  ot  making;  medals,  &c.,  of  copper.  I  should  imagine  that  the  black  oxide  of 
ci:ppei  dissolved  in  solution  of  cjanide  of  potassium  would  answer  better ;  as  the  iron 
in  Ihe  ferrocyanide  might  be  rather  injurious.  The  iron  to  be  coppered  being  previously 
well  cleaned  from  rust,  &c.,  with  the  aid  of  a  dilute  acid,  is  to  be  plunged  into  the 
cyanide  solution  heated  to  120°  Fahrenheit,  and  connected  by  a  wire  with  the  negative 
pole  of  a  voltaic  battery,  as  formerly  described.  In  from  five  to  ten  minutes,  Ihe  Iron 
will  he  completely  coated.  It  is  then  to  be  scoured  with  sand,  and  plunged  into  solution 
of  sulphate  of  copper;  whereby  it  will  show  black  spots  wherever  there  nre  any  defec- 
tive places.  In  this  case,  it  is  to  be  cleaned  and  replaced  under  the  cyanide  solution, 
in  the  decomposition  cell  for  a  minute  or  two.  Zinc  may  he  deposited  from  a  solution 
of  its  sulphate  by  a  like  arrangement. 

Metallic  cloth  may  be  made  as  follows : — On  a  plate  of  copper  attach  quite  smoothly 
a  stout  linen,  cotton,  or  woollen  cloth,  and  connect  the  plate,  with  the  negative  pole  of 
n  voltaic  battery  1  then  immerse  it  iu  a  solution  of  copper  or  other  metal,  connecting  a 
piece  of  the  same  metal  as  that  in  the  solution  with  the  positive  pole;  decomposition 
tjkfs  place,  and  the  separated  metallic  particles  in  their  progress  toward  the  metal 
jdate  or  negative  pole,  insinuate  themselves  into  the  pores  of  the  tissue,  and  form  a  com- 
plete sheet  of  flexible  Beta].  Lace  is  metallized  by  coating  it  with  pluiibago,  and  then 
subjecting  it  to  the  electro-metallurgic  process. 

The  gilding  solution  should  be  used  in  the  electric  process  at  a  temperature  of 
13CP  F.  The  more  intense  the  electric  power,  the  denser  and  harder  is  Ihe  metallic 
:oat  deposited. 

Metallic  silver  may  be  combined  with  cyanogen  by  subjecting  it  to  the  joint  action 
of  a  solution  of  cyanide  of  potassium  and  posilive  electricity.  Or  cyanide  of  silver  may 
be  precipitated  from  tlie  nitrate  by  a  little  cyanide  of  potassium,  and  afterward  dissolved 
by  means  of  an  excess  of  cyanide  of  potassium.  The  quantity  of  electric  power  or  sur- 
face-size of  the  battery  should  in  all  ciises  be  proportioned  to  the  surface  of  the  articles 
lo  be  placed  or  gilt,  and  the  electric  intensity  or  number  of  sets  of  jars  proportioned  to 
Ihe  density  of  the  solution.  Plating  is  accomplished  in  from  4  to  6  hours.  The  articlqj 
ilioulJ  be  weigiied  before  and  after  this  operation,  to  ascertain  how  much  silver  they 
tave  tuken  on. 

Messrs.  Elkington  make  their  moulds  with  wax,  combined  with  a  little  phosphorus. 
Which  reduces  upon  their  surfaces  a  thin  iilm  of  gold  or  silvir,  from  solutions  of  these 
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metals,  wMeh  films  are  better  thnn  the  blaiilt-leaded  surfaces  for  reoeiving  the  copper 
3o|«isit.  Tlieyalao  reuumiiieiid  to  ad.i  a  little  alltiili  to  the  solution  of  sulphate  of 
popper,  intended  to  afford  a  deposite  of  metal.  The  single  cell,  first  described  abov^ 
h  best  Qilnpted  for  this  purpose. 

M.  Ruolz  emplOfB  for  i-ilding,  a  solution  of  sulphuret  of  gold  in  sulphDiet  of  polaa- 
sinm,  which  he  prepares  hy  precipilatinR  a  solution  of  gold  in  aqua  Tegia,  by  sulphu- 
retted hj'dro«en,  and  rediasolving  the  precipitate  with  sulphuret  of  potassium.  By 
the  use  of  this  solution  of  gold,  he  obtains  a  very  beautiful  and  solid  gilding,  and  at  less 
expense  than  with  cyanide  of  potassium.  Every  mettti  which  is  a  negative  electrode  to 
gold  may  be  gilded. 

Platinizing  is  effected  best  by  means  of  a  solution  of  the  polash-chloride  of  platinum 
in  caustic  potash,  1  milligramme  (0-015  strain)  covers  completely  a  surface  of  50 
square  centimeters  (2  inclies  square)  [  the  fibn  of  platinum  is  only  one  hundr  j;th  of  a 
3Ulligrnmme  thicb. 

M.  Bo'tlger  has  shown  that  we  may  easily  tin  copper  and  brass  in  (he  moist  way  by 
dissolving  peroxide  of  tin  (putty)  in  hydrate  of  potash  (caustic  potash  ley),  putting  at 
the  bottom  of  the  vessel  hol:ling  that  solution  some  turnings  of  tin,  setting  the  piece  of 
copper  or  brass  upon  the  turnings,  and  makinK  the  lirjuor  boil.  An  electric  current  is 
produced  by  the  contact  of  the  dissimilar,  metals ;  and  as  the  tin  is  withdrawn  by  the 
copper  or  brass  from  the  solution,  it  is  restored  to  it  by  the  tunijiigs.  Zinking  may  be 
done  in  the  same  way  ;  by  putting  pieces  of  zinc  into  a  concentrated  soTution  of  chlorine, 
by  setting  the  piece  of  metal  to  be  zinked  in  contact  with  these  pieces,  and  applying  heat 
to  the  vessel  containin)!  the  whole. 

For  certain  new  methods  of  constructing  and  arranging  voltaic  batteries  for  eleclro- 
metallurgic  operations,  a  patent  was  obtained  by  Dr.  Leeson  in  June,  1842. 

J'i'g.  482,iaa  longitudinal  section  of  the  battery,  and  jSr.  483,  a  plan  view  of  the  frame 
to  which  the  metal  plates  are  attached,  a  is  a  reetanaular  wooden  trough,  containing 
a  wooden  frame  6,  formed  with  vertical  grooves  in  its  sides,  to  receive  a  series  of  porous 
cells  c,  c,  c.  The  plates  of  the  battery  are  suspended  in  the  fluid  or  fluids  by  brass 
lorks  d,  d,  fastened  to  a  wooden  frame  e,  e,  which  rests  upon  the  trough  a,  and  is  con- 
nected to  the  other  frame  b,  by  two  pins/,  when  they  are  required  to  be  raised  togethw 
Dut  of  the  trough  a,  a. 

The  battery  may  be  charged  as  usual  with  one  or  two  fluids  ;  one  of  them  in  the  Inlta 
case  being  contained  in  the  porous  cells  c,  e,  e:  aad  plates  of  capper  and  ziiie,  or  anj' 
other  suitable  metals  inny  be  employed. 

Iieen  ussd  in  a  batterj,  by  the  eujployment  of  a,  voltiiie  batt«ry;  unci  also  in  nriinlnii- 
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milting  or  coating iritJi  ineronry  tliesurfncesofzina  plntef^  by  tht  Baiae  means  to  render 
tliGiii  Biiitiitjle  for  being  used  in  the  construadon  of  Ibe  yoltaio  flpparntus. 

Tlis  tliird  improvemcnC  coneiaU  in  vxciCiiiK  eleiili'ieiCj  by  a,  combination  of  nitric, 
siil|>hiina,  or  muriniju  naid,  with  nn;  of  the  fiilloo'ini'  sulstances;  viz,  impure  nmmoni- 
ni'fll  or  lime  liquor  of  the  gns  works,  Bohuiuna  of  Blttnline  nnd  enrthy  siilphiirete,  the 
nikalies  and  their  earbouatee,  or  lostlj,  liie  aiidulous  sulphate  of  iron  generuted  from 
iron  i^yrites. 

Analber  of  Dr.  Leeson's  manifold  improremente  for  depositing  metnllic  aHoya  con- 
sisls  in  the  employment  of  one  btitteiy,  "  with  the  alternatiDa  cathode,"  represented  in 
fy.  4S4.  It  is  composed  of  a  beam,  a,  monnted  on  the  abaft,  A,  which  turos  in  bearinga 
enrfied  by  standards,  e;  Uie  beam  uommunica,teB  willi  the  anode  of  the  battery  by  the 
wire,  d,  and  a  vibrating  motion  is  given  to  it  by  the  rod,  «,  from  the  ehaft,  /,  'which  is 
driven  by  an  olcetro-magoctio  engine,  or  any  other  mitable  prime  mover,  g,  g.  ai'e 
two  vessels  containing  mercury,  conneotfd  by  wiru  h,  h,  with  the  cathode  plates  of 
the  two  metalscompoaingtbe  alloy  (hut  if  the  alloy  iato  consist  of  more  than  twometnls, 
then  more  vessels,  ^,  will  be  required,  one  for  eacb  cathode  piate);  these  plates  are 
immersed  in  a  solution  composed  of  similar  ealta  of  the  different  metals  to  be  deposited, 
tugsthi-r  with  the  anode^  or  surface  to  he  deposited  upon,  which  is  connected  by  n  wire 
with  tlie  cathode  of  Hie  battery.  A  oonimuiiioBlion  is  estaUished  between  tlie  two 
ciitbode  plates,  or  supply  of  metals,  and  the  anode  of  the  battery,  bymeansof  therods, 
i,  i,  which  are  caused,  by  the  vibration  of  the  beam,  a,  to  dip  alternately  into  either  t'le 
one  01'  the  other  of  the  Teasels,  g;  and  thus  each  metal  will  be  deposited  on  the  article 
to  be  coated,  during  the  time  that  the  connection  is  established  between  it  and  the  bat- 
tery, by  the  immersion  of  its  rod  into  tlie  vessel  of  mercury.    ITie  relative  prop'irtioiia 

of  the  two  luetalB  ia  adjusted  by  lenglhening  or  shortening  the  rr^-  -'  '  -- ->■ :■- 

tlie  figure,  so  that  thay  ma"  '^-  ■■"■.>"■■—'  *■..■•  -  i -  ■—  =i— f—  .s-: 

Where  the  electrical  cnr 
is  the  calkode. 

The  patentee  describes  tea  other  improvements,  which  seem  to  he  iogenions.  See 
A'etolon'a  Journal,  xxii.  292. 

ELKCTROTYPIE  bt  TuEBJlo-ELEOTBicrrY.  1.  For  s(7w!r;n^.— Dissolve  1  troy  ponna 
of  silver  in  nitric  acid,  dilute  with  a  gallon  of  water,  precipitate  the  stiver  by  solution 
of  carbonate  of  soda  (1  lili.)  nt  10(P  Tubr. ;  wash  the  precipitate  on  tbe  filter  with 
warm  water,  la  another  vessel  dissolve  8  libs,  of  hyposnlphite  of  soda  in  Sj  gallons 
of  water  at  100",  add  1  lib.  of  carbonate  of  soda  with  the  carbonate  of  diver,  stirring 
until  tbe  silver  be  dissolved.  Filter  tlie  solution  for  use.  It  is  advantageous  to  add 
1  lib  avoirdupois  of  hyposulphite,  and  one-third  of  a  ponnd  of  carbonate  of  soda  for 
every  pound  troy  of  silver  that  may  be  deposited. 

a.  Gold  aolalton. — One  ounce  troy  of  fiue  gold  is  dissolved  in  nltro-mnrintie  acid,  and 
the  solution  is  evaporated  till  it  aaanmes  a  deep  red  color,  and  crystallizes  upon  cool- 
ing. Dilute  with  a  pint  of  pure  water  and  filter.  Ueat  this  solution  to  a1>out  200° 
Fabr.,  and  Jirerapitate  the  gold  by  water  of  ammonia.  Wash  the  precipitate  well  on 
the  filter  with  hut  water.  Dissolve  this  gold  in  1  gallon  of  water  containing  8  ounces 
of  hyposulphite  of  eoda,  and  bull  t^^ether  for  an  hour.  The  solution  when  filtered  is 
fit  for  nse.  In  Riding,  this  solution  miiy  be  warmed  to  about  130°  Fahr,  A  aiualL 
niiode  of  gold,  of  about  one-tenth  the  size  of  tbe  article  to  be  gilded,  and  a  current  of 
tivo  pairs  of  common  galvanic  plates,  are  used. 

.1.  Copper  aolation, — Dissolve  1  pound  of  carbonate  of  copper  in  8  pounds  of  bypo- 
siilpbite  of  soda,  and  I  pound  of  caj'bonate  of  soda  dissolved  in  Sj  gallons  of  distilled 
water  nt  lOO''  Fahr,,  or  thereaboutf^  and  filt«red  t«  obtain  a  clear  solution.  It  is  then 
fit  for  use,  with  cun-ents  of  eleotiidty  at  100°  Fahr. 

Dfseription  of  the  Ihertno-eleclTie  balltry. — 100  pieces  of  German  silver,  containing 
from  20  to  25  per  oont:  of  nickel,  and  100  |ueces  of  iron,  each  piece  being  I  incli 
brnad,  1  foot  long,  and  one^ighth  of  an  inch  in  thickness.  These  2t>0  pieces 
are  soldered  to  each  other,  so  that  iron  is  alwaya  combined  witli  German  silver. 
To  get  a  compact  form,  10  rows  must  be  firit  arranged  (every  one  of  20  pieces  or 
10  iittirs).  and  these  rows  must  he  so  soldered  to  each  other  that  they  are  parallel,  and 
the  whole  take  the  form  of  a  square ;  taking  care  that  the  several  pieces  are  soldered 
toi^ether  in  such  a  way  tliat  iron  will  nlwnys  be  in  connection  with  German  silver. 
When  iJie  wliole  is  united,  it  is  placed  in  a  nm  or  frame  of  iron  plate,  J  foot  2  inches 
high,  bnt  so  that  the  metals  do  not  touch  each  other,  nor  the  iron  rim  or  frame,  and  fill 
the  rim  with  plaster  of  Parb  or  day.  So  that  all  sohlerad  parts  of  the  series  of  plates 
or  bars  are  uncovered,  that  is,  (lie  under  ends  I  itieh,  and  the  upper  ends  3  inches. 
Tbe  clny  is  covered,  at  the  surface  with  a  layer  of  pilub.  Tbe  frame  containing  the 
e.^rics  of  bars  or  plnteis  is  ao  pbiced  tlint  the  lower  end  of  the  series  (1  incb)  dip  into 
1  sand  batli  which  ii  heated  nearly  to  redness.    The  upper  ends  (3  inches)  are  U> 


as  cold  BB  possible,  Srd  for  this  purpost 
m  one  vesael  over  Uiis  tiattery  to  aiiotJiur 
■s)  nmy  be  eovered  with  a  1 


irrent  of  cold  wnUr  is  caused  U 
fl  The  upper  end  of  the  m<^tal« 
anode  wire  leading  from 


the  Gfinifln6ilver  plate;  and  an  orWe  wire  Imding  from  th 

Tlie  theimo-eleatno  appnratue  is  intended  for  tlie  depo^tion  of 
descriltd  solutions. 

ELEMENTS  (Eng.  and  Fr.;  Grundstoffe,  Germ.)  Tlie  anoiet 
water,  and  earth,  as  aimplo  eubstances,  essentiHl  to  the  constit 
bi-in^  This  liypotbesi^  evidently  jntumpntibla  witli  moder 
may  ba  enppoaed  to  eorraspond,  however,  to  the  fonr  states  in  wnicn  mauer  seems  lo 
exist;  naniely,  1.  the  nncoiifinable  jiowers  or  fluids, — caloric,  light,  eleetrieity;  2.  pon- 
dtrable  gases,  or  dastio  fluids;  8.  liquids;  4.  aolids.  The  three  elements  of  the  althe- 
miala,  salt,  earth,  mercury,  wece,  in  their  sense  of  the  words,  mere  phantasmB. 


ts  considered  fire,  air, 
ilJon  of  all  terrestrial 
1   ehemical  discovery. 


Ih  modem  science,  the  term  ElemetU  signifies  merely  a  aubstnnee  which  has  nut  yet 
Seen  resolved  byanalysiaint^any  simpler  form  of  matter;  anditisthercforesynonyinom 
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with  nndscom pounded,    Tliis  okas  comprehends  62  different  bojiea,  of  which  no  less 
tliaa  63  are  metiillie.    Five  mny  be  atyJed  Archreal,  from  die  intensity  and  universalihy 


of  their  affinities  for  tiie  otlier  bodies,  whioh  liiej  pepctriite,  oorrode,  and 
eonsuiiiB,  ivii.ii  Ihe  phenomena  of  light  and  heat  Tliese  6  are  chlorine,  oxi, 
brmnine,  Jljiorine.    Eight  eh  •-..,.  ... 


Ihe  phenomena  of  light  and  heat    Tliese  6  are  chlorine,  oxygsii,  iodine, 
«e.    Eight  elenienls  ure  eminently  inflammable  when  aeted  upon  by  bi'" 
prseeding  fire,  and  are  thereby  converted  into  iueoinbuatible  compounds.    T 


.    . -thereby  ci 
■metallie  inflammables  are  hydrogen,  asote,  aulphw,  pluu^harua,  stlenim  ., 
c<irOGit,  boron  silicon. 

Tlie  preceding  table  eshibita  all  the  undecomponnded  bodies  in  alphabelieal  oriler, 
with  tbtir  prime  equivalent  numbers,  atomje  weights,  or  reeiproeal  eombining  and 
proportions,   in  refcrenee  to  oxygen  and   hydrogen,  reeloaed   luO,000, 


The  n 


.     .     ontained  in  columns  I.  and  IT.  are  deduced  from  those  given  by 

Bi^iZtflius,  in  the  fifth  edition  of  his  Lehrbuch;  and  inoolnmn  III.  those  atomio  weights 

are  added  which  Gerhardt  and  Laurent  hare  quoted  in  the  first  unmber  of  the  Urili 

vohnue  of  the  Complex  Eendiis. 

The  following  is  a  table  of  atomic  weights  corrected  and  fised  by  rarioaa  ehemista 
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Witlihi  the  last  few  years  the  folio 


Q  weights  have  been  revised : — 

Ba.      856-710  Marignac 

Ca. .     350.000  Erdm.  and  March. 

Cr.        83S  500  Lefort 

Cr.        835-091  Moberg. 

Fl.        237-S06  Lonjet. 

Mg.       152-650  .Jnoqnelain. 

Jig.      16* -490  Svanberg. 

SIg,      150.000  March,  and  Scheer. 

Ma      574-760  Berlin. 

ill).      574'8afl  Svanb.  and  Struvc. 

W.  1150-780  Schneider. 
ELEMI  is  a  resin  which  exudes  from  incisions  made  during  dry  weather  through 
the  bark  of  the  araffria  elemifera,  a  tree  which  grows  in  South  America  and  Brazil.  It 
comes  to  us  in  yellow,  tender,  ti-anaparent  lomiB,  which  readily  soften  by  the  heat  of 
the  hand.  They  have  a  strong  aromatic  odor,  a  hot  spicy  tasie,  and  contain  12}  per 
cent,  of  etherouB  oil.  The  orjatalline  resin  of  elemi  haa  been  called  Mirtiiite.  It  ia 
used  in  m ah ing  lacquer,  to  give  loughneas  to  the  varnish. 

ELUTRIATE.  {Soulirer,  Ft.;  Schltmmm,  Germ.)  When  au  inaoluble  pulve- 
rulent matter,  lite  whitening  or  ground  flinla,  is  difFuaed  through  a  large  body  of 
water,  and  the  mixtqre  is  allowed  lo  settle  for  a  little,  tlie  larger  particles  will  suleide. 
If  the  supernatant  liquid  be  now  cai'cfully  decanted,  or  run  off,  with  a  syphon,  it  will 
contain  an  impalpable  powder,  which  on  repoae  will  collect  at  the  bottom,  and  maybe 
taken  out  to  dry.    This  process  is  called  elotriation. 

ELVAN.     The  name   given   by  the  Corniah  miners  to  porphyry,  aa  also  to  the 
heterogeneous  roeVy  masses  which  occur  in  the  granite  or  in  the  clay  elate,  deranging 
;tion  of  their  metallic  veins,  or  even  the  mineral  strata;  but  elvan  generally 


n-liich  balsanil  (baumes,  Pr.)  were  employed  b 
tion;  whence  the  name. 

The  sneient  Egyptians  had  reoonrse  to  this  process  for  preserving  the  bodies  of 
r.iimcrous  families,  and  even  of  the  animals  which  they  loved  or  worshipped.  An 
excellent  account  of  their  methods  ia  given  in  Mr.  Pettiirrew's  work  Qpon  Mummies, 
Modern  chemistry  has  made  as  acquainted  with  many  means  of  counteracting  putre- 
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fiction  more  simple  and  effiimoioiis  fhnn  tha  I^yp 
Bp[«ma  nnd  bitumsniiin^.     See  Putrefaction. 

KMB(te9ING  CLOTR    Mr.  Tl'i.mns  GkIh.  of  I 
an  invention,  in  Nuveml.er,  1S3j,  wWw\i  consists  in  i 
sliinpryfor  botli  einbiiaainir  nnd  pHiitin; 
laljpios,  in  ona  or  more  colors,  «t  one  oiieraT.ion. 

Mgi:  ^86,  486  represent  tliree  diatinct  prinUng  cylinders  of  copper,  or  other  euitabi* 


n  system  of  Baiting,  Blcobik^ 

e  Bnntr,  nefir  Bury,  patented 
n  an  inKenions  oonstrui'tion  of  mn- 
on,  woollen  clotb,  paper,  nnd  otliei 


eiial,  t 


Iheir  neeessory  appen- 
dangesfoc  printing  three 
dillerenl  colors  upon 
the  fabrii;  as  it  pnssea 
through  the  machine 
either  of  these  cylinder 

ployed  as  an  embossing 
cylinder,  without  per- 
forming the  printing  pro. 
cess,  or  may  be  made  to 
elTect  both  0!««rations  at 
the  same  time. 

The  fabric  or  goods 
to  he  operated  upon  be- 
in;  first  wound  tizhll; 
upon  a  roller,  that  roller 
is  to  be  monnted  upon 
an  ftsle  or  pivot,  bearing 

the  hack  of  the  machine, 
as  shown  at  d.  From 
this  roller  the  fabiie 
a  a  a  a  is  conducted  be- 

pKssed  under  the  bed 
cylinder  or    paper   bowl 

E,  and  from  tiience  pro- 

F,  and  over  steam  boxes 
not  shown  in  the  draw- 
ducted  mlo  a  hot  vwim, 
fur  the  purpose  of  drying 
Ihp  colors. 

The    cylinder: 


leither 


n?hs 


n\ed  or  raised  surfaces, 

-e  connected  lo  feedins; 

dlers  b  b  b,   revolving 

L   the    ink   or   colored 

may  be  etnployed,  as  in  ordinary  printing 

en  the  device  on  the  surface  ol  the  cylinders  is 

led  with  doctors  or  scrapers  when  required,  or  the 


machines  for  euppljms  the  color,  wl 
raised  these  cylinder)  maj  be  furnia 
Bamc  miy  he  apphed  to  the  endless  feus 

The  bliicks  have  adjustable  screws  g  g,  for  the  purpose  of  bringing  the  cylinders  up 
»Kainsl  the  paper  bowl,  with  any  required  deeree  of  pressure :  the  cylinder  n  is  support- 
ed by  its  gudgeons  running  in  blocks,  which  blocks  slide  in  the  lower  parts  of  the 

-     -  -  -•   -  -   •-'    "1   perpendicular  rods  i,   having   adjustable  screw 


T''"  lower  parLs  of  these  rods  het 


The  color  how 
which  slide  in  gi 

If  a 

paper 


■eighted  levers  fefc,e* 


n  frc-nt  of  the 


ighta  /  /,  any  degree  of  upward  pressure  -nay  be  given 


or  troashs  c  e  c,  carrying  the  feeding  rollers  hbb,  are  fi^ed  on  boards 
ives  in  thp  side  frames,  and  the  rollers  are  adjusted  and  brought  into 
irface  of  the  printing  cylinders  by  screws. 
■      ■ '  ■  ■     I  lo  be  introduced  between  the  cylindrical  bed  or 

S  the  ordinary  felt  or  blanket,  it  may,  for  printing 

..,,,  V, ..-..-«..     , ,    -   ,-,—  ,  be  of  linen  or  cotton  1  but  if  woollen  goods  are  td 

ne  operated  upon,  ■  tab  nf  Mi.  or  some  su"',  material,  must  be  hound  roand  the  paper 
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bow!,  and  tlie  fflt  or  bknktt  umst  la  us«J  r,jc  Llie  bUcli  olotli,  wLinh  is  to  be  oondiitfttd 
over  the  rollers  ii  and  L 

I'nr  the  piir]>08a  of  amboBsinir  tha  fiibrio.  eitlier  of  the  rollePB  a,  b,  or  o,  icny  b« 
eiij|)toyed,  ubserviiig  that  Ihe  surface  of  tbe  roller  must  be  cut,  so  as  to  leave  Ihe  putlen 
91'  device  elevated  I'or  embossing  velvets,  plain  cialhs,  and  papers ;  but  foe  woollens  tlia 
levice  mast  be  excavated,  (hat  is,  cut  ia  recess. 

The  pattern  of  ihe  embossing  cjlinder  will,  bj  the  operation,  be  partially  marlied 
.Lrou^h  the  fabric  on  to  the  surface  of  ihe  paper  boul  e;  to  obliterate  which  mniks 
troni  the  surface  of  Ibe  bowl,  as  il  revolves,  the  iron  cylinder  roller  a  is  employeil ;  but 
a  ia  the  embossing  of  the  same  patterns  on  paper,  a  counter  roller  is  required  to 
produce  the  pattern  perfectly,  the  iron  loller  is  in  thai  esse  dispensed  with,  the  impics- 
eiun  given  to  Ihe  paper  bowl  bsijig  lequired  to  be  retained  on  lis  surface  unlil  the  opera- 

Jn  !his  ease  the  relative  circumferences  of  the  embossing  cylinder,  and  of  (he  paper 
buwl,  must  be  exactly  proportioned  to  each  other;  that  if.  the  circumference  of  Ihe  bowl 
must  be  equal,  eiaclly,  to  a  given  number  of  eircumferet.  es  of  the  embossing  cylinder, 
very  accurately  measured,  in  order  to  preserve  a  perfect  register  or  coincidence,  as  liiey 
continue  revolving  between  the  pattern  on  the  surface  of  the  embossing  cylinder,  and 
that  indented  into  the  surface  of  Ihe  paper  bowl. 

The  aiK  of  the  paper  buivl  k,  turns  in  brasses  Stled  into  slots  in  the  side  frames,  and 
It  may  be  raised  by  hand  from  its  heaiings  when  reqiiiied,  by  a  lever  k,  extending  in 
front.  This  lever  is  affixed  to  the  end  of  a  horizontal  shall  l,  l,  crossing  the  machine 
»cen  in  the  figures,  at  the  bac .  of  which  shall  iheie  are  two  segment  levers  p,  p,  to  which 
bent  rods  ft,  Q,  are  attached,  having  hooks  al  their  lower  ends,  passed  under  (he  axle  of 
the  bond.  At  the  reverse  end  of  the  shaft  l,  a  ratchet-wheel  r,  h  at5xed,  and  a  pall  or 
click  mounted  on  the  side  of  the  frame  takes  into  the  teeth  of  the  wteel  r,  and  thereby 
holds  up  the  paper  bowl  when  required. 

When  Ihe  icon  roller  o,  is  (o  be  hrua°;ht  into  operation,  the  vertical  screws  I,  I,  mount- 
ed in  the  upper  pa.rts  of  the  side  frames,  are  tnrned,  in  order  to  bring  down  the  brasses  n, 
which  curry  Ihe  axle  of  that  roller  and  slide  in  slots  in  (he  si  le  frames. 

Tlie  cylinders  a,  b,  and  c,  are  represented  hollow,  and  may  be  kept  at  any  desired  tem- 
perature during  the  operalion  of  printing,  by  introducing  steam  into  them ;  and  under  the 
color  bo^es  c,  c,  c,  hollow  chambers  are  also  mide  for  the  same  purpose.  The  decree  of 
lemperature  required  to  be  given  to  these  must  depend  upon  (he  nature  of  Ihe  coloring 
malerinl,  and  of  the  goods  operated  upon.  For  the  purpose  of  conducting  steam  to  these 
hollow  cylinders  and  color  boxes,  pipes,  as  shown  at  p,  o,  u,  are  attached,  which  lead  from 
a  steam  boiler.  But  when  eilher  of  these  cylinders  is  emplojeil  for  embossing  alone,  or 
for  embossing  and  printing  at  (he  same  time,  and  parliculaily  for  some  kinds  of  goods 
where  a  higher  lemperature  may  be  i-equired,  a  red-hot  heater  is  then  introduced  into  the 
hollow  cylinder  in  place  of  steam. 

If  the  cylinder  jj  is  empl^iyed  as  the  embossing  cylinder,  and  it  is  not  intended  to 
print  Ihe  fabric  by  that  cylinder  simultaneously  with  the  operation  of  embossing,  the 
feeding  roller  b,  must  be  removed,  and  also  (he  color  box  c,  belonging  to  that  cylin- 
der; and  (he  cylinders  a  and,  c,  are  to  be  employed  for  printing  (he  fabric,  the  one 
applying  (he  color  before  the  embossing  is  eli'ected,  the  other  alter  it.  Il  is  however 
to  be  temaiked,  that  if  a,  and  c,  are  (o  print  colors  on  the  fabric,  and  b  to  emboss  it, 
in  thai  case  il  is  preferred,  where  the  pattern  would  allow  it.  A  and  c,  are  wooden  roll. 
BIS  having  the  pattern  upon  their  surfaces,  and  not  metal,  as  the  embossmg  cylinders  mu<.C 
of  necessity  he. 

It  will  be  perceived  that  this  machine  will  print  one,  two,  or  three  colors  at  the  same 
time,  and  that  Ihe  operalion  of  embossing  may  be  performed  simu]ln.neouEly  with  the 
pcialing,  by  eilhe-  of  the  cylinders  a,  h,  ore,  or  the  operation  may  be  performed  conseco- 
lively  by  the  cylinJers,  eilher  preceding  or  succeeding  each  other. 

The  situations  of  the  doctors,  when  required  to  be  used  tor  removing  any  superfluous 
eolor  from  the  surface  of  the  printing  cylinder,  are  shown  at  d,  d,  d  ;  those  for  removing 
»ny  lint  which  may  attach  itsSlf,  at  e,  «,  e.  They  are  kept  in  their  bearings  by  weighted 
levers  and  screws,  and  receive  a  slight  lateral  movement  to  and  fro,  by  means  of  the  ver- 
tical rod  II,  which  is  connected  at  lop  to  an  eccentric,  on  Ihe  end  of  the  axle  of  the  roller 
•;,  and  at  its  lower  end  to  a  horizontal  rod  mounted  al  the  side  of  ihe  frame  j  to  this  hori- 
conta-l  rod,  arms  are  attacheil,  which  are  connected  to  the  respective  doctors ;  and  thus, 
bj-  (he  rotation  of  the  eccentric,  Ihe  doctors  are  made  to  slide  laterally. 

When  the  cylinders  a,  b,  or  c,  are  empbyed  for  embossing  only,  those  doctors  wiU  not 
be  required.  The  driving  power  is  cnmmunicated  to  Ihe  machine  from  any  first  mover 
hrough  the  agency  of  the  toothed  aear,  which  gives  rotatorv  motion  to  the  cylinder  a, 
and  from  thence  to  the  other  cylinders  A,  and  o,  W  fflothad  geer  shown  in  J'^cf- 165- 

EMBOSaiKG  OF  I.EATHER.  Bi^aotiful  ornaments  in  basso-relievo  for  Jeeo- 
riiting  the  exteriors  or  iiitt'riurs  of  buildings,  medallions,  pieture-fcanies,  cabinet  work, 
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Ao.,  hare  been  recently  made  by  the  pressure  of  metnllio  bloeTcB  anil  dies,  for  ■wbioh 
inveiit-ion  a  patent  was  obt)ii,ied  in  June,  1S3B,  by  M.  Claiuie  Scbrolh.  Tiie  rtics  flre  muds 
of  tyfie  metal,  or  of  tbe  fusiijie  iill.iy  witli  bisiniitli,  viilled  d'Areet's.  The  leullier  is 
beatfn  soft  in  wal«r,  tlien  wrung,  pressed,  rolled,  and  fulled  as  it  were,  by  working 
it  with  tlie  hands  till  it  becomes  tliieker  and  quite  supple.  In  tliis  state  it  is  laid  on 
tlie  nioiilil,  and  forced  into  all  its  oaTittes  bj  means  of  n  wooden  bone,  or  copper  tooL 
III  other  cases,  the  erobossiug  is  perf<n'med  by  the  foree  of  a  press.  The  leather,  when 
it  baa  beoonie  dry,  is  easily  taken  off  the  mould,  however  deeply  it  may  be  inserted 
into  ifs  crBviees,  by  virtue  of  its  ekaticity.  A  full  detail  of  all  tlie  processes  is  given 
ill  Nealon's  Journal,  vol  xxii.  p.  122. 

EilBIWSING  WOOD.  (Bosaojs,  Fr.;  Srhabene!,  Arbeit,  Germ.)  Raised  figures 
noon  wood,  such  as  are  employeil  in  picture-frames  and  other  artielea  of  oi'nnmenta) 
cabinet  work,  are  usually  pruduoed  by  means  of  carving,  or  by  easting  the  pattern  in 
pla»t«r  of  Fnris,  or  other  composition,  and  cementing,  or  otherwise  filing  it  on  tho 
surface  of  the  wood.  The  former  mode  is  expensive;  the  latter  is  innpjiljcnble  on 
many  occasiona.  The'invenlion  of  Mr.  Streaker  may  be  used  either  by  itself,  or  in  aid 
of  carving  J  and  depends  on  the  fact,  that  if  a  depression  lie  made  by  a  Iihint  initnmient 
on  the  Biirfaoe  of  tlie  Wood,  such  depressed  part  will  again  rise  to  its  original,  level  by 
mbsequent  immersion  in  the  wiitrr. 

The  wood  to  be  ornamented  having  been  first  worked  out  to  its  proposed  shape,  is  in 
a  sfate  to  receive  the  drawing  of  tlie  pattern  ;  tliis  being  put  on,  a  blunt  steel  tool,  or 
burnisher,  or  die,  is  to  be  applied  successively  to  all  those  parts  of  the  pattern  intended 
to  be  in  relief,  and,  at  the  same  time,  is  to  be  driven  very  cautiously,  without  breaking 
the  grain  of  the  wood,  till  the  depth  of  tlie  depression  is  equal  to  the  intended' prom- 
iii(.m«  of  the  figures.  The  ground  is  then  to  be  reduced  by  planing  or  filing  to  the 
level  of  the  depressed  part;  alter  whieh,  the  piece  of  wood  being  placed  in  wutei',  either 
hot  oi'  Bold,  the  part  previon»ly  depressed  will  rise  to  ila  former  height,  and  will  tlien 
form  an  embossed  pattern,  which  limy  be  finished  by  the  usual  operations  of  CHrvini;. 

For  this  invention  the  Society  of  Arts  voted  to  Mr.  Streaker  their  silver  Isis  medal 
and  ten  guineas. 

EMliltOlDEEIHG  MACHINE  (MocMm  A  broihr.  Fr.;  SlesJemaicM/itt,  Germ.) 
This  art  has  been  till  of  late  merely  a  handicraft  employment,  cultivated  on  aeeonut  of  iU 
elegance  by  ladiesof  rank.  Biita  fewyeiirs  ago  M.  Heilmann,  of  Mnlhause,  invented  a  ma- 
chine  of  a  most  ingenious  kind,  nhioli  enables  a  female  to  embroider  any  design  with  80 
or  liN)  needles  asaccurately  and  expeditiouelyasslieformerlycoulddo  with  one.  A  brief 
leronnl  of  ihis  remarkable  invention  will  theierore  be  arceptsble  to  man;  readers.  Il 
Was  dispia^cd  at  (he  national  expoEiition  of  the  products  of  industry  in  Paris  fui  ISIt),  and 
was  unquestionably  the  object  which  stood  highest  in  pablic  esteem;  for  whether  e,l  real 
or  in  motion,  it  was  always  snrrounJed  with  a  crowd  of  ci'fious  visiters,  adiniring  the 
iigures  wlyich  il  had  fijrmed,  or  inspecting  its  movements  and  investigating  its  mechanism. 
130  needles  were  occupied  in  copying  the  same  pallcin  with  perfect  regularitj,  all  set  in 
■notion  by  one  person. 

Several  of  these  machines  are  now  mounted  in  France,  Germany,  and  Switzerland. 
I  have  seen  one  factory  in  Manchester,  where  a  great  many  of  them  are  doing  beaulifui 

The  price  of  a  machine  having  130  needles,  and  of  consequence  2fi0  pincers  or  finser* 
and  thumbs  to  lay  hold  of  Ihein,  is  5000  fi-ancs,  or  200^  sterling;  and  it  is  estimnled  to 
do  dans'  the  work  of  15  expeit  liaud  embroiderers,  employed  ujion  the  ordinaiy  frame.  It 
requires  merely  the  labor  of  one  grown-up  person,  and  two  assistant  children.  The 
operative  must  be  well  tauehl  to  use  the  machine,  for  he  has  many  tilings  to  attend  to; 
with  the  one  hand  he  traces  out,  or  rather  follows  the  design  with  tiie  point  oJ'  the  pan- 
tograph I  with  the  other  he  turn"  a  handle  lo  plant  anil  pull  all  the  needles,  which  are 
seized  by  pincers  and  move<<  alung  by  carilages,  approaching  lo  and  recedini;  froDi  the 
web,  rolling  all  the  time  alons  an  iron  railway ;  lastly,  by  means  of  two  pedals,  upon 
which  he  piesses  alternately  wiih  the  one  fuel  and  the  other,  he  opens  the  130  pincers 
of  the  Rrst  carriage,  which  onght  to  give  up  the  needles  after  planting  them  in  the  slulT, 
and  he  shnls  with  the  same  pressure  the  130  pincers  of  the  second  carriage,  which  is  to 
receive  the  needles,  to  draw  Ihem  from  the  other  side,  and  to  bring  ibem  back  again. 
The  children  have  nothing  else  to  do  than  to  change  the  needles  when  all  their  threads 
arc  used,  and  to  see  that  no  needle  misses  its  pincers. 

This  machine  deserves  jiarlicular  attention,  because  it  is  no  less  remaikable  for  the 
happy  arrangement  of  its  parts,  than  for  the  effects  which  il  produces.  It  may  he  descri- 
bed under  f      h    d  ram   j  2  the  di-po-ilionof  the  neb,  3  the 

1.  The  of  m      'dof  ca^Uron,  and  is  lerv  nassive. 

fig.   487  The  ienelh   <f  the  machine    depends 

upon    he       m  n3       Tlie  model  at  the  exposition  had  260 
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pinccra.  nnd  was  2  metres  and  a  liflif  (nbont  1(J0  inches  or  8  feet  4  inohss  EngKeh) 
long.  Tlie  figure  here  given  has  been  shortened  consiJarably,  but  the  other  protior- 
tioiia  ara  not  disturbed.  The  breadth  of  the  frame  onght  to  bathe  eame  for  every 
miichine,  whether  it  be  longorshort,  foritisthe  breadlli  wliieh  determines  the  length  of 
the  thread  to  be  put  into  the  tieeillea,  nnd  there  is  an  advantage  in  giving  it  llie  full 
breadth  of  the  model  machine,  fully  100  inchee,  bo  Chat  the  Qccdles  may  carry  a  thread 
at  least  40  inches  long. 

Mtpo'ition  of  the  piece  to  hi  emhrfodtred. — We  have  already  stated  that  the  pincers 
which  hold  the  needles  always  present  themaelvea  opposite  to  tfie  aama  point,  and  thnt 
in  consequence  they  wonld  continually  pssB  backward  ond  forward  tlirough  the  same 
bole,  it  the  piece  was  not  displnced  with  sufficient  precieion  to  bringauecessivKly  o]>posite 
the  tips  oftheneedlea  every  point  upon  which  they  are  to  work  adesign,  auoh  asa  floiv«r. 

The  piece  is  strained  perpendicularly  upon  a  lai^e  rectangular  frame,  whose  four 
aiiieaare  vieiblein^,  487;  nnnisly,  the  two  Tertieiil  sides  at  F  P,  and  the  two  hoiizontal 
aides,  the  upper  and  lower  at  f'  f".      We  see  also  in  the  figures  two  long  woodtH  rollers 


va  ends,  mounted  with  iron  studs,  are  supported  upon  the  sides  t  of  iha 
0  turn  freely,  Tliese  form  a  system  of  beams  upon  which  the  piece  des- 
ve  the  embroidery,  is  wound  and  kept  vertically  stretehed  to  a  proper  de- 
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gves,  foi'  ench  of  these  beams  bears  upon  its  end  a  am  all  ratchet  wheel  g^g;  the  teeth 
of  one  of  them  being  ineUned  in  the  u)i]iosite  direction  to  tliose  of  the  otiiep.  Eeaidea 
thia  sjatem  of  lower  beams,  tliei'e  is  sni.Lber  of  two  upper  besio^  whjuh  is  however  but 
iniperfcotJj  aeea  in  the  figure,  on  aeeoaHt  of  the  interferBiice  of  other  parts  in  tliia  view 
of  tfie  maubina  One  of  these  systoins  preaeiits  tlie  web  to  the  inferior  needlea,  and 
the  other  to  the  upper  needlea,  Aa  tlie  two  beams  are  not  in  tbe  aame  vertical  plane, 
tbe  plane  of  the  web  would  be  preaented  oliliquely  to  the  needles  were  it  not  for  a 
straight  bar  of  iron,  round  whose  edge  the  cloth  passea,  and  which  renders  it 
vertiuaL  The  piece  ia  kept  in  tension  eroBSwise  by  small  braafl  templet^  to  which  tlie 
string  ff"  are  attached,  and  by  whitli  it  ia  pulled  toward  the  sides  of  the  frame  y.  It 
remains  to  sliow  by  what  ingenious  meaiia  this  fi'ame  may  be  aliifted  in  every  piisaible 
direction.  M.  Heilrnann  has  employed  for  this  pni'pose  tlie  pantograph  which  draughts- 
men use  for  I'eduoing-  or  enlarging  tlieir  plans  in  doterrninate  proportions. 

fi  i*  /'  h"  {Jig.  i87)  repreneiits  a  parallelogram  of  which  the  four  angles  b.  b',  /',  b"  are 
joiiiwd  VI  such  a  way  that  they  may  heeoma  very  aeute  or  very  obtuse  nt  pleasure, 
while  the  sides  of  oonrae  oodtinue  of  tlio  same  length ;  the  aides  i  6"  and  6  b"  are  pro- 
longed, the  one  to  the  point  d,  and  tlie  other  to  tlia  point  c,  nnd  these  points  o  and  d 
are  uliosen  under  the  condition  that  in  one  of  the  poationa  of  the  parallalogrnm,  the 
lineofiwhiohjoinBthampaaaeB  through  tlie  point/;  thisoondiiion  may  be  fulfllleii  in 
HU  infinite  number  of  manners,  sinoe  tlie  position  of  the  parallelogram  remaining  tlia 
aame,  wa  see  that  if  we  wiahad  to  shift  the  point  d  further  from  the  point  i',  it  would 
he  sufficient  to  bring  the  point  c  near  enough  to  fi",  or  viceversd;  bnt  when  we 
n  the  diatanoe  t'  d,  it  is  evident  that  tlie  distance  6"  c  ia  its  necessary 
Hie  prineipla  npun  which  the  eonstrnution  of  the  pantograph  I'esla 

_ , ....^^.vJt  that  the  thi-ee  poiiila  d,f,  and  c  be  in  a  straight  line,  in  one  only 

of  the  positioua  of  tlie  ^rallelogi'ain,  in  order  that  tliey  shall  remain  always  in  a 
straight  line  in  every  position  which  nan  possibly  be  given  to  it; 

We  see  in  the  figure  that  the  side  i  c  bus  a  handle  b"  with  whioh  the  worltmnn  puts 
the  machine  in  action.  To  obtain  more  precision  and  solidity  in  work,  the  sides  of  the 
pauMgriipfi  ate  joined,  so  that  the  middle  of  their  thickness  lies  eiaotly  in  the  vertical 
plane  of  the  piece  ot  goods,  and  that  the  axes  of  the  joints  are  truly  perpendicular  to 
this  plane,  iu  which  oonaeqiieutly  all  the  diaplaoemeiita  ara  eifeeted.  We  arrive  nt 
thiareault  by  making  fast  to  the  superior  great  cross  bar  d"  an  elbow  pieoe  <f',  having  a 
Buitable  projeelioo,  and  to  which  is  adapted  in  its  tnm  the  piece  <f,  whioh  receives  in  a 
locket  the  extremity  of  tbe  side  &,  n ;  this  piece  d'  is  made  fust  to  ri"  by  a  bolt,  but  i' 
larriea  an  obionj  hole,  and  before  acrewinu  up  the  nul,  we  make  the  piece  advance  or 
recede,  till  the  fulcrum  point  comes  exactly  into  the  plane  of  the  web.  This  condition  being 
folfilleii,  we  have  merely  to  allach  [he  frame  to  the  angle /of  [he  parallelogram,  which  is 
done  by  means  of  the  piece  f''. 

II  is  now  obvious  that  if  tlie  embroiderer  laltea  the  handle  b"  in  his  hand  and  makes 
the  pantograph  move  in  any  direetirm  whatever,  the  point/ will  describe  a  figure  simi- 
lar to  the  figure  described  by  the  point  c,  and  sin  times  smaller,  but  the  point  /  cannot 
move  without  the  frame,  and  whatever  is  upon  it  movins  also.  Thus,  in  the  movement 
of  ihe  pantograph,  every  poin[  of  [he  web  describes  a  figure  equal  to  that  described  bj 
the  piiint  /,  and  cnnaequenlly  similar  to  [hat  described  by  [he  point  r;,  but  sis  limes 
smaller;  the  embroidered  object  bein?  piuduced  upon  the  cloth  in  the  position  of  that 
if  the  pattern.  It  is  sufficient  [herefore  to  give  the  embroidering  operative  who  holds 
the  handle  b",  a  design  six  [imes  greater  ihm  that  to  be  executed  by  the  machine,  and  lo 
afford  him  at  the  same  time  a  sure  and  easy  means  of  tracing  over  with  the  point  c,all  the 
outlines  of  the  pattern.  For  this  purpose  he  adapts  lo  c,  perpendicularly  to  the  plane 
of  the  parallelogram,  a  small  atyle  terminated  by  a  point  <^,  and  he  fixes  ihe  pattern 
npoa  a  vertical  tablet  E,  parallel  to  the  plane  of  the  stuff  and  the  parallelogram,  and 
distant  from  it  only  by  the  length  of  the  style  c&';  this  [ablet  is  carried  by  the  iron 
rod  «•,  which  is  secured  to  a  cast  iron  foot  e',  serving  aiso  for  other  purposes,  as  we  shall 
presenlly  see.  The  frame  loaded  wi[h  its  beams  and  its  cloth  forms  a  pretty  heavy 
mass,  and  as  it  must  not  swerve  from  its  plane,  i[  needs  to  be  liKhtened  in  order  thsl  the 
operative  may  cause  the  point  of  the  pintoarapb  lo  pass  along  the  tablet  without  strain- 
ing or  uncerlainty  in  its  movements.  M.  Heilmann  has  accomplished  Ihese  objects  in  the 
following  way.  A  cord  e  attached  lo  the  side  i  e  of  the  pantograph  passes  over  a  return 
pulley,  and  carries  at  its  extremity,  a  weight  which  may  be  gfadaated  at  pleasure ;  this 
weight  equipoises  the  pantograph,  and  tends  slightly  to  raise  the  frame.  The  lower 
Fi:le  of  the  frame  carries  two  rods  h  and  h,  each  attached  by  two  nnns  ft  A,  a  liltle  beijt 
lo  the  tefli  bolh  of  these  are  engage!  in  iha  grooves  of  a  pulley.  Through  this  mecha- 
nism  a  pressure  eaa  be  exercised  upon  the  frame  from  below  npwBrds,  which  may  be 
regulated  at  pleasure,  ani  without  pieventing  ihe  frame  from  moving  in  all  dkections. 
It  hinders  it  from  deviating  from  the  primitive  plane  to  which  the  pantograph  was  adjust- 
ad.     Ihe  lengthof  the  rodsHought  to  beequalioiheamour.iof  [he  lateral  n   - 
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ot  the  frame.    Two  guides  i  t  earried  bj  two  legs  of  oast  iron,  prea 
which  the  lower  part  of  the  frame  f"  is  engaged. 


it  vertical  slits  in 


Dispoailioa  of  the  carriagei. — The  two  carnages,  which  are  similar,  arc  placed  the  oat 
to  the  light,  and  the  other  to  the  left  of  the  frame.  The  carriage  Itself  is  composed 
merely  of  a  long  hollow  cylinder  of  cast  iron  t,  carrying  at  either  end  a  system  oC  two 
grooved  castors  or  pulleys  l',  which  roll  npon  the  horizontal  rails  k;  the  pulleys  are  mount- 
ed upon  a  forked  piece  £',  with  two  ends  to  receive  the  axes  of  the  pulleys,  and  the  piece 
/'  is  itself  boiled  to  a  projecting  ear  I  cast  upon  the  cylinder. 

This  assemblage  constitutes  properly  spealting  the  carriage,  resting  in  a  perfectly 
stable  equilibrium  upon  the  rails  k,  upon  which  it  maf  be  most  easily  moved  backward) 
and  forwards,  carrying  its  train  of  needles  to  be  passed  or  drawn  through  the  cloth. 

M.  Heilmann  has  contrived  a  mechanism  bj  which  the  operative  without  budging 
from  his  place  may  conduct  the  carriages,  and  regulate  as  he  pleases  the  extent  of  iheir 
course,  as  well  as  ihe  rapidity  of  their  movements.  By  turning  the  axes  m"  in  the  one 
direction  or  the  other,  the  carriage  may  be  made  to  approach  to,  or  recede  from  the 

When  one  of  the  carriages  has  advanced  to  prick  the  needles  into  the  stuff,  the  other 
is  there  to  receive  them;  it  lays  hold  of  them  with  its  pincers,  pnlls  them  through, 
performs  its  course  by  withdrawing  to  stretch  the  thread,  and  close  the  stitch,  then  it 
goes  back  with  the  needles  to  make  its  pricks  in  return.  Buring  these  movements  the 
first  carriage  remains  at  its  post  waiting  the  return  of  the  second.  Thus  the  two  chariots 
make  in  succession  an  advance  and  a  return,  but  they  never  move  together. 

To  effect  these  movements  M.  Heilmann  has  attached  to  Ihe  piece  o'  made  fast  to 
the  two  uprights  A  c  and  A  D  of  the  frame,  a  bent  lever  n  o  n'»"  moveable  round  the 
point  0;  the  bend  n'  carries  a  toothed  wheel  o',  and  the  extremity  it"  a  toothed  wheel 
d"  (  the  four  wheels  m  m'  o'  and  o"  have  the  same  number  of  teeth  and  Ihe  same 
diameter]  the  two  wheels  o' and  o"  are  fixed  in  reference  to  each  other,  so  that  it  is 
sufficient  to  turn  the  handle  n  to  make  the  wheel  a"  revolve,  and  consequently  the 
wheel  o' ;  when  the  lever  n  D  is  vertical,  the  wheel  o'  touches  neither  the  wheel  M  nor  the 
wheel  m'  ;  but  if  it  be  inclined  lo  the  one  side  or  the  other,  it  brings  the  wheel  o'  alter- 
nately into  gear  with  the  wheel  m  or  the  wheel  m'.  As  the  operative  has  his  two  hands 
occupied,  the  one  with  the  pantograph  and  the  other  with  the  handle  of  impulsion,  he 
has  merely  his  I'eet  for  acting  upon  the  lever  n  o,  and  as  he  has  many  other  things  to 
do,  M,  Heiimann  has  adapted  before  him  a  system  of  two  pedals,  by  which  he  eieculef 
with  his  feel  a  series  of  operations  no  less  delicate  than  those  which  he  executes  with  hit 

The  pedals  p  are  moveable  round  the  axis  p,  and  carry  cords  p'  wound  in  an  opposite 
direction  apon  the  pulleys  p'  ;  these  pulleys  are  fixed  upon  a  moveable  shnfl  f",  sup- 
ported upon  one  side  by  the  prop  e',  and  on  the  other  in  a  piece  k'  attached  to  the  two 
great  uprights  of  the  frame.  In  depressing  the  pedal  p  (now  raised  in  the  figure),  the 
upper  part  of  the  ehatl;  p"  will  turn  from  the  left  to  the  right,  and  the  lever  n  o  will  be- 
come inclined  so  as  to  carry  the  wheel  o'  upon  the  wheel  m',  but  at  the  same  lime  the 
pedal  which  is  now  depressed  will  be  raised,  because  its  cord  will  be  fcrced  to  wind  ilsdf 
upon  its  pulley,  as  much  as  the  other  cord  has  unwound  ilseif ;  and  thus  tim  apparatus 
will  be  reedy  to. act  in  the  opposite  direction,  when  wanted. 

Jiispositiort  of  the  pinceri. — The  shaft  l'  carries,  at  regular  intervals  of  a  semi-diame- 
ter, the  appendages  g  q  cast  upon  it,  upon  which  are  fixed,  by  two  bolts,  the  curved 
branches  l  destined  to  bear  the  whole  mechanism  of  the  pincers.  When  the  pincers  are 
opened  by  their  appropriate  leverage,  and  the  half  of  the  needle,  which  is  pointed  at 
each  end,  with  the  eye  in  the  middle,  enters  the  opening  of  its  plate,  it  gets  lodged  in  an 
angular  groove,  whidi  is  less  deep  than  the  needle  is  thick,  so  that  when  the  pincers  are 
closed,  the  upper  jaw  presses  it  into  the  groove.  In  this  way  the  needle  is  firmly  held, 
allhongh  touched  in  only  three  points  of  its  circumference. 

Suppose,  now,  that  all  the  pincers  are  mounted  and  adjusted  at  their  proper  distances 
upon  their  prismatic  bar,  forming  the  upper  range  of  the  right  carriage.  For  opening  all 
the  pincers  there  is  a  long  plate  of  iron,  tr,  capable  of  turning  upon  its  axis,  and  which 
extends  from  the  one  end  of  the  carriage  to  the  other.  This  axis  is  [■(.rried  by  a  kind  of 
forks  which  are  bolted  to  the  extremity  of  the  branches  a.  By  turning  that  axis  the 
workman  can  open  the  pincers  at  pleasure,  and  they  are  again  closed  by  springs.  This 
movement  is  performed  by  his  feet  acting  upon  the  pedals. 

The  threads  get  stretched  in  proportion  as  the  carriage  is  run  out,  hut  as  this  tension 
has  no  elastic  play,  inconveniences  might  ensue  which  ace  prevented  by  adapting  to  the 
carriage  a  mechanism  by  means  of  which  all  the  threads  are  pressed  at  the  same  time  by 
a  weight  susceptible  of  graduation.  A  little  beneath  the  prismatic  bar,  which  carries 
the  pincers,  we  see  in  the  figure  a  shat^,  y,  going  from  one  end  of  the  carriage  lo  the 
other,  and  even  a  little  beyond  it ;  this  shaft  is  carried  by  pieces  y  which  are  fixed  to  the 
drrns  q,  and  in  which  it  can  turn.  At  its  left  end  it  carries  two  small  bars  j'  and  w',  and 
42 
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at  ifa  right  a  single  bar  y'.  And  a  counterweight  (not  TJeible  in  this  view);  the  ends  ol 
the  two  bars  y'  are  joined  bj  an  iron  wire  somewhat  stout  and  perfeotlj  straighf.  When 
the  carriage  approaches  the  web,  and  before  the  iron  wire  can  touch  it,  the  little  bar  ■ 
presses  against  a  pin,  lu',  which  rests  upon  it,  and  tends  lo  raise  it  mote  and  more.  In 
what  has  preceded  we  have  tepl  in  view  only  the  upper  range  of  pincers  and  needles, 
biit  there  is  an  inferior  range  quite  similar,  as  ihe  figure  shows,  at  the  lower  ends  of  llie 
arms  «.  In  conclusion,  it  should  be  stated,  that  the  opetalive  does  not  follow  sliiiiniilj 
with  the  pantograph  the  trace  of  the  design  whicli  is  upon  the  tablet  or  the  picture,  but 
he  must  etop  the  point  of  the  style  upon  the  point  of  the  pattern  into  which  the  needle 
should  enter,  then  remove  il,  and  put  it  down  again  upon  ihe  point  Eiy  which  the  needle 
ought  to  re-enter  in  coming  from  the  other  side  of  the  piece,  and  so  on  in  succession.  To 
facilitate  this  bind  of  reading  off,  the  pattern  apon  the  tablet  is  composed  of  right  lines 
terminated  by  the  points  for  the  entrance  and  return  of  (he  needle.  So  that  the  operative 
(usually  a  child)  has  continually  under  her  eyes  the  series  of  broken  lines  which  mast 
he  followed  by  the  pantograph  \  if  she  happens  to  quit  Ibis  path  an  instant,  without  hav- 
ing left  a  mark  of  the  point  at  which  she  had  arrived,  she  is  under  the  necessity  of  look- 
ing at  the  piece  lo  see  what  lias  been  already  embroidered,  and  to  find  by  this  comparison 
the  point  at  which  she  must  resume  her  work,  so  as  not  to  leave  a  htank,  or  to  repeal 
the  same  stiich. 

Explanation  of  figtire. 

A,  lower  cross  bars,  which  unite  the  legs  of  the  two  ends  of  the  frame. 

a,  Ihe  SIT  feet  of  the  front  end  of  the  frame. 

a',  the  six  feet  of  the  posterior  end  of  the  frame. 

a",  curved  pieces  which  unite  the  cross  bars  A."  to  thi  upr%hls. 

b",  handle  of  the  pantograph. 

b  b'  b",  three  of  the  angles  of  the  pantograph, 

c,  point  of  tile  side  b  b"  on  which  the  point  is  fixed, 
c",  point  of  the  pantograph. 

d",  cross  bar  in  form  of  a  gutter,  which  unites  the  upper  parts  of  the  frame. 

d,  filed  point,  round  which  the  pantograph  turns. 

s,  tablet  upon  which  the  pattern  to  be  embroidered  is  put. 
e',  support  of  that  (ablet. 

e,  cord  attached  at  one  end  to  the  side  i  c  of  the  panlograph  passing  over  a  guide  p«l 
ley,  and  carrying  aweight  at  the  other  end. 

«',  iron  rod  bj  which  tha  tablet  b  is  joined  to  i!^  support  b'. 

F,  r,  upriehts  of  the  cloth-oarrjlng  frame, 
V,  E',  horiiontal  sides  of  the  same  frame, 

G,  four  Toll  beams, 
o",  the  piece  of  eloth. 

y",  the  strings,  which  oerve  to  stretch  the  eioth  laterally. 

EMEEALD  (Emeraude,  Fr.;  Smarogd,  Germ.),  is  a  precioaa  stone  of  a  benatiful 
t^eeii  color;  valued  next  to  diamoni^  and  in  the  same  rant  as  oriental  ruby  and 
sapphire.  It  oeaura  in  prisms  with  a  regninr  hexagonal  base;  sp.  gray.  2-^;  eoratehea 
quart:  with  difficulty;  is  scratched  by  topaz;  fusible  at  the  blowpipe  into  a  frothy 
bead;  the  precipitate  afforded  by  ammonia,  from  its  solution,  is  soluble,  in  a  great 
measure.  In  carbonate  of  ammonia.  Its  analysia  is  given  very  variously  by  difFerent 
chemists.  It  contains  about  14  per  cent  of  gluoina,  which  ia  its  charaeteristio  con- 
stituent; along  with  68  of  silica,  16  of  alamiaa,  a  very  little  lime  andiron.  ITie  beau, 
tiful  emerald  of  Peru  is  fonnd  in  a  clay  schist  mixed  with  some  calcareous  matter.  A 
stone  of  4  gruns  weight  is  said  to  be  worth  from  il,  to  51. ;  one  of  8  grains,  10^. ;  one 
of  15  gi'aina,  being  fine,  is  worth  60^;  one  of  24  grains  fetched,  at  the  sale  of  M.  da 
Drfie's  cabinet,  2400  francs,  or  nearly  lOOi 

The  beryl  is  analogous  in  composition  to  the  emerald,  and  is  employed  (when  of  the 
common  opaque  kind,  found  near  IJrooges),  by  chemists,  for  procuring  the  earth 
glucina. 

EMERY.  This  mineral  was  long  regarded  as  an  ore  of  iron;  and  was  called  by 
VLniiy  fer  oxide  quarliij^ire.  It  is  vei'y  abundant  in  the  island  of  Naxos,  at  cape  Emeri, 
whence  it  is  imported  in  large  quantities.  It  occurs  also  in  tha  islands  of  Jersey  and 
Guernsey,  at  Almaden,  in  Poland,  Saxony,  Sweden,  Persia,  &a.  Its  color  varies  from 
red  brown  to  dark  brown ;  it«  specific  gravity  is  about  4-000 ;  it  is  so  hard  as  to  scratch 
quartz  and  many  precious  stones.  By  Mr.  Tenant's  analysis  it  consists  of  alumina, 
80;   silica,  S;   iron,  4.    Another  inferior  kind  yielded  32  of  iron,  and  only  50  of 

We  have  recent  accounts  of  emery  discoveries  in  Minesota,  but  nearly  all  that  is  used 
at  present  in  the  arts  conies  from  Turkey,  near  ancient  Smyrna.  Dr.  Lawrence  Smith, 
the  American  geologist,  made  a  discoveiy  of  a  deposit  of  emery  while  residing  in 
Smyrna,  and  he  made  an  examination  of  the  looality  in  1847. 


Dr.  Smith  having  reported  liis  diBBoTeries  to  the  Turkish  goTernment^  a  coinmieaion 
af  inquiry  was  instituted,  and  the  business  booh  assumed  a  mercaDtile  form.  The  mo- 
nopoly of  tlie  emeiyof  Tnvbey  was  eolil  to  a  mereantile  honae  in  Smjrna,  and  einee 
then  tJie  price  has  diminielied  in  the  market. 

The  mining  of  the  emery  is  of  tlie  eimpleEt  character.  The  uatui-al  decomposition 
of  the  roek  in  which  it  occure  facilitates  ita  extraction.  The  rock  decomposes  into  an 
earlJi,  in  which  the  emery  is  foand  imbedded.  The  quantity  procured  under  these  cir- 
cumstances is  so  great  that  it  is  rarely  necessary  to  explore  the  rock.  The  earth  in  the 
neighborhood  of  the  block  is  almost  always  of  a  red  color,  and  eerrea  as  an  indication 
to  Siose  who  are  in  search  of  the  mineral.  Sometimes,  before  beginning  to  excayate, 
the  spots  are  eonnded  by  an  iron  rod  with  a  steel  point,  and  wben  any  reaistanee  ia  met 
with,  tlie  rod  is  rubbed  in  contact  with  the  resisting;  body,  and  the  ofect  produced  on 
the  point  euaUes  a  practised  eye  to  decide  whether  it  has  been  done  by  emery  or  not; 
The  blocks  which  are  of  a  convenient  size  are  transported  in  their  natural  state,  hut  ars 
frequently  broken  by  lai^e  hammers;  when  thay  resist  Hie  action  of  the  hammer,  thej 
are  subjected  to  the  action  of  fire  for  several  hours,  and  on  cooling  they  most  commonly 
yield  to  blows.  It  sometimes  happens  that  lal^e  masses  are  abandoned,  from  the  im- 
possibility of  breaking  them  into  pieces  of  a  convenient  size,  asthefransportation,  either 
on  camels  or  horsey  requires  that  pieces  shall  not  exceed  100  lbs,  each  in  weight. 

Emery  appears  to  be  a  mechanical  mixture  of  corundum  and  oxide  of  iron. 

When  redneed  to  a  powder,  it  varies  :n  color  from  dark  grey  to  black.  The  coloi 
of  its  powder  affords  no  indication  of  its  commercial  value.  The  powder  examined 
under  the  microscope  ahows  the  distinct  existence  of  two  mineral^  oornndum  and  oxide 
of  iron.  Emery,  when  moistened,  always  affords  a  very  strong  argiHaceous  odor.  Ite 
hardness  ia  ita  most  important  property  in  ifs  application  to  tlie  arts,  and  was  ascer- 
tained by  Mr.  Smith  in  the  following  manner : — Fragments  were  broken  from  the  piece 
to  be  examined,  an<i  crushed  in  a  diamond  mortar  with  two  or  three  blows  of  ahamuier, 
then  thrown  into  a  sieve  with  400  holes  to  the  inch.  The  powder  is  tlien  weighed,  and 
tEie  hardness  tested  with  a  circular  piece  of  glass,  about  four  inches  in  diameter,  and  a 
small  agale  mortar.  The  glass  is  first  weighed,  and  placed  on  a  piece  of  glazed  paper ; 
the  pulverized  emery  is  then  thrown  upon  it  at  intervals,  rubbing  it  against  the  glass 
with  the  bottom  of  the  agate  mortar.  The  emery  ia  brushed  off  the  giasa  from  time  to 
time  with  B  feather,  and  when  ail  the  emery  has  been  mads  to  pass  once  over  tlieglaas, 
it  was  collected,  and  passed  through  the  same  operation  three  or  four  times,  Theglass 
was  tiien  weighed,  again  auhjeoted  to  the  same  operation,  the  emery  by  this  time  being 
reduced  to  an  impalpable  powder.  This  series  of  operatjons  ia  continued  until  the  losa 
sustained  by  the  glass  is  exceedingly  small.  The  total  loss  in  the  glass  is  then  noted, 
and  when  all  the  specimens  of  emery  are  submitted  to  this  operatjon  under  the  same 
cireumstanees,  an  exact  idea  of  their  Relative  hardness  is  obtained.  The  advantages  of 
using  glass  and  agate  are,  that  the  latter  is  sufficiently  hard  to  crush  the  emery,  and  in 
a  certain  space  of  time  to  reduce  it  to  such  an  impalpable  state,  that  it  has  no  longer  any 
sensible  elreet  on  the  glass;  and,  on  the  other  hand,  the  glass  is  soft  enough  to  lose 
during  this  tjme  aufUcient  of  ita  substflnee  to  allow  of  accurate  comparative  results. 
By  this  method,  the  best  emery  was  found  enpable  of  wearing  away  about  half  of  ita 
weight  of  common  French  window-glass.  The  bine  sapphire  of  Ceylon,  pulverized  and 
experimented  with  in  this  manner,  wears  away  more  than  four-fiftha  of  its  weight 
Tills  furnished  the  standard  of  comparison. 

In  the  ordinary  process,  the  lumps  of  emery  ore  are  broten  up  in  the  same  manner  tie 
stone  is  for  repairing  Macadamised  roads,  and  into  lumps  of  similar  size.  These  lumps 
then  crushed  under  stampers,  such  as  are  used  for  pounding  metallio  ores,  driven  by 
water  or  by  steam  power.  It  is  suppoaed  that  tlie  stampers  leave  the  fragments  more 
angular  than  they  would  be  if  Biey  were  ground  under  runners,  a  mode  which  is  aome- 
times  employed.  The  coarse  powder  is  then  sifted  through  aieves  of  wire  cloth,  which 
are  generally  cylindrical,  like  the  bolting  cylinders  of  corn-mills;  bat  the  sieves  ore 
ooverad  with  wire  cloth,  having  in  generHl  about  ninety  to  rixleen  wires  to  the  inch. 
No.  18  sieve  gives  emery  of  about  the  aize  of  muatord-seed;  and  coarser  fragments,  ex- 
tending nearly  to  the  size  of  pepper-corns,  are  also  occasionally  prepared  for  tiie  use  of 
engineers,  llie  sieves  have  sometimes  as  many  as  130  wires  to  the  inch;  but  the  very 
fine  sizes  of  emeiT  are  mora  commonly  sifted  through  lawn  sieves.  The  finest  emeiy 
tiint  is  obtained  from  the  manufacturers  is  that  which  floats  in  the  atmosphere  of  the 
stamping-room,  and  is  deposited  on  the  beams  and  shelves,  from  which  it  is  occaaonally 
oolleeted.  The  manufacturers  rarely  or  never  wash  the  emery ;  this  is  mostiy  done  by 
the  glaEs- workers,  and  such  others  as  require  a  greater  degree  of  precision  than  can  be 
obtained  by  sifting, 

Wcsliing  emery  by  liand  is  far  too  tedious  for  those  who  require  very  large  quantities 
of  emery,  eueh  as  the  manufacturers  of  plate-glaas  and  some  others  who  generally  adopt 
the  folluwing  method; — Twelve  or  more  cylinders  of  sheet  copper,  of  the  common 
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heifflit  of  liboai  two  feet^  and  varying  from  about  tlireo,  five,  eighty  to  thiriy  or  fortj 
inonea  in  diameter,  are  placed  exactly  level,  and  eommuniofltjng  at  their  upper  edges, 
eacb  to  the  neil,  by  small  troughs  or  channels;  the  largest  vessel  baa  also  a  wnste-pina 
nenr  the  top.  At  the  commeQcement  of  the  process,  the  cylinders  are  all  filled  to  the 
biim  with  clean  wa6er ;  the  pulverised  emery  is  then  churned  tip  with  abuadatice  of 
water  in  another  vesse),  and  allowed  to  run  into  the  smaileet  or  three-inch  ejlinder, 
throngh  a  tube  opposite  the  gutter  leading  to  the  second  cylinder.  The  water  during 
Va  short  passage  aeroas  the  three-inch  cylinder,  deposits  in  that  vessel  Ench  of  the 
coarsest  emery  as  will  not  bear  suspeneion  for  that  liniitecl  time;  the  particles  next  finer 
are  deposited  in  the  five-incti  cylinder,  during  the  somewhat  longer  time  the  mixed 
steam  takes  in  paasing  the  brim  of  that  vessel;  and  bo  on.  Eventually  the  water  forma 
a  very  languid  eddy  lo  the  largest  cylinder,  and  deposits  tiarein  the  very  fine  particles 
that  have  remained  in  suspeneion  until  this  period  ;  and  the  water,  lastly,  eseapee  by 
the  waste-pipe  nearly  or  entirely  free  from  emery.  In  this  ^inpie  arrangement^  tjme 
is  also  the  measOTe  of  the  particles  respectively  deposited  in  the  manufacture  to  which 
the  emery  is  applied,  'Wlien  the  veasele  are  to  a  certain  degree  filled  with-  emely,  the 
process  is  stopped,  the  vessels  ore  emptied,  (lie  emery  is  carefully  dried  and  laid  by, 
and  the  process  is  recommenced. 

Emery  paper  is  prepared  by  brushing  the  paper  over  witli  thin  glue,  and  dusting  the 
emery-powder  over  it  from  a  sieve.  There  are  about  six  degrees  of  coarseness.  Sieves 
with  thirty  and  ninety  meslies  per  linear  ineb,  ai's  in  general  the  coarsest  and  finest 
sizes  employed.  When  used  by  artisans,  the  eme^-paper  is  commonly  wrapped  around 
a  file  or  a  ^ip  of  wood,  and  applied  just  like  a  file,  with  or  without  oil,  aeoording  to 
eiroumstanoes.   The  emery-paper  cuts  more  smoothly  with  oil,  but  leaves  the  wort  dull. 

Emery  cloth  only  differs  from  emery-paper  in  the  use  of  thin  cotton  cloth  instead  of 
paper,  as  the  material  upon  which  the  emery  is  fixed  by  means  of  glue.  The  emery 
oloth,  when  folded  aronnd  a  file,  does  not  ply  so  readily  to  it  as  emery-paper,  and  is  apt 
to  unroll  Heace  smiths,  engineers,  and  others,  prefer  emery-paper  and  emery-stieira ; 
but  for  household  and  otber  purposes,  where  the  hand  alone  is  used,  the  greater  dura- 
bility  of  tba  oloth  is  advantageons. 

Emery-sticbs  are  rods  of  board  about  eight  or  twelve  inches  long,  planed  up  square ; 
or  with  one  side  rounded  like  a  half-round  file.    Hails  are  driven  into  each  end  of  the 
^overoneatfttime  with  Ihin  glue,  and 
J  ,  _,  ,  and  knocked  on  one  end  to  shake  off  the 
Two  coats  of  glue  and  emery  are  generally  used.    The  emery-stieke  are  much 
e  economical  than  emery-paper  wrapped  on  a  file,  which  is  liable  to  be  torn, 
imery-cake  consists  of  emery  mixed  with  a  little  beeswax,  so  as  to  constitute  a  solid 
),  with  which  to  dress  the  edges  of  buff  and  glaze  wheels.    The  ingredients  should 
lorovighiy  incorporated  by  stirring  the  mixture  whilst  fluid,  after  which  it  is  fre- 

Suentlj  poured  into  water,  and  thoroughly  kneaded  with  the  band^  and  rolled  into 
imps  before  it  has  time  k>  cool.  The  emery-cake  is  sometimes  applied  to  the  wheels 
whilst  they  are  revolving;  but  the  more  usual  course  i^  to  stop  the  wheel,  and  rub  in 
the  emery-cake  by  hand.    It  is  afterwards  smoothed  down  by  the  thumb. 

Emery-paper,  or  patent  razor-strop  paper,  an  article  in  which  fine  emery  and  glass 
ire  mii^d  with  paper  pulp,  and  made  into  sheets  as  in  making  ordinary  paper;  the 
emerv  and  glass  are  said  to  constitute  together  60  per  eentof  the  weight  of  the  paper, 
which  resembles  drawing-paper,  except  that  it  has  a  delieate  fawn  color.  The  emery- 
paper  is  directed  to  be  pasted  or  glued  upon  a  piece  of  wood,  and  when  rubbed  witli  a 
little  oil.  to  be  used  as  a  razor-strop. 

In  1843,  Mr.  HeniT  Barclay  took  out  a  patent  for  a  method  of  combining 
powdered  emery  intomscs  and  laps  of  different  kinds,  suitable  to  grinding,  cutting, 
and  polishing  glass,  enamels,  metals,  and  other  hard  substances.  The  process  of 
manufacture  is  as  follows: — Coarse  emery-powder  is  mixed  with  about  half  its 
weight  of  pulverized  Stourbridge  loam  and  a  little  water  or  other  liquid,  to  make  a 
thick  paste;  this  is  pressed  into  a  metallic  mould  by  means  of  a  screw-press,  and  after 
having  been  thoroughly  dried,  is  baked  or  burned  in  a  mufSe  or  close  receiver  at  a 
temperature  considerably  above  a  red  heat,  and  below  the  full  white  heat.  In  tliiscase, 
the  clay  or  elumina  serves  as  a  bond,  and  unites  the  particles  very  completely  into  a 
solid  artificial  emery-stone,  which  cuts  very  greedily,  and  yet  seems  hardly  to  auffet 
peroeptible  wear. 

Superfine  grinding  emery  is  formed  into  wheels  exactly  in  the  same  manner  as  th: 
above,  but  the  proportion  of  loam  is  then  only  one-fom'thinsteadof  one-half  that  of  the 
emery.  Those  emeiw  stones,  whieb  are  of  medium  fineness,  cut  less  qiiickly,  but  more 
tmootjily  than  the  above. 

Flour-emery,  when  manufaotnred  into  artifiaial  stones,  requires  no  uniting  substance, 
but  the  moistened  powder  is  forced  into  the  metal  mould  and  fired  ;  some  portions  of 
llie  alumina  being  sufficient  to  unite  the  whole.     These  fine  wheels  render  the  works 
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gubmitted  to  them  exceedingly  smooth,  but  they  do  not  produce  a  high  polish  on  kmoudI 
of  the  comparative  coarsecesB  of  the  flour-emery. 

The  flUiniina  of  emery  ie  believed  to  ba  ^^egaf«d  to  the  same  degree  ot  hardness  ar 
ill  corundum  or  adamantine  spar;  ■which  is  one  of  llie  hardest  minerals  known.  Emery 
is  extensively  employed  for  grinding  metals,  glass,  Ac. ;  for  which  purpose  it  b  reduced 
ta  powders  of  diSereut  degrees  of  fineness  by  grinding  and  elutriation. 

2,000  tons  per  annum  at  from  60  to  70  dollara  each,  according  to  quality,  are  con 
Bumed  in  the  United  Kingdom. 

EMPTBEUMA,  means  the  ofTensive  Bmell  produced  by  fire  applied  lo  organic 
mailers,  chiefly  vegetable,  in  close  vessels.  Thus,  empyrenmalic  vinegar  is  obtained 
by  distilling  wood  at  a  red  heat,  and  empjceumalic  oil  from  many  animal  substances  in 
Ihe  same  way. 

ENAMELS  (Emaux,  Fr, ;  Sckmelsgtat,  Germ.)  are  varieties  of  glass,  Eenemlly  opaque 
and  colored,  always  formed  by  the  combination  of  different  metallic  oiydes,  to  which 
certain  fixed  fusible  ealts  are  added,  such  as  the  borates,  fiuates,  and  phosphates. 

The  simplest  enamel,  and  the  one  which  serves  as  a  basis  lo  most  of  the  others,  is 
obtained  by  calcining  first  of  all  a  mixture  of  lead  and  tin,  in  proportions  varying  from 
15  to  50  parts  of  tin  for  100  of  lead.  The  middle  term  appears  lo  be  the  most  suitable 
for  the  greater  number  of  enamels;  and  this  alloy  has  such  an  affinity  for  oxygen,  that 
it  may  be  calcined  with  the  greatest  ease  in  a  flat  cast-iron  pot,  and  at  a  lemperature  not 
above  a  cherry  red,  provided  (he  dose  of  tin  is  not  loo  great.  The  oxyde  is  drawn  off  lo 
the  sides  of  the  melted  metal  according  as  il  is  generated,  new  pieces  of  the  alloy  being 
thrown  in  from  lime  lo  time,  till  enough  of  the  powder  be  obtained.  Great  care  ought 
10  be  taken  that  no  metallic  particles  be  left  in  the  oxyde,  and  that  the  calcining  heat  be 
»s  tow  as  is  barely  sufficient ;  for  a  strong  fire  frits  the  powder,  and  obslmcls  its  fiubse- 
,uent  comminution.  The  powder  when  cold  is  ground  in  a  propel  mill,  levigated  with 
water,  and  elutriated,  as  will  be  described  under  Sed  bad.  In  this  state  of  fineness  and 
purity,  it  is  called  calcine,  or  flux,  and  it  is  mixed  with  silicious  sand  and  some  alkaline 
mailer  or  sea-salt.  The  most  ordinary  proportions  ore,  4  of  sand,  1  of  sea-salt,  and  4  ot 
talcitit.  Chaplal  slates  Ihat  he  has  oblained  a  very  fine  product  from  100  parts  of  cal- 
cine, made  by  calcining  equal  parts  of  lead  and  tin,  100  parts  of  ground  flint,  and  200 
parts  of  pure  subcarbonate  of  polash.  In  either  case,  the  mixture  is  put  into  a  crucible, 
or  laid  simply  on  a  stratum  of  sand,  quicklime  spontaneously  slated,  or  wood-ashes, 
placed  under  a  pottery  or  porcelain  kiln.  This  mass  undergoes  a  semi-vitrification;  or 
even  a  complete  fusion  on  its  surface.  Il  is  this  kind  of  frit  which  serves  as  a  radical 
to  almost  every  enamel ;  and  by  varying  the  proportions  of  the  ingredient,  more  fusible, 
more  opaqne,  or  whiter  enameli  are  oblained.  The  first  of  these  qualities  depends  on 
the  quantity  of  sand  or  flux,  and  the  olher  two  on  that  of  the  tin. 

The  sea-salt  employed  as  a  flux  may  be  replaced  either  by  salt  of  tarlar,  by  pure 
potash,  or  by  soda ;  but  each  of  these  fluxes  gives  peculiar  qualities  to  the  enamel. 

Most  authors  who  have  written  on  the  preparation  of  enamels,  insist  a  great  deal  on 
Ihe  necessity  of  selecting  carefully  the  particnlar  sand  that  should  enter  into  the  eoinposi- 
tion  of  Ihe  frit,  and  they  even  affirm  that  the  purest  is  not  the  most  suitable.  Clouel 
states,  in  Ihe  34th  volume  of  the  ^nalea  de  Ckimie,  that  Ihe  Sand  Ought  to  contain  at 
least  i  part  of  talc  for  3  of  silicious  matter,  otherwise  the  enamel  obtained  is  never  very 
glassy,  and  Ihal  some  wrinkled  spots  from  imperfect  fusion  are  seeen  on  lis  surface  i  and 
yet  we  find  prescribed  in  some  old  treatises,  to  make  use  of  ground  flints,  frilled  by  means 
of  salt  of  tartar  or  some  olher  flux.  It  would  thence  appear  that  the  presence  of  talc  is 
of  no  use  towards  the  fusibility  of  the  silica,  and  Ihat  its  absence  may  be  supplied  by  in- 
creasing the  dose  of  the  flux.  In  all  cases,  however,  we  ought  to  beware  of  melaUic 
oxydes  in  the  send^  particularly  those  of  iron  ani^  manganese,  which  most  frequently  occur, 
and  always  injure  the  whiteness  of  the  frit. 

The  ancients  carried  the  art  of  enamelling  lo  a  very  high  perfection,  and  we  occasion- 
ally find  beautiful  specimens  of  their  work,  of  which  we  know  neither  the  composition, 
nor  Ihe  manner  of  applying  il.  Then,  as  at  present,  each  artist  made  a  mystery  of  the 
means  that  succeeded  best  with  him,  and  thus  a  multitude  of  curious  processes  have  been 
buried  with  their  authors.  Another  cause  contributes  powerfully  to  this  sort  of  declen- 
sion in  the  arts.  Among  the  vast  number  of  recipes  which  have  been  published  for  the 
formslion  of  enamels,  there  are  several  in  which  snbslances  are  mentioned  that  can  no 
ioi^er  be  procured,  whether  owing  lo  a  change  of  denomination,  or  because  the  substan- 
ces cannot  now  be  found  in  commerce,  or  because  they  are  not  of  the  same  nature  as  of 
old.  Hence,  in  many  cases,  we  find  it  impossible  to  obtain  satisfactory  results.  What 
we  have  now  said  renders  it  desirable  thai  Ihe  operations  should  be  resumed  anew,  or 
upon  new  bases,  and  availing  ourselves  of  all  the  known  chemical  facts,  we  should  employ 
in  the  production  of  enamels,  raw  materials  of  the  purest  kind. 

The  Venetians  are  still  in  possession  of  the  best  enamel  processes,  and  they  supply  lh« 
French  and  olher  nations  with  the  best  kinds  of  enamel,  of  every  colored  shauc. 
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Ennraela  are  distinguiahed  into  transparent  and  opaque ;  in  tlie  former  all  the  elemenll 
haTo  experienced  an  equal  degree  of  liquefaction,  and  are  tlius  rnu  into  crystal  glass, 
whilst  in  the  others,  some  of  "their  elements  have  resisted  the  action  of  heat  more,  so  that 
their  particles  retain  sufEcient  aggregation  to  prevent  the  transmission  of  l^hl.  Thia 
eii'ect  is  produced,  particularly  by  the  oiryde  of  tin,  as  v/c  shall  perceive  in  Heating  of 
white  enamel. 

The  frils  for  enamels  that  are  to  he  applied  to  melallic  surfaces  require  greater  fugibil- 
ily.and  should  therefore  contain  more  flux  j  and  the  sand  used  for  these  should  be  calcineil 
beforehand  with  one  fourth  its  weight  of  sea-salt;  sometimes,  indeed,  metallic  fluxes  are 
added,  as  minium  or  litharge.  For  some  metallic  colors,  the  osydes  of  lead  are  very  in 
juriou?,  and  in  this  case  recourse  must  be  had  to  other  fluxes.  Clouet  states  that  he  had 
derived  advantage  from  the  foUowing  mixtures,  as  bases  for  purples,  hlues,  and  some 
other  delicate  colors  : — 

Three  parts  of  silicions  sand,  one  of  ehallr,  and  three  of  calcined  borax;  or,  three  of 
glass  (of  brohen  crystal  goblets),  one  of  calcined  boras,  one  fourth  of  a  part  of  nitre,  and 
one  part  of  well  washed  diaphoretic  anli[nony.  These  compositions  afford'  a  very  while 
enamel,  which  accords  perfectly  well  with  blue. 

It  is  obvious  that  Ihe  ccjiposiliou  of  this  primary  matter  may  be  ;^really  varied  ;  but 
we  should  never  lose  sight  of  the  essential  qnalily  of  a  good  enamel ;  which  is,  to  acquire, 
at  a  moderate  heat,  sufficient  fluidity,  to  take  a  shinii^  surface,  without  running  too  thin. 
It  is  not  complete  fusion  which  is  wanted  ;  but  a  pasty  state,  of  such  a  degree  as  may 
give  it,  after  MoUng,  the  aspect  of  having  suifered  complete  liquefaction. 

Dmd-mhU-  Enamel, — This  requires  greater  nicety  in  the  choice  of  ito  materials  than 
any  other  enamel,  aa  it  must  be  free  from  every  species  of  tint,  and  be  pe:fectly  white ; 
hence  the  frit  employed  in  Ibis  case  should  be  itself  composed  of  perfectly  pure  ingre- 
dients. But  a  frit  should  not  be  rejected  hastily  because  it  may  be  somewhat  discolored, 
since  this  may  depend  on  two  causes ;  either  on  some  metallic  oxydes,  or  on  fuliginous 
particles  proceeding  from  vegetable  or  animal  substances.  Now  the  latter  impurities  may 
be  easily  removed  by  means  of  a  small  quantity  of  peroxyde  of  mai^anese,  which  has 
the  properly  of  readily  parting  with  a  portiwi  of  its  oxygen,  and  of  thns  facilitating  the 
combustion,  that  is  to  say,  the  destruction  of  (he  coloring  carbonaceous  matter.  Manga- 
nese indeed  possesses  a  colorini;  power  itself  on  glass,  but  only  in  its  highest  stale  uf 
oxydizement,  and  when  reduced  to  the  lower  state,  as  is  done  by  incombustible  matters, 
it  no  longer  communicates  color  to  the  enamel  combinations.  Hence  the  proportion  of 
mansanese  should  never  exceed  what  is  just  i  for  the  surplus  would  cause  color.  Some- 
limes,  indeed,  it  becomes  necessary  to  give  a  little  manganese  color,  in  order  to  obtain  a 
more  agreeable  shade  of  while;  as  a  liltie  azure  blue  is  added  to  linens,  to  biigbten  of 
counteract  the  dulness  of  their  yellow  tinl. 

A  while  enamel  may  be  conveniently  prepared  also  with  a  calcine  composed  of  twb 
parts  of  tin  and  one  of  lead  calcined  together;  of  this  combined  oxyde,  one  part  is  melted 
with  two  parts  of  fine  crystal  and  a  very  liltie  manganese,  all  previously  groand  Ic^ether. 
When  the  fusion  is  complete,  the  vitreous  mailer  is  to  be  poured  into  clear  water,  and  tlu 
frit  is  then  dried,  and  melled  anew.  The  pouring  into  water  and  foeion  are  sometimes 
repeated  four  limes,  in  order  to  secure  a  very  uniform  combination.  The  crucible  must  b» 
larefally  screened  from  smoke  and  flame.  The  smallest  portions  of  ojyde  of  iron  or  cop- 
per admitted  into  this  enamel  will  destroy  its  value. 

Some  practitioners  recommend  the  use  of  washed  diaphoretic  anlimony  (nnlimoniate 
of  potash,  from  metallic  antimony  and  nitre  defla^ted  together)  for  while  enamel;  bul 
this  product  cannot  be  added  to  any  preparation  of  lead  or  other  metallic  oxydes ;  for  it 
would  tend  rather  to  tarnish  the  color  than  to  clear  it  up  ;  and  It  can  he  used  therefore 
only  with  ordinary  glass,  or  with  saline  fluxes.  For  three  parts  of  while  glass  (without 
lead)  one  part  of  washed  diaphoretic  anlimony  is  to  be  lalien ;  the  substances  are  weU 
ground  together,  and  fused  in  the  common  way. 

Blue  enamel. — -This  line  color  is  almost  always  obtained  from  the  oxyde  of  cobalt  or 
some  of  its  combinations,  and  it  produces  it  with  such  intensity  that  only  a  very  little  can 
be  used,  lest  the  shade  ^ould  pass  into  black.  The  cobalt  blue  is  so  rich  and  lively 
that  it  predominates  in  some  measure  over  every  other  color,  and  masks  many  so  that 
they  can  hardly  be  perceived  j  il  is  also  most  easily  obtained.  To  bring  it  out,  however, 
in  all  its  beauty,  the  other  colors  must  be  removed  as  much  as  possible,  and  the  coball 
itself  should  be  tolerably  pure.  This  metal  is  associaled  in  the  best  known  ores  with  a 
considernble  number  of  foreign  substances,  as  iron,  arsenic,  copper,  nickel,  and  sulphur, 
and  it  is  difficult  to  separate  them  completely ;  bul  for  enamel  blues,  the  oxyde  of  cobalt 
does  no'  require  to  be  perfectly  free  from  all  foreign  metals;  the  iroo,  nickel,  and  copper, 
behg  most  prejudicial,  should  be  carefully  eliminated.  This  object  may  be  most  easily 
attained  by  dissolving  tlie  ore  in  nitric  acid,  evaporating  the  solution  to  a  sirupy  consis- 
tence, to  expel  the  excess  of  acid,  and  separate  a  portion  of  arsenic.  It  is  now  diluted 
with  water,  and  solution  irf"  carbonate  of  soda  is  dropped  slowly  into  it  wilh  brisk  agila 
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tion,  till  the  precipitate,  which  ia  at  Bret  of  a  ■whitish  gray,  begins  to  turn  of  a  rose-red. 
Whenever  thia  color  appears,  the  whole  mnst  be  thrown  on  a  filter,  and  the  liquid 
which  passes  through  must  be  treated  with  more  of  iLe  carbonate  of  eoda.  in  order 
to  obtain  tlie  areeniata  of  cobalt;  which  is  nearly  pure.  Since  arsenic  acid  and  its 
derivativca  are  not  oapabla  of  eommunieating  color  themselves,  and  as  fbey  moreover 
are  volatile,  they  cannot  impair  the  beauty  of  the  blue,  and  hence  this  preparation 
alfordg  it  in  great  perfection. 

Metallic  ilii:ies  are  not  (he  most  suitable  for  this  color ;  because  they  always  commu- 
nicate a  lint  of  greater  or  less  force,  which  never  fails  to  injnre  the  purity  of  the  bine. 
Nilre  is  a  useful  addition,  as  it  keeps  the  OKyde  at  the  maximum  of  oxydation,  in  which 
state  it  produces  the  richest  color. 

Veltow  Enamel. — Tliere  are  many  processes  for  making  this  color  in  enamel ;  but  it 
is  somewhat  difhcult  to  fix,  and  it  is  rarely  obtained  of  a  uniform  and  line  lint.  It 
may  be  produced  directly  with  some  preparations  of  silver,  as  the  phosphate  or  sulphate; 
but  (his  method  does  not  always  succeed,  for  loo  strong  a  heat  or  powerful  Buses  readily 
destroy  it,  and  nitre  is  parlieularly  prejudicial.  This  uncertainty  of  success  with  the 
salts  of  silver  canses  Ihem  to  be  seldom  employed ;  and  oxydes  of  lead  and  antimony  are 
therefore  preferred,  which  afford  a  Jinc  yellow  when  combined  with  some  oxydes  that  are 
refractory  enough  to  prevent  their  complete  vitrification.  One  part  of  while  oxyde  of 
antimony  may  be  taken  wilh  from  one  to  three  parts  of  while  lead,  one  of  alum,  and 
one  of  sal-ammoniac.  Each  of  these  substances  is  to  be  pulverized,  and  then  all  are  to 
be  exactly  mixed,  and  exposed  to  a  heat  adequate  to  decompose  the  sal-ammoniac.  This 
operation  is  judged  to  be  finished  when  the  yellow  color  is  well  brought  out.  There  is 
produced  here  a  combination  quile  analogous  to  that  known  under  the  name  of  K'aples 
yellow. 

Other  shades  of  yellow  may  be  procnred  either 
adding  to  it  a  lillle  red  oxyde  of  iron ;  the  lints 
latter, 

Clouet  says,  in  his  memoir  on  enamels,  that  a  fine  yellow  is  obtained  with  pure  oxj'de 
of  silver,  and  (hat  it  is  merely  necessary  to  spread  a  thin  coat  of  il  on  the  spot  to  be  col- 
ored. The  piece  is  then  exposed  (o  a  moderate  heat,  and  withdrawn  as  soon  as  this  has 
reached  the  proper  point.  The  thin  Elm  of  metallic  silver  revived  on  the  surface  being 
removed,  the  place  under  it  will  be  found  tinged  of  a  fine  yellow,  of  hardly  any  thickness. 
As  the  pellicle  of  silver  has  to  he  removed  which  covers  Ihe  color,  il  is  requisite  to  aroid 
filing  this  film  with  fluxes ;  and  it  ought  therefore  to  he  applied  after  the  fusion  of  the 
rest.      The  yellows  require  in  general  little  flux,  and   (hey  answer  better  with  one  of  a 

Green  £nffim«/.— II  is  known  (hat  a  green  color  may  be  produced  hy  a  mixlureof  yellow 
and  blue  ;  but  reeonrse  is  seldom  had  to  this  practice  for  enamels,  as  they  can  be  obtain- 
ed almost  always  directly  with  the  oxyde  of  copper;  or  still  better  with  (hcciydiof 
throme,  which  has  the  advantage  of  resisting  a  strong  heat. 

Chemists  describe  two  oiydes  of  copper,  the  protoxyde,  of  an  orange  red  color,  which 
eommuuicates  its  color  to  enamels,  hut  il  is  difficult  to  fix ;  the  dentoxyde  is  bine  in  the 
ttate  of  hydrate,  but  blackish- brown  when  dry,  and  it  colors  green  all  the  vitreous  com- 
binations into  which  it  enters.  This  oxyde  requires,  at  most,  one  or  two  proportions  of 
Hux,  either  saline  or  metallic,  to  enter  into  complete  fusion;  but  a  much  smaller  dose  is 
commonly  taken,  and  a  little  oxyde  of  iron  is  introduced.  To  four  pounds  of  frit,  for  in- 
stance, two  ounces  of  oxyde  of  copper  and  48  grains  of  red  oiyde  of  iron  are  used  ;  and 
the  ordinary  measures  are  pursued  for  making  very  homogeneous  enamel. 

The  green  produced  hy  the  oxjde  of  chrome  is  much  more  solid  ;  it  is  not  affected  hy  a 
powerful  fire,  but  it  is  not  alwajs  of  a  fine  shade.  It  generally  inclines  too  much  to  iha 
dead-leaf  yellow,  which  depends  on  the  degree  of  oxygenation  of  the  chrome. 

Rti  Enamel. — We  have  just  stated  (hat  protoxyde  of  copper  afforded  a  fine  coloi 
when  it  conld  be  fixed,  a  result  difficult  to  obtain  on  account  of  the  fugitive  nature  of 
this  oxyde;  slight  variations  of  temperature  enabling  it  to  absorb  more  oxygen.  The 
proper  point  of  fusion  must  he  seized,  foj  taking  it  from  the  lire  whenever  the  desired 
color  is  brought  out.  Indeed,  when  a  high  temperature  has  produced  peroxydizement, 
this  may  he  corrected  by  adding  some  combustible  matter,  as  charcoal,  tallow,  tartar, 
&e.  The  copper  then  returns  to  its  minimum  of  oiydizement,  and  the  red  color  which 
had  vanished,  reappears.  It  is  possible,  in  this  way,  and  by  pushmg  the  heat  a  little, 
to  accomplish  the  complete  reduction  of  a  part  of  the  oxyde;  and  the  particles  of  metallic 
;oppeT  thereby  disseminated  in  a  reddish  ground,  give  this  enamel  the  aspect  of  the 
ilone  called  avaitturine.  The  surest  and  easiest  method  of  procuring  protoxyde  of 
copper  is  (o  boil  a  sol  :tion  of  equal  parts  of  sugar,  and  EUlpha[e  or  rather  acetate  of 
copper,  in  four  parts  of  water.  The  sugar  lakes  possession  of  a  portion  of  the  oxygen 
of  the  cupreous  oxjde,  and  reduces  it  to  the  protoxyde ;  when  it  may  be  precipitated  in 
the  form  of  a  granular  powder  of  a  brilliant  red.      Afier  about  two  hours  of  moderal* 
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ebnlUtion,  the  liquid  ia  set  aa3s  to  settle,  liecanted  off  the  preeipitate,  which  is  waeheS 
and  dried. 

This  pure  oxyde,  properly  employed  by  ilseif,  furnishes  a  red  which  vies  wiih  the  fines 
larraine,  and  by  ils  means  evei?  tint  may  be  oblained  from  red  lo  orange,  by  adding  a 
greater  or  Smaller  quantity  of  peroxyde  of  iron. 

The  preparations  of  gold,  and  particularly  the  oiyde  and  purple  of  Cassius,  are  like- 
wise employeil,  with  advantage,  lo  color  enamel  red,  and  (his  composition  resists  a  power- 
ful fire  tolerably  well.  For  some  lime  back,  solutions  of  gold,  silver,  and  platinum  have 
been  used  with  success  instead  of  (heir  oxydes  ;  and,  in  this  way,  a  more  intimate  mix 
lure  may  be  procured,  and,  consequently,  more  homogeneous  lints. 

Black  Enaiael. — Black  enamels  are  made  wilh  peroxyde  of  manganese  or  protoxjde  of 
iron ;  to  which  more  depth  of  color  is  given  with  a  little  cobalt.  Clay  alone,  melted 
wilh  about  a  third  of  ils  weight  of  proloxyde  of  iron,  gives,  according  to  Clouet,  a  fine 
black  enamel. 

Violet  Enamel — The  peroxyde  of  manganese  in  small  quantity  by  ilseif  furnishes, 
with  saline  or  alkaline  fluxes,  an  enamel  of  a  very  fine  violet  hue;  and  variations  of 
shade  are  easily  had  by  modifying  the  proportions  of  the  elements  of  the  colored 
frit.  The  great  point  is  to  mainlain  the  manganese  in  i  state  of  peroxydalion,  and  con- 
seqnently  lo  beware  of  placing  the  enamel  in  contact  wiih  any  substance  attractive  of 
oxygen. 

Sach  are  the  principal  colored  enamels  hitherto  obtained  by  means  of  metallic  oxydes ; 
but  since  the  number  of  these  oxydes  is  increasing  every  day.  it  is  to  be  wished  that  new 
trials  be  made  witk  such  as  have  not  yet  been  employed.  From  such  researches  some 
iileresting  results  would  unquestionably  be  derived. 

0/  painling  o«  Eruimel. — Enamelling  is  only  done  on  gold  and  copperj  for  silver  Bwelll 
up,  and  causes  blisters  and  boles  in  the  coat  of  enamel.  All  enamel  paintings  are,  in 
fact,  done  on  copper  or  gold. 

The  goldsmith  prepares  the  plate  that  is  lo  be  painted  npon.  The  gold  should  be  Zi 
carats  fine  i  if  purer,  it  would  not  be  sufficiently  slifl";  if  coarser,  it  wonld  be  subject  lo 
melt;  and  ils  alloy  should  be  half  while  and  half  red,  that  is,  half  silver  and  half  copper) 
whereby  the  enamel  with  which  it  is  covered  will  be  les"  disposed  lo  turn  green,  than  if 
the  alloy  were  entirely  copper. 

The  workman  must  reserve  for  the  edge  of  the  plate  \  small  fitlet,  which  he  calls  the 
border.  This  ledge  serves  lo  retain  the  enamel,  and  hinders  it  from  falling  ofl'  when 
applied  and  pressed  on  wilh  a  spatula.  When  the  plale  is  not  lo  be  counter-en amelledj  il 
shoull  be  charged  with  less  enamel,  as,  when  exposed  to  heal,  the  enamel  draws  up  the 
gold  Id  itself,  and  makes  the  piece  convex.  When  the  enamel  is  not  lo  cover  Ihe  whole 
plale,  it  becomes  necessary  to  prepare  a  lodgment  for  il.  Wilh  this  view,  all  Ihe  out- 
lines of  the  figure  are  traced  on  the  plale  wilh  a  black-lead  pencil,  afler  which  recourse 
a  had  lo  the  graver. 

The  whole  spaee  enelosed  by  the  outlines  must  be  hollowed  out  in  bas-rdif/,  of  a 
depth  equal  Ut  the  height  of  the  fillet,  had  the  plate  been  enttrelj'  enamelled.  This 
ainliing  of  the  surface  must  be  done  with  a  flat  graver  as  eqnally  as  possible ;  for  if 
there  be  an  eminence,  the  eaamel  would  be  weaker  at  that  pointy  and  the  green  would 
appear.  Some  artista  batch  tbe  bottom  of  the  hollow  with  close  lioea.  which  cross  each 
other  in  all  directions ;  and  others  make  lines  or  scratches  with  the  edges  of  a  file  broken 
off  square.  The  hatchlngB  or  scratches  lay  hold  off  the  enamel,  which  might  otherwise 
separate  from  the  plate.  After  this  operation,  the  plate  is  cleansed  by  boilinff  it  in 
an  alkaline  lye,  and  it  is  washed  first  with  a  little  weak  vinegar,  and  then  witb  clear 


land,  washing  it  well  with 
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The  plate  may  meanwhile  be  held  in  an  ordinary  foraeps.  The  enamel  powder  ii 
epread  with  a  spatula.  For  coodensing  the  enamel  powder,  tha  edges  of  the  plate  are 
Btruek  upon  with  the  spatula. 

Whenever  the  piece  is  iey,  it  is  placed  on  a  slip  of  sheet  iron  perforated  with  several 
Email  holes,  see  /o.  490,  wliieh  is  laid  on  hot  omdere ;  and  it  is  left  there  until  it 
ceaaea  to  steam.    It  must  be  kept  hot  till  it  goes  to  the  fire ;  for  were  it  allowed  to  cool 
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T  of  expoBCDg  the  piece  to  the  fire,  we  must  explain  the 
It  IS  square  and  issbonnin  front  elevation  in  Jiff.  401. 
■oes,  the  lower  part  *,  or  tha  boJy  of  the  furnace,  and  the  npper 
partE,  or  the  capital,  which  Is  laid  on  the  lower  part,  as  is  shown  in^.  493,  where  tliesB 
two  parts  arc  separately  represented.  The  furnace  is  made  of  good  fire-clay,  moderately 
bated,  and  resembles  very  closely  the  assay  or  cnpellation  furnace.  Its  inside  dimen- 
rions  are  9  inches  in  width  ;  13  inches  in  height  in  the  body,  and  9  in  the  capital.  Its 
general  thickness  is  2  inches. 

The  capital  has  an  aperture  or  door  c,  fy.  491,  which  is  closed  by  a  fire-brict  stopper 
m,  when  the  fire  is  to  be  made  active.    By  this  door  fuel  is  supplied. 

The  body  of  the  furnace  has  likewise  a  door  d,  which  reaehes  down  lo  tlie  projecting 
ehelf  E,  called  the  bib  (menionniJfe),  whose  prominence  is  seen  at  k.  fg.  491,  This 
shelf  is  supported  and  scoured  by  tha  two  hraetets,  f,  f;  tha  whole  being  earthenware, 

The  height  of  the  door  d,  is  abridged  by  a  peculiar  fire-brick  6,  which  not  only  covers 
the  whole  projection  of  tlie  shelf  e,  but  enters  within  the  opening  of  the  door  D,  filling 
lis  breadth,  and  advancing  into  the  same  plana  with  the  inner  surEaoe  of  tha  furnace. 
Tiiis  plate  is  called  the  hearth;  ila  purpose  will  appear  presently ;  it  may  be  taken  out 
and  replaced  at  pleasure,  by  laying  hold  of  the  handle  in  its  front 

Below  the  shelf  e,  a  square  hole,  H,  is  seen,  which  serves  for  admitting  air,  and  for 
extracting  the  ashes.  Similar  holes  are  left  upon  each  side  of  tha  surface,  as  is  shown 
in  the  ground  plan  of  the  baaa,_fer.  492,  at  h. 

On  a  level  with  the  shelf,  in  the  interior  of  tha  furnace,  a  thiu  fire-tile  i  resfs,  per- 
forated with  nnmeroua  small  holes.  This  is  the  grate  represented  in  a  ground  view  in 
(^.490.  .FJjj.493,  494,495,  represent,  under  different  aspects,  the  muffle.  i%.  492  shows 
the  elevation  of  its  further  end;/^.  494,  its  sides;  and  jf^i.  495,  its  front  part  Ati, 
fiff.  492,  the  muffle  is  seen  in  its  place  in  the  furnace,  resting  on  two  bars  of  iron,  or, 
still  better,  on  ledges  of  fire-clay,  supported  on  brackets  attached  to  the  lateral  sides  of 
the  furnace.  The  muffle  is  made  of  earthenware,  and  as  thin  as  possible.  The  fuel 
consists  of  dry  beech-wood,  or  oaken  branches,  about  an  inch  in  diameter,  cut  to  tha 
length  of  nine  inohes,  in  order  to  ba  laid  in  horizontal  strata  within  the  furnace,  one 
row  only  being  placed  above  the  muffle.  When  the  mufflle  has  attuned  to  a  white  red 
lieatv  the  sheet  iron  tray,  bearing  its  enamel  plate,  is  to  be  introduced  with  a  pair  of 
pincfrs  into  the  front  of  the  muffle,  and  grallually  advanced  toward  its  further  end. 
The  mouth  of  the  muffle  is  to  be  then  closed  with  two  pieces  of  charcoal  only,  between 
which  the  artist  may  see  the  progress  of  the  operation.  Whenever  the  enamel  begint 
to  flow,  iJie  tray  ninst  be  turned  round  on  ifa  base  to  insure  equality  of  temperature 
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and  as  soon  as  the  nhoU  surface  is  melted,  the  tray  must  ba  withdrawn  willi  its  plats, 
but  elowly,  last  tlie  vitreous  matter  be  cracked  by  suddan  refrigeration. 

The  eaamel  plate,  when  eoM,  19  to  be  washed  in  very  dilute  nilric  acid,  and  after- 
ipards  in  cold  water,  and  a  second  coal  of  granular  enamel  paste  is  to  be  applied,  will 
the  requisite  precautions.  This,  being  passed  through  the  lire,  is  to  be  treated  in  lh( 
same  way  a  third  time,  when  the  process  will  be  found  complete.  Should  any  chink) 
happen  to  the  eaamel  coat,  they  must  be  widened  with  a  graver,  and  the  spaca 
being  filleil  witli  ground  enamel,  is  to  be  repaired  in  the  mutSe.  The  plate,  covered 
with  a  pure  while  enamel,  requires  always  to  be  polished  and  smoothed  with  sandslong 
and  water,  particularly  if  the  article  have  a  plane  surface;  and  it  is  then  finally  glazed 
at  the  fire. 

Tlie  painting  operation  now  follows.  The  artist  prepares  hia  enamel  colors  by  pound- 
ing Ihein  in  an  agate  mortar,  with  a  pestle  of  agate,  and  grinding  them  on  an  agate  slab, 
with  oil  of  lavender,  rendered  viscid  by  exposure  to  the  sun  in  a  shallow  vessel.  Loosely 
covered  with  gauze  or  glass.  The  grinding  of  two  drachms  of  enamel  pigment  into  an 
impalpable  powder,  will  occupy  a  laborer  a  whole  day.  The  painter  shoald  have  along- 
side of  him  a  stove  in  which  a  moderate  fire  is  kept  up,  for  drying  his  work  whenever 
the  figures  are  finished.    It  is  then  passed  through  (he  muffle. 

EnainsUijig  al  tlie  Lamp. — The  art  of  the  lamp  enameller  is  one  of  the  most  agreeable 
and  amusing  that  we  know.  There  is  hardly  a  Bubject  in  enamel  which  miy  rio.  be 
executed  by  the  lamp-Hame  in  very  little  time,  and  oiore  or  less  perfectly,  according  to 
the  dexterity  of  the  artist,  and  his  acqaaintance  with  the  principles  of  modelling. 

in  worlting  nt  the  lamp,  lubes  and  rods  of  gkss  and  enamel  must  be  provided,  of  all 

Tlie  enamelHng  table  is  represented  in  Jig.  488,  round  which  several  workmen,  with 
their  lamps,  may  be  placed,  while  (he  large  double  bellows  d  below  is  set  a-blowing  by  a 
treadle  moved  with  the  foot.  The  Bame  of  the  lamp,  when  thus  impelled  by  a  powerful 
Jet  of  air,  acquires  surprising  intensity.  The  bent  nozzles  or  lubes,  A  a.  a  A,  are  madi 
a"  glass,  and  are  drawn  to  points  modified  to  the  purpose  of  the  enameller. 

Fi^.  489  shows,  in  perspective,  the  lamp  a  of  the  enameller  standing  in  its  cistern  b  ; 
(he  blowpipe  c  is  seen  projecting  its  flame  obliquely  upwards.  The  blowpipe  is  adjasl- 
able  in  an  elastic  cork  d,  which  fills  up  exactly  the  hole  of  the  table  into  which  it  enters. 
When  onlf  one  person  is  to  work  at  a  table  provided  with  several  lamps,  he  sits  down  at 
the  same  side  with  the  pedal  of  the  bellows;  he  lakes  out  the  other  blowpipes,  and  plugs 
(lie  holes  in  the  table  with  solid  corks. 

The  lamp  is  made  of  copper  or  tin-plate,  the  wick  of  cotton  threads,  and  either  tallow 
or  nil  may  be  I.seil.  Between  the  lamp  and  the  workman  a  small  board  or  sheet'.'of 
white  iron  b,  called  the  screen,  is  interposed  to  protect  his  eyes  from  the  glare  of  light. 
The  screen  is  fastened  to  the  table  by  a  wooden  stem,  and  it  throws  its  shadow  on  hil 

The  enamelling  workshop  ought  to  admit  little  or  no  dajlight,  otherwise  the  artist, 
not  perceiving  his  flame  distiacUy,  would  be  apt  to  commit  mistakes. 

It  ia  impossible  to  deeedbe  all  the  manipulations  of  this  ingenious  art,  over  which 
taste  and  dexterity  so  entirely  preside.  But  we  may  give  an  eilample.  Suppose  the 
enameller  wishes  to  make  a  swan.  He  takes  n  tube  of  white  enamel,  seals  one  of  its 
ends  hermetically  at  his  lamp,  and  while  the  matter  is  anfficieDtly  hot,  be  blows  on 
it  a  minikin  flask,  resembling  the  body  of  the  bird  ;  he  draws  out,  and  gracefully  benda 
the  neck;  he  shapes  the  head,  the  beak,  and  the  tail;  then,  with  slender  enamel  rods 
of  a  proper  color,  he  makes  the  eyes;  he  next  opens  up  the  beak  with  pointed  scissors; 
he  forms  the  wings  and  the  legs ;  finally  attaching  the  toes,  the  bird  stands  complete. 

The  enameller  also  makes  artificial  eyes  for  human  beings,  imitating  so  perfectly  the 
colors  of  the  sound  eye  of  any  individual,  as  to  render  it  difficult  to  discover  that  he 
has  a  blind  and  a  seeing  one. 

It  is  difficult  to  make  large  articles  at  the  blowpipe  ;  those  which  surpass  6  or  6  inches 
become  nearly  unmanageable  by  the  most  expert  workmen. 

Enahellisg  of  Cast  Iron  and  otheb  Hollow  Ware  poe  Saucepans,  Ae, — In  De- 
cember, nSD,  a  patent  was  obtained  for  this  process  by  Dr.  Samuel  Sandy  Hicklicg. 
His  speciflciition  is  subdivided  into  two  parts : — 

I.  The  coating  or  lining  of  iron  vessels,  <tc.,  by  fusion  with  a  vitrifiahle  mixture, 
eoni posed  of  G  parts  of  calcined  flints,  2  parts  of  iMmposiiion  or  Cornish  stone,  9  parts  of 
litharge,  6  parts  of  borax,  1  part  of  argillaceous  earth,  ]  part  of  nitre,  6  parts  of  calx  of 
tin,  and  1  part  of  purified  potasli.    Or,  9dly, 

S  parts  of  calcined  flints,  8  red  lead,  6  tiorax,  6  Calx  of  tin,  and  1  of  nitre.     Or,  3dly, 

13  of  potter's  composition,  8  borax,  10  white  lead,  2  nitre,  1  white  marble  calcined, 
1  argillaceous  eartli,  2  purified  potash,  and  6  of  calx  of  tin.     Or,  4thly, 

i  parts  calcined  flint,  1  potter's  composition,  2  nitre,  8  borax,  1  white  marble  cal 
^anod,  i  oi^illaceons  earth,  and  2  eabc  of  tin. 
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WliiclieTerof  the  above  composilions  is  laten,  must  be  finely  powdered,  miied,  fuseil ; 
,he  vitreous  moss  is  to  be  ground  when  cold,  silled,  and  levigated  with  water.  It  ia 
then  made  into  a  pap  with  water  or  gum-water.  This  pap  is  sjueared  or  brushed  ovc( 
the  interior  of  the  vessel,  dried,  and  fuaed  with  a  proper  beat  in  a  muffle. 

Calcined  bonea  are  also  proposed  as  an  ingredient  of  the  flux. 

The  fusibility  of  the  vitreous  compounds  is  to  vajy  according  to  the  heat  to  be  applied 
to  the  vessel,  by  using  various  proportions  of  the  siliceous  and  fluxing  materials.  Col- 
ors may  be  given,  and  also  gibJing. 

The  second  part  or  process  in  his  specification  describes  certain  alloys  of  iron  and 
nietel,  which  he  casts  into  vessels,  and  lines  or  coats  them  with  copper  pretlpitated 
from  its  saline  solutions.  It  also  describes  a  mode  of  giving  the  precipitated  copper  a 
brassy  surface  by  acting  upon  it  with  an  amatgum  of  zinc  with  the  aid  of  heat. 

A  factory  of  such  enamelled  hollow  wares  was  carried  oa  for  some  time,  but  it  wna 
givea  up  for  want  of  due  encouragement. 

A  patent  was  granted  to  Thomas  and  Charleg  Clarke  on  the  25lh  of  May,  1839,  for 
a  method  of  enamelling  or  coaling  the  internal  surfaces  of  iron  pots  and  saucepans,  in 
such  a  way  as  shall  prevent  the  enamel  from  cracking  or  splitting  off  from  the  effects 
of  fire.  The  specification  prescribes  the  vessel  to  be  first  cleansed  by  exposing  it  to 
the  action  of  dilate  sulphuric  acid  (sensibly  soar  to  the  taste)  for  three  or  four  hours, 
then  boiling  the  vessel  in  pure  water  for  a  stiorttime,  and  next  applying  Ibe  composition. 
This  consists  of  100  lbs.  of  calcined  gronnd  flints ;  50  lbs.  of  borax  calcined,  and  finely 
gronnd  with  the  above.    That  mixture  is  to  be  fused  and  gradually  cooled. 

40  lbs.  weig'-.':  of  the  above  product  is  to  Iw  taken  with  5  lbs.  weight  of  potter's  clay ; 
to  be  ground  together  in  water  until  the  mixture  forms  a  pasty-consistenced  mass, 
which  will  leave  or  form  a  coat  on  the  inner  surface  of  the  vessel  about  one  sixth  of  an 
inch  thick.  When  this  coat  is  set,  by  placing  (he  vessel  in  a  warm  room,  the  second 
composition  is  to  be  applied.  This  consists  of  123  lbs.  of  white  glass  (without  lead), 
25  lbs.  of  borax,  20  lbs.  of  soda  (crystals),  all  palverized  together  and  vitrified  by  fu- 
sion, then  ground,  cooled  in  water,  and  dried.  To  45  lbs.  of  that  mixture,  1  lb.  of  soda 
is  to  be  added,  the  whole  mixed  together  in  hot  water,  and  when  .dry,  ponnded  ;  then 
sifted  finely  and  evenly  over  the  internal  surface  of  the  vessel  previously  covered  wilh 
the  first  coaling  or  composition,  while  this  is  still  moist.  This  is  the  glazing.  The 
vessel  thus  prepared  is  to  be  put  into  a  stove,  and  dried  at  the  temperature  of  212°  F- 
It  is  then  heated  in  a  kiln  or  muffle,  like  that  used  for  glazing  china.  The  kiln  being 
brought  to  its  full  heat,  the  vessel  ia  placed  first  at  its  mouth  to  heat  it  gradually,  and 
then  put  into  the  interior  of  the  fusion  of  the  glaze.  In  practice  it  has  been  found  ad- 
vantageous also  to  dust  the  glaze  powder  over  the  fused  glaze,  and  apply  a  second 
fluxing  heat  in  the  oven.  The  enamel,  by  this  double  application,  becomes  mHcb 
imoother  and  sounder. 

fllessra.  Kenrick  of  West  Bromwicli  having  produced  in  their  factory  and  sent  into 
(he  market  some  excellent  specimens  of  enamelled  saucepans  of  cast  iron,  were  sued  by 
Messrs.  CInrkc  for  an  invasion  of  their  patent  rights,'  but  afier  a  long  litigation  in 
chancery,  the  patentees  were  nonsuited  in  the  court  of  exchequer.  The  previous  pro- 
cess of  cleansing  with  dilute  sulphuric  add  appeared  by  the  evidence  on  the  trial  lu 
have  been  given  up  by  the  patentees,  and  it  was  also  shown  by  Iheir  own  principal 
scientific  witness  that  a  good  enamelled  iron  saucepan  could  be  made  by  Hictling's 
specification.  In  fact,  the  formulte  by  which  a  good  enamel  may  be  compounded  are 
almost  innumerable ;  so  that  a  patent  for  such  a  purpose  seems  to  be  untenable,  or  at 
least  most  easily  evaded.  I  have  exposed  the  finely-enamelled  saucepans  of  Messrs. 
Kenrick  to  vety  severe  trials,  havii^  fused  even  chloride  of  calcium  in  them,  and  have 
found  them  to  stand  the  fite  very  perfectly  without  chipping  or  cracking.  I  consider 
such  a  manufacture  to  be  one  of  the  greatest  improvements  recently  introduced  into 
domestic  economy ;  such  vessels  being  remarkably  clean,  salubrious,  and  adapted  lu 
the  most  delicate  culinary  operations  of  boiling,  stewing,  making  of  jellies,  preserves, 
&c.    They  are  also  admirably  fitted  for  preparing  pharmaceutical  decoctions,  and  ordi- 

The  enamel  of  the  said  saucepans  is  quite  free  from  lead,  in  consequence  of  the  glass 
which  enters  into  its  composition  being  quite  free  from  that  metal.  In  several  of  the 
saucepans  which  were  at  first  sent  into  the  market  by  Messrs.  Clarke,  their  enamel 
was  found  on  analysis  by  several  chemists  to  contain  a  notable  proportion  of  oxide  of 
lead.  In  consequence  of  the  quantity  of  borax  and  soda  in  the  glaze,  this  oxide  was  so 
readily  acted  upon  by  acids,  that  sugar  of  lead  was  formed  by  digesting  vinegar  in  them 
with  a  gentle  heal.  The  presence  of  this  noxious  metal  formed,  in  my  opinion,  a  legit- 
imate ground  for  conlesling  the  patent,  being  in  direct  violation  of  the  terms  of  the 
specification.  Messrs.  Kcnwick's  wares  have  been  always  free  from  this  deleterious 
metal.    Messrs.  Clarke,  I  understand,  hare  for  some  time  been  careful  tc  reject  from 
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in  all  glass  wliioh  eontaine  lead;  and  they  now  manufactiire  also 
rare.    Thus  the  public  have  profited  in  e.  moBt  important  point 
by  tlie  aforoenid  litigation. 

Enametled  iron  saucepans  had  been  many  years  ago  imijorted  from  Germany,  and 
loM  in  London.  I  hod  occasion  to  analyze  their  enamel,  and  found  to  my  enrprise 
liiat  it  containa  obnndance  of  litharge  or  oxide  of  lead.  The  Prussian  government  iias 
issued  an  edict  prohibiting  the  use  oflead  in  the  enamelling  of  saucepans,  which  are  so 
extensively  manufactured  in  Peiz,  Gleiwitz,  &c.  Probably  the  German  ware  sent  to 
England  was  fabricated  for  exportation,  with  an  enamel  made  to  dux  easily  by  a  dose 
of  lithai^e.  The  composition  of  the  said  enamel  is  nearly  the  same  with  that  which  I 
found  upon  some  of  the  earlier  saucepans  of  Messrs.  Clarke.  Had  their  patent  been 
sustained,  the  important  legal  tiuestion  would  have  arisen,  whelher  it  gave  the  patentees 
toe  power  of  preventing  dealers  from  continuing  to  sell  what  Ihey  hi3  been  habitually 
doing  for  a  great  many  years. 

A  suitable  oven  or  muffle  for  lining  or  coating  metals  with  enamel  may  have  the  fol- 
lowing dimensions : — 

The  outside,  8  feet  square,  with  14-ineh  walls ;  the  interior  muffle,  4  feet  square  nl 
bottom,  rising  6  inches  at  the  sides,  and  then  archeil  over  j  the  crown  may  be  IS  incbea 
high  from  the  floor  ;  the  muffle  should  be  built  of  fire-bridt,  2}  inches  thick.  Another 
arch  is  turned  over  the  first  one,  which  second  arch  is  T  inches  wider  at  the  bottom,  and 
4  inches  higher  at  the  top.  A  9-inch  wall  under  Ihe  bottom  of  the  muffle  at  its  centre 
divides  the  fireplaces  into  two,  of  IS  inches  width  each,  and  3  feet  3  inches  long.  The 
flame  of  the  lire  plays  between  Ihe  two  arches  and  up  through  a  3-inch  flue  in  front,  and 
issues  from  the  top  of  the  arch  through  three  holes,  about  4  inches  square ;  these  open 
into  a  flae,  ;0-("9  inches,  which  runs  into  the  chimney. 

The  materials  for  the  enamel  body  {ground  flint,  potter's  clay,  and  boiaj)  are  first 
mixed  together  and  then  put  into  a  reverberntory  furnace,  6  feet  6  inches  long,  by  3 
leet  i  wide,  and  12  inches  high.  The  flame  from  an  18-iniJi  fireplace  passes  over  the 
health.  The  materials  are  spread  over  the  floor  of  the  oven,  about  6  inches  thick,  and 
^ited  or  fritted  for  four  or  five  hours,  until  Ihey  begin  to  heave  and  work  like  yeast, 
tFhen  another  coating  is  put  on  the  lop,  also  6  inches  thick,  and  fired  again,  and  so  on 
the  whole  day.  If  it  he  fired  too  much,  it  becomes  hard  and  too  refractory  to  work  in 
ihe  muffles.  The  glaze  is  worked  in  an  oven  similar  to  the  above.  It  may  be  composed 
af  about  one  half  borax  and  one  half  of  Cornish  stone  in  a  yellowbh  powder  procured 
'rom  the  potteries.  This  is  fritted  for  10  hours,  and  then  fused  into  a  glass  which  ii 
Enauelled  Cast-Ieoh.  Castriron  vessels  have  been  exceedingly  well  enamelled 
under  two  different  patents  within  these  few  years;  at  first,  by  Mr.  Clark,  of  Wolver- 
hampton, and  in  November,  1846,  by  Messrs.  Eenriok,  of  West  Bromwich.  Before 
the  enamel  is  applied,  the  surface  of  the  iron  should  be  made  quite  clean  and  bright. 
The  enamel  consists  of  two  eoata;  the  one  forming  the  tody,  and  the  other  tlie  glaze. 
The  body  is  made  by  fudng  100  lbs.  of  ground  Hints,  and  '15  of  borax,  and  grinding 
40  lbs.  of  tbia  fi'it  with  5  lbs.  of  potter's  clay  in  water  till  it  is  bronght  to  tbe  eon. 
siBtenee  of  a  pnp.  A  coating  of  this  pap  being  applied  and  dried,  but  not  hard,  tha 
glaze  powder  is  sifted  over  it.  This  consists  of  100  parts  of  Cornish  stone,  in  fint 
powder,  117  of  borax,  85  of  soda-ash,  B6  of  nifre,  85  of  sifted  slaked  lime,  18  of  white 
sand,  and  60  of  pounded  white  glass.  These  are  all  fused  tr^ether ;  the  frit  obtained 
is  pulverized.  Of  this  powder  45  pounds  are  mixed  with  1  pound  of  soda-ash,  in  hot 
water ;  and  the  mixture  being  dried  in  a  stove  ifl  the  glaze  powder.  When  this  powder 
has  been  very  finely  Mft«d  over  tlie  body  coat,  Uio  cast  iron  article  is  put  into  a  stove, 
kept  at  a  temperature  of  about  212°,  to  dry  it  hard ;  after  whieh  it  is  set  in  a  mnffls 
kiln  to  be  fused  into  a  glaze. 

The  inside  ot  pipes  is  enamelled  (after  being  cleaned)  by  pouring  the  above  body 
composition  through  tbem  while  the  pipe  is  being  turned  a^out,  to  insure  its  being 
uniformly  eoated.  After  the  body  has  become  set,  the  glaze  pap  is  poured  in  in  a  like 
manner.    The  pipe  is  finally  firea  in  the  kiln. 

ENAWELtEB  LEiTBEE.  Instead  of  enamelling  the  grain  enrfnoe  as  heretofore, 
Mr.  Nossitcr  removes  that  surface  by  splitting  or  puffing,  and  then  produces  what  is 
called  "a  finish"  upon  the  surface  thus  formed,  by  means  of  a  roller,  or  glass  insltii- 
ment:  Or  the  flesh  side  may  be  thus  prepared  for  enamelling;  and  it  is  less  liable  to 
crack,  and  the  enamel  to  become  cloudy,  than  the  grain  side.  He  also  shaves  hides  and 
skins  by  knives  set  tangentialty  upon  a  rotary  asi^  with  a  certain  degree  of  obliquity. 
He  squeezes  the  grease  out  of  the  skins  by  hard  pressure  between  rollers;  and  he  uses 
a  rotary  brush  fo  clear  away  all  filth. 
Enamellinb  Metais.      In    Februai'y,   1847,   Mr.   Walton    patented    a  method   of 
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enamelling  coppur  and  other  veaaels,  by  coating  them  (after  fheir  Buriaces  are  sealed 
b^  heat  and  cleaned)  with  powders  of  a  ■vitrifiable  tiad  applied  in  a  thin  pasty  staf 
wilh  a  brush,  then  dicing  and  firing  them.  His  formula  for  the  aompositioD  is  as 
fullows:  6  parts  of  Dint  glass,  3  of  borax,  1  of  red  lead,  and  I  of  oxide  of  tin;  mixed, 
fritted,  ground  into  powder,  made  into  a  thin  pas^  with  water,  applied,  dried,  and  fused 
on  by  the  beat  of  an  enamel  hiln  (aee  Potteiiy).  A  second  and  even  a  third  coat  is 
prescribed.  Into  the  second  he  puts  oaleined  bone  in  powder,  with  china  clay^  and 
enrbonate  of  potash.  These  materials  are  fritted,  ground,  and  mixed  with  cettain  of 
tlie  former  vitriSable  materials.  Being  reduced  to  a  creamy  consistence  with  water  in 
a  poreelaiu  mill,  the  mixture  is  painted  on  with  a  brnah,  or  applied  by  dipping,  dried, 
and  fired.  One  of  his  formulte  consists  of  4  parts  of  ground  felspar,  4  of  white  aand, 
*  of  carbonate  of  potash,  1  of  arsenic,  6  of  borax,  1  of  oside  of  tin,  1  of  nitre,  1  of 
whiting — being  in  my  opinion  a  most  injudicious  farri^o,  for  which  a  much  better  and 
simpler  combination  of  vitrifiable  china-like  materials  might  be  snlDStituted. — Neaton'a 
Journal,  xm.  p.  1S3. 

EPSOM  SALTS.     Sulphate  of  Magnesia. 

EQUIVALENTS,  CHEMICAL.  {Stochiomeirie,  Gent.)  This  expression  was  firsi 
employed  by  Dr.  WoUaslon,  '•■>  denote  the  primary  projiorlions  in  which  tlie  varions 
chemical  bodies  reciprocally  combine;  the  numbers  representing  these  proportion! 
being  referred  to  one  standard  substance  of  general  interest,  such  as  oxygen  or  hjdrogen 
reckoned  unity,  or  1,000.  Dr.  Balton,  who  is  the  true  author  of  the  grind  discovery 
of  definite  and  multiple  chemical  ratios,  calls  these  equivalent  numbers  alomic  iceighli, 
when  reduced  to  their  lowest  terms,  either  hydrogen  or  oxygen  being  the  radii  of  the 
?cale.  Though  it  belongs  to  a  chemical  work  to  discuss  the  pnnciples  and  develop  the 
applications  of  the  Atomic  Theory,  I  shall  be  careful,  upon  all  proper  occasions,  to 
point  out  the  vast  advantages  which  the  chemical  manufacturer  may  derive  from  it,  and 
to  show  how  much  he  may  economize  and  improve  his  actual  processes  by  its  means. 
See  Element. 

ESSENCES  are  either  ethereous  oils,  in  which  all  the  fragrance  of  vegetable  producls 
reside;  or  the  same  combined  and  diluted  with  alcohol.    See  Oits,  Ethebeous. 

ESSENCE  D'ORIENT,  the  name  of  a  pearly  looking  mailer  procured  from  the 
blay  or  bleak,  a  fish  of  the  genus  eyjirintis.  This  substance,  which  ia  found  principally 
at  the  base  of  ihe  scales,  is  used  in  the  mannlaclurc  of  artificial  pearls.  A  large  quan- 
tity of  the  scales  being  scraped  into  water  in  a  tub,  are  there  rubbed  between  the  hands 
to  separate  the  shining  stuHj  which  subsides  on  repose.  The  first  water  being  decanted, 
more  is  added  with  agitation  till  the  essence  is  thoroughly  washed  from  all  impurities ; 
when  the  whole  is  thrown  npon  a  sieve;  the  substance  passes  through,  but  the  scales 
are  retained.  The  water  being  decanted  off,  the  essence  is  procured  in  a  viscid  sVile,  of 
a  bluish  white  color,  and  a  peaily  aspect.  The  intestines  of  the  same  fish  are  also 
covered  with  this  beBotifiil  glistening  matter.  Several  other  fish  yield  it,  but  in  smaller 
proportion.  When  well  prepared,  it  presents  exactly  the  appearance  and  reflections  of 
the  real  pearls,  or  the  finest  mother  of  pearl;  properties  whicli  are  probably  owing  to  the 
interposition  of  some  portions  of  this  same  substance,  between  the  laminiE  of  these 
ahelly  concretions.  Its  chemical  nature  has  not  been  imfestigatcd  i  it  putrefies  readily 
when  kept  moist,  an  accident  which  may,  however,  b"  counteracted  hy  water  of  ammo- 
nia.   See  Peabls. 

ETCHING  VarJiiih.  {Aeixgnrnd-Dtcltfirmss,  Germ.)  Though  the  practice  of  this 
tlesant  art  does  not  come  within  the  scope  of  our  Dictionary,  the  preparation  of  the  var- 
nishes, and  of  the  biting  menstrua  which  it  employs,  legitimately  does. 

The  varnish  of  Mr,  Lawrence,  an  English  artist  resident  in  Paris,  is  made  as  follows: 
Take  of  virgin  wax  and  asphaltnm,  each  two  ounces,  of  black  pitch  and  burgnndy-pilch 
each  half  an  ounce.  Melt  (he  wax  and  pitch  in  a  new  earthenware  glazed  pot,  and  add 
to  them,  by  degrees,  the  asphaltum,  finely  powdered.  Let  the  whole  boil  (ill  such  time 
as  that,  taking  a  drop  upon  a  plate,  it  will  break  when  it  Is  cold,  on  bending  it  double 
two  or  three  times  betwixt  the  fingers.  The  varnish,  being  then  enough  boiled,  must  he 
taken  off  the  fire,  and  after  it  cools  a  little,  must  be  poured  into  warm  water  that  it  may 
work  the  more  easily  with  the  hands,  so  as  to  be  formed  into  balls,  which  must  be 
kneaded,  and  put  into  a  piece  of  tafTety  for  use. 

Care  must  be  taken,  first,  that  the  fire  be  not  too  violent,  for  fear  of  burning  the 
Ingredients,  a  slight  simmering  being  sufficient ;  secondly,  that  whilst  tbe  asphaltum  is 
putting  in,  and  even  after  it  is  mix^  with  the  ingredients,  they  should  be  stirred  con- 
[inuBlly  with  the  spatula;  and  thirdly,  that  the  water  into  which  this  composition  is 
.hrown  should  be  nearly  of  the  same  degree  of  warmth  with  it,  in  order  to  prevent  a 
nind  of  cracl.iog  ihat  happens  wlien  the  water  is  too  cold. 

The  varnish  ought  always  to  he  made  harder  in  summer  than  in  winter,  and  it  will 
become  so  if  it  be  siifTcred  to  boil  longer,  or  if  a  greater  proportion  of  the  asphaltum  or 
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Preparalion  of  the  hard  varnish  nsed  by  Callot,  conimoiily  called  the  Florence  Var- 
.lish  : — Take  four  ounces  of  fal  oil  very  clear,  and  made  of  good  linseed-  oil,  like  Ihal 
used  bf  painters ;  heat  it  in  a  clean  pot  of  glazed  earthenware,  and  aflerwirds  put  to  it 
four  ounces  of  mastick  well  powdered,  and  stir  the  miitnre  briskly  tQl  the  whole  be  well 
melted,  then  pass  llie  mass  through  a  piece  of  fine  linen  into  a  glass  bottle  with  a  -ong 
neck,  that  can  be  slopped  very  securely  ;  and  keep  it  for  the  use  that  will  be  esplained 

Method  of  applying  Iho  soft  varnish  to  the  pJate,  and  of  blackening  it  :~The  plate 
being  well  polished  and  burnished,  as  also  cleansed  from  all  greasiness  by  chalk  or  Span- 
ish white,  fix  a  hand-vice  on  the  edge  of  the  plate  where  no  work  is  intended  to  be,  to 
serve  as  a  handle  for  managing  it  when  waim';  then  put  it  upon  a  chafing  dish,  in  which 
Ibere  is  s.  moderate  fire,  and  caver  the  whole  plate  equally  with  a  thin  coat  of  the  Tar- 
nish; and  whilst  the  plate  is  warm,  and  the  varnish  upon  it  in  a  fluid  state,  beat  every 
part  of  the  varnish  gently  with  a  small  ball  or  dauber  made  of  cotton  lied  up  in  taS'ety, 
which  operation  smooths  and  distributes  the  varnish  equally  over  the  plate- 
When  the  plate  is  thus  uniformly  and  thinly  covered  with  (he  varnish,  i  must  be 
blackened  by  a  piece  of  flambeau,  or  of  a  large  candle  which  afibrJs  a  copious  smnke ; 
sometimes  two  or  even  four  such  candles  are  used  together  for  the  sake  of  despatch,  iiial 
the  varnish  n.ay  not  grow  cold,  which  if  it  does  during  the  operation,  the  plate  must  be 
heated  again,  that  it  may  be  in  a  melted  stale  when  that  operation  is  performed ;  but 
great  care  must  be  taken  not  to  burn  it,  which,  when  it  happens,  may  be  easily  perceived 
by  the  varnish  appearing  burnt,  and  losing  its  gloss. 

The  menstruum  used  and  recommended  by  Turrell,  an  eminent  London  ailist,  for 
etching  upon  steel,  was  prepared  as  follows : — 

Take  Pyroligneous  acid  4  parts  by  measure. 

Alcohol  1  part,  mix,  and  add 

Nitric  acid  ]  part. 

This  miied  liquor  is  to  be  applied  from  IJ  to  15  minii 

desired.    The  nitric  acid  was  employed  of  the  strength  of  1' 

the  shops. 

The  euu/orfB  or  menstranm  for  copper,  used  by  Callol,  as  also  by  Piranesi,  withaslighl 
modification,  is  prepared  with  8  parts  of  strong  French  vinegar, 
4  parts  of  verdigris, 
4  ditto  sea  salt, 
4  ditto  sal  ammoniac, 
I  ditto  alum. 

The  solid  substances  are  to  be  well  ground  d  ssolved  in  the  iineear,  and  diluted  with 

the  water ;  the  mixture  is  now  to  be  boiled  for  a  moment,  and  then  set  aside  to  cool 

This  menstruum  is  applied  to  the  washed,  dried,  and  varnished  phie,  aftT  it  has  suf 

d  h       d'  ■       f         f     '        order  to  deepen  and  fin  sh  the  deliLSte  touches 

ETHER,  cry  li-hl,  vohtde    inflammable    and  fragrant 

in  a  feliss  retort    a  mi»tii  e  of  alcohol  with 

E  m  difii^  the  result,  in  a  certain  decree,  whence 

es  ed      The  only  one  of  commercial  importance  la 

ti      ID  own  under  the  name  ol  Jitrai  oil  of  itlrto! 

40  ec  tt  dus       Froberus,  190  jear-  after  thai  date, 

o  this  substance,  under  the  new  denomination 

her 

Th  m      od  by  the  first,  the  whole  quanlit)  of  icid  and 

m  bjected  to  distillation     b;  the  weond    the  bIco 

m    ed  0  a  body  of  acid  previously  mixed  with  i  little 

ale  hoi  and  heated  to  220°  Fahr. 

1  M  1  equal  weights  of  alcohol  at  spec.  grav.  0-830,  and  sulphuric  acid  at  1-842,  by 
nt  od  ng  the  former  into  a  large  tubulated  retort,  giving  it  a  whirling  motion,  so 
ll  at  the  alcohol  may  revolve  round  a  central  conical  cavity.  Into  this  species  of  whirl- 
p  o!  the  acid  is  to  be  slowly  poured.  The  mixture,  which  becomes  wana,  is  to  be 
forthwith  distilled  by  attaching  a  spacious  receiver  (o  !!ie  retort,  and  applying  the  hcnt 
of  a  sand-bath.  The  formation  of  ether  takes  place  only  at  a  certain  temperature.  I( 
the  eonleiits  of  the  retort  be  ollowed  to  coo(,  and  be  then  slowly  heated  in  a  water-bath, 
ilcohol  alone  will  come  over  for  some  lime  without  ether,  (ill  the  mixture  acquires  Ihe 
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eceiver  should  be  a  globe,  nUh  a  lube  pioceedinf 
iver,  of  a  cylindric  shRpe,  surrounded  with  ite-cold 
warer,  i  ne  joints  musi  De  well  KecHrcd  by  lutes,  after  the  expanded  air  has  been 
allowed  to  escape.  The  liquid  in  the  retort  should  be  kept  in  a  steady  state  ft  ebulli- 
tion. The  ether,  as  long  as  it  is  produced,  condenses  in  the  ballooa  and  neck  of  the 
receiver  in  strice;  wben  these  disappear  the  process  is  completed.  The  retort  must  now 
he  removed  Triun  the  sand ;  otherwise  it  would  become  filled  with  white  fumes  contain 
ing  suiphnrons  acid,  and  denser  strias  would  flow  over,  which  would  contaminate  the 
light  product  with  a  liquid  sailed  sweet  oil  of  wine. 

The  tneory  of  etUerificalion  demonstrates  that  when  strong  sulphurie  acid  is  miied 
with  alcohol,  there  is  formed,  on  the  one  hand,  a  more  aqueous  sulphuric  acid,  and,  on 
the  other,  sulphovinic  acid.  When  this  miKlure  is  made  to  boil,  the  sulphovinic  acid  is 
decomposed,  its  dihydrate  of  carbon  combines  with  the  alcohol,  and  constitutes  ether; 
while  the  proportion  of  sulphovinic  acid  progressively  diminishes.  Mr.  Hennell,  of  the 
Anothecaries'  Hall,  first  explained  these  phenomena,  and  he  was  confirmed  in  his  yiews 
by  the  interesting  researches  of  Senillas.  The  acid  left  in  the  retort  is  usually  of  a 
black  color,  and  may  be  employed  to  convert  into  ether  half  as  much  alcohol  again  i  an 
experiment  which  may  be  repeated  several  limes  in  succession. 

The  most  profitable  way  of  manufacturing  ether  has  been  pointed  oat  by  Boullay. 
It  consists  in  letting  the  alcohol  drop  in  a  slender  stream  into  the  acid,  previously  heated 
lo  the  etherifying  temperature.  If  the  acid  in  this  case  were  concentrated  to  l-8il6,  the 
reaction  wouU  be  too  violent,  and  the  ether  would  be  transformed  into  bicarbureted 
hydrogen  (dihydrate  of  carbon).  It  is  therefore  necessary  lo  dilute  the  acid  down  to 
the  density  of  1-780  ;  hot  this  dilation  may  be  preferably  effected  with  Jcohol,  instead  o( 
water,  by  mixir^  three  parts  of  the  strongest  acid  with  2  of  alcohol,  specific  gravily 
0-830,  and  distilling  off  a  portion  of  the  ether  thereby  generated;  after' which  the  stream 
of  alcohol  is  lo  be  introduced  Into  the  tubuhire  of  the  reiorl  through  a  small  glass  tube 
plunged  into  the  mixture;  this  tube  being  the  prolongation  of  a  metallic  syphon,  whose 
shorter  leg  dips  into  a  bottle  filled  with  the  alcohol.  The  longer  1^  is  furnished  with  a 
stop-coek,  for  regulating  at  pleasure  the  alcoholic  streamlet.  The  distilled  vapors  should 
be  transmitted  through  a  worm  of  pure  tin,  surrounded  by  cold  water,  and  the  condensed 
fluid  received  in  a  glass  bottle.  The  quantity  of  alcohol  which  can  be  thus  converted 
into  ether  by  a  given  weight  of  sulphuric  acid,  has  not  hitherto  been  accurately  deter- 
mined ;  but  it  is  at  least  double.  In  operating  in  this  way,  neither  sulphiirons  acid  nor 
sweet  oil  of  wine  is  generated,  while  the  residuary  liquid  in  the  retort  continues  limpid 
and  of  a  merely  brownish  yellow  color.  No  sulphovinic  acid  is  formed,  and  according  to 
the  experiments  of  Geiger,  the  proportion  of  ether  approaches  lo  what  theory  shows  to 
be  the  maximum  amount.  In  fact,  6T  parts  of  alcohol  of  0'S3  sp.  gray,  being  equiva- 
lent lo  46-8  parts  of  anhydrous  alcohol,  yield,  according  to  Geiger,  33|  parts  of  ether ; 
and  by  calculation  they  should  yield  37^. 

The  ether  of  the  first  distillation  is  never  pure,  but  always  contains  a  certain  quantity 
of  alcohol.  The  density  of  thai  prodnct  is  usually  0'7g,  and  if  prepared  by  the  first  ol 
the  above  methods,  contains,  besides  alcohol,  pretty  frequently  sulphurous  acid,  and 
sweet  oil  of  wine;  impurities  from  which  it  must  he  freed.  Being  agitated  with  it!! 
bulk  of  milk  of  lime,  both  the  acid  and  the  alcohol  are  removed  at  the  same  time ;  and 
if  it  be  then  decanted  and  agitated,  first  with  its  bulk  of  water,  next  decanted  into  a 
relort  containing  chloride  of  calcium  in  coarse  powder,  and  distilled,  one  third  of  per- 
fectly pure  ether  may  be  drawn  over.  Gay  Ltissac  recommends  to  agitate  the  ether, 
first  with  twice  its  volume  of  water,  to  mix  it,  and  leave  it  in  contact  with  powjercd 
unslaked  lime  for  12  or  14  hours,  and  then  to  distil  ofif  one  third  of  pure  ether.  The 
remaining  two  thirds  consist  of  ether  containing  a  Utile  alcohol.  If  in  preparing  elher 
by  SouUay's  method,  the  alcohol  be  loo  rapidly  introduced,  much  of  this  liquid  will 
come  over  unchanged.  If  in  this  s'ate  the  ether  be  shaken  with  water,  a  notable  quan- 
tity of  it  will  he  absorbed,  because  weak  alcohol  dissolves  it  very  copiously.  The  above 
product  should  therefore  be   e-d  fi        al 

sidered  as  etlier,  and  trea  ed  al    m       be 

afresh  to  the  action  of  snip 
Pure  ether  possesses  the 
0-715  at  60°  ;  has  a  pecuUa   pe 
sweetish,  and  finally  coolin 

conductor  of  electricity,  a  bo 

mi"  or  97°  F.,  and  produce  Is  cr 

[leratore  of  63-4,  the  vapo  m 

o"  half  the  weight  of  the  re     W  co  F 

crystallize  in  orjDiant  white 
When  vapor  oi  elher  is  ma  ra 
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pel  cent,  of  a  brown  oil,  pnrtl;  in  crystalline  scales,  and  partly  viscid.  The  crystnUJns 
portion  is  soluble  in  alcohol,  but  the  viscid  only  in  ether.  The  remainder  of  the  decom- 
posed ether  consists  of  bi-carbufelei  hydrogen  gas,  tetrabydrie  carburet,  carbonic  oxyde 
gas,  and  one  per  cent,  at  most  of  gaseous  carbonic  acid. 

Ether  takes  fire  readily,  even  at  soace  distance  from  a  flame,  and  it  slioold  not  there- 
fore be  poured  from  one  vessel  to  another  in  the  neighborhood  of  a  lighted  candle.  It 
may  be  likewise  set  on  Gre  by  the  electric  spark.  It  bums  all  away  with  a  bright  fuligi- 
nous flame.  When  the  vapor  of  ether  is  mixed  with  10  times  its  volume  of  oiygen,  it 
t  urns  with  a  violent  explosion,  absorbs  6  times  its  bulk  of  oiygen,  and  produces  4  times 
i^s  volume  of  carbonic  acid  gas. 

Ether  alters  gradually  with  contact  of  air;  absorbing  oxygen,  and  progressively  chang- 
ing into  acetic  acid  and  water.  This  conversion  takes  place  very  rapidly  when  the  ether 
is  boiled  in  aa  open  vessel,  while  the  acid  enters  into  a  new  combination  forming  acetic 
ether.  Ether  should  be  preserved  in  bottles  perfectly  full  and  well  corked,  and  kept  in 
a  cool  place,  otherwise  it  becomes  sour,  and  is  destroyed.  In  contains  in  this  state  15  per 
cent,  of  its  bulk  of  azote,  but  no  oxygen  gas,  as  this  has  combined  with  its  elements. 
Ether  is  composed  of  oiygen  21'24i  hydrogen  13'85;  carbon  65-05.  This  composi- 
tion may  be  represented  by  1  prime  equiralenl  of  water,  and  4  primes  of  bi-carburctted 
hydrogen  gasj  in  other  words,  ether  contains  for  1  prime  of  water,  once  as  much  oleSant 
gas  as  alcoho^  and  its  prime  equivalent  is  therefore  463'15  to  oxygen  100.  By  my  ana- 
lysis, as  published  in  the  Phil.  Trans,  for  1822,  ether  is  composed  of  oxygen  27-10 ;  hy- 
diogen  13-3;  and  larbon  59-6  in  100  parts.  The  density  of  my  ether  was  0-700. 
One  volume  of  vapor  of  ether  consists  of  one  volume  of  aqueous  vapor  and  two 
volumes  of  olefiant  gas  (bi-carburcted  hydrogen),  while   alcohol  consists  of  two  volumes 

ETHER,  ACETIC,  is  used  to  flavor  silent  corn  spirits  in  making  imitajion  brandy.  It 
may  be  prepared  by  mixing  20  pacts  of  acetate  of  lead,  10  parts  of  alcohol,  and  11|  of 
concentrated  sulphuric  acidj  or  16  of  the  anhydrous  acetate,  5  of  the  acid,  and  4^  of  ab- 
solute alcohot;  distilling  the  mixture  in  a  glass  retort  into  a  very  cold  receiver,  agitating 
abng  with  weak  potash  ley  the  Uqnor  which  comes  over,  decanting  the  supernatant  ether, 
and  rectifying  it  by  re-distitlatian  over  magnesia  and  ground  charcoal. 

Acetic  ether  is  a  colorless  liquid  of  a  fragrant  smell  and  pungent  taste,  of  spec.  grav. 
0-8G6  at  45°  F.,  boiling  at  166"  F.,  burning  with  a  yellowish  flame,  anddisengaging  fumes 
of  acetic  acid.    It  is  soluble  in  S  parts  of  water. 

Acetic  ether  may  be  economically  made  with  3  parts  of  acetate  of  potash,  3  of  very 
strong  alcohol,  and  2  of  (be  strongest  sulphuric  acid,  distilled  together.  The  first  product 
must  be  re-distilled  along  with  one  ntlh  of  its  weight  of  sulphuric  acid  ;  as  much  ether 
will  be  obtained  as  there  was  alcohol  employed. 

ETHIOPS  is  the  absurd  name  given  by  the  alchemists  to  certain  black  metallic  prepar- 
ations. Martial  elhiops  was  the  black  ojtyde  of  iron  ;  mineral  elhiops,  the  black  sulphuret 
of  mercury  ;  and  ethiopsj«r  st,  the  black  oxyde  of  mercury. 

EVAPORATION  (;Eng.  and  Fr. ;  Jbdamp/en ;  Jbdmisten,  Germ.)  is  the  process  by 
which  any  substance  is  converted  into,  and  carried  off  in,  vapor.  Though  ice,  camphor, 
and  many  other  solids  evaporate  readily  in  dry  air,  I  shall  consider,  at  present,  merely  the 
vaporization  of  water  by  heat  artificially  applied. 

The  vapor  of  water  is  an  elastic  fluid,  whose  tension  and  density  depend  upon  the 
temperature  of  the  water  with  which  it  is  in  contact.  Thus  the  vapor  rising  from 
water  heated  to  165"  F.  possesses  an  elastic  force  capable  of  supporting  a  colums  of  mer- 
cury 10-8  high  ;  and  its  density  is  such  that  80  cubic  feet  of  such  vapor  contain  one  pound 
weight  of  water;  whereas  3  2^  cubic  feet  of  steam  of  the  density  corresponding  to  a  tem- 
perature of  212"  and  a  pressure  of  30  inches  of  mercury,  weigh  one  pound.  When  Iha 
temperature  of  the  water  is  given,  the  elasticity  and  specific  gravity  of  the  vapor  emitted 
by  it  may  be  found. 

Since  the  vapor  rises  fram  the  water  only  in  virtue  of  the  elasticity  dae  to  its  gaseous 
nature,  it  is  obvious  that  no  more  can  be  produced,  unless  what  Is  already  incumbt'nt  up- 
on the  tiijuid  have  its  tension  abated,  or  be  withdrawn  by  some  means.  Suppose  the 
temperature  of  the  water  to  be  midway  between  freezir.g  and  boiling,  viz.,  122^  Fahr.,  as 
also  that  of  the  air  in  contact  with  it,  to  be  the  same  but  replete  with  moisture,  so  thai 
its  interstitial  spaces  are  filled  with  vapor  of  corresponding  elasticity  and  specific  gra- 
vity with  thai  given  off  by  the  water,  it  is  certain  that  no  fresh  formation  of  vapor  can 
ake  place  in  these  circumstances.  But  the  moment  a  portion  of  vapor  is  allowed  to  es 
cape,  or  is  drawn  off  by  condensation  to  another  vessel,  an  equivalent  portion  of  vapor 
will  be  immediately  exhaled  from  the  water. 

The  pressure  of  the  air  and  of  other  vapors  upon  the  surface  of  water  in  an  open  vessel, 
does  not  prevent  evaporation  of  the  liquid;  it  merely  retards  its  progress.  Experience 
»hows  that  the  space  filled  with  an  elastic  fluid,  as  air  or  other  gaseous  body,  is  ci^iable 
of  receiving  as  much  aqueous  vapor  as  if  it  were  vacuous,  only  the  repletioi)  of  llul 
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■pace  vilh  the  vapor  proceeds  more  slowly  in  the  former  predjcsment  than  in  the  lat- 
ter, but  in  bQlh  eases  il  arrives  eventually  at  the  same  pilch.  Dr.  Dalton  has  Terj  in- 
genioasly  proved,  that  the  particles  of  aeriform  bodies  present  no  permanent  obstacle  to 
the  inCroduclion  of  a  gaseoua  atmosphere  of  another  kind  among  them,  but  merely  obstruct 
its  diffusion  momentarily,  as  if  by  a  species  of  friction.  Hence,  exhalation  at  atmospheric 
temperatures  is  promoted  by  the  mechanical  diffusion  of  the  vapors  through  the  air  with 
ventilating  fans  or  chimney  draughts  j  though  under  brisk  ebullilion,  the  force  of  the 
sleam  readily  overcomes  that  mechanical  obslmclion. 

The  quantities  of  water  evaporated  under  different  temperatures  in  lite  times,  are 
proportional  to  the  elasticities  of  the  steam  corresponding  to  these  temperatures.  A 
vessel  of  boiling  water  exposing  a  square  foot  of  surface  to  the  Ere,  evaporates  725 
grains  in  the  minute ;  the  elasticity  of  the  vapor  is  equivalent  to  30  inches  of  mercury. 
To  find  the  quantity  ihat  would  be  evaporated  from  the  same  surface  per  minute  at  a 
heat  of  88°  F.  At  Ibis  temperature  the  steam  incumbent  upon  water  is  capable  of  sup- 
porting 1'28  inch  of  mercury ;  whence  the  rule  of  proportion  is  30  1  1-2S  :;  725  i  3003 ; 
showing  that  about  31  grains  of  water  would  be  evaporated  in  the  minute.  If  the  air 
contains  already  some  aqueous  vapor,  as  it  commonly  does,  then  the  quantity  of  evapora- 
tion will  be  proportional  to  the  difference  between  'le  clastic  force  of  that  vapor,  and 
what  ri^es  from  the  waler. 

Suppose  the  air  to  be  in  the  hygrometric  ilate  denoted  by  0'38  of  an  inch  of  mercury, 
then  the  above  forranla  will  become:  30:  I'SS  —  0-38  :  !  725; 21-41 ;  showing  ihiit  not 
more  than  21f  grains  would  be  evaporated  per  minute  under  these  circumstances. 

The  elBSlie  tension  of  the  atmospheric  vapor  is  readily  ascertained  by  the  old  ex- 
periment  "f  Le  Roi,  which  consists  in  filling  a  glass  cylinder  (a  narrow  tumbler  for 
example)  with  cool  spring  water,  and  noting  its  temperature  at  the  instant  it  becomes 
so  warm  that  dew  ceases  to  be  deposited  upon  it.  This  temperalure  is  that  which  corre- 
sponds to  the  elastic  tension  of  the  atmospheric  vapor.    See  Vapob,  Table  of. 

Whenever  the  elasticity  of  the  vapor,  corresponding  to  the  temperature  of  the  water, 
is  greater  than  the  atmospheric  pressure,  the  evaporation  will  take  place  not  only  from 
its  surface,  but  from  every  point  in  its  interior ;  the  liquid  particles  throughont  the 
mass  assuming  the  gaseous  form,  as  rapidly  as  they  are  actuated  by  the  caloric,  which 
subverts  the  hydrostatic  equilibrinm  among  them,  to  constitute  the  phenomena  of  ebul- 
lition. This  turbulent  vaporization  takes  place  at  any  temperature,  even  down  lo  the 
freezing  point,  provided  the  pneumatic  pressure  be  removed  from  the  liquid  by  the 
air  pomp,  or  any  other  means.  Ebullition  always  accelerates  evaporation,  as  it  serves 
to  carry  off  the  aqueous  particles  not  simply  from  the  surface,  but  from  the  whole  body 

The  vapors  eihaled  from  a  liquid  at  any  [croperalnre,  contain  more  heat  than  (he 
fluid  from  which  they  spring ;  and  they  cease  to  form  whenever  the  supply  of  heat  into 
the  liquid  is  stopped.  Any  volume  of  waler  requires  for  its  conversion  into  vapor  _^!ie 
and  a  half  times  as  much  heat  as  is  sufficient  lo  heal  it  from  the  freezing  lo  the  boiling 
temperature.  The  heal,  in  the  former  case,  seems  Co  be  absorbed,  being  inappreciable  by 
the  thermometer  ;  for  steam  is  no  hotter  than  the  boiling  water  from  which  it  rises.  It 
has  been  therefore  called  laietd  heat ;  in  contradistinction  to  that  perceived  by  the  touch 
and  measured  by  the  thermometer,  which  is  called  seasibU  keat.  The  quantity  of  heat 
absorbed  by  one  volume  of  water  in  its  conversion  into  sleam,  is  about  1000°  Tahr.; 
It  would  be  adequate  to  heat  1000  volumes  of  water,  one  degree  of  the  same  scale ;  or 
lo  raisi  -ine  volume  of  boiling  waler,  confined  in  a  non.conducting  vessel,  to  1180°. 
Were  the  vessel  charged  with  water  so  healed,  opened,  it  would  be  instantaneously  emp- 
tied by  vaporization,  since  the  whole  caloric  equivalent  to  its  constitution  as  steam,  is 
present.  When,  upon  he  other  hand,  steam  Is  condensed  by  contact  with  cold  sub. 
stances,  so  much  heal  is  set  free  as  is  capable  of  healing  Jive  and  a  half  times  its  weight 
of  water,  from  32*  to  S12°  F.  If  the  supply  of  heat  lo  a  copper  be  uniform,  five  hours 
and  ft  half  will  be  required  lo  drive  off  its  waler  in  steam,  provided  one  hour  itas  taken 
in  heating  the  water,  from  the  freezing  lo  the  boiling  pitch,  under  fhe  atmosphetiea! 
pressure. 

Equal  weights  of  vapor  of  any  temperature  contain  equal  quantities  of  heat;  for 
example,  the  vapor  exhaled  from  one  pound  of  water,  at  77°  F.,  absorbs  during  its 
formalion,  and  will  give  out  in  its  condensation,  as  much  heat  as  the  steam  produced  by 
one  jiound  of  water,  at  212?  F.  The  first  portion  of  vapor  with  a  lension=30  inches, 
occupies  a  space  of  27*31  cubic  feet[  the  second,  with  a  tension  of  0*92  inch,  occupies  a 
space  of  890  cubic  feet.*  Suppose  that  these  890  volumes  were  to  he  compressed  into 
27-31  in  a  cylinder  capable  of  confining  the  heal,  the  temperature  of  the  vapor  would 
rise  irom  77°  to  212',  in  virtue  of  the  condensation,  as  air  becomes  so  hot  by  com- 
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nression  in  a  syringe,  »s  10  ignite  amadou.  The  lalent  heal  of  steam  at  212"  F.  n 
1180"— 180=1000;  that  of  vapor,  at  77°,  is  1180— 45=1135';  so  that,  m  foci,  Ihe 
lower  the  temperature  at  wlilch  the  vapor  is  exhaled,  the  greater  is  its  latent  heal,  as 
Joseph  Black  and  James  Watt  long  ago  proved  hy  experiments  upon  distillation  and  ihe 

From  Uie  preceding  researches  it  fellows,  Ihat  evaporation  may  he  effected  upon  two 
di/ferent  plans : — 

1.  Under  the  ordinary  pressure  of  tlie  atmosphere;  and  that  either, 

A,  hy  external  application  of  heat  to  boilers  with  a,  an  open  lire  ;  6,  sleam  ;  e,  hoi 
liiiuid  media. 

D,  by  evaporation  with  air;    ii,  at  (he  ordinaiy  temperature  of  ihe  atmosphere;   ft,  by 

2.  Under  progressively  lower  degrees  of  pressure  than  the  almospheric,  down  to 
evaporation  in  as  perfect  a  vacuum  as  can  be  made. 

It  is  generally  affirmed,  that  a  thick  metallic  boiler  obstructs  the  passage  of  the  heat 
through  it  so  much  more  than  a  thin  one,  as  to  make  a  considerable  difference  in  their 
relative  powers  of  evaporating  liquids.  Many  years  ago,  1  made  a  series  of  e^iperiments 
upon  this  sabjecl.  Two  cylindrical  copper  pans,  of  equal  dimensions,  were  provided  ; 
but  the  metal  of  the  one  was  twelve  limes  thicker  than  thai  of  ihe  other.  Each  bein? 
charged  with  an  equal  volume  of  water,  and  placed  either  apon  Ihe  same  hot  plate  of 
iron,  or  immersed,  to  a  certain  depth,  in  a  hoi  solution  of  muriate  of  time,  I  found  that 
the  ebullition  was  greatly  more  vigorous  in  the  thick  than  in  the  thin  vessel,  which  I 
ascribed  to  the  conducting  substance  tip  the  sides,  above  the  contact  of  the  source  of 
heat,  being  12  times  greater  in  the  former  case  than  in  the  latter. 

If  the  bottom  of  a  pan,  and  Ihe  portions  of  the  sides,  immersed  in  a  hot  fluid  medium, 
solution  of  caustic  potash  or  muriate  of  lime,  for  example,  be  corrugated,  so  as  to  contain 
a  double  expanse  of  metallic  surface,  that  pan  will  evaporate  exactly  double  the  quantity 
of  water,  in  B  given  time,  which  a  like  pan,  with  smooth  bottom  and  sides,  will  do 
immersed  equally  deep  in  the  same  bath.  If  the  corrugations  contain  three  times  the 
quantity  of  metallic  surface,  the  evaporation  vtill  be  threefold  in  the  above  circum' 
stances.  But  if  the  pan,  with  the  same  comigaled  bottom  and  sides,  be  set  over  a  fire, 
or  in  an  oblong  Hue,  so  thai  the  current  of  flame  may  sweep  along  the  corrugations  it 
will  evaporate  no  more  water  from  its  interior  than  a  smooth  pan  ol  like  'h^pe  and 
dimensions  placed  alongside  in  Ihe  same  flue,  or  over  the  same  flre  Tins  curious  fact 
I  have  verified  upon  models  constructed  with  many  modifications  Amone  others  I 
caused  a  cylindrical  pan,  10  inches  diameter,  and  6  inches  deep,  to  be  made  of  tin 
plate,  with  a  vertical  plate  soldered  across  its  diameter;  dividinff  it  into  wo  eqnol 
semi-cylindrical  compartments.  One  of  these  was  smooth  at  the  bottom  the  other 
corrugated;  the  former  afforded  as  rapid  an  evaporation  oter  the  n^Led  fire  a<  the 
latter,  but  it  was  far  outstripped  by  its  neighbor  when  plunged  mlo  ihe  heated  liqoi  1 
medium. 

If  a  shallow  pan  of  extensive  surface  be  heated  by  a  subjacent  flre,  by  a  liqmd  medium 
or  a  series  of  steam  pipes  upon  ils  bottom;  it  will  give  off  less  vapor  in  the  same  time 
when  it  is  left  open,  than  when  partially  covered.  In  the  former  CB=e,  the  cod  in 
enmbeni  air  precipitates  by  condensation  a  portion  of  the  steam,  and  also  opposes 
considerable  mechanical  resistance  lo  the  diffusion  of  the  vaporous  particles.  In  the 
latter  case,  as  the  sleam  issues  with  concentrated  force  and  velocity  from  Ihe  contracted 
orifice,  the  air  must  offer  less  proportiooal  resistance,  upon  the  known  hydrostatic 
principle  of  the  pressure  being  as  the  areas  of  the  respective  bases,  in  communicating 
vessels. 

In  evaporating  by  surfaces  heated  with  ordinary  steam,  it  must  be  home  in  mind 
that  a  surface  of  10  square  feet  will  evaporate  fully  one  pound  of  water  per  minute,  or 
725X  10  =  TS50  gr.,  Ihe  some  as  over  a  naked  fire;  consequently  Ihe  condensing  sur- 
face must  be  equally  extensive.  Suppose  t^at  the  vessel  is  to  receive  of  water  2500 
lbs.)  which  corresponds  to  a  boiler  6  feet  long,  4  broad,  and  2  deep,  being  4ft  cubic 
feet  by  measure,  and  let  there  be  laid  over  the  boltom  of  Ibis  vessel  8  connected  lubes 
each  5  inches  in  diameter  and  5  feet  long,  possessing  therefore  a  surface  of  3  feet  square. 
If  charged  with  steam,  they  will  cause  the  evaporation  of  half  a  pound  of  water  per 
minute.  The  boiler  to  supply  the  steam  for  this  purpose  must  expose  a  surface  of  5 
square  feel  to  the  fire.  It  has  been  proved  experimentally  that  10  square  feet  surface 
of  thin  copper  can  condense  3  lbs.  of  steam  per  minute,  with  a  difference  of  temperature 
of  90  degrees  Fahr.  In  the  above  example,  10  square  feet  evaporate  1  lb.  of  water 
per  minute;  the  temperalnre  of  the  evaporating  fluid  being  212°  F.,  consequently 
3:1  !  90  :  ^.  During  this  evaporation  Ihe  difference  of  the  temperature  is  there- 
lore  =  30°.  Consequently  the  heat  of  the  steam  placed  in  connexion  with  the  inte- 
rior of  the  boiler,  to  produce  the  calculated  evaporation,  should  he,  212  +  30  =  242°, 
eoricsponding  to  an  elastic  force  of  53-6  inches  of  mercury.    Were  the  temperature  of 
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Ihe  steam  only  224,  the  same  boiler  in  the  same  lime  would  produce  a  diminished  qnan. 
tity  of  steam,  in  the  proportion  of  12  to  30;  or  to  produce  Ihe  same  quantity  the  boiler  or 
tubular  surface  should  be  enlai^ed  in  the  proportion  of  30  lo  l2.  In  general,  however, 
tfeaju  boilers  employed  for  Ibis  mode  of  evaporation  are  of  sueh  capacity  as  to  give  id 
unfailing  supply  of  steam. 

I  shall  now  illustrate  by  some  peculiar  forms  of  apparatus,  different  systems  of  eva. 
poration.    Fig,  4D6  explains  the  principles  of  evaporating  in  vacuo,    a  b  rcpresenti 


»  pan  or  kellle  charged  with  the  hijuor  to  he  eiaporaled.  The  somewhat  wide  onfic« 
(,  eccurcd  wiih  a  screw-plug,  series  to  admit  the  hand  for  the  purpose  of  cleaning  it 
Uloroughly  out  when  the  operation  is  finished  ;  ft  is  the  pipe  of  commnnication  with  Ihe 
steam  boiler;  6  is  a  tube  prolonged  and  then  bent  down  with  its  end  plonged  into  the 
liquor  to  be  evaporated,  contained  in  the  charging  back,  (not  shown  in  the  figure),  h  is 
a  glass  tube  communicating  with  the  vacuum  pan  at  the  top  and  bottom,  to  show  by  the 
he%ht  of  the  column  the  quanlily  of  liquid  within.  The  eduction  evaporating  pipe 
c  is  provided  with  a  stop-cocit  to  cut  off  the  communication  when  required,  j  is  a  tube 
for  the  discharge  of  (he  air  and  the  water  from  the  steam-case  or  jacket;  the  refrigerator 
F.  is  best  forined  of  thin  copper  tubes  aboot  1  incli  in  diameter,  arranged  zig-M^or  spirally 
liiie  the  worm  of  a  still  in  a  cylinder.  The  small  air-tight  condenser  r,  connected  with 
the  efflui  pipe /of  the  refrigerator,  is  furnished  below  with  n  discharge  cock  g',  and 
surrounded  by  a  cooling  case,  for  the  collection  of  tlie  water  co.idensed  by  the  refriger- 
ator. In  its  upper  part  there  is  a  tube  fe,  also  furnished  with  n  cock,  which  communicates 
with  llie  steam  boiler,  and  through  which  the  pan  a  n  is  heated. 

The  operation  of  this  apparatus  is  as  follows :  after  opening  the  cocks  c,  /,  g, 
and  before  admitting  Ihe  cold  woler  into  the  condenser  e,  ihe  coek  of  (be  pipe  k  is 
opened,  in  order  that  by  injecting  steam  it  may  expel  the  included  air;  after  which  Ihe 
cocks  k  and  g  are  lo  be  shut.  The  waler  musl  now  be  introdnced  into  the  condenser, 
and  the  cock  b  opened,  whereon  the  liquid  lo  be  evaporated  rises  from  the  charging  back, 
through  the  tube  b,  and  replenishes  the  vacuum  pan  lo  the  proper  height,  as  shown  by 
the  register  glass  lube  h.  Whenever  the  desired  evaporation  or  concentralion  is  effect- 
ed, Ihe  cock  c  must  be  closed,  the  pipe  fc  opened,  so  as  to  fill  the  pan  with  sleam,  and 
then  Ihe  efflui  cock  a  is  opened  lo  discharge  the  residuary  liquor.  By  shutting  the 
coclis  a  and  k,  and  opening  the  cock  ^,  the  pan  will  charge  itself  afresh  with  liquor,  and 
the  operation  will  be  begun  anew,  after  b  has  been  shut  and  c  opened. 

The  contend  of  the  close  water  cistern  f,  may  be  drawn  off  during  each  operation 
For  this  purpose,  the  cock  /  must  first  be  shut,  the  cold  water  is  to  be  then  run  out  of 
the  condenser  g,  and  k  and  g  are  lo  be  opened.  The  steam  entering  by  k  makes  the 
*fi(er  flow,  but  whenever  the  steam  itself  issues  from  the  cock  g,  this  orifice  mnsl  be 
immediately  shut,  the  cock  /  opened,  and  the  cold  water  again  introduced,  whereupon 
the  condensed  water  that  had  meanwhile  collected  in  the  under  part  of  the  refrigerator. 
Sows  off  into  the  condenser  vessel  f.     Since  some  air  always  enters  with  the  liquoi 
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tucked  into  the  pal,,  it  must  be  removed  at  the  time  of  drawing  off  the  water  from  Iht 
two  condensers,  by  driving  steam  through  the  apparatus.  This  necessity  will  be  iesi 
urgent  if  the  liqnor  be  made  to  boil  before  being  introduced  into  the  vacuum  pan. 

Such  an  apparatus  may  he  modified  in  size  and  arrangement  to  suit  the  peculiar  object 
in  view,  when  it  will  be  perfectly  adapted  for  the  eoncenlration  of  extracts  of  every  kind, 
OS  well  as  Sftiiae  solutions  containing  vegetable  acids  or  alkalis.  The  interior  vessel  of 
A  E  should  be  made  of  tinned  or  plated  copper.  For  an  account  of  Howard's  vacuum 
pan,  made  upon  the  same  principle,  lee  Sugar. 

When  a  boiler  is  set  over  a  fire,  iis  boltom  should  not  be  placed  too  near  the  grate,  lest 
it  refrigerate  the  flame,  and  prevent  thai  vivid  combustion  of  the  fuel  essential  lo  the 
DiEximutD  production  of  heal  by  its  means.  The  evil  influence  of  leaving  too  little  room 
between  the  grate  and  the  copper  may  be  illustrated  by  a  very  simple  experiment.  If  a 
small  copper  or  porcelain  capsule  containing  water  be  held  over  the  flame  of  a  candle  a 
little  way  above  its  ape;i,  the  flame  will  suffer  no  abatement  of  brightness  or  size,  but 
will  continue  to  keep  the  water  briskly  boiling.  If  the  capsule  be  now  lowered  into  the 
middle  of  the  flame,  this  will  immediately  lose  its  brightness,  becoming  dull  and  smoky, 
covering  the  bottom  of  the  capsule  with  soot;  and  cwing  lo  the  imperfect  combustion, 
though  the  water  is  now  sutroonded  by  Ihe  flame,  its  ebullition  will  cease. 

"    vo  evaporating  coppers  en  »«ti(e,  so  mounted  as  to  favor  the 
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full  combustion  of  Ihe  fuel,  a  is  >ne  neann,  in  wnicn  wooa  or  coal  may  be  batned.  For 
coal,  the  grate  should  be  set  higher  and  be  somewhat  smaller,  a  is  the  door  for  feeding 
the  fire;  rf,  an  arch  of  fire-bricks  over  the  hearth;  c,  a  grate  through  which  the  ashes 
fall  into  the  pit  beneath,  capable  of  being  closed  in  front  lo  any  extent  by  a  sliding  door 
b.  Band  care  two  coppers  incased  in  brickwork  ;/ the  flue.  At  the  end  oflhehearlh 
near  m,  where  the  fire  plays  lirst  upon  the  copper,  the  sole  is  made  somewhat  lower  and 
wider,  to  promote  the  spreading  of  the  flame  under  the  vessel.  The  second  copper,  c, 
receives  Ihe  benefit  of  the  waste  heal ;  it  may  be  placed  upon  a  higher  level,  so  as  lo 
dischai^e  its  concentrated  liquor  by  a  slop-eock  or  syphon  into  the  first.  When  coals 
e  burned  for  healing  such  boilers,  the  grate  should  be  conslructed  as  shown  in  the 

<■  .L.  i„,_.:^g  copper,  page  161. 

for  evaporating  liqniiis,  which  are  apt,  during  eoncenlra- 
tion, lo  let  fall  crystals  or  other  sediment. 
These  would  be  injured  either  by  the  fire  play 
ing  upon  Ihe  bollom  of  ihe  pan,  or,  by  adhesion 
lo  il,  they  would  allow  the  melal  to  get  red  hoi, 
and  in  that  slate  run  every  risk  of  being  burnt 
or  rent  on  the  sudden  intrusion  of  a  little  liquor 
through  the  incrustation.  When  large  coppers 
have  their  bottoms  planted  in  loam,  so  thai  the 
flame  circulates  in  flues  round  their  sides,  Ihey 
are  said  lo  be  cold-sel. 

A  is  a  pear-shaped  pan,  charged  wilh  the 
liijuid  lo  be  evaporated ;  it  is  furnished  with  a 
ilome  cover,  in  which  there  is  an  opening  wilh 
a  flange  /,  for  attaching  a  lube,  to  conduct  the 
steam  wherever  il  may  be  required,  a  is  the 
fire-place ;  b  Ihe  ash-pit.  The  conical  part  ter- 
minates below  in  ibe  lube  g,  furnished  wilh  a 
stop-cook  at  its  nozzle  h.  Throaith  the  tube 
c  dc",  famished  above  and  below  with  Ihe  slop- 
cocks  c  and  if,  the   liquid   is   run   from  Ihe 
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thargin;  back  or  reserroir.  During  the  operation,  the  upper  ccck  c  is  kept  partialis 
opt-n,  lo  replace  l]ie  fluid  as  il  evaporates ;  but  the  under  cock  t'  is  shut,  The  flame 
from  the  fire-place  plays  round  the  ketlle  in  (he  apace  e,  and  the  smoke  escapes  down- 
wards through  the  flue  i  into  the  chimney.  The  lower  cylindrical  part  t  remains  thus 
comparatively  cool,  and  collects  the  crystalline  or  other  solid  matter.  After  some  time, 
the  under  stop-cock  c',  upon  the  supply-pipe,  ia  to  be  opened  lo  admit  some  of  the  cold 
liquor  into  the  cylindrical  neck.  That  cock  being  again  shut,  the  sediment  settled,  and 
the  large  stop-cock  {a  horizontal  slide-lake  would  be  preferable)  ft  opened,  the  crystals 
are  suffered  to  descend  into  Ihe  subjacent  receiver;  after  which  the  stop-cock  ft  is  shut, 
■nd  the  operation  is  continued.  A  construction  upon  this  principle  is  well  adapted  for 
beating  dyeiug  coppers,  in  which  the  sediment  should  not  b^disturbed,  or  exposed  to  the 
«rtion  of  the  fire.    The  fire.fdace  should  he  built  as  foe  the  brewing  copper. 

Jig.  499  represents  an 
oblong  evaporating  pan, 
in  which  the  flame,  ailer 
beating  along  its  bottom, 
turns  up  at  its  further 
end.  plays  back  along  itg 
surface,  and  passes  offtn- 
■9  to  the  chimney,  a  is  a 
eclangular  vessel,  from 
0  to  15  feet  long,  4  lo  6 
—  feel  broad,  and  1  or  IJ 
feet  deep.  The  fire-bricks,  upon  which  Ihe  pan  rests,  are  so  arranged  as  to  distribute 
(he  flame  equably  along  its  bottom. 

For  tbe  following  Bdieme  of  generating,  purifjing  and  condeosing  steam,  Mr.  Charles 
Clarke,  merehant,  London,  obtained  a  patent  In  January,  1843.  Hia  apparatus  for 
converting  sea-water,  Ac.,  eeoaomicallj  into  good  fresh  water,  is  represented  in  figs. 
£00,  501,  60S.  A  ia  the  supply  cistern,  which  communicateB  with  a  pipe  n,  vith  a 
Belf-*egulating  eduction  apparatua  b.  0  is  a  strong  wroaght  iron  cylinder,  fitted  at 
bottom  into  a  flanged  ring-plaee  c,  and  covered  with  a  eonical  top;  it  is  about  two 
thirds  filled  witli  the  water  to  be  operated  upon,  d  is  a  cylindrical  furnace  oooeentric 
with  tlie  watet  cylinder  0;  ciia  an  upward  air  and  water-tight  tube,  which  servea  both 
as  a  feed-pipe,  through  which  the  fuel  is  supplied  to  Hie  furnace,  and  as  a  passage 
for  the  escape  of  the  smoke  and  other  gaaeous  products  of  combnation;  e  is  a  hinged 
trap-door  through  which  the  fuel  is  passed  into  tJia  tube  d:  A  is  a  chimney  into  which 
the  pipe  i  terminates:  and  t,  a  damper,  by  which  the  degree  of  activity  given  to  the 
furnace  can  be  regulated  at  pleaaure;  /is  an  open  air-pipe,  which  leads  from  the 
outside,  through  the  boiler,  into  the  furnace,  a  little  way  above  the  fire-bara,  and 
assists  in  securing  a  good  draught  through  the  furnace  into  the  cliimoey.  To  the 
water  cylinder  c  there  ara  attached  gauge-cocks,  jr  o,  for  aacertaining  from  time  to 
time  the  height  of  the  water ;  i  is  a  cock  or  tap  for  drawing  off  the  brine,  and  other 
residual  matters  which  collect  at  the  bottom  of  the  boiler;  m  is  a  ecrew-cap  and  hole, 
tlirou^  which  aceeaa  may  be  had  to  the  interior  of  the  water  cylinder  c,  when  it 
needs  to  be  cleaned ;  e  is  a  short  pipe  fitted  into  the  conical  top  of  we  water  cylinder 
c^  which  conveys  the  steam  generated  in  it  info  the  steam-head  or  receiver  f;  o  is  a 
concave  plate,  resting  upon  the  top  of  the  pipe  E,  a  little  larger  than  tiiat  pipe,  and 
kept  steady  by  a  weight,  k,  of  one  or  more  pounds,  suspended  from  it  by  wirea 
Thia  plate  prevcnta,  in  a  great  meaaure,  the  eaeape-water  escaping  into  the  steam-head 
(an  accident  commonly  called  prim.i'nn  in  steam  engines);  because,  till  the  steam  has 
acquired  a  pressure  exceeding  that  of  the  counterweight  k,  it  cannot  raise  the  weight 
G,  so  aa  to  escape  freely  into  the  ateam-head  T,  since  any  particle  of  water  tnuat,  during 
the  rising  of  the  cap  o,  strike  gainst  it,  and  drop  back,  either  into  the  water  cylinder 
0,  through  the  pipe  e,  or  into  the  apace  round  that  pipe  at  the  bottom  of  tbe  steam- 
head  h;  whence  it  may  be  wittdrawa  by  the  cock  showii  in  the  drawing,  h  is  a 
pipe  which  conveys  the  steam  from  the  steam-head  b  to  the  rectifier  a.  This  consists 
simply  of  a  cylinder  (about  one  third  the  siie  of  the  cylinder  0)  laid  horizontally,  in 
the  lower  part  of  which  a  body  of  water  speedily  collects,  and  serves  to  retain  any 
particle  of  undeeomposed  matter,  which  may  come  over  with  tlie  steam,  as  it  con- 
(jnuea  to  flow  in  from  the  boiler ;  whereby  only  ita  purer  portion*  may  paea  off  from 
the  rectifier  r,  by  the  pipe  n.  n  is  a  cock  or  tap,  at  tlie  bottom  of  the  cjlioder  k  for 
drawing  off  its  water  ooeasionally ;  Ei  is  a  second  steam-rectifier,  like  b,  into  which  the 
steam  passes  from  the  pipe  n,  and  ia  thereby  still  further  puriiied ;  but  when  the 
proportion  of  saline  matter  is  small,  n'  may  be  dispensed  with,  and  for  very  foul  water, 
two  or  three  more  such  rectifiers  may  be  added. 

The  condenser  for  liquefying  the  purified  ateam,  and  aerating  the  resulting  water, 
is  shown  at  f,  f,  f^.  It  is  composed  of  conical  upright  compartments  communicating 
with  each  other;  the  chamber  t^  ia  aurrounded  b;;'  the  water  in  the  cistern  A  (alightly 
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Iieated  bj  fJie  ateam  in  that  chamber),  whiU  tbs  ehambera  ('  and  ('  ara  exposed  freely 
to  the  air.  The  lowest  of  these,  (',  tarmmates  at  bottom  ia  a  tube,  u,  containing  at  tha 
mouth  of  the  cone  two  or  three  platea  of  perforated  zinc,  for  admisaioa  of  the  aiiao- 


sphere.  An  upriglit  aleom-light  tube  of  zinc,  aC  about  the  middle  of  Ihv  lowesi 
ehamber,  is,  and  is  continued  lo  the  top  of  the  uppermost  chamber,  (',  having  two  lateral 
branches.  This  lube  is  closed  rI  its  lower  end,  but  open  at  lop,  and  at  the  ends  of  the 
two  braneliea,  to  give  a  draught  of  cool  air  into  the  lube,  and  a  rapid  flow  of  heated 
air  from  the  top  of  the  tube.  W,  W,  are  pipes  which  pass  ejlernally  from  about  the 
middle  of  the  chamber  I',  to  near  the  bottom  of  the  chamber  1^.  At  their  lops  they 
are  of  large  dimensions,  as  represented,  but  diminish  gradually  to  small  pipes  at  bottom, 
Of  these  pipes,  there  should  be  as  many  as  can  be  conveniently  applied,  ia  order  thai 
the  process  of  condensation  may  be  effectually  promoted. 

From  the  second  rectifier,  R',  the  steam  is  conveyed  by  a  pipe,  tu,  of  gradually  in- 
creasing dimensions,  to  near  the  top  of  the  middle  chamber,  (,  whence  it  diffuses  itself 
through  the  three  chambers,  where  it  gels  condensed.  The  hottest  steam  pasaea  in1« 
I',  and  is  there  most  powerfully  condensed.  The  main  body  of  the  witter  produced 
therefrom,  eilher  drops  directly  into  the  bottom  of  the  chamber  is,  or  runs  down  the  in- 
clined Bides  of  the  chambers  i',  is,  B,  thence  through  the  oater  pipes  W,  W,  and  out  a! 
the  bottom  of  the  tube,  getting  partially  aerated  in  its  progress,  by  means  of  the  air  as- 
tending  constantly  throueh  the  lube  a, 

Z,  Z,  is  an  aaxiliar  sleam-pipe  from  the  rectifier  Ri,  passing  twice  or  thrice  close 
round  the  water  supplying  the  cistern.  A,  and  terminating  in  a  cylinder  which  commu- 
nicates by  pipes  with  the  chambers,  t^  and  B ;  whereby  all  the  water  thus  condensed 
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maj  fall  tlirough  the  perfoi-atad  zino  pistes,  into  the  general  dischnrga  tube,  u,  x  i4 
an  oiitev  osiaing  of  wood  or  metal,  leaving  n  email  epaoa  rornid  the  condenser,  with 
drauelit-holes,  a,  x,  for  the  admission  of  aip.  The  refrigerator  is  made  of  protected 
metal  "(tinned  copper?),"  and  divided  into  three  compflrtments,  y',  j",  j/=. 

In  Ihe  lop  of  1/',  the  end  of  the  discharged  tnbou  is  inserted;  and  at  a  little  distance 
from  this  lube  there  are  air  apertures,  a,  a,  furnished  with  shutters  in  the  inside, 
slanting  from  the  top  downward,  to  prevent  as  much  as  possible  the  escape  outward 
of  any  vapor  which  may  occoEionaLy  be  carried  down  with  the  water  from  the  con- 
denser. The  middle  compartment,  j3,  is  perforated,  convex  at  top,  and  concave  at 
bottom;  so  that  the  water  that  drops  from  the  tube  «,  in  Ihe  convex  top  of  ^',  falls  off 
laterally  through  small  pipes  into  the  chamber  y^,  wtule  its  concave  boltom  turns  ihe 
water  into  a  central  filtering-box,  c,  tliat  projects  a  little  into  ja,  set  to  receive  it. 
For  aerating  this  water,  the  bottom  of  y3  is  covered  abonl  an  inch  deep  with  smaJI 
pebbles.  y>,  which  is  the  reservoir  of  the  purified  cool  water,  is  perforated  with  small 
holes.  c<,  c',  are  small  pipes  for  promoting  a  continual  upward  flow  of  cold  air.  yi  is 
(iimished  witli  a  tap  to  draw  off  its  water,  as  required. 

For  redistilling  or  rectifying  spirituous  liquids,  the  apparatus,  jig. 501, is  employed; 
in  which  the  sapply  cistern  A  is  much  larger,  and  close  at  top ;  the  upper  condensing 
chambers,  P,  (a,  are  also  lai^er,  but  the  lowest,  (s,  is  narrowed.  The  second  rectifier 
of  fig.  500,  is  removed.  The  feints  collecf  in  the  bottom  of  the  rectifier  R,  to  be  drawn 
off  by  a  cock;  while  tbe  rectified  spirit  passes  off  at  top  into  the  condenser.  The  refri- 
gerator has  only  two  compartments,  and  no  pebbles.  P  is  a  funnel  into  which  the 
spirits  may  be  returned  for  redistillation. 

Por  extracting  the  soluble  matter  cf  vegetable  infusions,  the  apparatus,  shown  in 
fig.  503,is  used.  The  recliiier  is  vertical,  has  a  screw-capped  hand-hold,/,  for  admitting 
the  vegetables,  g  is  a  steam-pipe;  and  A  is  a  funnel  for  returning  portions  of  the 
liquid  estraet.  R  is  connected  by  a  pipe,  k,  with  the  condenser,  T,  made  in  two  P'W 
tions,  fitted  water-tight  together,  but  separable  for  the  purpose  of  eleansing.  The 
steam  which  passes  from  tha  boiler  into  the  rectifier  n  disengages  the  soluble  portioji 
of  the  vegetable  anbatances,  and  if  they  be  volatile,  carries  them  off  to  the  eondenaer  ; 
if  not.  it  combines  and  falls  with  them  to  the  bottom  of  the  vessel,  whence  this  portion 
of  the  extract  ia  drawn  off  by  tha  cook,  and  a  ireah  ehnl^e  may  ba  introdneed.  Tlia 
steam  is  ahnt  off  from  the  rectifier  it  by  a  coofe  on  pipe  g.  "When  the  steam  is  nftei'- 
ward  admitted  to  assist  tha  process  of  maceration,  the  supply  of  it  is  regulated  by  tha 
Etop.cooks  ID  the  pipes  g  and  Jc.-r-Newloti'ii  JoJimal,  xxiii.  p.  247,  C.  B. 

In  each  experiment  1,840  lbs.  weight  were  burnt^  and  the  relative  quantities  of  water 
evaporated  show  tlie  relative  economic  ^eot  Two  kinds  of  coal  weie  used :  Knowlea'a 
Clitlon  coal,  a  free  burning  kind  which  does  not  cake,  and  produces  a  considerable 
quantity  cf  oshes ;  Barker  and  Evan's  Oldham  coal,  a  slow  burning  rich  cakitig  coal, 
yielding  little  ashes.    The  boiler  was  a  24-bcrse  power,  of  Wfttfa  waggon  shape. 

Mr.  If,  SotddsiBorilt's  Economy  of  Evaporation. 
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le  and  inespenaive  plan  of  admitting  air 
jQio  the  furnaeea  at  both  the  door  and  bridge  by  permanent  apertures  alwajs  open, 
var^iiig  in  aggregate  area  from  1  j  to  3  Bqnara  inehea  (aecoi^ling  to  the  quality  of  the 
coals)  for  every  eqa are  foot  of  area  of  grate,  an  important  Baying  in  fuel  is  effected,  nnc* 
A  of  the  denae  smote  prevented,  without  any  special  care  of  the  firemaii. 
Deductions  from  the  experiments  on  Clifton  Coal : — 

Gain  in  evaporation  by  regulated  adraisslon  of  air  -  -35  per  cent. 

Do.  by  45  square  inches  eonetant  aperture         -  84      „ 

Do,  by  charges  of  460  lbs.  instead  of  230  lbs.    -    4      „ 

Steam  produced  in  a  given  time: — 

Nooir  -  -  230  lbs.  chaises 

No  air  -  -  460  lbs,    do. 

53  square  inches  air   -  2S0  lbs.     do. 
Aif  r^ulated  -  -  230  Ibt    do. 

53  square  inches        -  460  lbs.     do. 
showing  that  the  aflmisaion  of  air  increaeea  tlie  production  of  steam  in  a  given  time 
from  30  to  40  per  cent 

EUDIOMETEB,  is  the  name  of  any  apparatus  subservient  to  the  ehemical  eiamin* 
tion  of  the  atmoapherio  air.  It  means  a  measure  of  pnrity,  but  it  is  employed  mer«]y  to 
determine  the  proportion  oi  oiygen  which  it  may  contain.  The  explosive  eudiometer,  in 
which  about  two  measures  of  hydrogen  are  introduced  into  a  graduated  gloss  tube,  con- 
taining live  measures  of  atmospheric  air,  and  an  electric  spark  Is  passed  across  (he  mi:!- 
<ure,  is  the  best  of  all  eudiometers  \  Bad  of  these  the  syphon  form,  proposed  by  me  in  a 
paper  published  by  the  floyal  Society  of  Edinbui^h  in  1819,  is  probably  the  sorest  and 
most  convenient.  Volta's  explosive  eudiometer,  as  made  in  Paris,  costs  3  guineas ;  mine 
may  be  had  nicely  graduated  for  6  or  8  siiillings. 

EXPANSION  (Eng.  and  Fr. ;  Jnsdehnung,  liena.)  is  the  increase  of  bulk  experienced 
by  all  bodies  when  healed,  Dniess  a  change  of  chemical  texture  takes  place,  as  in  the 
case  of  clays  in  the  potter's  kiln.  Table  i.  exhibits  the  linear  expansion  of  several  solid] 
by  an  increase  of  temperature  from  32*  to  212°  Fahr. ;  Table  II.  exhibits  the  expansion 
in  bulk  of  certain  liquids. 

TABLE  L—Liaear  Dilalation  of  Solids  by  Heat. 
Dimensions  which  a  bar  takes  at  212?,  wiiose  length  at  32°  is  l-OOOOOO. 


do.  and  glass  ' 
Palladium 
Antimony    - 
Cast-iron  prism 


\sieel 


Borda    - 
Dulong  and  Petit 
Troughton      . 


Roy 

Lavoisier,  by  Dr  Yonng 

Trough  ton 


1-001 10940 
1-00111111 
1-00] 18990 


..Coo^j^lc 


Sleel   - 
Hard  Steel  - 
Annealed  steel    - 
Tempered  steel   - 


Bismnt)! 

Annealed  gold 

GoU   -        -        -        , 

do.   proeured  by  parting 
do.   Paris  standard,  unannealed 
do.         do.  annealed 

Copper 


do. 


Brass  scale,  supposed  from  Hamburg 
Cast  brass  -        -        .        . 
English  plale-brass,  in  rod    ' 
'o.  do.      in  a  trough  form 


Silver 


IS  16,  I 


Speculum  metal  - 

Speller  solder;  brass  2,  xi 

Malacca  tin 

Tin  from  Falmouth      - 

Fine  pewter 

Grain  tin    - 

Tin 


Soft  solder ;  lead 


2,  ti 


do. 

:,  hammered  out  J  inch  pi 
Glass,  from  32=  lo  212" 
do.     from  212=  to  392°      - 
do.     from  392?  lo  S72=      - 


Roy 

Phil.  Trans.  1795,  428 
Smealon  -  -  - 
Lavoisier  and  Laplace 


Muschenbroeic 


Muschenbroek 
Ellicot,  by  comparison 
Lavoisier  and  LEtplace 


Troughton 
Bulong  and  Petit 

Lavoisier  and  Laplace 


Trough  tor 
Smeaton  - 
Muschenbroek 


Herbert   - 
Ellicot,  by  compari; 
Muschenbroek 
Lavoisier  and  Lapli 


Lavoisier  and  Laplac 


DfCLMIlls. 

1-00114470 
1-00112500 
1-00115000 
1 -00107875 
1 -00 107956 
1-00136900 


! -00123956 


1-00122500 
1-00122000 
i -00137000 
1-001 15600 
1-00125800 
1-00122045 
1-00123504 
1-OOI44O10 
1-001 1S203 
1-00139200 
1-00146000 
1-00150000 
1-00146606 
l-OOISSLIS 
1-00151361 
1-0019100 
100172244 
1-00171222 


100171821 
1-00178300 
1-00186671 


1-00193000 
1  00216000 
100181700 
1-00189000 
1-0021000 
1-00212000 
1-00190974 
1-O0I9OS68 


1-00286700 
1-00294200 
1-OO30I100 


A 


The  last  two  n 


ir  thermometer. 


TABLE  n. 
£^ionsion  of  certain  Liquids  by  being  Healed  fror 


Frwliun.. 

Mercury    -            -            -            - 

Dulong  and  Petit     - 

0-01801800 

s/t 

do.      in  glass   - 

do.              do.       - 

0-01543200 

1 

Waier,  from  its  masimum  density 

Kirwan 

0-04332 

Muriatic  acid  (sp.  gr:  1-137) 

Dalton 

0-0600 

Nitric  acid  (sp.  gc.  1-40)   - 

do. 

O-IIOO 

Sulphuric  acid  (ep.gr.  1-85) 

do. 

00600 

AIcoliol  (to  its  boiling  point)  7 

do. 

0-1100 

t 

Waler       .            -            .            . 

do. 

0-0460 

Water,  saturated  with  common  salt 

do. 

0  0500 

t 

Sulphuric  ether  (to  its  boiling  point)  ? 

do. 

O-fCW 

Fixed  oils 

do. 

0-0800 

Oiioriorpcnline    - 

do. 

0-0700 

■h 

If  the  density  of  water  at  39=  be  called   -  -  -        1-00000, 

at  2!2°  it  becomes  -  -  -        0-9548, 

and  its  volume  has  incrensed  to      .  -         1-04734; 

at  77=  it  becomes   -  -  -  -        0-9973587, 

and  its  volume  has  increased  to  only  ■        i-00265, 

which,  though  one  fourth  of  the  whole  range  of  temperature,  is  only    '    of  Ihe  to 
tal  exiiansion.    Water  nt  60"  F.  has  a  specific  graiily  of  -        0-9991953, 

and  has  increased  in  Tolume  from  39°  to    -        ]-00008, 
which  is  only  about  ,1-  of  the  total  eipfinsion  to  212°,  with  — !  ^  of  the  total  range  of 

All  gases  espand  the  same  quantity  by  the  same  increase  of  temperature,  which  froni 
32°  to  212'  Fahr.  =  IM"  —  J,  or  100  volumes  become  1-375.    For  each  degree  cf  Fahr. 

Wlicn  dry  air  is  saturated  with  moisture,  its  bulk  increases,  and  its  specific  grttvilj 
diminifhcs,  becanse  aqueous  vapor  is  less  dense  than  air,  at  like  lemperalures. 

The  following  table  gives  the  muUipliers  to  be  employed  for  converting  one  volume  of 
BOisL  gas  at  the  several  temperatures  into  a  volume  of  dry  gas. 


T.„,t,.«ia,a. 

MMphe,. 

T™pei.t«re. 

Mi.;ti,.UT. 

53=  F. 

0-9870 

64" 

0-9799 

65 

0-9793 

55 

0-9858 

66 

0-9786 

0-9852 

67 

0-9779 

68 

0-9839 

0-9765 

5D 

0-9833 

70 

0-9758 

0-9827 

71 

0-9751 

72 

0-9743 

0-9813 

73 

0-9735 

63 

0-9806 

Eip>u,»i™ofMri™Solid=. 

^^^, 

D..-«™ofa 

0-00187821 

1-8782 

0-00122043 

1-2204 

0-00084861 

0-8486 

Marble  of  St.  Beal 

0-00041810 

0-4181 

O-00056E49 

0-5635 

Stone  of  Vernon  o 

1  Seine 

O'O0O43027 

0-4303 

Alloy  of  D'Arcet 

0'00I69e88 

Bigmuth 

0-O0121034 

1-2103 

.iCiOoglc 
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EXTRACTS.  {Extrmt3,¥r.;  Eztracten,  Germ.)  The  older  (ipothcoiiries  used  this 
terra  to  designate  the  product  of  the  eraporatioii  of  any  vegetable  juice,  jnfuaion,  or 
decoction ;  whether  the  latter  two  weve  mads  witli  water,  alcohol,  or  ether ;  whence 
arose  the  distinction  of  aqueous,  alcoholic,  and  ttheroua  extracts. 

Fourcroy  made  many  researches  upon  these  preparations,  and  supposed  that  tbey 
had  all  a  common  basis,  which  he  called  the  exlractive  principle.  But  Chevreul  and 
otiier  chemisfs  have  uace  proved  that  this  pretended  principle  ie  a  lieteri^eneoug  and 
vciy  variable  eompound.  By  the  term  eitritct  therefore  la  now  meant  merely  the 
whola  of  the  soluble  matters  obtained  from  vegetables,  reduced  by  careful  evaporation 
to  either  a  pasty  or  solid  eonsiafence.  The  watery  extracts,  whioii  are  those  most  com- 
monly made,  are  aa  various  as  the  vegetables  which  yield  them;  soma  containing 
chiefly  sugar  or  gum  in  great  abundance,  and  are  therelore  innocent  or  inert ;  while 
others  contain  very  energetic  impregnations.  The  conduct  of  the  evaporating  heat  is 
the  capital  point  in  the  preparation  of  estracta.  They  should  be  always  prepared  if 
possible  from  the  juice  of  the  fresh  planl^  by  snbjacting  its  leaves  or  other  succulem. 
part,  to  the  action  of  a  powerful  screw  or  hydraulic  preaa;  and  the  evaporation  should 
be  effected  by  the  warmth  of  a  water  bath,  heated  not  beyond  100°  or  120°  F.  Steam 
heat  may  perhaps  be  applied  advantageously  in  aome  caaea,  where  it  is  not  lilsely  to  de- 
compose any  of  the  principles  of  the  plant.  But  by  far  the  best  process  for  mating 
extracts  ia  in  vacuo,  upon  the  principles  explained  in  tLe  article  Eva^oiutioh.  It  is 
much  easier  to  fit  up  a  proper  apparatus  of  this  kind,  than  most  practical  men  imagine. 
Tlie  vacuum  may  either  be  made  through  the  agency  of  steom,  aa  there  pointed  out^  or 
by  raeana  of  an  air-pump.  One  powerful  air-pump  may  form  and  maintain  a  good 
vacuum  under  several  receivers,  placed  upon  the  flat-ground  flanges  of  bo  many  basins, 
each  provided  with  a,  stop-oock  at  its  side  fur  exbauation.  The  air-less  baain  containing 
tlie  juice  beiug  act  on  the  shelf  of  a  water-bath,  and  espoaed  to  a  proper  temperature, 
will  furnish  in  a  short  time  a  large  quantity  of  medicinal  extract  possessing  tlie 
propertiea  of  the  plant  unimpaired. 

For  CKceedingly  delicate  purposes,  the  conccntratioa  may  be  performed  in  the  cold, 
by;  placing  saucers  SUed  with  the  expressed  juice  over  a  basin  containing  Bulphmio 
acid,  putting  a  glass  receiver  over  them,  and  exhausting  its  air. 

These  preparations  of  vegetables  for  medicinal  use  are  made  either  by  evaporating  the 
infusions  of  the  dried  plant  in  water,  or  in  alcohol,  or  the  expressed  juice  of  the  fresh 
plant;  and  this  evaporation  maybe  effected  by  a  nated  flra,  a  sand  bath,  an  air  bath,  a 
steam  heat,  or  a  liquid  Joineum  of  any  nattire,  all  of  which  may  be  carried  on  either  in 
the  open  air,  or  in  vacuo.  Of  late  years,  since  the  vacuum-pan  has  been  so  suoceBsfully 
employed  in  concentrating  syrups  in  sugar-house^  the  same  system  haa  been  adoptt^for 
making  pharmaceutical  extracts.  An  elMsnt  apparatus  of  this  kind  invented  by  Mr. 
Barry,  of  Plough  CouHi  whs  made  the  subject  of  a  patent  about  35  years  ago.  The 
use  of  the  air-pump  for  evaporating  suoh  chemical  substancca  aa  are  readily  injured  by 
heal;  has  been  very  common  since  Professor  Leslie's  diaeoverj  of  the  efficacy  of  the  com- 
bined influence  of  rarlfied  air  and  an  absorbing  surface  of  sulphuric  aeid  in  evaporating 
water  at  low  temperatures.  It  haa  been  supposed  that  the  virtues  of  narcotic  plants  in 
particular  might  be  better  obtained  and  preserved  by  evaporation  in  vacuo  than  other- 
wise, as  the  deoompoaing  agency  of  heat  and  atmospheric  oxygen  would  be  thereby  ex- 
cluded. There  is  no  doubt  that  extracts  thus  made  from  the  expressed  juices  of  fresh 
vegetables  possess,  for  some  time  at  least,  the  green  aspect  and  odor  of  the  plants  in 
far  greater  perfection  than  those  usually  made  in  tie  air,  with  the  dd  of  artificial  heat. 
Dr.  Meurer,  in  the  Archiv.  der  Fhanaacie  for  April,  1843,  haa  endeavored  to  show  that 
the  color  and  odor  are  of  no  nae  in  determining  the  value  of  extracts  of  narcotics, 
that  the  albumen  left  undianged  in  the  extracts  made  in  vacuo  tends  to  cause  their 
spontaneous  decomposition,  and  that  the  extracts  made  with  the  aid  of  alcohol,  ns  is 
the  practice  in  Germany,  are  more  efficacious  at  first,  and  much  less  apt  to  be  injured 
by  keeping.  M,  Baldenius  has,  in  the  same  number  of  the  Archiv.,  detailed  experi- 
ments to  prove  that  tJie  juices  of  recent  plants  mixed  with  alcohol,  in  tiie  homosopatliie 
fashion,  ore  very  liable  to  spontaneous  decomposition.  To  tlie  above  expreased  juice, 
the  Germans  add  the  alcoholic  dncture  of  the  residuary  vegetable  matter,  and  evapora- 
ting both  together,  with  filtraliou,  prepare  very  powerful  extracts. 


FAEILERZ.     Gray  copper-ore,  called  also  Panabose,  from  the  many  oxides  it  o. 
FAINTS  is  the  name  of  the  impure  apirit  which  conies  over  first  and  last  in  1 
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distillation  of  whiskey;  the  former  being  called  t}i6  strong,  and  the  latter,  which  ismucL 
move  abundant^  the  i/tealc  flints.  This  crude  spirit  is  much  impregnated  with  fi»tid 
essential  oil,  is  therefore  Tery  unwholesome,  and  mast  be  purified  by  recti fieatiocis. 

FAIRBAIKN'S  TUBULAR  BEIDQm  Of  the  tubular  bridge  EjBtem,  the  Con- 
-^^^  ,.„i  Menai  are  the  first,  and  will  probably  for  ever  remain  Uie  most  remarltabla 
IS,  to  atfest  the  soientific  genius  of  Mr.  W.  Fftirbaim,  their  inventor  and  con- 
His  claims,  indeed,  are  exclusive  and  palpable.  Mr.  Robert  Stephenson,  how- 
ever, has  fortunatelj  for  himself,  claimed  the  entire  merit  of  haviog  not  only  first 
canceived  the  idea  of  constructing  a  tubular  bridge  of  such  huge  dimensions  as  to 
allow  the  passage  of  locomotive  engines  and  railway  trains  through  the  interior  of  it^ 
*nd  of  such  length  as  to  span  distances  of  from  400  to  600  feet,  but  of  having  aasured 
himself  by  laborious  investigation  and  calculation  of  "the  perfect  feasibility  of  the 
work,"  witEiout  consulting  any  one  else  on  the  subject;  and  he  has  assigned  to  Mr. 
Fairbairn,  in  a  very  slighting  fashion  the  place  of  a  mere  after  adfiser,  of  one  who, 
in  common  with  two  other  gentlemen  (Mr.  Eaton  Hodgkinson  and  Mr.  Edv/in 
Clarke),  but  not  more  than  either  of  them,  assisted  him  in  working  out  the  construction 
which  he  "first  broached."  Mr.  Fairbairn  maintains,  on  the  contrary,  that  the  idea 
of  a  tubular  bridge,  though  it  unquestionably  originated  with  Mr.  Stephenson,  was 
in  his  hands  nothing  more  than  a  crude  conception,  very  hesitatingly  cutertwned,  until 
he  (Mr.  Fairbairn)  was  called  in  to  work  it  out^  and  that  it  has  been  wholly  owing  to 
his  determined  perseverance  in  the  execution  of  the  task  confided  to  him,  and  to  his 
numerous  and  elaborate  experiments,  that  "  the  true  principle  ou  which  tubular  bridges 
ehould  be  constructed  baa  been  established,  and  thereby  Mr.  Stephenson's  vague  ideJi 
successfully  carried  into  esCOatJon." 

"At  tha  period  of  the  consultation  in  April,  1 84B,  there  were  no  drawings  ill  ustraliva 
of  the  origins!  idea  of  the  bridge,  nor  had  any  calculations  been  made  as  to  £he  strength, 
form,  or  proportions  of  the  tube.  I  was  asked  whether  such  a  design  was  practicable, 
and  whether  I  could  accomplish  it :  it  was  ultimately  arranged  that  the  subjeet  should 
be  investigated  experimentally,  to  determine  not  only  the  value  of  Mr,  Stephenson's 
original  conception,  but  that  of  any  other  tubular  form  of  bridge  which  might  present 
itself  in  the  prosecution  of  my  researches.  The  matter  was  placed  unreservedly  in  my 
hands ;  the  entire  conduct  of  the  investigation  was  intrusted  to  me ;  and,  as  an  experi- 
menter, I  was  la  ba  left  free  to  exercise  my  own  discretion  in  the  investigation  of 
whatever  forms  or  conditions  of  the  structure  might  appear  to  ma  best  calculated  to 
secure  a  safe  passive  across  the  Straits."    (  W.  Mirbairtm  Oorrtspondence.) 

In  commenting  on  the  treatise  of  Mr.  Fairbairn  "on  the  Construction  of  the 
Britannia  and  Conway  Bridges,"  tlie  editor  of  the  Mechanics'  Magaiine  says,  "We 
have  read  it  carefully,  and  not  without  strong  prepossessions  in  favor  of  the  inculpated 
party,  but  we  feel  honestly  bound,  however,  to  say,  that  the  perusal  has  left  ns  con- 
vinced, in  spite  of  all  leanings,  that  Mr.  Fairbairn  has  cot  received  at  Mr.  Stephenson's 
hands  that  justice  to  which  he  was  entitled,  but^  on  the  contrary,  has  been  treated  most 
ungenerously  and  ungratefully.  "We  will  not  say,  that  but  for  Mr.  Fairbairn  the 
tuCular  bridge  idea  would  never  have  been  carried  out  into  praciioe,  for  that  would 
be  lri>  assume  that  he  engrossed  in  his  single  person  all  the  practical  skill  of  the 
country;  but,  looking  into  the  facts  of  the  case  as  they  stand,  and  as  we  see  them 
established  in  the  volume  before  us  beyond  all  possibility  of  dispute,  wa  liesitate  not 
to  afBrm.  that  it  is  more  owing  to  Mr.  Fairbairn,  than  bo  any  one  other  individual 
whatever,  not  exoeplJDg  Mr.  StephensoD  himself  that  it  is  now  the  triumphant  reality 
which  it  is.  Another  might  possibly  have  done  the  part  which  fell  to  the  lot  of 
Mr.  Fairbairn  as  well,  but  none  could  possibly  have  done  it  better.  He  conceived 
and  directed  all  the  preliminary  experiments,— all  at  leajt  with  an  exception  or  two, 
which  were  of  any  practical  value,  exhibiting  therein  a  combination  of  philosophical 

Eainstaking  with  mechanical  skill  and  ingenuity,  such  as  is  not  often  witnessed  ;  he 
nally  settled  the  form  which  it  was  best  to  give  to  the  tube,  and  arranged  the 
whole  of  the  executive  details;  he  personally  superintended  the  construction  of  the 
Conway  Bridge,  which  our  readers  are  aware  is  but  the  Menai  or  Britannia  Bridge 
on  H  smaller  scale;  and  he  only  retired  from  further  co-operation  with  Mr.  Stephenson 
in  the  affair  when  nothing  new  was  left  to  be  discovered  or  achieved.  The  motives 
for  his  retirement  are  thus  very  fairly  and  temperately  stated ; — 

"  'I  have  now  brought  down  this  correspondence  to  the  period  when  my  official  eon 
nection  with  the  Chester  and  Holyhead  Railway  Company  as  engineer,  for  the  con- 
struction of  the  tubular  bridges,  may  be  said  to  have  virtually  ceased,  and  I  should 
willingly  have  passed  over  in  silence  the  remainder  of  the  events  which  transpired,  were 
it  not  that  the  completeness  of  the  narrative,  as  well  as  thejustifi cation  of  my  conduct, 
demanded  some  explanation,  independently  of  the  regret  which  I  experienced  in  with- 
drawing from  an  undertaking  to  wliich  I  had  devoted  so  mnch  time  and  thought, — an 
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undertaking  fraught  with  the  greateBt  interest^  and  which  bad,  aB  it  were,  grown  up  in 
all  its  raagnifioent  proportions  under  mj  own  direotionE.  I  can  truly  say  lliat  the  dia- 
agreement  whieh  toot  place  with  Mr.  Stephenson  is  on  my  part  mueh  deplored.  But  I 
triiBt  that  the  reader  of  the  foregoing  pages  will  at  least  have  arrived  at  Uie  conclusion, 
that  I  had  tnfeen  the  moat  inaportant  part  in  developing,  and  giving  a  practical  fonn 
to  Mr.  Stephenson's  idea,  and  also  in  the  superintending  the  construction  and  erectioa 
of  the  first  Conway  tube.  The  fact  is,  I  labored  almost  incessantly  in  deviang  plans, 
or  in  watching  over  the  practical  details  of  the  work,  from  the  day  in  which  Mr. 
Btepheneon's  suggestion  was  communicated  to  tne  until  the  close  of  my  engagement; 
and  I  cau  sincerely  say  that  I  was  always  actuated  by  the  principle  of  leaving  nothing 
undone  which  could  in  any  way  contribute  to  the  succesaful  accomplishment  of  the 
undertaking.  Regardless  of  the  prognoaticationa  of  failure  with  which  the  acheme  waa 
assailed,  and  in  despite  of  the  opposition  of  thoae  whose  assistance  I  had  solicited,  1 
uniformly  advocated  the  peouhar  principle  on  which  the  Conway  Bridge  has  been  con- 

"  'Such  being  my  position,  and  viewing  the  extent  of  services  I  had  rendered,  it  will,  I 
thinly  be  generally  allowed  that  it  was  very  natural  that  I  should  desire  to  have  my 
name  publioly  associated  with  Mr.  Stephenson's  as  joint  engineer  for  these  bridges. 
Indeed,  it  may  very  fairly  be  said  that  I  might  have  ventured  to  claim  this  distinction, 
since  it  had  been  conferred  upon  me  by  the  Board  of  Directors  on  Mr.  Stephenson's  own 
recommendation.  If,  instead  of  suocess  having  crowned  our  efforts,  failure  had  nn- 
fortnnately  ensued,  would  not  my  reputation  have  suffered  as  well  as  Mr.  Stephenson's! 
The  working  plana  having  gone  forth  with  my  name  alone  attached  to  them,  and  from 
my  being  recognised  as  the  acting  engineer,  might  not  the  wliole  blame  have  been  con- 
veniently thrown  on  me  in  case  of  failure! 

"  'It  waa  not,  however,  on  any  of  theae  grounds  that  I  was  induced  to  resign  my 
appointnienl,  for  there  had  not  then  occurred  any  opportunity  where  I  conceived  it 
necessary  to  have  my  position  publicly  recognised ;  and  I  had  always  believed  thai, 
when  the  proper  time  came,  Mr.  Stephenson  would  be  the  first  to  cstobliBh  that  position, 
and  acknowledge  the  aervices  I  had  rendered.  The  recognition  was,  however,  very 
shortly  afterwords  denied  me.  The  first  Conway  tube  having  been  completed,  and  the 
aueeeaaof  the  principle  eBtabliBhed,  I  conceived  that  the  construction  of  the  remaining 
tubes  simply  required  a  close  attention  to  tiie  system  of  construction  already  adopted, 
and  therefore  might  safely  be  entrusted  to  those  gentlemen  whose  constant  presence 
during  the  building  of  the  fiiBt  tube  had  rendered  tiiem  thoroughly  acquainted  with  the 
whole  details  of  the  work.  Byauch  an  arrangement,  moreover,  the  Company  would  save 
the  amount  which  had  hitherto  been  paid  for  my  services,  and  I  should  he  enabled  to 
devote  my  time  to  other  pursuits  which  I  had  neglected  for  this  work,  and  which  now 
urgently  <}erranded  my  attention.  This  was  one  reason  for  my  retirement;  but  what 
chiefly  led  me  l«  thia  decision,  was  the  position  assumed  by  Mr.  Stephenaon,  hia  publio 
misrepresentation  of  the  position  I  held  under  the  Company,  and  his  endeavor  to 
recognise  mj  services  as  the  labors  of  an  assistant  under  his  control,  and  acting  entirely 
under  his  direction.  Had  Mr.  Stephenson  in  his  public  address  done  me  thejuatice  to 
atate  my  independent  claim  to  some  of  the  most  important  principles  observed  in  the 
constrnotion  of  the  tubes,  I  migh^  perhaps,  have  continued  my  services  until  the  final 
completion  ot  the  whole  undertaking;  and,  most  assuredly,  (Jiia  work  would  never  have 
come  before  the  public.  I  now  appeal  to  the  preceding  pages  of  this  narrative, 
whether  Mr.  Stephenson's  naaertions  are  borne  out  by  the  simple  statement  of  facts* 
I  have  overstated  nothing,  concealed  nothing;  and  the  reader  is  left  to  draw  Ilia  own 
concluaions  from  tliese  facts,  after  having  become  acquainted  with  the  course  pnrsued 
by  Mr.  Stephenson,  which  1  will  in  conolasion  concisely  relate.'  {p.  I'll.) 

"Mr.  Fairbairn  proceeds  then  to  give  ao  account  of  a  public  dinner  to  celebrate  the 
completion  of  the  Conway  Bridge,  which  took  place  on  the  I7th  of  May,  1848 ;  on 
which  occasion  it  waa,  Mr.  Steplicnson  first  openly  assumed  that  position  in  regard  to  Mr. 
Fairbairn  and  the  undertaking  which  has  made  the  present  appeal  to  publio  justice 
necessary.  Mr.  Stephenson's  speech  waa  confessedly  a  studied  affair — he  had  announced 
beforehand  that  he  would  arail  himself  of  the  opportunity  of  'setting  the  questioii  at 
rest;'    but  for  all  that  it    does  not  taka  Mr.  Pairbairn  many  words  to  deinoliah  it 

'  The  inaoouraoica,  both  as  to  facts  and  datea,  in  the  statements  of  Mr.  Stephenaon, 
are  very  numerous.  It  simply  requires  a  reference  to  the  short  description  of  the 
Ware  Bridge,  and  to  the  drawings,  to  disprove  the  assertion,  that  it  is  a  thin  tubular 
bridge,  although  not  precisely  the  same  ns  the  present,  yet  in  principle  precisely  the 
same  ;  and  it  can  easily  he  shown  too,  that  considering  the  Ware  Bridge  as  a  simple 
girder  bridge,  it  ia  esceedingly  defective  in  deaign.  Is  there  anything  new  in  thia  ap. 
plication  of  wrought-iron  plate  girders t   As  well  might  it  he  said  that  the  comlinalJoB 
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of  wroHglit-iron  deck  beams,  so  many  years  applied  in  iron  chips  for  the  support  of  lit* 
decks,  is  a  " counterpart  of  th« proposed  cellular  top  for  the  Biltannia  tubes."  I  really 
cannot  but  regret  that  Mr.  StephenEon,  whose  name  will  be  always  associated  with  tlia 
grandest  biddga  that  has  ever  been  constructed,  should  have  committed  himself  in 
nmking  such  an  erroneous  assertion  as  that  it  was  by  reviving  and  extending  his  original 
■ionception  of  this  imperfect  structure  at  Ware,  that  he  was  led  to  originate  the  bridges 
crcssing  the  Conway  and  Menai  Straits. 

"  'Mr.  Stephenson's  remarks  further  admit  of  the  disingenuous  eonatruution  tliat  hia 
scheme  was  matured  before  the  Bill  for  the  Chester  and  Holyliead  Railway  was  passed 
by  Parliament,  and  before  I  was  consulted,  and  that  be  was  nt  that  early  period  ac- 
quainted with  the  present  design  of  the  bridge.  He  refers  to  the  incredulous  gUncei 
which  were  directed  towards  him  when  the  description  of  the  bridge  was  explained  to 
tlie  Committee ;  and  Intimates,' "  that  it  was  not  until  the  Bill  had  been  obtained,  and  it 
became  neceEsary  to  commence,  that  he  requested  my  OEsi stance."  Now,  my  advice  was 
asked  by  Mr.  Stephenson  before  his  evidence  to  the  Parliamentary  Committee  was  given, 
and  be  announced  his  idea  to  that  Committee  strei^thened  by  more  tlian  one  opinion  of 
,  Let  the  reader  turn  f^ain  to  the  earlier  letters  of  the  corregiondence,  and 
of  what  a  crude  and  dangerous  scheme  that  idea  consisted ;  how  totally 
aissimiiar  in  form  and  principle  it  was  to  the  present  tubular  structures,  and  bow 
slowly  Mr.  Stephenson  was  persuaded  to  give  up  his  earliest  coneeptions.  Again ;  Mr. 
Stephenson  states  that  be  called  in  the  aid  of  Hr.  Hodgkinson  and  myself  at  tbo 
same  time;  sow  it  is  essential  to  the  proof  of  my  claims  that  this  assertion  should  be 
explicitly  contradicted.  It  was  I,  and  not  Mr.  Stephenson,  who  solicited  Mr.  Hodg- 
kinson's  co-operatJon,  and  tliis  was  not  done  until  I  had  been  actively  engaged  for 
gevetal  monlAs  in  my  experimental  researehes,  and  after  I  had  discovered  the  prineipla 
of  stTcngth  which  was  offered  in  the  cellular  top,  and  not  only  proved  tlie  impractica- 
bility of  Mr.  Stephenson's  original  eanccption,iiut  had  given  the  outline  of  that  form 
of  tube  which  was  ultimately  carried  into  execntion. 

"'When  Mr.  Stephenson  had  made  up  his  mind  to  claim  in  tlie  manner  he  did  the 
whole  merit  of  tlie  undertaking  it  is  not  difficult  to  understand  hia  reason  for  giving 
Mr.  Clarke,  his  own  nssistant^  so  prominent  a  position.  I  willingly  bear  my  testimony 
to  the  great  value  of  the  serricea  rendered  liy  Mr.  Clarke,  to  bis  talents,  and  t<i  the 
'  energy  which  he  displayed  in  working  out  his  several  duties,  but  tbesi  '    ' 
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reference  whataver  to  the  designing  of  the  structures.'  (p.  116.) 

"  There  is  one  part  of  tiie  ease  on  which  we  tliink  Mr.  Pairbairn  does  not  insist  enougli, 
thongli,  in  our  judgment,  it  is  of  itself  dsci^ve  of  the  inordinateneas  of  Mr.  Stephenson's 
pretensions.  Mr.  Stephenson  and  his  friends,  for  obvious  reasons,  slur  it  over  alto- 
gether. We  refer  to  Mr.  Fairbaim's  appointment  to  be  joint  engineer  along  with  Mr. 
Stephenson  to  the  Conway  and  Britannia  Bridges.  The  evidence  of  this  is  a  Minute 
of  the  Board  of  Directors  of  the  Chester  and  Holyhead  Railway,  dated  13th  May,  IS16, 
which  we  here  quote  at  length  from  the  work  before  us. 

"  'Resolved — 1st.  That  Mr.  Fairhalm  ba  appointed  to  superintend  the  oonstruetion 
and  erection  of  the  Conway  and  Britannia  Bridges,  in  conjunction  with  Mr.  Stephenson. 

'"2d.  Iliat  Mr.  Fairbaim  have,  with  Mr.  Stephenson,  the  appointment  of  such 
persons  as  are  necessary,  subject  to  the  powers  of  their  dismissal  by  the  Directors. 

"'3d.  That  Mr,  Fairbaim  furnish  a  list  of  the  persons  he  requires,  with  the  salaries 
he  proposes  for  all  foremen  or  others  above  the  class  of  workmen. 

"'4th,  Tliat  advanoes  of  money  ba  made  ou  Mr.  Fairbairn'a  requisition  and  oerlj- 
fieatea,  mhieh,  with  the  aeeounla,  or  voucher^  are  to  be  furnished  monthly. 

"  '  Bth.  That  the  Directera  appoint  a  bookkeeper  at  each  spot,  the  Conway  and  the 

"To  talk,  after  this,  of  Mr.  Fairbaim's  being  only  entitled  to  a  secondary  and  subor- 
dinate place  in  the  affair,  is  to  outr^e  all  truth  and  propriety. 

"  We  can  but  recacd  with  profound  pity  the  halliicmation  which  has  betrayed  a  man 
Hi's  DiniiH  onil  wnrfl.  (tliia  unfortunate  episode  notwithstanding)  into 

"We  do  not  overlook  that  we  have  as  yet  Mr.  Fairbaim's  statement  of  the  case  only, 
and  that  we  may  expect  to  see.  ere  long,  something  of  a  very  opposite  complexion  from 
Mr,  Stephenson  or  some  of  his  friends.  We  shall  give  all  due  consideration  to  any  such 
counter-statement  when  it  comes  before  ua;  but  so  well  is  all  Mr.  Falrbairn  says  borne 
ont  by  written,  and  therefore  unalterable  proofs,  that  we  do  not,  in  the  meanwhile, 
hesitate  to  avow  our  firm  belief  that  nothing  which  can  possibly  be  adduced  in  the 
way  of  either  evidence  or  argument,  can  ever  alter  materially  (he  conclusion  at  which 
we  have  already  arrived." — Mechanii^a  Magazine.) 

Faibbairn'b  TdBULAB  GxHDEii  Bkidqei. — WDIiam  Fairbaim,  Esq.,  of  Manehester 
F.  R.  S.,  and  Member  of  the  Insdtule  of  Franca,  has  been  long  recognised  as  the  moal 
aooomjjlishel  of  our  factory  engineers  and  the  most  skilful  of  our  millwrights,  by  his 
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RdmimbU  fire-proof  buildings  and  his  mcgnificenC  lijdraiilio  machines.    Having  a  few 

Eanra  ago  directed  liia  conBtmetive  genius  to  tlia  building  of  iron  etenm-sliipB,  lie 
eeome  thereby  well  nequaiiited  with  the  prodigious  etiffnecs  and  alrength  of  wliioli 
hollow  girders  of  thin  sheet  iron  were  suBCeptible.     He  wne  natnralTy  pitched  upon  bj 

,._  o.._i 11 .■ '■'-"'--*-- and  Holjiiead  Eailway,  aa  the  fif    ■- 

9  regarded  by  him  as  tJie  only  ir 
ni'rying  ponderous  railway  trains  over  the  tremendous  Bea^gnlf  of  Menai'B  Straits  or 
Conway's  roaring  Good.  The  tidal  torrents  of  these  two  places  being  deep  and  rapid, 
required  to  l)«  crossed  by  bridges  of  Extraordinary  span  and  strengSi.  Ko  centrings 
or  other  substructures  usually  resorted  to  for  mounting  ench  huga  pontiteetures  could 
be  erected.  In  eneh  a  dilemma,  the  most  obirioas  resource  of  the  engineer  was  a  stis- 
peoBion  bridge ;  but  the  failure  of  more  than  one  attempt  of  that  kind  Lad  proved  tlie 
impossibility  of  mnning  railway  trains  over  ench  bridges  with  safety. 

tinder  Mr.  Stephenson's  direcdon,  numerous  other  schemes  had  been  devised.  Both 
timber  and  cast-iron  arches  had  been  thonght  of;  and  a  model  of  a  very  handsome 
bridge  for  crossing  the  Menai  Straits  on  the  latter  principle  had  been  constructed,  and 
submitted  to  tlie  consideration  of  a  parliamentary  committee.  The  pofsibility  of 
throwing  cast-iron  arches  over  bo  great  a  span  as  460  ft  was  however  questionable ; 
end  the  security  of  sncli  n  bridge  must  have  been  endangered  by  the  great  changes 
which  the  material  would  have  been  Hubjeoted  to  from  atmospheric  influences,  and  from 
vibrations  produced  by  the  passage  of  heavy  trains.  But  a  more  important  objection 
even  than  these  caused  the  withdrawal  of  this  design.  The  Lords  Commissioners  of  the 
Admiralty,  as  conservators  of  the  navigation,  opposed  the  erection  of  any  strnctcre 
which  should  olfer  a  hindrance  to  the  free  passage  of  vessels  under  it,  and  insisted  on  a 
clear  lieadway  of  105  ft;  from  the  level  of  high  water.  Mr.  Stephenson  then  eonceived 
the  original  idea  of  a  huge  tubular  bridge,  to  be  constructed  of  riveted  plates,  and  sup- 
ported by  chains,*  and  of  such  dimeusions  as  to  allow  of  the  passage  of  locomotive 
engines  and  railway  triuns  through  the  interior  of  it.  The  illustrioos  Galileo,  in  de- 
monstrating the  strength  of  tubular  structures,  adverted  to  the  quills  of  birds  and  the 
stalks  of  corn ;  but  in  our  days  ve  see  that  idea  amplified  Fnto  colossal  dimensions. 

It  was  with  reference  to  this  eipedient,  after  ait  others  had  been  found  inapplicable, 
that  Mr.  Fairbnirn  was  consnlted  by  him,  and  reqnested  to  give  his  opinion — first,  as 
to  the  practicability  of  the  scheme ;  and  secondly,  aa  to  the  means  necessary  for  carry- 
ing it  out.  The  consultation  took  place  early  in  April,  1845.  Mr.  Stephenson  con- 
ceived that  the  tube  should  be  either  of  a  circular  or  egg-shaped  sitctjonal  form ;  and 
he  was  strongly  impressed  with  the  primair  importance  of  the  use  of  ohaine,  placing  his 
reliance  in  theui  as  the  principal  supportof  tlie  bridge.  He  never  for  a  moment  enter- 
tained the  idea  of  making  the  tube  self-supporting.  The  wronght-iron  tube,  according 
to  his  idea,  was  indeed  entirely  subservient  to  the  chains,  and  intended  to  operate  from 
its  rigidity  and  'Weight  as  a  stiffener,  and  to  prevent,  or  at  least  to  some  extent  eoun- 
ternet^  the  catenary  principle  of  construction. 


"  My  dear  Sir, 

"I  have  been  considering  the  principle  on  wiiieh  you  purpose  attaching  the  chain 
for  the  support  of  tlie  tube ;  and  with  every  deference  to  yonr  judgment^  1  am  almost 
inclined  to  differ  with  you  upou  that  point. 

"It  appears  to  me  that  the  great  and  important  consideration  is  to  relieve  I  he  strain 
upon  the  tube.  It  is  quite  dear  that  a  series  of  chains  on  each  side  of  the  plates,  well 
fitted  and  tightly  screwed  up,  would  tend  to  stiffen  the  Bides,  and  give  greater  rigidity 
to  these  parts.  Tliis  is,  however,  not  what  is  wanted.  The  rigidilj/  is  required  on  the 
top  side;  as  in  all  the  cMJeriments  the  sides  seldom  get  out  of  form  unless  distorted  by 
the  crushing  of  tlie  top  side.  Under  these  ciroumstanoefl  the  stiffening  should  in  my 
opinion  he  on  the  top  platform  of  (he  tube."— MffimH  Mirbaim  to  Mr.  Hobert  Sle- 
p&enson.\ 

For  many  months  afterwards,  and  even  up  to  the  time  of  the  experiments  on  the 
model  tube  in  December  184B,  Mr,  Slophenson  insisted  on  the  application  of  such 
chains.  "  I  always  fclf;"  says  Mr.  Foirbairn,  "that  in  a  combination  of  two  bodies, 
the  one  of  a  perfectly  rigid,  and  the  other  of  a  flexible  nature,  there  was  a  principle  of 
weakness;  forUie  vibrations  to  which  the  one  would  be  snbjected,  would  call  into 
operation  forces  whose  constant  action  upon  the  rivets  and  fastenings  of  the  other  could 
not  but  tend  Ui  loosen  them,  and  thus,  by  ft  slow  but  sure  agency,  to  break  up  the 

111  consequence  of  the  favorable  opinion  entertained  by  Mr.  Stephenson  on  the  cylin- 
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drioal  tubes,  it  waB  deemed  expedient  t«  eommenoe  esperiments  upon  models  of  that 
iind,  and  to  extend  them  Bubseqnentlj  to  elliptical  tubea  Experiments  carefully 
made,  demonstrated  the  veafanesB  of  these  twa  forme,  and  the  vastly  greater  strength  of 
the  reetongular  tubes,  'whieb  were  aecordingly  adopted  with  oellular  top  and  bottom. 

la  Mr,  Stephenson's  examination  before  the  Select  Committee  of  Eailways  of  the 
House  of  Common^  6th  and  6th  of  May,  1846,  he  Bays:  "I  am  instituting  a  series  of 
experiments  in  conjunction  with  Mr.  Fairbairn  of  ManchesUr,  who  is  already  in  pos- 
sesion of  experiments  on  iron  sbipe,  which  place  the  thing  beyond  all  doubt.  He  haa 
ascertained  that  a  vessel  of  260  fL  in  length  supported  at  the  ends  will  not  yield  nitb 
all  the  machinery  in  the  middle. 

"Have  jour  oaleulalions  been  submitted  to  any  other  engineers! 

"I  have  made  them,  mconjimcli'm  with  Mr.  Fairbaira  ofMancheUer,  whose  expiricnct 
is  greater  than  any  other  man's  in  England.  There  is  an  iron  vessel  now  bnildingbyUr. 
Fairbairn  220  ft  in  length;  and  he  says  that  he  will  engage,  that,  when  it  is  finished, 
it  shall  be  put  down  on  the  stocks  at  each  end,  and  shall  have  1000  tons  of  machinery 
in  the  middle  of  il^  and  it  will  not  affect  it.  But  that  is  not  so  stroi^  as  a  tube,  and 
therefore,  any  experiment  that  this  would  carry  oul^  the  tube  would  fully  bear." 

The  floating  of  the  first  Conway  tube — "  The  transport  of  a  huge  mass  of  iron  412  ft 
long,  26  ft  e  in.  high,  16  ft  wide,  and  weighing  not  less  than  1300  tons,  was  a  task  of 
no  ordinary  diffioulty.   Ro  former  effort  with  which  we  are  acquainted  can,  I  thint,  be 

_-;]..  1 — e  equalled  it,  when  the  unwieldineaa  of  Its  form,  ~~'  "" ' ^' ' — ' 

to  be  eueountered,  are  taketi  into  consideratia 
■s  stupendous  in  conception  and  colossal  in  di 
constant  matter  of  inquiry,  in  what  manner  a  people,  ignorant  of  the  mechanical  ap- 
pliances which  we  possess,  could  raise  structures  whi<di  have  resisted  all  the  inroads  (>f 
time,  and  which  are  to  the  present  generation'  objects  of  awe  and  admiration.  In  more 
recent  times,  the  transport  of  the  immense  granite  block  which  forma  the  base  of  the 
statue  of  Peter  the  Great  at  St  Petersburg,  was  looked  upon  aa  a  moat  extraordinary 
achievement ;  but  it  cannot  be  said  (o  have  been  so  formidable  an  undertaking  as  the 
moving  of  the  Conway  tube.  The  granite  block  waa  a  compact  mass,  being  42  ft  at 
the  base,  21  ft.  thick,  and  17  ft  high,  and  capable  of  being  moved  on  rollers,  &c.,  to  the 
raft  which  carried  it  down  tbe  Neva  to  the  site  of  the  city;  but  in  the  case  of  the  Con- 
way tube,  after  the  most  anxious  consideration,  and  when  numerous  schemes  and  pro- 
posala  had  been  weighed,  examined,  and  rejected,  that  of  floating  the  mass  on  pontoons 
or  bathes  was  decided  upon  as  the  most  feasible  and  most  secure,  the  centre  of  gravity 
being  in  thia  case,  neceaaarlly  raised  several  feet.  In  additjon  to  this  disadvantage,  the 
whole  had  to  be  handled  and  manmuvred  in  probably  the  most  difficult  tideway  in 
Europe,  where  the  current  rushes  through  a  narrow  gorge  of  great  depth  to  £11  the 
broad  expanse  of  tlie  inland  bay,  at  a  rate  of  6  or  7  miles  an  hour;  and  tlie  utmost 
nicety  had  moreover  to  be  observed  in  bringing  the  tube  to  its  place,  as  there  was  only 
a  clearance  of  12  inches;  that  is,  the  distance  between  the  opposite  masses  of  masonry 
was  only  12  inches  greater  than  the  length  of  the  tube.  All  Uiese  obstacles  may  well 
be  termed  formidable;  and  I  therefore  conceive  that  tbe  utmost  praise  is  due  to  Mr. 
Stephenson  for  the  admirable  arrangements  and  contrivances  which  rendered  the  first 
attempt  at  so  gigantic  an  operation  perfectly  successful," 

I  have  quoted  these  liberal  remarks  of  Mr.  Fairbairn  in  proof  of  his  good  feeling  to- 
wards the  engineer  asaooiated  with  him  conformably  to  the  Minute  of  the  directors  of 
the  Chester  and  Holyhead  Railway,  of  date  May  13,  1846,  already  quoted. 

How  defective,  and  even  erroneous,  Mr.  Stephenson's  oonoeptions  were  of  the  tubular 
girder  construction  so  late  as  the  26th  October,  1346,  appears,  from  his  stating  in  a 
letter  of  that  date  addressed  to  Mr.  Fairbairn,  "that  this  was  not  the  flrst  time  he  had 
the  idea  of  employing  wronght-iron  tubular  bridges;  for  three  years  ago,  or  there- 
abouts, I  had  erected  at  Ware,  on  the  Northern  and  Eastern  Railway,  a  cellular  plat- 
form of  wrought-iron.  It  was,  in  fact,  I  believe,  a  counterpart  of  the  proposed  top  of 
tlie  Britannia  bridge." 

"As  this  statement"  says  Mr.  Fairbairn,  "has  been  frequently  repeated  since  the 
letter  was  written,  I  feel  myself  called  upon  to  show  that  Mr.  Stephenson  has  no  claim 
to  originality  in  this  bridge,  end  that  it  iias  no  resemblance  whatever,  either  in  principle 
or  oonstruotion,  to  the  Conway  or  Britannia  tubes.  On  the  contrary,  the  bridge  in 
question  is  construoted  upon  the  principle  of  the  common  cast-iron  girder  bridge,  each 
separate  beam  being  formed  of  wrought-iron  plates  connected  together  by  angle  irons. 
This  form  of  wrought-iron  gu^er  had  been  long  in  uae  before  the  erection  of  the  Ware 
Bridge  ;  and  it  is  defective  as  well  in  principle  as  in  construction ;  the  great  body  of  the 
material  is  not  in  the  top  flanches,  aa  it  ought  to  be,  in  order  to  attain  the  section  of 
greatest  strength.  In  Experiments  !4,  15,  and  16  (see  Appendix  and  p.  10  in  the 
Report),  it  is  clearly  shown  that  the  top  flauclie  of  a  wrought-iron  girder,  if  made  solid. 
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ilioulii  be  mere  tbnn  twice  the  area  of  tlia  tottora  flanohe.  Kow  it  appenra  that  llie 
lop  fl^iiielio  in  the  Bnii]  briilge  Rt  Ware  is  to  tlie  bottom  finnclie  as  4  tu  16  ncnriy;  nn 
exoeediiiglj  defeetive  etruoture.  If  tliia  benm  were  turned  npaide  down  it  would  cnrry 
more  than  double  the  wei^liti  Frani  the  defective  |irindp1e  upon  which  the  bridge  ia 
foiiatnicted,  it  ia  evident  tbat  Mr.  Stephenaon  wna  not  then  acquainted  with  thu  pro[i«r 
form  of  wrought-iron  girder  bridges.  Nor  is  this  surprieing,  as  no  eKpevimental  fncts 
were  at  that  time  in  e^iistenc^  to  eliow  the  difference  between  the  two  resisting  forces 
of  oomprCEsion  and  extension  of  wrought-iron  baama." — Conieag  imd  Brilannia  bridges, 
by  Mr.  Fairbairn,  pp.  118,  114, 

"  It  ia  impoaaiblc  to  trace  any  analogy  between  a  combjnatioa  of  this  form  of  beam 
end  n  tubular  girder  vitli  a  eeUtdaT  top.  The  beams  in  th«  Wnre  Bridge  do  not  offer  a 
nnited  reMBfanee  to  strain  in  tiie  manner  which  beama  with  a  cellular  struetorc  do  ;  on 
the  contraiy,  each  beani  has  its  distinct  pnrt  of  the  load  to  carry,  and  that  imperfectly, 
for  want  of  a  due  pivpartion  in  the  1«p  and  bottom  flanehea." — Ibidem. 

A  atrikina  prool  of  the  accuracy  of  Mr.  Fairbairn  ia  afforded  by  the  fact,  that  it  was 
not  till  the  latter  part  of  1846,  that  Ur.  Stepheason  finiilly  made  np  his  mind  to  abnn- 
lion  the  uaa  of  the  cliaina,  for  in  the  angravinga  of  both  the  Conway  and  Britannia 
Uridges,  which  were  published  iu  that  year,  there  is  attached  to  them  the  name  of 
liubert  Stephanaon,  Esq.,  engineer.  Theee  di'swings  represent,  with  tolerable  accuracy, 
the  proportions  and  forms  of  the  tubea  of  htth  briiijfCa  as  they  now  exist, — viz., 
the  lon^  low,  rectangular  gnllencs,  which  Mr.  Fairbairn's  experiments  had  shown  to 
be  mnch  better  adapted  to  tlie  purpose  than  the  elliptical  tubea  propoaed  by  Mr. 
Stephenson.  But  mark,  m  both  caiet  the  chaint  art  abMlulelg  sluneH  attathtd  to  tht  tubea. 
They  are  a  prominent  featara  in  tiie  drawing,  and  therefore  conclusive  evidence  that 
up  to  that  time  at  lenet,  and  notwithstanding  the  disaoveiy  of  the  increased  strength 
and  security  to  be  derived  from  tlie  odoption  of  the  tuba  vith  a  rectnngnlar  section 
and  the  distribution  of  the  material  on  IJie  top  side  in  the  form  of  oella,  Mr.  Stephen 
son  still  thought  the  auxiliary  support  indispensable. 

From  the  moment  that  Mr.  Fairhuii'n  commenced  ttiia  experimental  investigation, 
the  whole  matter,  as  regarded  the  development  of  the  best  form  of  the  tubes,  ivas  na- 
reservedly  in  his  own  hands.  Mr.  Stephonaon  was  not  present  at  the  experimenls,  he 
neither  superintended  nor  directed  them,  but  maa  simply  made  acquainted  with  resultf, 
and  approved,  when  completed,  what  Mr.  Fairbairn  did.  And  now  what  did  Mr.  Fair- 
buirii  s  ciperimentB  show  /  They  first  of  all  ounfirmed  his  own  early  opinion,  that  the 
security  of  the  bridge,  if  built  at  all,  must  depend  solely  upon  the  self-contained  strength 
of  the  tntie,  and  that  the  application  of  any  form  of  oatenaiy  would  introduce  into  the 
Etructitre  an  agency  of  a  destructive  tendeDcy.  Tliey  proved  tlie  weakness  and  total  in- 
adequacy of  either  of  the  sectional  forms  of  tubes  (cylindiical  or  elliptical),  thought 
of  by  Mr.  Stephenson.  They  led  Mr.  Faii'bairn,  after  carefully  observing  all  the  signs 
and  symptoms  of  weakness  shown  by  tiie  models  when  under  strnin,  to  recommend,  an 
a  stronger  form  of  tube  one  having  a  rectangular  section.  They  brought  to  light 
Borne  curious  and  anomalous  appearancea  exhibited  by  wrought-iron  when  subjected  to 
a  crushing  force.  Tliey  ahowed  that  tubas  of  a  uniform  distribution  of  material,  when 
loaded  with  an  increasing  weight,  first  yielded  on  the  upper  aide ;  and  this  faet,  there- 
fore, induced  Mr.  Fairbairn,  tiiat,  to  thiuken  the  material  in  that  part;  and,  subse- 
quently, led  him  to  an^gest  ttiat  diatribution  of  the  material  in  tlie  form  of  hollow 
cells  01'  tubes,  wherein  lieE  the  secret  of  tlie  Etrcngtii  of  this  system  of  tubular  con- 
Mr.  Fairbairn  therefore,  reasoning  from  his  experiments, — lat,  auggested  the  rect- 
angular sections  for  the  tubes ;  2d,  dfcovercd  tbat  important  and  beautiful  element  of 
strength  and  lightness,  the  cellular  ar.^ngemantof  the  top;  and  3d,  was  mainly  instru- 
mental ill  causing  tlie  final  abandonment  of  chains. 

Beyond  this,  ^ar  he  was  appointed  engineer  with  Mr.  Stephenson  for  (he  structure, 
he  worked  out  the  detail  of  tlie  tubes,  had  the  whole  of  the  working  drawings  for  the 
tubes  of  both  bridges  made  at  his  own  office,  and  under  his  conataot  supervision,  pro- 
portioned the  different  partsj  and  (again  the  result  of  reasoning  from  experiment)  sug- 
gested that  admirable  system  of  chain  riveting  whidi  is  adopted  in  those  parts  of  tlie 
tubes  liable  to  a  tensile  sti'ain,  and  which  adds  in  a  mateHal  degree  to  the  strength  of 

A  bridge  with  several  spans  of  nearly  600  feet  each  was  wanted,  which  should  not 
only  be  unyielding  with  its  own  necessarily  enormous  weight,  but  which  etiould  posses 
within  itself  such  nn  excess  of  strength  as  would  aatlafy  an  incredulous  public  that  it 
would  be  abundantly  safe  when  subjected  to  the  shocks  end  vibrations  of  a  heavy  loco- 
motive  engine  with  its  accompanying  (rain  passing  acro^  it  at  a  apead  of  forty  miles  nn 
hour.  Tlie  situations  both  nt  Oonway  and  the  Ktraits  afford  ol>atacJeB  of  extraordinary 
magnitude:  at  both  places  the  eatuanea  were  of  great  depth,  dclying  theuse  of  scaffold 
44 
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ing  to  nssiat  in  f.lie  erection  of  Hie  hriilftea,  and  the  titles  wasliecl  tliroHfth  with  appftllin* 
iini>etuosity.  Tlie  Meniii  or  Britnnnii  Briiiga  wtis  moreover  to  stretch  from  shore  ti 
ehore  nt  n  gMdj  lieijfht  of  more  tlian  100  {>-et  from  the  lerel  of  high  water,  hiiJ.  as  it 
to  reinler  iuaiipernble  tlia  oiiBtnoles  which  Nstnre  had  riiised  to  tlie  progreBH  of  the  en){i- 
jiecra  wort,  an  arbitj^arj  bat  nhsoliite  order  wns  isaiieil  from  tlie  controllers  of  the 
nitvi^tioii  that  the  whole  wns  to  bo  aoaonipliahed  withont  hindrance  or  obetriiction  to 
the  rijfhts  whicli  tliay  gnanlcd.  The  manner  in  which  nil  these  neceaaities  were  corn- 
plied  with  is  well  known.  The  Britannia  and  Conwa;  Brid^  exiaC,  the  pride  of  the 
ooiintrj  which  possesMfl  them,  triumphs  of  the  conBtractJve  arte,  niid  immortjil  monvi- 
mciila  to  the  men  wlio  were  jiasocintf d  in  their  contrivance  an<3  execntion.  It  is  to  be 
deplored  in  every  respeet  tliat  jenlonsies  and  rivalries  shonld  have  arisen  under  circam- 
atanciz's  where  so  mneh  renown  and  merit  waa  to  be  divided.  The  grandeur  and  bold- 
ness of  the  eoncephiiiQ  was  Robert  Stephenson*^  hut  the  merits  of  the  exislJngsUnicture, 
the  ingenuity  of  the  arraajtemenl;  auil  proportionB  of  the  material, — the  discovery,  in 
f  cr  ot  llie  tubntar  prineiples  --f  constrnotion, — are  IVilliam  Fairhaim'^ 

Aa  an  outgrowtli  of  the  remarkable  introductory  experimentB  mode  in  ccnnection 
witl  th  ■se  wonders  of  Nort.h  Wales,  we  must  regard  the  equally  important^  though 
less  I  osing  tubular  ginler  system ;  the  new  and  scientific  discovery  of  great  ad- 
Ta  ji^es  to  he  derived  from  a  peculiar  combination  of  material,  applied  to  the  simple 
an  1  ^e  erally  used  benin  oi-  girder.  A  tubular  gii'der,  aa  the  naiue  implies,  is  a  Imltow 
I  ea  CO  structed  of  metal  phkf^s  firmly  riveted  or  fastened  together.  When  snlneeted 
to  a  tra  isverae  Btniin  or  load  tending  to  brrnk  it,  the  law,  which  is  applicable  to 
every  i  ody,  be  it  solid  or  hollow,  is  observaUe.  Tlie  parts  of  the  girder  aboTe  the 
ne  tral  axis  have  t«  an'auKe  themselves  to  a  rtsiatanue  of  a  compresatve  strain,  while 
t1  ose  I  alow  that  line  are  violently  snbjeeted  to  a  foroe  tending  to  draw  tb^m  asunder. 
TI  e  e  t  cine  ditBunlty  of  wfoHj(ht-irou  and  its  great  power  to  resist  tension,  were  well 
lin  w  and  in  the  earlier  stages  of  the  inquiry  it  was  conaidired  feasible,  and  frequent 
effo  ts  were  made  to  arrange  the  (iiii'ta  iii  such  maimer  that  theae  known  prepertjes 
n  igl  be  taken  advantage  of  in  both  the  upper  and  lower  sides  of  the  giriler,  but  every 
c  [X'rment  baffled  the  ingenuity  of '  the  contrivance,  and  nature  soon  taught  the 
c  at  ctur  that  her  unemug  liiwa  were  not  to  be  diareganled.  This  point  being 
e  al  I  si  ed,  vis,,  that  no  diahributinn  of  the  metal  in  a  tnbiil'ir  girder  could  change  the 
I  a  a  trr  of  tlie  forces  which  would  act  upon  il,  Mr.  Fairbairn's  ^reat  merit  lies  in 
tl  e  ^e  luity  with  which  he  nda^ited  his  new  material  to  those  strains.  In  the  top  or 
ai  pe  s  le  of  the  girder  he  diab'ibnied  if,  in  tlint  beautiful  cellular  foi'm  which  imparts 
tlie  real  sti-ength  and  security  to  the  striieture  and  in  the  l>otfom  he  conueeted  tlie 
pa  Is  I  y  a  i  gen  o  s  syste  of  f  sten  „  'h  eh  ass  lated  the  streni,th  of  tl  e  j  i  ts 
w   I  tlatoflhes  Id  jlate. 

Tl  0  Jes  r  1 1  n  of  one  of  tl  e  beot  construct  1  t  1  lar  g  lera  »  11  g  ve  the  n  o?t 
eo    ect    lea  of  tl  e  r  power  and  pec  I    r  tv     We  sele  t  f  r   II  atrat  o     tl  e  be     til 


bridge  erected  across  the  Tjent  at  Gainshoronol 
tlou  of  the  bridge  which  cari'ies  the  Ulncolnshl 
length  is  SS2  feel^  the  two  main  spans  being  li 
between  the  two  main  gii'ders  ia  26  feet,  giving  amp[< 

way.  .The  width  of  the  centre  jiier  is  12  feet  and  the  _ „ -■ - o 

on  each  laud  abutment  of  6  feet  J*!jf  504  repreannta  a  cross  section  form  of  Ihp  nuiiu 
girder^  and  to  this  we  muet  direct  especial  attention  in  oriler  to  make  the  pecnliiirlllea 
of  ihe  ayafem  well  understood.  Tlie  height  of  each  girder  from  end  to  end  is  1  ^  IVct ; 
Ibid  parallelism  is  not  the  best  form  to  give  a  maximum  reslatnnce  with  a  miiuuiiim 
ainount  of  material;  but  from  the  greater  faeilltiea  of  conatniclion  is  preferaiile  lo  Ihe 
pni'al>oiic  form,  niid  practically  the  pmportiiina  of  the  strength  may  be  adjusted  bv 
vai'.ving  the  thiokueases,  insteail  of  (he  linear  dimensions  of  the  parta. 

T/ie  SolloM  of  Ihe  eirdti-.— The  bottom  ia  rranied  of  double  thicknesses  of  long  rolled 
plntes,  connecteil  tc^ether  in  the  manner  hereafler  described.     Being  subjected  solely 

that  part  of  the  striiature  to  one  tinbroken  aolrd  sheet,  which,  if  pmoticnble,  would  be 
the  he-t  distribution  of  form.  Eneh  plate  ia  12  feet  long  by  18  inches  wide,  varying 
in  thickness  according  to  its  poaltlou  from  theoentteliue  of  each  span,  where  the  greatest 
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WBonnt  of  iMflleHiil  ia  neenmnTnteil.    The  bof.tom  is  iiepessnrily  connpel.e3  to  tha  ti3t» 
of  the  giHer  hy  long  biirs  of  ii^avy  L  or  Bugle  iron,  firmly  riveted  to  botli. 
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Tlie  S'dea  of  the  Girder.— T\\B  side  plntes  nre  2  feet  wide  tliroiigliont,  atid  of  unifoim 
tliLckness,  excepting  in  tlie  inimediali:  tieiitliiioplmod  of  IIik  piKis  acd  nbatments,  wliere 
they  are  streii|^i.lieiied  and  Bliffeneil  by  viilliirs  of  strong  T  iioii,  to  oiTer  a  due  rtBistJince 
to  ute  dead  wiiigiit  of  llie  girder  iteelf.  Tlie  juiiita  are  iiinde  witli  enternat  covi^ring 
plates  4j  ioelies  wide,  and  internni  vibs  of  T  iron,  wliiil)  siiflice  to  keep  tbe  eide  plaUs 
rigid,  aud  eoaLle  tlieai  bo  aaaomplieh  tlieir  duty  of  separating  tlie  l^ip  and  bottom  oi 

iJie  Top  of  the  Girder. — In  Hiia  part  tho  principal  novelty  and  ingenuity  are  observ- 
able. A  single  slitet  of  iron  like  a  slieet  of  paper  is  easily  put  ont  of  shape  by  a  eom- 
pres^ve  strain.  It  e  nples  ip  a  d  at  o  ee  loses  all  power  of  resistance.  A  sheet  of 
common  writinc  piper  wh  oh  wl  en  placed  on  edi^e  w  11  nearly  snpport  iteelf,  when 
rolled  into  a  cyliinifr  any  of  1  inoli  !  ameter  will  o  r  y  a  considerable  weight.  In 
the  BBtDe  manner  a  ^  en  sect  anal  area  of  p]a(«,  f  plaeinl  in  that  simple  form  in  the 
top  of  the  Trent  g  idar  wo  11  cm  pie  up  w  th  a  co  paratively  small  weight,  but 
when  distributed  aceorl  ng  to  Mr  Fa  rba  ras  tuhul  r  arraugemeut  it  offers  extraordi 
nary  resistance  to  co  npress  on 


The-valne  of  this  arrangement  will  be  understood  when  it  is  staled  that  notwithstand- 
ing the  superior  t*iinoitj  of  wrought-iron,  a  well  constructed  tubular  girder  only  requires 
Hn  excess  ofsectiunal  area  in  the  top  over  the  bottom  of  l  .  In  the  Trent  girder  (see 
fy.  504),  the  top  compartment  is  S  feat  |  inch  wiile,  and  15  inches  deep,  divideilbja 
vertical  plate  into  two  raotangular  cells,  and  all  firmly  connected  by  rivata,  and  Uiron. 
Tliose  angle  irons  eonstitutpeimportantelementsinitsstrength.  Since  the  construction  of 
the  Trent  bridge,  the  cost  of  construction  of  tubular  girders  has  been  niUeii  diminished  by 
nciilferent  arrangement  of  the  partaof  the  top  compartment  ns  shown  in  the  following, 
fiff.  606.    Tl     f 0  ra  seq    Uy  powerful  n  Is  as  s  a  ce.    Wl  en  thespanoE  the  biidg* 
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cells  aro  proportioned   ao  hi  to  ndiiiit  of  tii"  entrini'e  "f  a  man  foi' the  p.irposea  o( 
psiuting  or    epni  ^ 
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f^fi 
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i 
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77te  Cmm  Beamt  or  SttpporU  of  the  Road'oay — Tl  we  ara  jcenprnltj  find  oncht  l«lje 
universally,  mnde  of  iron.  In  tlie  Trent  Itn  I_b  tl  jaenadeloll  or  I  x  I  earns,  ns 
shown  in  the  nnnexed  fi^^iire  Jig  G09  Toeii  eo  struct  on  la  a\  u  1  e  n  pier  and 
eq     1  J  good     bus  Jig  ol 

61  T/is  Rivfling. — Upon  the  judidons  fas- 

'  iiings  of  the  flatus  Iji^ellier  depends  tit 
ifrent  menenre  the  Biifety  of  a  tubular 


II  tlie  I 


pnrta  should  hav 
8  wtilch  ( 


What  «re  teohiiieally  enlled 
"lap  joints,"  wliers  llie  eiida  of  the  pinte 
overlap  each  other,  and  lire  connected  ti; 
n  BMiale  row  of  rivets,  (vide  ^fig.  611.) 
Elimild  da  avoided  in  every  part  of  the 
stnietore,  as  they  have  been  ]>roved  to 
he  vivnk  and  insnffii'ient.  Mr.  Fairbairn 
{FML  TranK  part,  ii.  1862)  (lives  Uie  value 
of  singla  and  double  rivet*d  jointa,  as  70 
and  56  respeotivtly,  the  eolid  plate  being 
assnmed  to  be  100. 

Butt  JO  nta  and  eo  er  nff  plates  are  need  thronnhout  ijie  pirder,  tlie  length  and 
mbet  nee  of  these  cover  n^  plates  and  the  number  of  rivefa  varying  nceonliug  to  eitu- 
B  In  the  top  eomj  artmenb  the  ends  of  tlie  plates  hnviuR  been  Cflrefully  fitted  to 

eaeh  other,  so  us  to  takp  their  portion  of  the  strain  the  moment  the  loud  is  applied,  are 
covered  by  strips  of  suffieient  width  to  receive  a  double  row  of  rivets,  one  on  eaoli  aide 
of  the  joint,  thus,  aa  sh'pwn  in  _fig.  612.  Tbie  arrangement  effeL-tnally  prevents  some 
such  effect  as  indicated  in /jf.  B13,  whiuli  would  owmt  were  the  lap  joint  used,  and  the 
load  very  greats  In  the  tops  the  rivets  are  generally  spaced  3  inohea  apart  from  centre 
u>  centre. 
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iple  Btnps  covering  the  Terticnl  joiuta  of  tbe  eidt 
affuiJ  atiffiiesa,  uiiil  pi'eveiit  the  approaeh  of  tlia 
top  anit  lottoin  (vu!e/(r.  614.^  Thus,  Uie  riveM 
being  Bimacd  3  incli'«,  llie  Etripg  give  b>  the  ex- 
teiniil  clevnlion  of  Uie  ginier  the  appearance  of 


In  the  bottom  an  exoeedingly  ingenious  and 
lieHutiful  arrnngpnient  of  vivvting  hoa  been  in- 
truiiuced  bj  Jlr.  Fairbrtirn.  It  la  erSdent  tliat 
tn  Join  two  pintes  t.ocnt.her  (these  two  p1nt«a 
hnmig  t«  resist  h  forue  tending  constantly  to 
^  sepni  ate  them)  a  aertAiii  nnniLier  of  rivets  or  pins 
rpqnirail,  and  nceording  to  the  old  system  of 

~  '^z^^s^nr  Jointing,  these  rivets  were  placed  in  single  rows 

along  the  edge  of  the  plates,  being  in  fact  either 

fingle  lap  joints,  or  sin^'le  butt  joints^     Suppose 

the  pistes  in/jf.  615  to  bo  each  3  feet  wide,  and 

I  inch   thick,  and   (lint  to  connect  tbem  there 

Bere  wanted  16  rivets,  each  ]  inch  diameter.    It  is  eyi<ieiit  the  resusting  powers  of 

ttie  plates  are  weakened  exnctlj  hy  the  amount  of  mnterial  |>iinclied  oul^  in  tiiia  case 

nne-tlitrd,  the  section  of  resistiince  bcine  tJiroiigb  tlie  line  a  b,  and  not  tbrongh  the 

!ine  c  A    But  if  these  16  rivets,  inatrtid  of  being  placed  all  parallel  witli  the  joint, 

are  arranged  ns  shown  in  fy.  616  and  covered  with  long  "covering  plates"  'nstead 
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of  "strips,"  it  is  equally  evident  tlint  they  are  in  this  position  eqnally  fitted  to  their 
duty  of  joining  the  plates  and  l.fiat  the  pnnching  has  weakened  llie  resting  powers 
of  the  plates  only  J  instead  of  J.  These  proportions  will  reaiiily. explain  the  saving 
in  material  and  weii;lit  which  Mr.  FairWirn's  "  chain  fivctiiig"  has  effected,  and  the 
following  figure  of  tiie  "bottain"  of  the  Trent  bridge  will  show  liow  it  ia  praetically 
applied  {Jiff.  817.)    Tlic  joints  of  the  angle  irons  m  the  bottom  are  also  jointed  by 
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Jong  corner  pieces,  as  nay  be  noticed  at  a.  in  fig.  5!8,  which  ia  a  view  of  a  sbnrl 
length  of  tbe  bottom  of  the  main  Trent  girder.  Havins;  thus  deaeribed  the  tubnlar 
girder  bridge  In  its  best  and  most  generally  adopted  form,  a  ehince  at  the  following 
figurfs  {fys.  619,  520)  will  indicate  raodiGcatiojis  of  the  syatem  wliioh  have  gained 
favor  in  some  quarters. 
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The  Froporlimts  and  Sirenglh  of  Tubular  (Tifilert— Tlie  limifs  of  tliis  nrtleie  h  11  no! 
iltnit  of  B  1engt1iene<l  exjiriuiKilioii  of  llirse  ii)tere»binjr  to|iiea.  A  well  prii[iot riinicii 
leaiii  or  girfev  should  Imve  sueli  n  sei^tional  (JislJ'iliiif.ioii  of  ils  mnterinl,  that  wli^n 
nlijvcted  to  a  transverse  strain,  the  top  stiotild  yiel'l  to  eornprsssion  and  the  butUim 
0  extension  at  one  anil  the  snnie  time;    and  as  iieHrl;  all  matet-ials  offer  un>-qniil 


is  nt-ariy  six  times  greiiter 
iiigeiiious  distribution  of  tlie  wronj^ht-iron  plates  in 
liini  to  fix  tlie  relntiye  seetional  areas  of  the  tups  s 
the  ratio  of  12  to  11. 
Tlie  tables  of  the  following  page  show  the  proporti 
IS  from  80  up'     """    ' 


n  to  compri-es 


a  for  tubular  girder  briiiguii  of 


'.  Fairbnirn's  formula  for  calonlating  the  streti^'''  "^  tHhnlar  girder  bridges  has 
■\i  disputed,  but  at  the  same  time  it  has  hail  ninny  able  defeiidei-s,  and  may  be 
with  perfeut  reliance  and  safety.  If  it  erri^  it  errs  on  the  right  side— that  of 
ing  tberealstreni^th;  it  ii 


I 
fthere  lo—tJie  centre  breaking  weight  in  tons  irrespective  of  the  weight  of  tlio  girder 
a  —  sectional  area  of  botlpm  in  inches 
if=— depth  of  beam  in  iniihes 

c^a  constant  di-i'lved  from  experiment  for  the  pai'tieular  form  of  girder,  and 
/^length  of  girder  between  the  supports  in  inches. 
The  formula  always  assumes  n  well  made  and  well  proportioned  girder,  having  tlie 
relative  areas  of  13  to  11  in  the  top  and  bottom  and  the  fhain  riveting. 

The  constant  e  for  the  tubular  girders  we  have  described  was  ascertained  in  be  80. 
Let  \xi  now  And  by  thia  formula  the  strength  of  one  of  the  spans  of  the  Trent  briilgt 
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Table  showing  tlie  Proportioj 


Cenire  BrEahi 

Bt-f  Arpa  ol 

Bridge. 

G.rd=r. 

■"'-      , 

Fetl   in 

TmiB. 

Inqhpt. 

Inches 

In 

ISO 

14-63 

17-06 

210 

17-06 

4S     0 

240 
270 

19-50 
gl« 

22-75 
25-53 

S 

1 

50     0 

28-44 

55     0 

SSO 

2B-81 

31-28 

3tlO 

aa-25 

34-13 

70     0 

SW 

SI -eg 

34-13 

89-81 

5 

15     0 

42-67 

80     0 

480 

39-00 

45-50 

85     0 

610 

4i44 

48-34 

00     0 

540 

48'88 

11 

95     0 

570 

64  03 

7 

100     0 

48-76 

56-83 

]10     0 

53-«3 

62-S6 

58-50 

fis-as 

ISO     0 

ISO 

63-38 

840 

68-^3 

10 

130     0 

900 

73-13 

85 -SI 

11 

" 

ins  Lli"  rroportions  of  Tuhi; 


Cent™  B«sklne 

De  n,  m  ,he 

BrSige" 

''Z'.'^:"" 

"'■zr'- 

Fee.   m 

Tnns 

Inches. 

Idche. 

In5-00  . 

170     0 
180     0 

10-^0 
1080 

95-H3 
101-25 

111-56 
118-13 

11     4 

190     0 

1140 

124-69 

2TO     0 

1200 

112-50 

131-25 

210     0 

l:i60 

137 -81 

14     0 

220     0 

1320 

123-75 

144-38 

2S0     0 

1380 

129-38 

150-94: 

240     0 

1440 

136  00 

357-60 

250     0 

15O0 

140-63 

lfi4-06 

16     8 

200     0 

146-25 

17IV63 

17     4 

1620 

151-88 

177-19 

18     0 

280     0 

liiSO 

157-30 

183-75 

290     0 

1740 

16313 

190-31 

300     0 

1800 

168-75 

196.88 

20     0 

e  observed  that  hew 
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89  tlie  weight  which  a  t.iihnlsr  girder  154  feet  lietween  thfi  eiipportB  will  canj  sua- 
penJed  Irom  one  point  in  the  centre  bffore  fracture,  i^nw  the  at^tual  wei^lit  of  lEiJg 
girder  it9elfiHunder70  tons,  and  it  moygiifelj  he  awerteil  that  no  other  form  of  coiisfriie- 
tion  would  give  en  favorable  n  result.  The  centre  breaking  weight  of  one  )^rder  Wing 
S64J  tons,  it  would  carry  729  tons  etinallj  distribnteil  along  ite  entire  length,  and  tliere 
being  two  mnin  gtrdera  to  the  bridge.  Ihp  ultimate  strength  of  the  stnioture  is  in  round 
DUOibers,  1,500  Ipna.    It  would  be  possible,  b;  both  lines  of  railway  being  covered  with 
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lieivy  goods  trfiin,  to  have  a  load  on  tlia  bridge  of  alwiut  250  tons  at  one  nni5  the  enmn 
time,  and  we  tbuB  nee  tliere  ia  n  margin  of  slrengtli  of  eix  trmea  tlie  grpnteet  poEfil'la 
loud.  Engineera  differ  in  opinion  ns  to  tlie  excess  of  streneth  wliiL'b  it  is  de»irnl>le 
tliiit  rsihvnjf  strnetiires  slioiild  possess;  some  are  Biitiefied  with  even  as  low  an  idtimiite 
brenliing  strengtli  ns  three  tjmea  tlie  load ;  hut  with  a  Gomparativelj  imtried  msteriHl, 
and  one  moreover  liable  to  deterioration  from  atmospheric  iufluenees,  the  larger  eKoess 
is  the  better. 

ito) 

n  cylindrical  instead  of  rectangular  cells,  us  being  a  better  distribution  of 
iiic  iiintenni  to  resist  the  compresaJTe  slrain.  Mr.  Puirhflim's  original  views  Were  in 
tlie  same  direction,  but  were  abandoned  on  aeeonnt  of  the  eomplexity  of  consl  ruction 
and  the  dilficul ties  of  mnnDfactnre,  and  it  is  ciirioi;f  to  notice  now  that  subsequent 
ecieiitilic  investigatjons  have  confirmed  tlie  practjesl  engineer  s  viewf^  and  ehown  that 
the  i-eetangidar  cells  are  superior  in  strength,  Hr.  Tnt^  espeeiallv  tbiis  ingeniously 
nrsuee; — "The  cells  in  ft  transrerHa  strain  undefgo  a  different  kind  of  efraiu  to  what 
tliey  are  suljectod  (o  in  a  simple  crushing  force  equally  distributed  over  tlie  section  of 
tlie  tiibe.  In  ttiis  case  all  the  parts  of  the  section  are  eauatly  compresaed,  nnd  it  is 
reasonable  lo  conclude  that  the  best  form  of  cell  will  be  tJii,t  ia  wiiich  the  material  is 
eiinfllly  diatnnt  from  tlie  axis  of  pressure;  hut  the  case  of  transverse  strain  is  very 
dilferent,  the  vpper  «S/e  'indi^rgMa  Ike  greatest  strain^  and  of  the  other  parfsthat  which 
is  nenresl  the  natural  fljiis  of  the  beam  undergoes  the  least;  in  this  case  therefore  the 
ninterial  in  the  square  cells  is  symmptricslly  distributed  with  respect  to  the  axis  of 
pressure,  the  neatral  axis  of  the  <>eam." 

The  SuTahililg  of  Tubular  Oirders — On  this  head  there  is  as  yet  bnt  a  very  limited 
experience  as  a  basis  for  positive  assertion.  Tliere  can  be  no  doubt  that  if  negieeted  the 
effects  of  oiidfttion  upon  the  wrought-iron  plat-es  and  rivets  would  s]>eedily  be  pro- 
dnclive  of  very  diasatrous  reanlts.  On  the  other  hand,  there  are  many  existing  es- 
amplea  of  wrought-iron  strucCurei^  ench  as  iron  ahipa  and  other  vessela,  suspension 
bridires,  &e.,  wbioh  with  proper  care  and  attention  have  withstood  tlie  wear  and  tear  of 
constant  eiposure  and  nse  without  anyseriouH  impairment  of  their  powers  of  reeisljince, 
for  periods  of  upward  of  thirty  years.  It  will  be  noticed  too  that  tubular  bridi^ea 
have  been  desi£tned  with  an  especial  view  to  the  easiest  access  to  every  (lart  for  the 
purposes  of  pnintins  nnd  repairs,  and  it  is  not  tberefoi'e  improbable  tliat  with  attention 
tlu-se  stmotures  will  prove  to  be  more*  durable  than  either  cast-iron,  timber,  or  oilier 
strnctures  similarly  situated. 

Their  Cost, — In  estimating  the  cost  of  a  tubular  girder  bridge,  one  of  tlieir  most 
important  recommendations  must  not  be  overlooked,  viz.,  the  snvmg  which  tlwy  afford 
in  the  consCruction  of  the  masonry,  abutmenl^  and  piers.  For  example,  in  the  for- 
mntion  of  a  bridge  of  IBO  feet  span,  if  cast  iron  or  stone  be  the  material  employed,  vast 
slims  of  money  would  have  to  be  expended  in  tlie  formation  of  ponderous  and  solid 
abutments  to  receive  the  thrust  of  the  arch  and  its  load,  whereas  wilh  the  jrfrder  bridge 
two  aimple  well-constnioted  walla  giving  a  bearing  of  five  or  six  feet  to  the  ends  of  the 
ginlers  is  all  that  is  necessary,  the  girders  themselves  receiving  and  maintaining  the 
strain  due  Ui  the  load.  The  mere  iron  guperstrncture  may  thus  in  sonie  cases  ap]>ear 
costly,  but  when  the  whole  of  the  Bdjnnets  of  a  bridge  are  taken  into  considei'tttinn 
there  is  perhaps  no  other  form  of  pontitectare  which  can  compel*  wilh  the  wrought- 
ii-on  girder  when  the  clear  space  exceeds  70  feet.  In  estimating  the  cost  of  the  iron 
su]ierBtmcture  it  may  be  assumed,  when  the  value  of  manufactured  iron  is  at  an 
averoge  rate,  at  20J.  per  ton  weight  fixed  and  erected. 

General  Adsanlagef. — The  more  prominent  advantages  of  these  ingenious  structures, 
vit  iightnesB,  atrength,  sceiirity.  and  economy,  have  been  referred  to  in  the  foregoing 
remarks.  In  addition  they  are  a  ready  resource  to  the  engineer  in  localities  where 
he  is  limited  for  space.  Thus,  in  crossing  at  a  low  level  a  road,  river,  or  canal,  a  height 
of  1 5  inches  from  the  bottom  of  tbe  b'idge  to  the  level  of  the  roadway  will  suffice  for 
ii  width  of  bridge  which  will  adaiit  of  a  double  line  of  railway  or  ordinary  turnpike 

Again,  the  structures  are  inexpensively  fixed.  The  Trent  ^rders,  for  example, 
were  constructed  on  the  railway  embankment  close  to  the  '(Vest  ahutmeiit  of  llie 
bridge,  nnd  drawn  across  to  their  permanent  places  without  the  expense  of  scaffolding, 
£c.  in  the  river.  The  main  girders  themselves,  in  addition  to  forming  the  main 
Biri'ugth  of  the  bridge,  form  parapets  and  protecHon  f»  the  traffic 

In  conclnsion,  it  may  bo  stated  that,  allhough  devoid  of  the  massive  but  imposing 
elegance  of  the  stone  arch  or  the  fairy  lightness  of  the  suspension  roadwny.  the  beauty 
of  a  tubular  girder  bridge  consists  in  its  UBefi:lne9s  and  its  evident  fitness  for  the 
work  it  has  tn  perform. 

The  TlninaE  over  the  Ruike  »t  Cologne. — "During  Ihe  course  of  autumn,  ISli), 
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Mr.  Fairba'vn  of  Mnnehester,  wob  imliiead  by  repr^BentnliotiB  made  to  him  tlironpli 
a  liigh  offiiiial  funutionnry,  to  pmpose  to  tlie  Pruasinn  Goveronienl «  plan  for  an  :roo 
briilgo  nciiiss  Oie  Khine  at  Culi^rne  un  tlie  tuWular  pvinti)>lK.  lliia  plan  met  with  ttia 
entire  jipprobalion  of  the  seieiitifio  worlil  at  Berlin,  wiia  snnolioned  bj  tlie  Klnfr,  and 
vaa  nil  but  adopted  by  tba  Prii»sinii  Cabinet.  It  bnppeiied,  bowever,  tbnt  eiiiiiiitii- 
ntouely  with  the  proposal  of  Mr.  FHirlMiirn.oneOberbflural.hLeiitze  hail  beoomeonnviiiceil 
tlint  a  Biispeneion  bridge  was  tbe  trne  means  of  coniniunicntjun  ocrosa  the  Kbiiie.  Ht 
had  arrivwi  at  this  oonehieion  nfter  yeara  of  patient  invealigatron,  and  so  far  worthy  ot 
nil  praise,  ^lioiigh  it  somewhat  unfortunately  chanced  tJmt  hie  diseovery  was  some  tiiirty 
veal's  too  1  lite,  go  that  bis  labora,  which  would  have  been  atlbe  heigbt  of  science  in  IS'^O, 
have  only  served  to  illustrate  a  job  in  ISGa  Here,  in  England,  We  have  some  little 
notion  of^tlie  nature  of  jobts  but  we  qneelion  wbetber  any  more  colossal  in  tliis  kind  has 
ever  neen  perpetrated  in  ourmlniieBtdHysof  comiplJon  tlian  tlieattsinptof  our  worthy 
friend  Herr  van  der  Heydt,  in  whose  paper,  if  we  are  not  niistahen,  tbe  celebrated 
figment  of  the  payment  of  tl.dOOt  to  tlie  editora  of  the  'Times' by  tlie  Danish  Guvern- 
ment  first  a]i]ieared,  to  bolster  up  the  scheme  of  HI.  Lentze,  and  to  throw  cold  water 
u]>on  Mint  of  Mr.  Fairbairn.  'What  mattered  it  that  Barnn  HumholdJ;  the  Nestor  of 
phjeieal  science,  sided  with  Kr.  FairbBirn,  or  that  the  King  of  Pnisrfa,  in  one  of  bia 
ha]>py  moments,  had  graciously  exlnnded  hia  royal  protection  to  the  English  engineer! 
Wasnot  M.VanderEeydl,  and  Ihe  whole  army'of  tbe Pi'ueeianburennei'Bcy,  whose  name 
is  Legion,  arrayed  on  tbe  other  side!  Still  tbe  Kngliahscbenie  must  be  bulged  oJSciaily; 
it  was  to  he  smotiiered  in  due  form  with  tlie  cushion  of  burcaneracy ;  so  a  eominissioa 
was  appointed  to  inquire  into  tbe  English  tubular  bridges;  and  of  wliom  do  our  renders 
suppose  that  it  conustedf  Wb;  of  Herr  Oberhaaratb  Lentz  himself  and  another  person, 
who,  after  due  deliberation,  set  o£f  for  England  on  their  aeientifie  mission.  Wliy  need 
we  detail 'at  length  the  wnnderingsof  Ihesednumvb'iof  bnreauoraeyl  how  they  tancied 
in  England — bow  they  were  reeeived  with  mnrted  courtesy  by  Mr.  Fairbairn — how  they 
saw  the  Conway  Btiiige,  tbe  Britannia  Bridge,  and  at  her  structures  of  minor  dimeneiuna 
in  Laneaehirer  Suffice  it  to  say  that  lliey  were  quita  blind  to  tbe  merits  of  tubular 
bridges,  and  made  their  report  dead  against'  tubatar  bridges  and  strongly  in  favor  of 
siispeTiBiiin  bridges — a  report  which  was  adopted  liy  the  government,  that  is  to  say, 
byllerr  Van  der  Heydt,  who  forthwith  issued  bis  famous  notice,  ealliiig  upon  the 
engineers  of  tbo  whole  worhl  to  compete  for  tbe  honor  of  contributing  to  Ibe  gloi'ifica- 
tioii  of  Herr  Oberbauralh  Lentze,  wliose  plans  have  been  long  anee  in  tlie  biiieau  of 
M.  Van  der  Heydt^  and  in  all  probability  will  be  ultimately  oamed  oni" — IHmei, 

W.  Fairbairn,  Esq.,  to  Barort  Sitmboldt. 

"Mj  dear  Enron  Humboldt, — I  gather,  from  an  artiile  which  has  reeentlj  appenred 
in  the  'Times'  newspaper,  and  from  a  eommunication  which  bis  ExecUeiiey  M.  Van 
d^r  Heydt  has  honored  me  with,  that  a  most  unfortunate  decision  has  been  come  to  by 
the  aiitliorilies  at  Berlin,  with  i-eferenee  to  the  important  structure  by  which  it  is  in- 
tended U>  connect  the  opposite  Imiika  of  the  Rhine  at  G.lc^ne.  It  baying  been  my  good 
fortune  to  liaye  been  consulted,  many  months  ago^  on  the  subject  of  this  important 
bi'idge,  and  to  haye  yisited  Berlin  for  the  purjiose  of  submitting  my  proposals,  I  hold  it 
due  to  the  warm  recommendation  which  emanated  from  our  excellent  friend  in  Lon- 
don, the  Chevnlier  B onsen — to  the  lively  interest  vou  manifested  in  favor  of  the  object 
of  my  jonrnej,  and  also  to  the  gracious  approyal  expressed  by  His  Majesty  tbe  King 
of  Prussia  in  person— to  make  known  as  widely  as  possible  tlie  insuperable  objections 
which,  in  tiiy  ojiinion,  attach  to  the  limitedprogramme  which  has  recently  been  isBiied 
from  Uie  bureau  of  the  Minister  of  Public  Works. 

"So  far  as  words  can  be  allowed  to  convey  an  intimation  of  a  ffenuine  conyiotion,  M. 
Vnu  der  Hejdt  acknowledged  at  the  palace,  on  tbe  iBt  of  KovemJier  last;  thatno  struc- 
ture eboitld  ever  be  allowed  to  cross  liie  Rhine  which  was  not  calculated  to  meet,  «ilh 
perfect  security,  the  atmoat  requirements  of  the  most  extended  traffic,  and  the  possilile 
contingencies  of  great  military  operaljoiis.  Your  own  enlarged  conceptions  at  once 
prompted  you  to  acknowledge  that  (be  design  (which  at  tliat  time  had  received  the 
sanction  of  Uie  authorities)  was  totally  unfit  for  these  porjioses,  and  to  admit  that  a  siis- 
pension  bridge,  owing  itsstrength  to  a  flexible  catenary,  was  inadequate  to  the  traiiB]™! 
of  lieavy  weights.  Bnt  when  I  submitted  the  results  which  had  bi-en  aocomplitlied  in 
this  country  by  the  judidoiiB  application  of  a  material  unljl  recently  untiied  in  sueh 
structures — when  1  announced  tlie  successful  realization  of  one  of  the  boldest  eon 
eeptioiis  of  modern  times — when  I  slated  that  tidal  streams,  such  as  the  rivel 
Conway  and  the  Menat  Straits,  had  been  crossed  by  solid  and  unyielding  bridtiei 
of  enormous  span,  which  were  cajMibla  nevertlieless  of  sustaining  ten  (iiiies  tlie  greatest 
possible  strain  that  the  heaviest  railway  traffic  could,  in  practice,  subject  them  to — 
wlien  1  lind  shown  that  this  new  principle  ot  construction  was  peculiarly  adapted 
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to   Bi.rmount  Hi  J  Ifi    ll  es   wl     I    tl      p     ag      f   th    Rl  ff   J,  Ij 

requirinf;  vury  !e  I  co    j   nt      Ij         II  [    re        U       t  d  tb        II         ^ 

of  ilie  p.iss-igHof  II  ftBth  iffgtlltpull 

re^istHii«a  in  times   fflidlik  |f  iJ  t  dl,  1 

Mlieii  I  hud  pi-u    d  U   t  I       i  Id  b  ted      d  fi    d 

at  nil  oiilrlny  cut    d      biy  lit)  w  li   t  wL    I    had  b        d         ded  f     a      ry       n 
f-;irt,  one— I   coJif  sslw  *■  l'^«^       dtfidtlM       t         f  1  ghts     d        1 

powerful  p«o|>le  itk        f      tl      as    tj  f  th    w    I  i     t   1    a    t    p    p  t    t 

Bolmme  uiiwortlij    f  P    s«  w      hj     f  ll     j      t     I  I  fi    k       1  dg      f  tl 

age,  Biid  in  opjioa  t       UiUdlbt        d         fjljwghdp  fbc 

greiitcBt  iirnaniiii  t 

"  Paivl<m  me  f      tl     n     mth  w  th      1    1    I    dd    as   to   y      tl  m      tr 

bnt,  1  fe«l  thaty  w  i  s,       d  II      f        d  I  p  wh    1    y  n  se       dly 

testified  to  me,      11     p  to     ge,       f      biy       I  oa      tl         t        g    f  tl 

foil.uiiale  BtepB  already  taien.  We  live  id  times  of  progrees.  A  scientifio  diBooveiy, 
or  a  praoticnl  improveiiient  of  any  kind,  cannot  be  lunfined  to  a  particular  loeality  ur 
to  one  oountry,  it  beeoicsa  at  onoe  the  property  of  all  The  oommunity  of  Knowl 
edge— tlie  moat  pjiwerful  destroyer  of  national  prejndieea  and  antipathies,  as  it  is 
the  surest  foandaUou  fur  general  and  permaiieut  peace  and  good  will — mnst  ride  over 
and  bear  down  individual  ignorance  and  petty  bureaucratic  objeotions.  Punetiiality 
and  rapidity  ia  onr  inter-coininunications  Imva  become  alraoat  essentials  of  our  ex- 
istence; and  in  tbis  manner  all  Europe  may  be  said  to  be  interested  in  the  completion 
of  tlint  mil  way  system  wiiieli  will  ti'uyei-se  the  Prussian  dominions  from  one  extreniitT 
to  the  other.  ^ 

"  And  now  let  me  point  out  tlie  lamentable  iraperfeetiona  whici  characterise  the 
Miniftei's  programme,  and  the  iimitutions  and  requirements  wliicli  will  etfeetualiy 
trHiinnel  the  efforts  of  men  of  genins,  and  deter  those  of  experience  and  repn^tion  fruni 
entering  at  all  upon  the  competition 

"  It  is  an  enp  ess  d  t  f  th  scl  ra  th  t  tli  Iw  j  m  t  on  is  not 
to  be  cuntinnouB,      d  tb    p  bl      w  11  tb      f  (         t        ff      th       nnoysiioe 

Ktid  inci.nvenien        f  d      bl    d  1  y      f       t  m  y  b    saf  1     sa  d  tl    t  Ih     proposal 

of  ilisintej^iiting     t  t         tm  ddw         trosBttbthrby  meu 

or  borsct,  bit  by  b  1^      d  h       by  h  II    ff     eq    1     f      t  g      t        bstacles  to 

a  ntpiil  journey  th      th        i=U  g  j  tern  d  H  w         h  bet(  Id    t  be  that 

the   bridge  should     mbody  w  th  If       h    1         ta    f    t      glh      d  durability 

as  would  afford     t     II  t  d         11  f    tra     t  t     ll  ose   means  of 

locoiiiol.ion  whiel  tttth  d  dglyfth      gtl    tead  of  unch  a 

permanent  and  sbtatltrut         wllthP  G  mtsal        tlie  ercc- 

tirin  of  one,  Uie  f  bl  d  n  k  ty  eo  Ut  t  f  wh  1  w  1 1  1  dd  t  the  very 
eight  of  a  locomol       I     S       ly       tl     Pub]       p  m     t    tp  d  f    b  d   t.    Wbiit 

is  wanted  is  a  bridge  to  connect  the  existing  lailwoya,  not  oue  that  will  permanently 
sepnrnte  them. 

"  But  again ;  it  is  stateil  that  the  Gifference  between  the  levels  of  the  existing 
railw^iys  and  Ihnt  required  for  the  roadway  of  the  intended  bridge  is  too  great  to  lie 
uveri'onie  by  the  locomotive  within  a  short  distanoo  of  length.  Tlia  objet-tion  is  purely 
ininginiiry;  for  I  can  stiite  from  personal  examination,  that  the  necessary  gradient 
womd  not  be  so  beiivv  aa  several  wliieh  are  worked  with  great  ease  in  this  country 
Besi'les,  on  the  left  bank  of  the  ULine  iLe  terminus  of  tbe  Ais-la-Cbapelle  line  is  at  th« 
riglit  level ;  and  that  on  Hie  side  of  Dentz  may  without  difficulty  be  reached  bv  atr 
easy  gi^ailient  of  less  than  1  in  100. 

"  Without  meaning  the  slightest  disrespect  bo  the  author  of  the  design  for  the  cliain 
bridge,  I  mnst  repeat  my  firm  and  dclibei'ata  oonviotion,  that  it  would  prove  an  incom- 
plete and  unsatisfactory  sti'ucture.  A,  pennanenf,  inflexible,  durable,  and  handaome 
bridgf,  of  enormous  stroiiKlh  (iJie  breiiUing  weight  of  the  bridge  I  proposed,  with  the 
Ejiao  of  810  feci  was  eqiiiil  to  6,00(»  tons  or  120.000  owt,  equally  distributed  over 
each  span,  giving  as  the  iillimate  strength  of  tbe  bridge,  witli  four  spans,  24,000  tons, 
or  450,000  cwts,),  adapted,  by  ari'angements  wbieh  I  have  now  in  prt^ressof  execution 
fi.r  similar  purposes  in  this  country,  to  give  every  possible  facility  to  the  navigatioi. 
ot  ihe  river — calcnlnted  to  carry  across  the  heaviest  roilway  train  at  any  speed,  and 
wbivli  you  might  cover  witli  the  most  powerful  ordnance  from  end  to  end,  may  be 
erecteif  at  Col<^ne  within  the  snm  whieh  has  been  demanded  for  the  chain  bridga 
These  stJitements  are  not  tbe  iini^iiiings  of  a  songuine  ntind  ;  but  tbeir  accuracy  may 
be  cniTohoriited  by  numerous  examples  of  a  similar  character  wbioh  have  been  eicetcd 
in  thiseonntry. 

"If,  therefore,  the  determination  of  the  Minister  of  Public  Works  to  erect  a  chain 
bridge  cannot  be  shaken,  I  confidently  anticipate  that  siicb  an  event  will  not  be  allowed 
to  pass  by  without  a  strong  protest  on  the  pact  of  thosn  wlio  »re  in   advance  of  the 
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knowleilga  find  jndgitient  dispUjed  by  tUe  authors  of  llie  inTitBtion  Ivliioh  has  been 
issued  to  the  engineering  woi'ld. 

"My  letter  liaa  attHiued  b  miieh  greater  length  tlian  I  nt  first  antinipnted.  My  anx 
icty  to  forward  your  own  fortihly  espi'tssed  views  on  llie  Bul>}ect  of  a  fixod  i>]'idg« 
muat  lie  iny  apolt^y  for  it. 

"With  an  expreeeion  of  my  profound  e!teem,  and  with  best  wishes  for  your  eontinutd 
goiid  heal  til, 

Believe  me  to  remain,  my  dear  Bai'on  Humboldt,  your  Tery  faithful  and  -very 
obedient  servant, 

"  WlLI.I:lM  F.11I1B,1IEK." 


KAmBAiRN's  "WBOCGtiT-Inos  GiRDER  BKn)i,E.  ItcpoTt  on  the  Strength,  Mastidty,  end 
<i'ifr  ProperHet  of  Wrauff/d-Iron  Girder  BriJ^en  as  applicable  to  Railaayt  and  oiAer 
StructKrea.  By_  W,  Pairbairn,  Esq.,  Q  K  (Fiom  the  4|i|.andia  to  Report  of  the  Com- 
niiKiioDers  appointed  to  inquire  into  the  nppliiiation  of  Iran  to  Railway  Striieturea.) 
— "Tlie  idea  of  croaaing  the  River  Conwny  and  tlie  Meiiai  Straits  on  the  line  of  tlie 
ChMt*!-  and  Holyhead  Railway  (two  of  the  most  formidable  barriers  ever  presented  to 
Ihe  engineer),  properly  belongs  to  Air.  R.  Stephenson. 

"To  carry  this  intti  praoliee,  reqnited  the  united  skill  of  the  mechanital  as  well  aa 
the  uivil  engineer;  aod  it  is  highly  gratifying  to  find  that  the  successful  completion  of 
tiie  fii'st  of  the  Conway  tubes  haa  not  only  attained  that  obiec(i  bat  it  has  cstabliHSied  a 
new  era  in  tlie  history  of  bridge^  by  the  development  of  tlie  properties  of  a  hitherto 
nuli'ieil  material,  and  eoaldes  tlie  engineer  of  the  present  day  \a  conqvier  obstacles 
iv(ii<Ji,  at  no  yerv  distant  date,  were  Mnaidered  inenrm on n table, 

"  An  undertaking  of  such  importance  to  the  sclentifiu  vorld,  to  tlie  pnblle,  and  to 
lho):e  more  immediately  interealed,  involving  heavy  responsibilities  on  the  engineer; 
liffore  anytliing  definite  eoiild  be  aceomplialied,  it  became  absolutely  necpasiiry  to  iu- 
slilute  a  series  of  experiments  to  determine  the  practicaliility  of  such  a  struetnre,  in- 
elniiing  olher  inquiries  into  the  proporUons  and  otlier  projierties  of  the  tube.  At  the 
request  of  Mr.  Stephenson,  [  had  the  honor  of  lieing  selected  to  conduct  this  inquiry. 

"  Experiments  on  oirciilar,  elliptical,  and  reotangiilar  tnl>ea  were  accordingly  under- 
Inken  ;  but  it  goon  became  evident  fi-om  the  results  obtained  thattliose  of  a  rei-tiingular 
I'li'tn  were  best  calculated  for  the  purpose.  It  was  not,  however,  until  I  had  adopted 
the  tube  with  Uie  corrugated  to[i  that  the  real  value  of  the  tubular  form  became  aji- 
|)Hrenl,  and,  in  fact,  abaolntely  requisite  in  that  part  to  offer  eufflcient  resistance  to  the 

not  trouble  the  Commissionera  with  the  details  of  the  experiments,  but 
:e  that  it  evidently  beoame  necessary  to  adopt  some  other  shape  than  those 
liar  and  elliptinal  kind,  and  so  to  proportion  the  top  and  bottom  sides  of  the 
tube  as  to  effect  a  balance  of  the  resisting  forces  of  extension  and  compresioii,  and  thus 
to  ensure  the  maximum  force  of  resistance  in  every  part,  Tlieae  proportions  were 
clearly  indicated  by  the  reetnngular  form ;  and  the  formation  of  cells  on  the  top  side 
"    ■'  8  powers  of  resistance  to  ttie  crushing  force  than  had  been  lieretofore 


simply  stal 
of  ihe  eiroi 


thus  constructed  gave  ia  tliu  experiments,  at  once  suggested  a  modified  form  of  tubular 
girder  adapted  to  shorter  spans.  Tli is  description  of  bridge  is  now  beconiiiig  general; 
and  from  iis  superior  powers  of  resistance,  greater  aeenrity,  and  its  adaptation  to  almost 
every  description  of  span,  we  may  reasonably  infer  that  wrought  iron  is  cheaper  and 
safer,  if  not  equally  durable  with  any  other  description  of  materials  It  niay,  and  I 
have  no  doubt  it  will  be  urged,  that  wroughtriron  is  ninch  more  sutgect  to  oxidulior. 
and  decay  than  east^-iron  or  alone ;  a  circumstance  which  cannot  bf  disputed  ;  but  that 
can  only  arise  from  gross  negligence  on  the  part  of  those  having  charge  of  the  structure, 
as  two  coata  of  good  oil  paint  every  three  years  will  effectually  protect  it.  and  render  it 
durable  for  almost  any  lengtli  of  time.  Besides,  the  girdei's,  as  now  conslnicted,  are 
accessible  in  every  part>  and,  by  careful  attention,  I  can  see  no  reason  why  they  should 
not  last  600  instead  of  60  or  lOO  yeai-s.  Anotlier  objection  brought  against  this  de 
scription  of  bridge  i^  the  risk  of  the  rivets  becoming  loose ;  and  from  Wie  nnniher  of 
joints,  tlie  whole  is  oonaidered  by  some  as  dangerous  and  insecure.  How,  as  regards 
this  objection,  no  real  weight  cbb  be  attached  to  it ;  as  the  parties  raising  it  cannot  he 
acquainted  with  the  nature  and  solidity  of  the  work.  It  ia  next  to  impossible  for  a 
single  rivet  to  get  loose  (unlese  the  work  ia  improperly  executed) ;  and  in  tiie  whole 
of  my  experience,  1  am  not  acquainted  with  any  description  of  jointing  so  certainly 
Bceure,  ond  so  well  adapted  t«  resist  any  description  of  strain,  as  that  of  riveted  phitts, 
1  a]>eak  practically  and  unhesitjitingly  on  this  subject;  and  I  have  only  tfl  instance 
steam  boilers,  iron  ships,  and  other  vesaela  aubjecled  to  severe  strain,  as  cxam])leB  ol 
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the  strength  Hnd  tennaitj  nf  riveted  pktea;  in 
but  retjiin  tlieir  poeitioii  uniler  every  epeoiea  of 
parCs  of  the  etructuru  in  common  willi  tlie  pla& 

"In  Bubmitting  Ibese  remarks  to  the  caiieideracion  uf  the  Commissionera,  nnd  in 
oriler  to  lieur  tlieni  oiit^  it  maj  uob  be  uninteresting  briefly  to  notice  a  few  of  tlie  resnlta 
of  the  ex|ierimcnta  illuetratirc  of  tiii»  diibjecl^  anil  to  bIiuw,  witii  K  greater  decree  of 
eMaetitiide,  tlie  nature  nnd  value  uf  tliia  deacriptjon  of  gtrncture.  Far  tliese  objeL-ta,  I 
beg  til  iiiiwrt  &  few  of  liie  earlier  experiments  on  different  desci'Jptiona  of  tulies,  ae  :  e- 
torded  ill  a  report  addressed  tu  Mr.  Stephenson  and  the  diri^ctors  of  the  Cliester  nnd 
Hu]ylie«d  Railway,  the  particiilars  of  which  have  already  been  l>efora  the  piiUic." 

(Hiire  follow  the  details  of  Iha  experiinente  referred  lo.) 

Tbe  experiments^  of  whieli  tJie  above  is  a  brief  notice,  fcave  led  to  otJier  improve- 
ments of  great  utility  in  prnetjcal  science,  and  probably  of  equal  value  with  those  fur 
which  they  were  originally  uiidertiikon, 

■'lbav«  already  Btated  tbiit  Ihe  difficnlly  which  the  wealiness  uf  the  mflterial  to 
resist  a  cmahing  foree  oc^sioned,  was  overcome  by  the  adoplion  of  the  cellular  furin 
of  top;  but  another,  and,  l«  my  mind,  very  serioua  difiieulty  presented  itself,  in  the  re- 
diietion  ill  the  strength  of  the  plates  at  tlie  joints  by  the  ordinary  method  of  rivetiiif^, 
in  the  bottom  nnd  those  parts  where  the  tensile  strain  came  into  operation.  This  led 
to  a  new  system  of  riveting,  wbioli,  without  weakening  the  boiiy  of  the  plate  to  sn  great 
an  estent  as  formerly,  gires  a  joint  of  nlmoat  equal  streiiffth  with  the  plate  ilaelf,  and 
tbus  a.1d8  in  a  most  material  iiiantier  to  the  security  of  tlie  structare. 

"Consequent  upon  the  experiments  and  the  Vesnlla  obtained  tlierefrom,  numerous 
advantages  ]iresented  themeclveB  in  the  constmetjon  of  wrought-iron  girders.  The 
strength,  ductility,  nnd  oomjisratiTe  lightness  of  the  material  are  Ihe  Important  elements 
of  theseji^rders ;  and  their  elasticity,  retention  of  foi'm,  and  other  properties,  render 
them  infinitely  more  secure  than  thi>fle  composed  of  caslriron,  which,  from  the  brittle 
nature  of  the  material  and  im]>erl'ectiona  in  the  castings,  are  liahle  to  break  without 
notice,  and  to  wliieh  the  wroiight-iron  girder  ia  not  siiljipet.  This  is,  however,  pro- 
baliiy  of  leas  importance,  as  the  wrought-iron  girder  wiu  be  found  not  only  cheaper, 
but  (when  well  eonatrncted,  and  upon  the  right  principle)  upwards  of  three  times  the 
eti'eiigtli  of  cast-iron.  I  liave  elsewhere  stated  l«  the  Commissioners  tliat  tlia  experi- 
ments (itlriicted  the  notice  genei-aliy  of  railway  engineers,  and,  amongat  others,  that  of 
Mr.  Vigmiles,  who  immediately  gave  an  order  for  two  wroughlriron  girder  bridges  for 
the  Blackburn  and  Bolton  Hnilway  Company.'— one  to  eross  the  Liverpool  and  Leeds 
Canid,  and  tlie  other  over  the  turnpike  road,  both  in  the  vicinity  of  Blackburn.  These 
bridges  were  constructed  umultnneously  with  another  of  similar  form  (with  a  ciist-iron 
top)  executed  by  Mr.  Dockray.  under  the  direction  of  Mr.  Robert  StepheBson,  for 
ciii-ryitig  ihe  turnpike  road  over  the  Limdon  and  Sorth-Westem  Railway  at  Camden 
Town.  Tliose  for  the  Blackburn  and  Bolton  Railway  were,  however,  the  first  adapted 
for  railway  traffic;  and  although  Ihey  are  probably  not  ao  Weil  proportioned  as  others 
since  constructed,  they  nevertheless  exhibit  extraordinary  powers  of  resistance;  and 
conceiving  that  a  description  of  these  bridge^  with  the  teste  to  which  they  were  sub- 
jeeied,  might  he  useful,  J  have  greiit  pleasure  in  submitting  the  same,  with  the  neces- 
sary (irjwings,  to  tlie  consideratioo  of  tlie  Commissioners, 

Explanatioaof  the  Engravingn,  descriptive  of  the  Holloia  Girder  Bridge  oner  the  Tumpiit 
Boad  near  Blaekbum. 

"Fig.  521  is  an  elevation  or  side  view  of  the  girder,  each  66  ft.  long,  and  bedded  on 
cast-iron  liase  plates. 

"  Mg.  522  is  a  transverse  section  of  the  bridge,  showing  the  sides  of  the  cross-beams, 
and  the  cross  sections  of  the  outside  and  middle  girders. 

"Mg.  623  is  an  enlarged  transverse  section  of  tEie  outside  girder,  showing  the  at- 
tachment of  the  oross-beama,  which  are  riveted  to  the  bottom  of  the  girder,  exolusivs 
of  two  bolts  A  A,  which  extend  l.hrongh  the  bottom  plates  and  angle  iron  of  the  girder, 
and  the  top  and  bottom  plates  of  the  cross-beam. 

"  Mg.  5ii  is  an  enlarged  view  of  a  part  of  the  side  of  the  lai^e  girder,  eshihiting  « 
transverse  section  of  tie  cross  beam,  at  b,  wliich  is  made  of  wrought-iron,  with  the  top 
and  bottom  plates  so  proportioned  as  to  equalise  its  powera  of  resistance  to  the  force  •>{ 
compression  on  tho  top,  and  that  of  tension  on  the  bottom.  Tt  also  exhibits  the  mode 
of  riveting  np  the  joints  of  the  side  plates  with  the  covering  strip  coo,  and  the  addition- 
al strength  aaohtainedby  the  attachment  of  T  iron  in  the  interior  of  the  tnbd 

"J%.  5'23  is  a  plan  of  the  briditp,  shotting  on  one  side  the  plnlforra  and  the  rails,  and 
on  the  other  the  crosB-beitina,  wliich  in  this  bridge  are  placed  6  ft;,  asunder ;  but  in  tlioss 
more  recently  eonatrncted,  [  have  placed  them  at  diataoees  of  only  4  ft.,  and  considei 
this  arrangement  preferable. 
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cry  species  of  eti'iiiiij  Die  niidcJle  giiilei-  is  iimie  iienrly  Jouble  tlie  strength  of  tliose  on 
lliB  outside.  Tliia  ie  eseentiiil,  aa  two  tmiiie  ni,ij  le  ii.isaiiig  tlie  bridge  at  llii:  ennie 
iiioriient;  in  -wliioh  cnae  the  middle  girder  would  be  sulijeoted  to  a  pressure  equal  to 
double  the  lond  on  the  ouiside  girdt^i's. 

"Ill  the  oonBtPiietioii  of  biidgesof  lm^rB|-Min,Tgenerfllly  prefer  only  two  larae  longi- 
tiidirifll  girders  with  BtrongoroBe-beiiiiiBeTepj' clipee  feet,  of  BiifGuient  length  to  iidinit  two 
liii^B  of  rails,  and  anffioient  room  for  two  trains  to  paas  at  the  earaa  time.  Tliia  mode  of 
cimatriietion  is  preferable  to  [he  three  giniers,  as  it  etTfOla  greater  simplioity  in  the 
Bti'iicture,  and,  from  every  appearanee,  renders  the  bridjfe  equally  effactiTe  and  seonre. 

"  Having  tliiiB  desoribed  llie  advantagea  peouliar  to  thia  description  of  bridije,  I  will 
now  direct  the  attention  of  the  Conitinsflioiiera  to  the  testa  to  which  the  Blackburn 
Bridge  was  aiibjeoted,  previous  to  its  opening  for  public  triiffie.  Tlie  exparimenta  were 
made  in  the  presence  of  Captain  Cuddiiigtoii,  tlie  Government  Inspector  of  Eailwajs, 
and  Mr.  Flanagan,  engineer  of  the  line,  aa  follows-  - 

"Three  locomotive  engines,  weighing  60  tona 

over  the  bridge  at  veloeitiea  varyiiij!  fwiii  S  to  '.^. 

(fiO  tona)  produced  a  deflection  of  -025  of  a  foot,  or  about  ^^jtha  of  an  inch,  and  that 
wilhout  any  perceptible  inoranse  in  the  deflection  ariBing  fiom  the  different  rates  of 
epeed.    In  fact  the  deflection  was  foand  to  be  the  aame  at  all  velocities. 

"  Afler  these  teats  were  made,  tivo  wedges  or  inclined  plates  were  fitted  to  ihe  rnila, 
%.  526,  at  the  middle  of  the  ^-idge,  and  the  engines  run  over  them  at  the  rate  of  1  to 


10  miles  an  hour.  The  shoct  of  the  engines,  aa  they  respectively  fell  upon  the  girder, 
from  a  height  of  one  inoh,  tlie  thiekneaa  of  the  wedge  at  D.  gftve  an  increased  dtflettio 
from  -025  to  -OSB  of  a  fool,  and  anol.licr  aet  of  weii^ea,  li  feet  in  height,  ga-re  a  furth* 
iiicreaae  of  deflection  (nt  tlie  same  velooity)  of  ■036  to  .<i45  of  a  fooL 

"  From  the  above  esperimeiits  it  appears  evident  that  wrougbt-iron  girders  are  we 


oi^e 


n  HUBparing  hanrt ;  for,  in  fnet,  the  girilcrs  ivpre  not  injured  by  tl 
iiy  eiiuinea  (ViJlinji;  n  hiiisilit  of  1}  inches  upon  l.hpni.  but  restored  tlie 
uiiiiiiml  position  from  wbieli  thfj  were  deflccled  liy  the  bIiobV. 


it  tha  present  sfriiedirp  is 
rHin  wbtn  npplied  t«  liii^e 
1  perfL-etlj  liorizontal  soffit, 

"Wiiuiu  Fjubbaibn." 


'■'On  tlie  whole  we  may,  tlicppfore,  rcBsc.nnMy  oi 
not  onlj  the  strordeet,  but  the  best  tBlciiInted  t*  resist  i 
fpniiB,  nnd  pnrticiilnrly  in  Gituatlons  wliere  bridges,  will] 
ni'u  alone  admissible. 

(Signed) 
'  Mi.nch(*trr,  April  Mlh,  1848." 

FAN  (Ereiifaii,  Fr, ;  Vaektr,  Germ.)  is  usnallv  a  s^mi  circular  piece  of  silk  or  paper. 
Pasted  double,  enclosing  slender  slips  oi  wooJ,  ivor;,  tortoise-shell,  whitlu-bane,  &e., 
arranged  like  the  tail  of  a  peacock,  in  a  radiulink;  foim,  and  susceptible  of  bein^  folded 
lo^'ellier,  and  expanded  at  pleasure.  This  welt-km.wn  hand  ornament  is  used  by  ladies 
lo  cool  Iheic  faces  hy  agitating  the  air.    Fans  [cad  rs,    k     h   w  b 

have  been  employed  from  time  iinmemortal  by  th  ir 

Faa  is  also  the  name  of  the  apparatus  for  wt  com 

powerful  blowing  and  venlilaling  fan  machiae,  s      F  V 

FaKLSA  Ci'ari«e,Fr.)  Mekl,Getia.)  is  the  H 
root,  such  aa  potato,  arrow  root,  &«.    See  Breai)         S 

FATS  (Graism,   Fr. ;    Fetle,  Germ.)   oecu  g  m  al 

ti-{<ues,  being  abundant  under  the  skin  in  what  ed  mm 

the  kidneys,  in  the  fuUls  of  the  omeulum,  at  the  ba.  b    hea  h    m 

the  mesenteric  wcbb,  as  well  as  upon  the  eurfac         h  d    m       m       ol 

the  musijles.    They  vary  in  consistence,  Color  d  al 

fi'om  which  Ihey  are  ohlained ;  thus,  they  aie  11   d         h  ceo  t" 

soft  and  rank-Aavored  in  the  carnivorous,  solid  es  s, 

usually  HTliite  and  copiims  in  wrll-fed  youn;  anim  w  m  h 

old.    Their  conaistence  varies  also  oceordinit  I  -a  p  g 

(inner  under  Ibe  skin,  and  in  llie  neighborhood  o  k  m    g        m 

visceia.     Fat  forms  about  one  twentieth  of  th    w     h         a  hea        an  B 

taiten  out  by  the  bulcher  it  Ls  not  pure,  for  bein;  of  a  vesicular  structure,  it  is  always 
enclose^,  in  membranes,  mixed  with  blood,  blood-vessels,  lymphatics,  t.e.  These  foreign 
tnutlers  must  first  be  separated  in  some  measure  mechanically,  aller  the  fat  is  minced 
Eitiall,  and  then  more  completely  by  meliing  it  aloni  with  hot  water,  passing  it  Ihrough 
a  sieve,  and  letting  the  whole  cool  very  slowly.  By  this  means  a  cake  of  cleansed  fat 
will  be  obtained.  Many  pbns  of  purifying  fals  have  been  proposed ;  one  or  the  best  i« 
to  mix  two  per  cent,  of  strong  sulphuric  acid  with  a  qunnlity  of  water,  in  wbich  the 
lullunr  is  heated  for  some  time  with  much  stirrini;;  to  allow  the  materials  lo  euul,  to 
take  off  the  sopernatant  fal,  and  re-meit  it  with  abundance  of  hot  water,  itfi.re  Wllow 
will  thus  be  obtained,  and  that  considerably,  whiter  and  harder  than  is  usually  procured 
by  the  melters. 

I  have  found  that  chlorine  and  chloride  of  lime  do  not  improve,  bul  talher  deterio- 
rate, ihe  aiipearance  of  oils  and  other  laity  bodies.  According  to  Appert,  iniuced  suet 
subjected  to  the  action  of  higb-pressure  steam  in  a  digester,  at  2a(P  or  2fi(P  F.,  becomes 
so  haid  as  to  be  sonorous  when  struck,  whiter,  and  capable,  when  made  into  candles,  of 
givinK  a  superior  light  A  convenient  mode  of  nadering  minced  tallow,  or  melting  it,  it 
to  put  it  in  a  tub,  and  drive  steam  through  it  from  numerous  orifices  in  ramifying  pipes 
placed  near  the  bottom.  Mr.  Watt  assures  me  that  his  plan  of  purifying  fals,  patented 
Id  Marcb,  1836,  has  been  quite  successful.  He  employs  dilute  sulphuric  acid,  to  which 
he  adds  a  little  niCiic  acid,  with  a.  very  small  quantity  of  bichromate  of  potash,  "  to  sup- 
|>15  axviren;"  nnl  some  oxalto  acid.  These  Hru  mixed  with  the  fat  in  th«  stenining 
tnb.  When  llie  lumps  of  it  are  nearly  disaolvii,  he  latea  for  every  ton  of  fat,  one 
pound  of  strong  nitno  acid,  diluted  with  one  qu'iH  of  water;  to  whioh  he  adds  two 
ouiieea  of  aleolioi,  nnphtba,  sulphuric  ether,  or  B|iiriCs  of  turpentine ;  and  after  intro- 
ducing this  mixture,  ha  cootiniies  the  boiling  for  hiilf  an  bour.  The  fat  is  finally 
washud.     Aa  I  do  not  co'inprehend  the  modus  operandi  of  these  ingredieuts,  I  shall 


absti 


ipe. 


■a  have  propi>sed  to  use  vegetable  or  animal  chnraoal  first,  espeoiftlly  for  raneid 
oils,  then  to  heat  them  with  a  solution  of  sulphate  of  copi>er  and  common  salt,  nbieli  is 
si^pjxaed  to  preeijittate  the  fetid  albaminuus  matter.  Mill:  of  lime  has  been  also  pre- 
Buril>nd:  but  it  is,  I  believe,  always  d eti^ mental. 

Dnvidson  treats  whale  oil  with  infusion  of  tan,  in  older  to  separate  the  gelatine  am. 
ftlbumina  in  flocks;  next  with  water  and  chloride  of  lime,  Ui  destroy  the  smell;  find 
histly,  with  dilute  sulphuric  acid,  to  preeiiitate  all  the  lioie  in  Che  state  ot  n  sulphate. 
Thia  is  certainly  one  of  the  cheapest  and  must  elfective  methods  of  purifyiujj  that 
Buljstauee. 


'^■OU'ilC 


GS8  FATS. 

Bracnnnot  and  Rsspail  have  shown  that  eolid  animal  fais  are  composed  of  vury  small, 
niii:ri>sc'>pic,  portly  pD]}'°onal.  partly  renirorm  particle?,  which  are  trmneFted  loi;elhEr 
by  veiy  tliin  membranes.  These  may  be  ruplnrrd  by  mechanical  means,  then  sepnralti' 
by  eriluraliiiE  the  fresh  fate  with  culd  water,  and  passing  the  nnclnous  matter  Ibron^l 
a  «ieve.  The  particles  float  in  the  water,  bot  eventually  collect  in  a  white  granulni 
crj-8(alline  eppcarnnce,  like  stai-ch.  Each  of  them  consialsof  a  Vesicular  inteemneni,  "f 
the  nature  of  slearine,  and  an  Enterinr  llnid  like  elnine,  which  snerwards  exudes.  Tht 
^rannlts  float  in  the  water,  hul  (inhside  in  spirits  of  wine.  When  d^ested  in  strong 
alcohol,  Ihe  liquid  part  dissolves,  but  the  solid  remains.  These  parlitles  differ  in  sliapa 
.ind  size,  as  uhljined  from  ditfeient  animals;  those  of  the  calf,  ox,  sheep,  are  polyH:oij«l, 
from  ,),  to  „l-  of  an  inch  in  diameter ;  those  of  the  sow  are  kidney-shaped,  and  Trom  ,1^ 
to  ^  ^  g  i  those  of  man  are  polygonal,  and  from  J~  to  g4-)j ;  those  of  insects  are  spherical, 

Pats  all  niell  at  a  temperature  much  under  212?  F.  When  slronEly  heated  with  con- 
lacl  of  air,  they  dift'use  while  pungent  fumes,  then  blacken,  and  lake  fire.  When  sub- 
jected to  dislill«lion,  Ihey  aifurd  a  chanaed  Hiild  oil,  caibnreled  hydroaen,  and  the  other 
products  of  oily  bodies.  Exposed  for  a  certain  lime  to  the  atmosphere,  they  become 
rancid,  and  generate  Ihe  same  fat  acids  as  they  lio  by  sapoiiiiication.  In  llieir  f^csh 
stale  Ihey  are  all  composed  principally  of  slearine,  marEarine,  and  oleine,  with  a  little 
coloring  and  odorous  matter;  and  in  some  species,  hircine,  from  the  goat;  phocenine, 
from  the  dolphin ;  and  bnlyrine,  from  bolter.  By  aubjecling  them  to  a  gteal  degiee  ol 
cold,  and  compressing  them  between  folds  of  blotting  paper,  a  residnnm  is  obtained,  con- 
tistiiig:  chiefly  of  slearine  and  oBr^arine ;  the  latter  of  which  may  be  dissolved  but  by 
oil  of  lutjientine. 

Bet/  and  Mnltoa  Suet. — When  fresh,  this  is  an  insipid,  nearly  inodorous  fat,  of  a  firm 
consistence,  almost  insoluble  in  alcohol,  entirely  so  if  taken  from  the  kidneys  and  mesen- 
teric web  of  (he  ox,  the  sheep,  the  eoat,  end  the  slag.  It  varies  in  ils  whileness,  con- 
sistence, and  combustibility,  with  Ihe  Sjiecies  and  health  of  the  animals.  That  of  Ihe 
sheep  is  very  white  and  Tery  solid.  They  maj  all  be  purified  in  the  manner  above  de- 
scribed. Strong  suljihitric  acid  developes  readily  the  acid  fals  by  Stirling  it  through 
melted  suet.  Alknlis,  by  saponification,  cive  rise  at  once  to  the  three  acids,— Ihe  stearic, 
maigai'lc,  and  oleic.  Beef  siiel  consists  of  steaiine,  marearine,  and  oleine  ;  mutton  and 
goal  suet  oontnin  a  little  hircine.  The  specific  gmvitj  of  the  lallow  of  which  common 
canilles  are  made  is,  by  my  eiperimenls,  0-936.  The  melting  poinl  of  suet  is  from  98° 
to  104°  F.  The  proporlion  of  solid  and  fluid  fat  in  it  is  somewhat  variable,  but  the  fi>r- 
nier  is  in  much  larger  proportion.  Mutton  Satl  ia  soluble  in  44  parts  of  boiling  akuhol, 
of  0-8iO;  beef  snel  in  44  parts.  Marrowfat  consislBof7(i  of  slearine,  and  24  of  oleine; 
itmellsal  115°?. 

Hog'a-lard  is  soft,  fusible  at  81'  F.,  convertible,  hy  an  alkaline  solulion,  into  a  slearale, 
roargarale,  oleale,  and  Elyccrine.  Ils  sp.  grav.  is  0-9a8,  at  50°  F.  It  consists  of  62  of 
oleine,  and  38  of  slearine,  in  1(10  parls. 

GoQt-Jnl  consists  of  68  oleine  and  32  slearine. 

PiUtm;  in  summer,  consists  of  60  of  oleine  and  40  of  sfean  le  n  nler  of  35  of 
oleine,  and  65  of  slearine;  the  former  substance  being  yello  v  and  the  la  er  hito 
II  dillets,  howener,  as  produced  from  ihe  milk  of  dill'iftent  cows    and  a  o  accord  ne;  lo 


The  cllitnale  constituents  of  slearine,  according  to  Chevre  1 
hydn^en,  and  9-3  oxygen,  in  100  pans. 

1,294,009  cwts.  of  the  lullow  imputled  in  1837  were  retained  f  r 
Bee  M*Hr.4i.!.Mc,  Oi-kinf..  So^p.  Stfat^tn'k. 

The  following  Blatement  is  given  on  the  authority  of  Braconnot 


9  ca  bon   il-7 
nal  consumption. 


Fresh  Butter  in  summer 
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H,^'aLi,ri        .             .             -             .             - 

Ox  Marrow 

I^oose  Fat         ■              -             -             -             - 
Diieti  Fat           -             -             -             -             - 

Ox  Tallow 

Mntt«n  Suet 

M.  Dnmas  says  that  butter  oontjiins  no  i 
of  fals  have  been  t!io  objeet  of  many  pa 
refilling  (.aim-oil  and  extrncling  its  iiiHi^arine  is  deaorilied. 

About  30  years  ago,  palm-oil  was  <ieprived  of  coloc  to  a  certain  degree  by  m 
with  the  melted  oil,  previously  freed  from  its  impurities  by  fillJ-ation,  aume  dilut* 


.;  Google  • 


Rcid,  wooden  TMaels  being  hbnI.  nnd  t]ie  oil  being  in  a  melted  state.  Tliis  pi'oeosa  iXns 
l>otli  espensire  nnd  impei'iect.  Mure  Intel;  wliiteiiiiig  has  been  preaurilied  by  mentis 
nf  throjnie  acid,  wliiali,  in  the  act  of  deoini position  in1«  cliruinio  oxide,  givvs  out 
"syfteii,  and  tliereby  deatrojs  vegetable  oolora.  One  pound  of  liieliroinnf*  of  potnali 
ill  viiliiticm  19  to  be  mixed  with  two  pounils  of  Btroiig  siilpbiirie  nciii.  diluted  btfure- 
liaiiil  with  about  two  gallons  of  wiit<!t-;  nnd  tbia  mixture  is  tu  be  incorporated  by 
clilijjent  Btiri-ing  witli  a  owt,  of  tbe  filtered  palm-oil,  at  a  tenijierature  of  about 
100  F.,  eontained  in  a  wooden  vessei.  The  pami-oil  is  afterward  to  be  vrashed  in 
warm  lime-water,  to  which  some  solution  of  chloride  of  lime  may  be  advantngeoaslj 
ndiitd.  By  this  process,  well  managed,  a  fat  may  be  obiaint'  from  palm-oil  fit  iiii 
miikiii;  while  soap.  Tallow  may  be  also  blanched  (o  a  consideiaolc  degree  by  a  like 
operation. 

instead  of  Btdphoric  acid,  the  murialic  may  be  used  to  convert  the  chromic  ttid  mtu 
chromic  oxide  in  the  aboye  process,  and  thereby  to  liberate  the  blanching  oxygen. 
The  resulting  solution  of  green  mariale  of  chrome  bein^.  freed  from  some  adhering  oil, 
is  to  be  mixed  with  so  much  milk  of  lime  as  just  to  neutralize  the  excess  of  acid  thai 
may  be  present.  The  clear  green  muriate  la  then  to  be  decomposed  in  a  separate 
vessel,  by  the  addition  of  well-slaked  and  sifted  lime,  in  snmp  excess.  The  green  mix- 
ture of  lime  and  chrome-oxide  is  now  to  be  dried,  and  §<^ntly  ignited,  whereby  it  is 
converted  into  yellow  chromale  of  lime,  with  some  unsatnrnted  lime.  This  compounil 
beina  decomposed  by  dilute  sulphuric  aeid,  affords  chromic  acid,  to  be  applied  again  i^i 
the  decoloring  of  palm-oil,  on  the  principles  above  explained. 

Mr.  Prynne  obtnined  a  patent  in  March,  1840,  for  purifjine  tallow  for  the  candle- 
maker,  by  heating  it  along  with  a  solution  of  carbonate  of  potash  or  soda  for  8  hours, 
letting  the  whole  cool,  removing  the  tallow  to  another  vessel,  heating  it  by  means  of 
steam  up  to  206°  F.,  along  with  dry  carbonate  of  potash  Cpearlash) :  letting  this  mix- 
ture cool  very  slowly;  and  finally  removing  the  tatlow  to  a  vessel  enclosed  in  steam,  so 
as  to  expel  any  subsidiary  moisture. — Neielon'a  JbuniaJ,  \xi.  25S. 

A  patent  for  a  like  purpose  was  obtained  in  June,  1842,  by  Mr,  H.  H,  Watson.  He 
avails  himself  of  the  blanching  power  of  oxygen,  as  evolved  from  nianganate  of  potash 
{cliameleon  mineral),  in  the  act  of  its  decomposition  by  acWs,  while  in  contact  with 
the  melted  fat.  He  prescribes  a  leaden  vessel  (a  well-joined  wooden  tub  will  also 
serve)  for  operating  upon  the  melted  tallow,  with  one  twentieth  of  its  weight  of  the 
mangannle,  dissolved  in  water,  and  acidulated  to  the  taste.  The  whole  ore  to  be  well 
miied,  and  graduelly  heated  from  150-'  up  to  2H~'  F.,  nnd  maintained  at  that  tern- 
peratnre  for  an  hour.  On  account  of  Uie  tendency  of  the  dissolved  manganate  lo 
sponlaneoos  decomposition,  it  should  be  added  to  the  dilute  acid,  mixed  with  the  fat 
previously  melted  at  the  lowest  temperature  consistent  with  its  flnidily. 

Palm-oil  may  be  well  blanched  in  the  coarse  of  12  hours  by  heat  alone;  if  it  be 
ex|>osed  in  a  layer  of  one  or  two  inches  to  the  air  and  sunshine,  npon  the  surface  of 
water  kept  up  at  nearly  the  boiling  point  by  a  coil  of  steam-pipes  laid  in  the  bottom  of 
s  Bi^uare  cistern  of  lead  or  wood,  well  jointed. 

Mr.  Wilson,  ofTauxhall,  has  applied  centrifngal  action  to  the  aepftration  of  the  more 
liquid  from  the  more  sol  id  parte  of  fatty  matters,  usinjtin  preference  tlie /'i«J/o-ea;(rat(ui-,v 
ua«d  by  Seyrig  and  Co.,  for  drying  textile  fabriea.  Mr.  Wilson  employe  a  atout  cotton 
twill  in  addition  to  the- wire  gralJng;  and  in  order  to  avoid  the  necessity  of  digging  the 
concrete  parts,  and  to  prevent  them  from  clinging  the  interstices  for  the  diacliarge  of 
the  oily  matter,  he  places  the  whole  in  a  bag  8  inchea  in  diameter,  and  of  such  lenglh 
(lint  when  laid  on  the  rotating  machine  againat  the  grating  the  two  ends  will  meet. 
The  speed  of  the  machine  muat  be  kept  below  that  at  which  stearic  acid  or  stearine 
would  paas;  which  ia  known  by  He  limpidity  of  the  exjireeaed  fluid.  To  take  advan- 
tage of  the  liquefying  influence  of  heat,  he  keeps  the  temperatm'e  of  his  room  about  2° 
F.  above  that  of  the  subatanees  under  treatment 

The  improved  fat  and  candle  factory,  called  Price's,  of  which  Mr.  Wilson,  of  Belmont, 
Vauxhnll,  seems  to  be  the  main  conductor  and  aohemer,  is  monnted  upon  a  colossnl 
scale.  It  his  five  separate  works  near  London,  great  plantations  of  cocoa-nut  trees  in 
Ceylon,  with  a  capital  of  about  halt  ft  million  sterling  an  annual  division  of  profits  to 
Ihe  amount  of  50,000i.,  and  itemploysnWntSOO  work-people,  whose  phyaical  and  moral 
well-being  ia  well  looked  atler  by  uie  benevolent  manager  of  the  whole  concern.  See 
Candles. 

Tallow  imported  for  home  consumptjon  in  1850,  1,219,101  cwt;  in  1851,  1,086,660 
cwt.  Gross  amount  of  duty  received,  78,310/.  and  68,0351  respectively ;  the  duty  being 
Id.  per  cwi  from  Biitisb  possessions,  and  1&  6d  per  owt.  from  foreign  countries. 

Fit  BtB*cniNQ.     By  transmitting  streams  of  atinoapberio  air  tlirough  l)eat.ed  palm- 
■)il   and  otber  cidored  and  odoroua  fatty  matters,  tliey  are  deprived  so  far  of  tlieir 
■!ulor  and  smell  as  to  be  capable  of  forming  white  soapa.    Mr  A  Dunn  obtained  p 
patent  for  this  object  in  1843. 
45 
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590  FEATHERS. 

FAULTS  (FaUles,  Fr.),  in  mining,  are  diaturbanpea  of  the  strata  which  inlerrupt 
the  miner's  opeiatmn?,  and  pul  him  at  Jaull,  to  discuver  where  Ihe  vein  of  nrc  or  bed  o( 
eaal  has  been  ihrown  by  the  convuisioiis  of  nature.  Manv  eiLamptes  of  faults  aie  exliib 
(ltd  under  Pircoii.. 

l'"i;ATHEEiS(P/Hme!,Fr.i  Teiiem,  Germ.)  constitute  the  sohject  of  the  mnnnfaclurs 
of  (lie  Plumatrier,  a  name  given  hy  the  Fteneh  (and  alao  the  En?lish)lo  the  arti<ian  whn 
prepitres  the  feathers  of  certain  binis  forornsmenU  to  the  toilet  of  ladies  and  fur  militAi', 
men,  and  to  him  also  vho  combines  the  feathers  in  various  forms.  We  shall  uuntent  our. 
selves  with  describing  the  method  of  preparing  ostrich  tealhers,  as  most  other;  are  pre- 
pared in  the  same  way. 

Several  qualities  are  distinguished  in  the  feathers  of  the  ostrich  ;  those  of  the  male,  in 
particular,  are  wtiiler  and  more  beautiful.  Those  upon  the  back  anil  above  the  winzs 
aie  preferred;  next,  those  of  (he  wings,  and  lasily,  --''  the  tail.  The  down  is  merelj  ilie 
fr-athers  of  the  othrr  parls  of  the  body,  which  vary  ir.  englli  from  4  lo  14  inches,  Th'S 
down  is  black  in  the  males,  and  gray  in  the  females.  The  Snesl  white  feathers  of  ihe 
female  have  always  their  ends  a  little  grayish,  which  lessens  their  lustre,  and  lowers  (heir 
price.  These  feathers  are  impoited  from  Algiers,  Tunis,  Alexandria,  Madagascar,  and 
Senegal;  this  bein;  the  order  of  their  value. 

The  scouring  process  is  thus  performed : — 4  ounces  of  while  soap,  cut  small,  are  dis- 
solved in  4  pounds  of  water,  moderately  hot,  in  a  targe  basin;  and  the  solution  is  made 
into  a  ialher  by  beating  with  rods.  Two  bumlles  of  the  feathers,  tied  with  packthread, 
are  then  introduced,  and  are  rubbed'well  with  the  hands  for  five  or  sis  minutes.  After 
this  soaping  they  are  washed  in  clear  water,  as  hot  as  the  hand  can  bear. 

The  whitening  or  bleaching  is  performed  by  three  successive  operations. 

1.  They  are  immersed  in  hot  water  mixed  with  Spanish  white,  and  well  agitated  in  it  [ 

2.  The  feathers  are  azuied  in  cold  water  containing  a  little  indigo  tied  up  in  a  line  cloth. 
They  should  be  passed  quickly  through  this  bath. 

3.  They  are  sulphured  in  the  same  way  as  straw  hats  are  (See  Sui.phuking)  ;  they  are 
then  dried  by  hanging  upon  cords,  when  they  must  be  well  shaken  from  lime  to  lime  lo 
open  (he  Abres. 

The  ribs  are  scraped  with  a  bit  of  glass  cut  circularly,  in  order  to  render  them  very 
pliant.  By  drawing  the  edge  of  a  blunt  knife  over  the  ^lamea's  ihey  assume  the  curl; 
form  so  much  admired.  The  hairs  of  a  dingy  color  are  dyed  black.  For  20  pounds 
of  feathers,  a  strong  decoction  is  made  of  S5  pounds  of  logwood  in  a  proper  quanlily  of 
water.  After  boiling  it  Tor  6  hours,  Ihe  wood  is  taken  our,  3  pounds  of  copperas  'ire 
Diroivn  in  ;  and,  ailer  continuing  Ihe  ebullition  for  15  or  20  minutes,  the  copper  is  taken 
fnim  the  fire.  The  Tealhers  are  then  immersed  byhandfuls,  Ihoroaghly  soaked,  and  workiNl 
about;  and  led  in  for  two 'or  three  days.  They  are  next  cleansed  in  a  very  weak  alkaline 
ley,  and  soaped  three  several  times.  When  they  feel  very  soil  to  the  touch,  Ihey  must 
be  rinsed  in  cold  water,  and  afterwards  dried.  WJiile  feathers  are  very  difficult  to  dye 
a  beautiful  black.      The  acelale  of  iron  is  said  [o  answer  better  than  the  suljiliate,  as  a 

For  dying  other  colors,  Ihe  feathers  should  be  previously  well  bleached  by  the  action 
of  (he  sun  and  ihe  dew ;  (he  end  of  the  tube  being  cut  sharp  like  a  toothpick,  and  tlie 
feathers  being  planted  singlj  in  the  grass.  After  fifteen  days'  exposure,  thej  are  cleared 
with  soap  as  above  described. 

Rati  color  or  pink,  is  given  with  safflower  and  temon  j>iice. 

D/e}!  red,  by  a  boiling  hot  bath  of  Brazil  wood,  after  aluming. 

CHiHsort.    The  above  deep  red  feathers  are  passed  iln-ough  a  bath  of  cadbeac, 

Prune  de  Moiisit'ir.    The  deep  red  is  passed  through  an  alkaline  bath. 

Blue!  of  eeery  i-kade,  are  dyed  with  (be  indigo  vat. 

YeUow;  after  aluming,  with  a  balh  of  turmeric  or  weld. 

Olher  tints  may  be  obtained  by  a  mixture  of  the  above  dyes. 

Feathers  have  some  more  nseful  employments  than  the  decoration  of  the  heads  o( 
women  and  soldiers.  In  one  cage,  they  supply  as  with  a  soil  elastic  down  on  which  we 
curt  repose  our  wearied  frames,  and  enjoy  sweet  slumbers.'  Such  are  called  bed  feathers. 
Others  are  employed  for  writing,  and  these  are  called  quills. 

Goose  feathers  are  most  esteemed  for  beds,  and  they  are  best  when  plucked  from  .he 
living  bird,  which  is  done  (hrice  a  year,  in  spring,  midsummer,  ani  the  beginning  of 
hnrvesl.  The  qualities  sought  for  in  bed  feathers,  are  softness,  elasticity,  lightness,  and 
Wiirmlh.  Their  only  preparation  when  cleanly  gathered  is  a  slight  beating  lo  cleat 
away  Ihe  loose  mailer,  but  for  this  purpose  (hey  must  be  first  well  dried  either  by  the  sun 
or  a  stove.  Bleaching  with  lime  water  is  u  Irad  thing,  as  they  never  can  be  freed  from 
white  dust  aAerwards. 

The  feathers  of  ihe  eider  duck,  anna  moUisaima,  called  eider  down,  possess  in  a  supe- 
rior degree  all  the  good  <[ualities  of  goose  down.  It  is  used  or'v  as  a  covering  [o  bf^ls, 
and  never  should  be  slept  npon,  as  it  thereby  losps  ils  elasticitY 
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QmUs  lor  onlina.  These  consist  usually  of  the  feathers  ji'uclipd  out  of  Itie  wince  of 
geese.  Dutch  quills  have  been  highly  esteemed,  as  the  Uiilch  were  llie  Bret  who  hit  upi.o 
the  art  of  preparing  tliem  wel!,  by  clearing  Ihciu  boLh  inside  Biid  oi.ti.ide  from  a  failj 
humor  with  which  Ihey  are  nalurally  impregnated,  and  wiiich  prevents  the  ink  fmiu  fl^.i*-. 
ing  freely  along  tlie  pens  made  wiih  them,  llie  Lulch  lor  a  long  lime  employed  hut 
cinders  or  ashes  lo  Btlnin  ihwendj  and  their  seciet  was  preserved  veij  carefully,  but  it 
■t  It-neth  transpired,  and  the  process  was  then  imjiioved.  A  bath  of  veij  fine  sand  mu^l 
be  kept  conslanlly  at  a  suilable  teuiperalure,  which  is  about  H\f  F. ;  inio  this,  llie  qnill 
end  of  the  feather  musl  be  plunged,  and  lell  in  it  a  tew  iuslanls.  On  taking  ihcin  out 
lliej'  must  be^slronglj  rubbed  wilh  a  piece  of  Hannel,  aiitr  which  th^  arc  found  to  he 
¥>  ..   raitKiuate  of  poiasb  in  sululiun  and  dilute  solph uric  acid 


luills  the  air  of  age,  is  produced  by  dipjiing  them  for  a  liitle  ii 
Iheii  making  them  perfectly  dry.  Bui  (his  prucess  must  be  p 
jperation.     The  above  is  the  French  process. 

QuilUaredreSBid  by  (he  London  dealeis  in  two  ways;  by  the  une,  Ihey  remain  of  t.  eir 
IBlural  color ;  by  Ihe  other,  Ihey  acquiie  a  yellow  tint.  The  former  is  called  Ihe  DuLth 
nethod,  and  Ihe  prinei|>al  workman  is  called  a  Dulcher.  He  siis  hcfoi  e  a  siiiall  slave  fire 
■Mo  which  he  Chrusta  the  barrel  of  tiie  quiJI  for  aboui  a  Secunu,  ihin  lays  lis  lool  quick ly 
oelom  his  blnnl-edged  knife  called  a  hook,  and,  pi-essing  this  liiiuly  with  the  left  hand, 
Irnws  the  qnil]  bripkly  through  wiih  liis  right.  The  bed  on  which  Uie  quill  is  laid  to  re 
■  ia  pressure  is  called  the  plate.      It' is  a  rectanguiai  gu.uolh  lump  of  iion,  about  a 

" :  to  about  Ihe  350lh  de- 

newhai  like  the  pntlen- 


;,  11  broad,  and  2^  thick,  which  is  healed  o 
The  hook  is  a  ruler  of  abuut  15  inches  in  length,  e 


I  hook  and  rlaple,  b\ 
li.      '1  be  qnill,  rendertd  s< 
m  of  Ihe  tool,  and  Ihus  Ei 
A  skilful  noi 


uakcr's  knife,  its  fuleium  bein a  formed  a.  

?o»er  of  pressure  being  applied  by  the  hand  hi 
ind  elastic  by  the   heat,  endures  the  slrong  E 
slripped  of  ils  opaque  oaler  membrane,  wiihout  basanl  ot  being 
nan  can  pass  2000  quills  through  bis  hands  in  a  day  of  JO  huuis 
They  are  neiLt  cleaned  by  being  scrubbed  by  a  woman  wilh  a 
diin,  and  finally  lied  up  by  a  man  in  one  quarier  of  a  hundred  b 
In  another  mode  of  dressing  quills,  they  arc  steeped  a  night  in 
^rain  them  yellow ;  taken  out  and  diicd  in  warm  sand  contained  i 
llie  Dulcher  as  above  described.     The  first  aie  recLone 
ihe  second  may  appear  more  beautiful. 

Ci-ow  quills  for  draniblsmen,  as  well  as  swan  quills,  are  piepnred  in  the  same  wny. 
The  quills  plucked  fiom  well-fed  living  birds  have  most  eksticity,  and  are  least  subject  lo 
1,        .!.__.,-       .pjig  i^pgj  are  those  plucked,  or  which  are  spontaneously  cast  in  tlie 
n-  June,  becanse  tliey  are  then  fully  ii[ie.      In  the  goose's  wing  ihe  five 
■  '    ■.      The  first. is  the  baldest  and  roundest  of 
i  tne  best  uf  ihe  five.    They  aie  sorted  into  Ihose 
'e  difierenlly  b  ■" 


month  of  May  01 
exlerior  feathers  only  ai-e  snlnahle  fo'r  w 
all,  but  (he  shorlesU  The  nc;(t  two  are 
tl  the  left  w 


erally  speaking,  the  best.      lately,  s 
prepr---' 
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FECULA  (F(euk.  Fr. ;  SlarkcmM,  Germ.)  somelimes  signifies  corn  Hour,  somelimes 
slarcb  from  whatever  source  obtained. 

FELDSPAH  (Orihoite,  Fr.  i  i'eldjip'illi,  Germ.)  is  a  mineral  crystallizing  in  oblique 
rhomboidal  prisms,  susceplible  of  two  clivages;  luslre  more  pearly  than  vitreous' 
spec.  grav.  2-39  lo  2-.S8;  scralebes  glassj  yields  no  water  when  calcined  j  fusible  at 
the  blowpipe  into  a  white  enamel;  not  aflecled  by  acids.  The  liquid  left  from  its 
annlylical  Ireatmenl  wilh  nitrate  of  baryta,  nitric  acid,  and  carbonale  of  ammonia 
alTbrds  on  evaporation  an  alkaline  residuum  which  precipilnles  platina  f.om  its  chloride! 
and  appears  from  this,  as  well  as  other  lesls,  lo  be  potash.  Feldspar  etinsisls  of— silica, 
fifi-7r>,  nlnm.n,,  iT-sO;  poiasli,  12 ;  limc,  1-25;  oxyde  of  iron,  0-75.  Soae.  This 
.1  '■■■-^l  of  granite;  and  in  ils  decon  posed  stale  furnishes  the 

a  much  used   in  the   porcelain  and   best  pollcry  manu- 


mine'ral 

pelunlse  or  Cornish 

ftac  lures. 

FELTED  CLOTE    Tliis  woollen  fabric,  made  without  spinning  nnd  w 
e  subject  of  a  patent  by  Mi-.  T.  It  Williams  in  February',  1850. 


of  the  process  ia  given  in  Netntoit's  Journal,  x 

Varniehtd  or  Japanned  Felt  is  made  by  iiiibning  the  stuff  of  coarse  hat  bodies  wilh 
drying  oil,  prcp.ired  by  boiling  60  lbs.  of  linseed  oil  with  white  lead,  litharge,  and 
Mnibcr,  of  eaoh  one  poun.l  The  felt  is  to  be  dried  in  a  stove,  and  then  polished  by 
]inriiiee-stone.  Five  or  sis  coats  of  oil  are  required.  The  surface  js  at  last  vai'nishcd. 
When  tlie  otjject  is  iuteaded  to  be  stiff,  like  visors,  the  fabric  ia  to  be  impregnated  iirsi 
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of  all  with  flonr-paaU,  then  stove-3rie<l,  oat  int«  the  desired  shape,  n«st  imbiied  -with 
tlia  (Irjinjr-oil,  and  puiiiiend  repeatedly;  lastly  placed,  to  the  number  of  20.  in  a  hut 
iron  mould,  and  exposed  to  strong  pressure.  J»panned  hats,  mnde  in  tliis  way,  are  sold 
in  Fpntic«  at,  la.  3d  a  piece  ;  and  they  will  stand  several  yesra'  wear. 

FELTIKG,  [FeuCrage,  Fr.;  J<Uzea,  Germ.)  is  the  pi-ooess  by  which  loose  floeks 
of  wool,  and  hairs  of -various  animals,  as  the  beaver,  rabhit,  hare,  &c.,  are  mntunily  in- 
terlaced into  a  comjMiot  textile  fabric  The  first  step  toward  mating  felt  is  to  nii.i,  ii, 
the  proper  proportion^  th«  different  kinds  of  fibres  intended  to  form  tfi«  stnff ;  and  then, 
hy  the  vilii'atoryetrokasof  the  bowstring,  to  toss  them  up  in  the  nip,  and  to  cause  Ihen: 
to  fall  as  irregularly  aa  possible,  upon  the  table,  opened,  spread,  and  scattered.  The 
workman  eovei-s  this  layer  of  loose  flocks  with  n  piece  of  thick  blanket  stnff  slightly 
moistened ;  he  presses  it  with  his  hands,  moving  tfie  hairs  baekward  and  forward  in 
all  directions.  Thus  the  different  fibres  get  interlaced,  by  their  ends  pursuing  ever 
tortuous  paths;  Uieir  vermicular  motion  being  always,  however,  root  foremo»t  At  the 
matting  geu  denser,  the  hand  pressure  should  be  increasea  in  order  to  overcome  the  im 

A  iirsl  lliin  sheet  of  soft  spongy  fell  beine  now  formed,  a  second  is  condensed  upon  il 
in  hke  manner,  and  then  a  third,  till  the  requisite  strength  and  thickness  be  obtained. 
These  ditierent  pieces  are  succesnivfely  brought  together  disposed  n  a  way  suitable  to  the 
wished  for  article,  and  uniied  by  cunliaued  dexterous  pressure.  The  stuff  must  be  next 
subjected  lo  the  fulling-mill.    See  Hat  JMANurAcruRE. 

FEKMENT  (Enir.  and  Fr.  j  He/e,  Germ.)  is  Ihe  substance  which,  when  added  in  a 
imull  quanlily  to  vegetable  or  animal  fiuWs,  tends  to  excite  those  intestine  motions  and 
changes  which  accompany  fermentation.  It  seems  (o  be  the  resnlt  of  an  alteration  which 
Tfielable  albumen  and  gluten  undergo  with  contact  of  air  amidst  a  fermenting  mass. 
The  piecipitale  or  lees  wtiich  fall  down  when  fermenlation  is  finished  consist  of  a  mix- 
ture of  the  Jermenling  piinciple  witli  the  insoluble  mailers  contained  in  Ihe  fei^ented 
liquor,  some  of  which,  like  hordcine,  existed  in  the  worts,  and  others  are  probably  genera- 
ted at  the  time. 

To  prepare  a  pure  ferment,  or  at  least  a  compound  rich  in  ihal  principle,  the  precipi- 
tale  separated  during  the  fermentalion  of  a  clear  infusion  of  mall,  commonly  called 
jeasl  or  barm,  is  made  use  of.  This  pasty  mailer  must  be  washed  in  cnld  distilled  water, 
drained  and  squeezed  between  the  folds  of  blotting  paper..  By  this  ireatmenl  it  htcoines 
a  pulverulent  mass,  composed  of  small  transparent  grains,  yellowish  gray  when  Tiewed 
in  (he  compound  microscope.  It  contains  much  water,  and  is  therefore  soft,  like  moisi 
glulen  and  albumen.  When  dried,  ii  becomes  like  these  bodies,  translueid,  vcllowish 
brown,  horny,  hai-d,  and  brittle.  In  the  soil  humid  state  il  is  insipid,  inodorous,  in- 
soluble in  water  and  alcohol.  If,  in  this  state,  ihe  fermeiil  be  left  to  iiself  at  a  tempera- 
ture of  from  tiif  to  Iff'  F.,  but  not  in  loo  dry  a  situalion,  it  putrefies  wilh  the  same  phe- 
nomena as  vegetable  gluten  and  albumen,  and  leaves,  like  Ihem,  a  residuum  resembling 
old  cheese. 

At  the  hesinning  of  this  change,  parllcalarly  if  the  ferment  be  enclosed  in  a  limited 
poition  of  air,  Iheie  is  an  absorpiion  of  oiygen  gas  with  a  fivefold  disengaaement  of  car- 
bonic acid  gas;  while  acetic  acid  makes  iis  appearance  in  the  substance.  WhandisUlled 
by  itself  it  affords  the  same  products  as  gluten.  Dilute  acids  dissolve  it  very  readily ; 
and  so  does  potash  with  the  production  of  ammonia,  a  peculiar  circumstance,  for  in  dis- 
solving gluten  the  alkali  causes  no  such  evoluiion. 

The  properly  possessed  by  yeast  of  determining  the  fermenlaiion  of  a  properly  diluted 
solution  of  suifar  is  very  fleeting,  and  is  lo*[  by  very  trifling  alterations.  It  is  destroyed 
by  complete  desiceation,  and  cannot  be  restored  by  moistening  it  again.  The  attempts 
made  m  London  to  squeeze  out  the  liquid  part  of  yeast  in  bags  placed"  in  a  powerful  press, 
and  to  obtain  a  solkl  cake,  in  order  to  transport  ferment  to  India,  have  had  but  a  very 
partial  success ;  for  its  virtue  is  so  impaired  that  it  will  rarely  excite  a  perfect  fermenta- 
lion in  the  hesl  prepared  woils.  The  same  method  is  adopted  in  Germany,  lo  send  yeast 
10  only  moderate  distances;  and  therefore  wilh  more  advantage. 

If  yeasl  be  boiled  for  ten  minutes,  it  loses  the  greater  part  of  lis  fermenting  fjwer, 
uid  by  longer  hulling  it  becomes  inert. 

When  alcohol  is  poured  upon  yeasl,  it  Immediately  destroys  its  fermenting  facullies, 
though,  on  filtering  it  off,  il  seems  lo  carry  no  remaikahle  principle  wilh  il.  One  thou- 
sandth part  of  sulphuric  acid  equally  deprives  yeasl  of  ils  peculiar  properly,  and  so  does 
ihttle  strong  acetic  acid.  All  the  acids  and  theBalis,especiallytlLose  which  pan  readily 
with  [heir  oxygen,  produce  the  same  effect,  A  very  small  quantity  of  snlphurons  acid, 
or  sulphites,  iiiuslard  powder,  particularly  the  volatile  oil  of  mustard,  and  in  general  th" 
volatile  oils  that  contain  sulphur,  as  well  as  the  vegetables  which  yield  them,  such  ai 
horse-radish  and  garlic,  all  kill  the  fermenting  agent.  Lastly,  fermentation  is  eoioplelelj 
flopped  hj  a  moderate  depression  of  temperature. 
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During  fermentation  th«  y«ast  undergoes  a  eliange;  it  loses  Clie  propertv  of  causing 
anotlier  wort  to  ferment.  Tliia  cliange  prabablj  depends  apon  flie  cliemn^Hl  reaction 
between  the  fermeot  and  tbe  angnr  th«t  is  decomposed  ;  for  a  certain  quantity  of  jeasl 
oun  effect  llie  fermentation  of  only  a  certain  quantity  of  sugar,  and  all  tlie  engai 
exceeding  tliie  quantity  remains  unaltered  in  the  liqnor.  It  bns  been  concluded  fram 
some  ratlier  loose  experiments,  fjiat  one  part  nnd  a  hnlf  of  yeast  {eupposed  to  be  in  tlif 
di'y  etnto),  is  adequate  to  tiie  fermentation  of  a  solntion  of  100  pai-ti  of  pure  sugar. 
Wiien  such  a  solution  is  fermented  hy  tlie  precise  proportion  of  yeast,  llie  fermenting 
principle  is  esliausted,  for  no  new  yeast  is  formed  in  it.  Tbere  is  a  deposit  indeed  to 
aWut  linlf  the  weight  of  the  veast  employed,  of  a  white  matter  insoluble  in  water, 
which  affords  no  nitimonin  b  d  dp  cting  us  a  ferment 

upon  a  fresh  saccharine  sohit 

Of  all  the  bodies  converti  to  d       g     rni  table  glnten  and 

albumen   posacBS  tbe  most  ra    d       d         rg  B  ry  glue,  isinglass, 

animal  fibrine,  curd  or  ease  m  n  d  azo    ed  substances,  all 

enjoy  the  property  of  eausin  g       to  W    h  tbis  diSitrence. 

that  whilst  yeast  can  establie  m  n  hour,  at  a  tem- 

perature of  about  68°,  the  ab  bsta  q 

hl°  to  87°  F.,  for  becoming  ferments,  and  for  o 
devoid  of  nitrogen  do  not  produce  a  ferment; 

FERMENTATION.  (Eng.  and  Fr, ;  Gakrm\g,  Germ.)  When  organic  subEtanc^B, 
under  the  influence  of  wa(er,  air,  and  warmth,  are  abandoned  to  the  reciprocul  operation 
of  iheir  proximaie  principles  (sugar,  slarch,  gluten,  &c.),  they  are  enlirelj  changed  and 
decomposed,  so  that  (heir  ultimate  principles  (oxygen,  hydrogen,  carlwn,  and  in  some  cases 
azote)  combine  in  new  proportions,  and  Ihus  gire  birlh  to  various  new  compounds-  To 
this  process,  the  (reneral  name  or  fermentation  has  been  given.  These  o)>eralions  !^nd 
theii  products  differ  according  to  the  differences  of  Ihe  substances,  and  of  the  circumstan- 
ces in  which  Ihey  are  placed.  The  following  may  be  eoumeraled  as  sufficiently  distinct 
species  of  fermentation.  1.  The  saccharine  fermenlalion,  in  which  slarch  and  sum  are 
changed  into  sugar.  S.  The  ctnoui  fermenlation,  in  which  sugar  is  converted  into  alco- 
hol. 3.  The  mncUaginotis  fermenlalion,  in  whidi  sugar  is  converted  into  slime,  instead 
of  alcohol.  4.  The  aceloiu  fermentation,  iii  which  alcohol  and  other  substances  are  con- 
vcrled  into  vinesar.  5.  Ttie  pulrid  fermentation  oi"  putrefaction,  which  characterizes 
particularly  the  decomposition  of  azolized  oraanic  substances. 

!.  The  saccharine /eroienluliim.  When  a  paste  maite  by  boiling  one  pari  of  slaich 
with  twelve  parts  of  water  is  left  entirely  lo  itself,  water  merely  being  stirred  in  as  it 
evHf  oifttes,  at  the  end  of  a  month  or  two  in  summer  weather  it  is  changed  into  suear, 
equal  in  weight  lo  from  one  third  to  One  half  of  Ihe  Starch,  and  into  gum,  eqaal  lo  from 
one  tidh  to  one  (enlh,  wtlh  a  residuum  of  slarch  paste  somewhat  altered.  This  sac- 
charifying process  advances  much  quicker  throngh  the  co-operation  of  vegetable  albu- 
mine  or  gluten,  acting  as  a  ferment.  If  we  boil  Iwo  parts  of  polalo  slarch  inlo  a 
paste  with  twenty  paits  of  water,  mix  this  paste  wilh  one  part  of  the  gluten  of  wheat 
flour,  anil  set  the  mixture  for  8  hours  in  a  temperature  of  from  122*  to  167°  P.,  the 
mixture  soon  loses  its  pasty  character,  and  becomes  by  degrees  limpid,  transparent,  and 
sweel,  passing  at  the  same  time  hrsl  inlo  gum,  and  then  into  sugar.  The  remainder- 
consists  of  the  unchanged  starch  with  the  altered  gluten,  which  has  become  sour,  and 
has  lost  the  faculty  of  acting  upon  fresh  portions  of  starch.  It  is  probable,  however, 
thai  the  sugar  formation  in  the  first  case,  when  the  slarch  undergoes  a  spontaneous 
change,  may  he  due  to  the  aclion  of  a  small  portion  of  glnten  and  albomine  left  in 
Ihe  starch,  since  a  putrefactive  smell  is  eventually  evolved  indicative  of  that  azotized 
matter.  The  gnm  into  which  during  this  process  the  slarch  is  lirst  converted,  and  which 
becomes  afterwards  sugar,  is  of  the  same  nature  as  British  gum,  foimed  by  the  roasting 

This  prorlnction  of  sugar  lahes  plcr^  in  Ihe  germination  and  kiln-drying  of  malt ;  and 
Ihe  mashing  of  ihe  brewer  as  well  as  the  sweetening  of  bread  in  baking,  rests  upon  the 
same  principles.  In  many  cases  Ihe  vinous  fermenlalion  precedes  Ihe  saccharificaiion, 
or  accompanies  it ;  the  slaichy  parts  of  the  ferme niing  mass  changing  into  sugar, 
while  ihe  previously  formed  sugar  becomes  wine  or  beer.  In  the  sweetening  of  fiuits 
by  tieeping,  a  similar  process  occurs  ;  the  gummy  and  starchy  fibres  become  sugar  fiom 
the  action  of  the  glutinous  ferment  which  they  contain;  as  happens  also  to  the  juices  of 
many  frails  which  sweeten  for  a  little  while  after  Ihey  have  been  expressed. 

'1  be  nature  of  ibis  sncar  formation  through  the  influence  of  gluten  upon  starch,  is  nn- 
doiibtedly  the  same  as  the  conversion  of  slarch  into  sugar,  by  boiling  it  with  sulphuric 
8;id  ;  though  the  whole  theory  of  this  change  is  not  entirely  developed. 

The  most  energetic  substance  for  ihe  conversion  of  slari;li  into  sugar,  is  the  mall  of 
tiailey.     According  lo  the  researches  of  Payen  and  Persoz,  the  gam  which   by  ihii 
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proi^esa  is  first  forniei],  mnj  be  preventeil  from  8;oing  into  engsr,  by  merely  exposing  il 
to  a  Lioiliiig  lieat,  finii  lienee  we  linve  it  in  oui'  ]>ower  either  to  mnlie  siigtir  or  gum  al 
pl^aaiire.  Of  liiiely  grounrt  innit  fpmn  10  Ij,  26  jmria  ninst  be  taken  for  100  parta  of  slanih. 
Into  a  pan  iilaeeil'iria  water  batli,  400  parta  of  water  being  wanned  to  from  17"  to  Se'^  F., 
the  ground  miillinust  be  stirred  in,  and  tlie  temperntnre  tniiat  be  raised  to  140^.  Tlie  lOR 
pnrlB  of  staruh  muat  now  be  added,  and  well  mixed.  The  lient  m  then  to  be  increased 
to  158°  F.;  and  be  so  regulated  tliat  it  sliall  not  fall  iielow  148°,  nor  riea  above  167°. 
in  the  course  of  20  or  80  minutes  tlie  originally  milky  and  jiosty  liquid  -will  become 
gradiiallj;  more  attenuated,  and  eventnallv  it  will  tnrn  aa  fluid  nearly  h9  water,  Tbia 
la  tlie  piiint  uf  time  in  which  tha  stareh  lias  paijued  into  gum,  or  into  the  subatance 
lately  denominated  dfxlHne  by  the  cbemi:<t&  Should  tJiis  mnuilnginuus  matter,  which 
appears  to  be  a  mixture  of  iivm  and  n  little  statHliy  siiaiir,  l>e  wisK^  for  in  that  stiit*, 
the  temperatnre  of  tiis  liquid  must  be  suddenly  raiaei!  t«  the  Iwiliiig  point,  whereby 
the  furtiier  action  of  the  innlt  upon  it  is  Btoppe.1.  But  on  the  other  hand,  if  BUjtiir 
be  desired,  then  the  temperatnre  mnst  be  steadily  iniiiiitainBd  at  fiwn  188°  to  167° 
"or  tliree  qiiartora  of  an  hour,  in  wliicL  time  the  greater  onrt  of  tha  starch  will  linra 
become  sugar,  and  from  Uie  evaporation  f  the  fluid  a  abii'chy  syrup  will  be  obtiiined, 
entii'aly  similar  Ui  that  procurable  by  tne  action  of  very  dUute  aulphuric  acid  upon 
'  Itarcll. 

The  substance  which  operates  Ihis  saccharine  chanse,  or  Ihe  appropriate  feast  of  the 
sugar  ft'rmenlaiiun,  which  had  been  preyiously  imaained  lo  be  a  icsidaum  of  cluien  or 
vejielable  albumen  in  the  ^prminated  grain,  has  been  traced  bj  Payen  and  Persoz  to  a 
peculiar  pruxioiate  regeiabte  piinciple  called  by  them  dias'aae.  This  substance  Is  i;en- 
eraled  during  the  eerminatiiin  of  barley,  oats,  and  wheal,  and  may  be  oblained  separnle.y 
by  iufusinz  (he  ground  mall  in  a  small  qnanlity  of  cold  water,  atiaining  otT  the  liquor, 
then  fiHeri'nit  il,  anil  healing  the  clear  solutiun  in  a  waler-balh  to  Ihe  temperature  of 
158°  !■'.  'I'he  (greater  piirt  of  the  vegetable  albainen  is  thus  coagulated,  and  must  he 
Bpparated  by  a  fresh  fillraiionj  the  liquid  is  afterwards  treated  wilh  alcohol  as  loii;  aj 
Ihe  (locculent  pfecipilate  of  diastase  falls.  In  order  to  purify  it  slill  more  conip'stcly 
li'om  the  azotized  malter,  it  may  be  once  more  dissolved  in  walei',  and  azain  precipiLaled 
by  alcoliol.  When  dried  at  a  low  temperatare,  it  appears  as  a  while  solid,  which  coii- 
lains  no  azote,  is  insoluble  la  sliong  alcohol,  but  dissolves  in  weak  alcohol  and  water. 
its  solution  is  nentral  and  lastelesa  i  and  if  lefl  lo  itself,  it  changes  spontaneously,  soonet 
nr  laler,  according  to  the  decree  of  warmih,  and  becomes  sour.  Al  the  temperature  of 
from  14iP  K  168°,  il  has  the  property  of  convertinij  starch  inio  gum  or  dexirino,  and 
sugar;  and,  when  sufficiently  pure,  il  does  this  with  such  energy,  that  one  pan  of  il  is 
capable  of  saccharifying  200IJ  parts  of  dry  slaroh.  It  acts  the  more  rapidly  ihe  laraer 
its  pm|Hirlion.  Whenever  the  solutioa  of  diastnse  with  starch  or  dextrine  has  beec 
heated  to  the  boilinn  poini,  it  loses  the  properly  of  traasformins  these  substances.  One 
hundred  parts  of  well  malted  barley  appear  lo  Contain  aboul  one  part  of  this  new  body. 

2.  r/t8  Vinouf  Fennealaliim.~~la  tliis  feimenlalion  the  su^ar  eiisting  in  watery  solu- 
tion is,  by  the  operalion  of  ihe  ferment  or  yeast,  cimvcrled  into  alcohol,  with  disengage- 
menl  of  carbonic  acid  gas.  If  we  dissolve  one  part  of  pure  sugar  in  ten  parts  of  water, 
and  leave  the  suloiion  in  a  temperature  of  from  G8°  to  77°  F.,  which  is  that  most  fa ^or- 
"able  to  fermenlalion,  it  will  remain  unaltered.  Bat  if  we  stir  into  that  solution  some  beer 
veasl,  the  phenomena  of  fermentation  soon  appear  in  the  above  ciii-amslauces ;  for  car- 
iwiiic  acid  ga'5  is  evulued,  wiib  inlesline  moveinenls  of  the  liquid,  and  an  increase  of  its 
temperature.  A  body  of  yeast  rises  to  the  aurface,and  exhibits  a  continual  drmatian  and 
rupture  of  air  bubbles.  At  length  the  suitar  being  in  a  great  measure  deoompo.-ed,  the 
moliuns  cease,  Ihe  liquor  becomes  clear,  and  in*tead  of  beinj  a  sirup,  It  is  now  a  dilute 
alcohol.  The  yeast  has  by  this  time  fallen  to  the  bottoni  in  a  somewhat  compact  form, 
and  of  a  whitish  colur,  deprived  of  the  piuperty  of  exciting  fermentallon  in  fresh  siiup, 
provided  no  unilue  excess  of  It  was  added  at  Brst,  for  that  alone  would  remain  effective. 
Ex]>erience  shows  that  for  the  conversion  of  a  cleierminale  quantity  of  sugar  bj  fermen- 
tation, a  determinate  quantity  of  yeast  is  necessary,  which  has  been  estimaled  al  abou: 
14  per  cent,  in  the  dry  state.  When  the  yeast  has  been  decomposed  by  fermenting  lU 
definite  proportion  of  sugar,  it  loses  lis  lermenlable  property,  and  leaves  tlie  excess  of 
su^ar  uaaffeeleJ,  forminn  a  sweet  vinous  solution.  The  same  thins  happens  if  the  yeast 
be  separated  from  the  wort  by  a  filter  in  the  progress  of  the  fermenlalion,  for  then  all 
interline  motion  speeJily  stops,  allhough  much  saccharine  matter  remains. 

In  the  juices  of  sweet  fruits,  of  arapes,  for  example,  the  ferment  Is  intimately  asso- 
ciated with  the  sugar.  It  is  at  first  soluble  and  inactive,  till  it  absorbs  oiygen  from  Ihe 
atrao-ipliere,  whereby  it  becomes  an  operative  ferment,  but,  at  the  same  tim",  insoluble, 
so  as  to  precipilate  al  Ihe  end  of  Ihe  proces*.  When  ihe  expressed  juice  of  Ihe  grape, 
or  m^H,  is  enclosed  in  9  vessel  out  of  contact  of  air,  and  theie  subjeeled  to  Ihe  heal  of 
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jollitig  water,  the  Bmall  portion  of  oxygen  present  ia  rendered  inaotlTe  and  the  liqnorpx 
perieiioesnofcrmentsliveohanga.  If  the  grapes  beeqneezed  in  an  atmosjihere  deprived 
of  oxycen,  and  conlineLl  in  the  same,  the  juice  will  also  reniain  analtered.  Itncenfly  ex- 
pre-i-ieLl  ^rape  juice  is  liinpiJ,  anil  manifests  the  coinmeneemenl  of  fermentation  by  Iho 
seiiaraiion  of  the  yeasty  sub-.tance,  which  can  lake  place  only  with  access  of  air.  The 
fihiliiin  becomes  turbid  afler  a  certaiu  time,  gas  begins  to  be  evolved,  and  tbe  separated 
ferment  decomposes  the  su^ar.  At  the  end  of  the  process  the  yeast  collects  at  the  bul- 
lom  jf  the  vessel,  dsnsUy  in  larger  quantity  than  was  sufficient  to  complete  the  fermen- 
tation;  anil  hence  a  considerable  portion  of  it  possesses  still  the  fermentative  faculty. 
The  fermentalion  itself  when  once  begun,  that  is,  whenever  the  yeasty  particles  arc 
eiolvedand  Heat  in  (be  lii|uid,  for  which  evolution  a  veiy  minute  quantity  of  oxygen  u 
siillicicnl,  b  Ihenceforlh  independent  uf  the  contact  of  air,  and  goes  on  as  well  in  close 
OS  in  open  vessels ;  so  that  the  prodnction  of  alcohol  and  carbonic  acid  depends  sole'; 
upon  (he  mutual  reaction  of  (he  ferment  and  the  sugar. 

The  yeast,  which  may  he  obtained  tolerably  pure  from  a  fine  infL.ion  ol  malt  in  a 
state  of  fermentation,  after  being  washed  with  cold  water  to  separate  the  soluble,  gummy, 
nnd  saccharine  matter,  and  after  being  pressed  between  filds  of  btotti..,r  paper,  consii' 
(utes  a  pulverulent,  grayish  yellow,  granular  substance,  destitute  of  both  taste  and  smell, 
insoluble  both  ta  water  and  alcohol.  Cold  water  dissolves,  indeed,  oiilv  rj-|j>''i"i  boiling 
water  very  little  more. 

Tbe  essentially  operative  constituent  of  yeast  is  a  peculiar  azolized  .  latter,  which  ie 
the  wine  vat  is  rnixed  with  some  tartar  and  other  sails,  and  in  the  beer  tun  with  gum, 
siurch,  &.C,  This  animalized  subslaucc  may  be  obtained  in  a  separate  stale,  accoiding 
to  Eraconnot,  by  acting  upon  the  washet)  yeast  powder  with  a  weak  ley  of  carbonate  ot 
potash,  and  by  decomposing  the  solution  with  vinegar,  whereby  the  matter  is  thrown 
down  in  a  gelatinous  form.  The  substance  thus  obtained  is  insoluble  in  cold  walet 
and  nicohol,  but  dissolves  readily  in  verj'  dilute  alkaline  leys,  and  even  in  lime  watei . 
When  did'used  thiough  water,  it  assuiues  a  homogeneous  aspect,  as  if  it  were  reaily 
dissolved ;  but  when  this  mixture  is  heated,  the  animalized  matter  coagulates,  and 
separates  in  (hick  flocks.  In  this  state  it  has  lost  its  former  properties,  being  no  longer 
Eofuble  in  allialine  leys,  even  when  concentrated.  Acids  exercise  no  solvent  power  over 
this  peculiar  matter;  they  precipitate  it  from  its  solutions,  as  do  also  the  earthy  and 
metallic  salts,  which,  moreover,  combine  with  it.  This  is  also  the  case  with  tannin. 
The  combioalion  of  the  ferment  stuff  with  acids  increases  the  stability  of  its  constitution, 
and  counteracts  its  tendency  to  influence  solutions  of  sugar.  These  proiierties  of  the 
o[>eraiive  principle  of  yeast  explaio  many  of  the  phenomena  of  fermentnlion,  as  we  shall 
pifsenlly  spe. 

The  animalized  matter  of  yeast  resembles  gluten,  albumen,  caseum,  and  other  azolized 
EiibMancrs;  if  any  one  of  these  be  put  into  a  saccharine  solution  reaily  for  fermenlaiioii, 
1:  will  begin  to  operate  a  change,  when  aided  by  warmth  and  time,  if  it  be  previously 
decomposed  in  some  measore  to  facilitate  its  influence ;  or  if  these  substances  be  brought 
into  a  slightly  putrescent  slate  beforehand,  they  will  canse  more  speedy  fermentation. 
Tliui  white  of  egg,  when  added  to  saccharine  liquoi-a,  requires  a  period  of  three  weeks, 
with  a  temperature  of  96"  F.,  before  it  will  excite  fermentation  ;  afterwards  the  excess 
of  the  albumen  forms  a  precipitate  which  may  be  used  instead  of  yeast  upon  other  sWFet 
worts.  The  rapidity  with  which  such  ezotized  substances  are  capable  of  being  converted 
into  ferments  of  more  or  less  purity  and  power  is  very  variable ;  vegetable  gluten  and 
albumen  being  best  fitted  for  this  pnrpose.  This  conveision  Is  accelerated  when  the 
sweet  liquor  in  which  the  substance  is  diffused  or  dissolved  has  alreaily  begun  to  ferment ; 
wlience  it  appears  that  the  presence  of  carbonic  acid  gas,  combined  with  the  liquor,  is 
he>e  of  singular  influence.  UjHin  it,  in  fact,  the  formation  and  elimination  of  the  yeast 
ill  fennenling  liquors  depend. 

A  Hilulion  of  pure  sugar,  which  has  been  made  to  ferment  by  (he  addition  of  yeast, 
furnishes  no  new  yeastj  but  there  remains  after  the  process  a  portion  of  the  yeast  origi- 
nally mixed,  in  an  atured  inojieralive  condition,  should  its  quantity  have  been  exaclty 
adequaie  to  the  decomposition  of  the  sugar,  or  in  an  operative  stale,  should  the  quaniiiy 
have  been  originally  excessive. 

But  if  the  fermentable  liquor  contains  vegetable  albumen  and  gluten,  as. is  commonly 
Ibe  case  with  the  sweet  juices  of  fruits  and  beer  wohs,  these  substances  become  changed 
into  ferments  in  the  course  of  the  fermentation  induced  by  tlie  yeast,  and,  being  super- 
Suous,  so  (Q  speak,  for  that  particular  process,  they  remain  entire  at  the  end,  and  may  be 
collected  for  use  in  other  o[>eiBtion$. 

Upon  ;his  princijde  is  founded  the  increased  production  of  yeas),  and  ibe  manufacture 
of  what  has  been  dilled  ariificial  barm,  in  which  the  feimentalinn  is  conducted  chieliy 
with  a  view  to  the  fonijalion  of  yensl.  To  the  fernitnling  mass,  those  kinds  of  meal  are 
added,  which  abound  in  albomen  and  gluten,  as  barley,  beans,  or  wheat,  fur  inslaoct;,' 
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and.  tlic  proeeas  is  similnr  to  Uia  proiliiction  of  (i  gvcnt  lump  of  leayen,  from  l.lie  nfition 
of  HBinallpieeeof  itupotidoii^h.  The  following  preaoription  will  illaatratetliLasubjeol. 
Toke  [hree  ounces  or  bean  flour,  add  to  it  live  quarls  of  boiling  water,  ant)  boil  the 
mixture  for  hall"  an  Lonr,  Pour  ihe  decuotion  into  a  vessel,  and  eljr  into  it-  wbile  hoi, 
66  ounces  of  wlieaten  flour.  After  the  mixture  cools  to  the  teroperaluro  of  64°  F..  add 
to  it  about  two  quavis  of  beer  barm,  slirring  the  whole  well  together.  About  S4  hours 
aller  llie  com  me  act  in  ent  uf  the  fermanlation,  ineorparale  with  the  mixture  1 12  ounces  or 
barley  or  bean  Suur,  till  il  becomes  a  uniform  dough,  which  mast  be  thotoij^hlf  kacQ'leJ, 
rolled  out  into  cakes  about  an  inch  Ihick,  and  cut  into  pieces  of  Ihe  size  of  a  dollar, 
These  cakelelB  must  he  di'ied  upon  lalha  in  the  sun  in  favorBble  weather,  and  llien  put 
up  in  a  dry  situation.  Fur  use,  one  of  these  discs  is  to  be  biolien  into  pieces,  UlJ  in 
■waim  water,  and  sel  in  a  warm  place  during  13  hours.  The  soft  mass  will  then  serve 
tlie  purpose  of  beer  yeast. 

Or  we  may  mix  equal  parts  of  harley  malt,  wheat  malt,  and  crushed  rje,  pour  waler 
nt  the  lemperature  of  122°  F.  over  Ihem  iuloa  tub  lill  it  sland  a  span  above  their  aui- 
fnce ;  then  stir  well  losether,  and  allow  the  whole  lo  remaia  at  rest  for  a  k\v  houis, 
lill  it  cools  to  about  65°  F.  We  must  now  add  for  each  pound  of  the  mingled  ulcrIs, 
a  quarter  rvf  an  onnca  of  beer  bai'm.  The  tub  must  be  thei  ooverert,  and  preserved  at 
a  lem(ierBlnre  of  63*  F.  The  husks,  as  thej  beain  lo  risp  'o  the  surface,  in  consequence 
of  the  fermentation,  must  be  taken  oil'  and  squeezed  throagh  a  cloth  over  the  vessel. 
Wli«i  the  meal  comes  afterwards  lu  subside  to  Ihe  bottom,  tlie  whole  must  be  BtrniDed 
through  a  caavRas  bug,  and  freed  froin  the  superltuona  moisture  by  squeezius  The  Ifflj 
with  its  douahy  mass  must  next  be  surrounded  with  dry  ashes,  to  remove  the  remaining 
humidity,  and  to  arrest  nay  further  fermenUilion.  This  coasisleat  fenneul  u.ii>)  be  useil 
instead  of  beer  yeast. 

It  is  difficult  tu  prepare  aa  artihcial  yeast  without  barm.  The  best  process  for  this 
pui'pose  is  the  fidlowiDj.  Take  five  parts  of  hrmey,  one  part  of  powdered  tailnr,  iind 
sisteea  parts  of  wheat  or  barley  mall,  stir  the  whole  in  waler  of  the  temperature  of  122° 
F.,  aaii  place  ia  a  fGnnenting  heat;  when  the  yeast  will,  as  usual,  be  eUzninated. 

The  change  which'  gluten  or  vegetable  albumen  undergoes  in  the  different  kincis  of 
meal,  when  it  becomes  a  ferment,  consists  apparently  in  an  oxydalion,  since  analrsis 
shows  that  this  ferment  contains  more  oxygen  than  gluten  dues. 

[t  has  been  already  stated  that  yeast  in  its  liinid  coailition  readily  putreUes,  and 
becomes  altogether  useless  for  the  process  of  fermentatioa.  In  order  lo  preserve  it  lor 
some  time,  it  must  be  dried  lo  such  -a  decree  as  to  resist  Spontaneous  decomposili^^n 
Without  losing  its  fernjentatire  faculty;  but  completely  dried  yeast  loses  thai  propeiiy, 
and  does  not  recuver  it  by  bein?  ajain  moistened.  Beer  harm  may  be  dried  Ejler  being 
washed  several  CiiiiBs  with  cold  water,  till  the  last  qaantily  comes  off  clear;  but  the  in- 
soluble portion  must  be  allowed  to  settle  fully  befDre  the  water  is  poured  away  from  it. 
The  resitlnum  being  freed  as  much  as  pussiblu  irom  waler,  by  drainage  and  pressure 
between  flannel  cloths,  is  to  be  dried  in  the  shade  by  a  current  of  warm  air  as  quickly 
as  possible,  with  the  aid  of  frequent  turning  over.  It  must  be  afterwards'  kept  in  dry 
earthen  vessels.  Yeast  may  also  be  preserved  a,  short  lime  in  activity  by  being  kneaded 
with  as  much  barley  or  wheat  itour  as  it  can  lake  up  without  losing  the  doughy  coR' 
sistence.  Dried  yeast  has,  however,  always  an  impaired  activity.  The  easiest  and  most 
certain  method  of  preseiviog  yeast  in  its  primitive  power,  is  by  railing  it,  after  jiressura 
in  Qaanel,  with  as  much  pulverized  sugar  as  will  render  it  dry,  anil  patting;  ap  the  mix- 
lure  In  air-light  vessels.  The  ferrhsnlative  power  uf  y^ast  Is  destroyed  by  the  following 
means  :  I.  as  already  stated,  by  making  it  coiopletely  dry  either  bj  the  evnporalioa  of 
the  water,  or  ils  abstraction  by  alcohol  j  2.  by  boilinir,  which  if  continaed  fur  ten  minutes 
rer.ders  yeast  quite  inoperative;  3.  by  tbe  action  of  such  substances  as  dissolve  out  ila 
essential  constituents ;  by  alkalii,  for  iastance,  since  the  particles  of  yeast  seem  to  be 
operative  only  in  their  insoluble  granalar  state  ;  4,  by  anch  substances  as  form  combina- 
tions with  it,  and  thereby  either  alter  its  nature,  or  at  least  increase  ths  cohesion  of  its 
coRstitoenl  parts,  so  that  they  can  nu  longer  operate  npon  sweet  liquors  by  the  decompo- 
sing afiiniiy  of  its  ultimate  panicles.  Sach  bodies  are  the  acids,  especially  the  mineral 
ones,  tannin  and  mosl  salts,  particularly  the  metallic,  which  unite  with  the  yeast  into  now 
compounds.  The  volatile  oils  which  cuntain  salpbhr  exercise  the  same  paralyzing  influ- 
ence upon  yeast. 

The  circuinstancea  which  promote,  and  are 
conformably  to  the  above  views,  the  fijllowing 

of  active  yeast,  and  its  proper  distrihution  througn  ine  woris,  ii  in  tue  coarse  oi  a  siaca 
feimentajon  the  yeast  subsides  to  the  bottom,  the  intestine  motions  ceasa  entirely,  bi^l 
they  may  he  exciled  anew  by  stirring  up  the  ingredients,  or  rousing  [he  tun,  as  the  brew- 
ers say.  3.  A  certain  deeree  of  warmth,  which  should  never  be  less  Ihaa  5P  F.,  nor 
more  ll'an  8lf*;  the  temperature  of  from  68°  to  IT  being  ihe  most  propitious  for  tht 
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cnmmeneein^nC  and  progresa  of  fermentatian.  When  other  oiraiimEtftnceB  nre  the  ennic, 
tho  ropiJit.y  of  the  farivient«tiun  is  ppo]iurtionnl  to  the  temper'fltnre  williin  etrljiin 
limits,  fo  tliat,  by  ioweriiig  it,  the  aetiuii  mny  lie  iiiiKlertited  at  pleiisui-e.  3.  Th<3  fer- 
mentntioD  proceeds  the  better  niid  mure  eqimhly  tJie  grenter  the  maaa  of  fermenting 
liquor,  prounbly  oa  account  uf  the  aniformly  liigii  teinperittnre,  rs  well  ns  the  uniform 
distriliiition  of  the  notice  iinrtialea  of  the  jrenst  l>y  the  greater  energy  of  the  inteBtine 
movBiiieiits.  i.  Tlie  Bnoohai'iiie  eolill^on  innat  be  Biiffieieiitly  diluted  with  water ;  when 
too  much  coneentruted  it  will  not  f^nnent  Hfnee  very  sweet  niueta  fnrniaL  wiii^a 
eontninitig  much  uudecornixiaed  angnr.  ''^iir  ■  euiiiplete  fei'ineutative  action,  one  part  of 
sugar  sliuLilil  be  dissolved  in  ten  parta  ol  Wiiter. 

Fermentation  maybe  tempered  or  stopjiiji! :  1.  bj  those  raeana  which  render  tlie 
jeiiet  inoperative,  partiaulitrly  by  the  oils  that  aontHin  salphnr,  aa  oil  of  itiustai'd ;  ns 
also  by  tlie  snlphurous  and  Bulphnrio  aciiia.  The  0|H;rRtion  of  the  sulphuroua  aeid  in 
olistriietiiig  the  fermentation  of  moat  eoneists  partly,  no  doiibt^  in  ita  absorbing  oxygen, 
whereby  iJie  elimination  of  the  yeasty  partl-tes  is  prevented.  Tlie  anlphuroua  acid, 
moreover;  aota  mora  powerfully  upon  fenneritiiig  liquors  that  contain  tartar,  aa  grape 
juice,  than  lulphiiriu  aciil  Thie  acid  decomposes  tlie  tK^aric  anlts,  and  combining 
with  their  baaea,  sets  the  vegetable  acid  Free,  wliieh  docs  not  interfere  with  the  fermen- 
talioii ;  but  the  Bulphuroiia  acid  operates  directly  ii]>on  the  jeast:  2,  by  the  separation 
of  the  yeast,  either  with  the  filter  or  by  Bubsidettee;  3,  by  lowering  the  tempemture  to 
46"^  F.  If  the  fermenting  maaa  become  o'i.,»r  at  this  temperature,  and  be  drawn  off 
from  the  subsided  feast,  >t  will  not  ferment  again,  though  it  ehould  be  heated  to  the 
priiper  pitch. 

The  products  of  vinous  fermentation  are  carbonic  acid  gas,  and  alioholj  of  whkh  At 
(brmer  escapes  durins:  Ihi-  pioces^^,  except  in  the  case  of  the  eparbling  wines,  like  cham- 
paiirn,  Ihat  are  parliall;  fennenlcd  in  close  vessels.  The  alcohol  remains  in  the  ferment- 
ed liquor.  100  parls  of  sugar  allbrd  by  complete  decomposition  neatl;  50  parts  of  alco- 
hol. Acconlins  lo  Thenanlj  100  pans  of  sugar  are  converted  into  4(1-8  pnrta  ofciirbonic 
Bciil,  and  49-38  of  alcohol ;  besides  3-82  parts  of  carbon  otherwise  emploj-ed,  which  the 
sugar  contained,  above  what  is  present  in  (he  liiimer  two  products.  This  chemist  Ibund 
in  the  rerinenled  liquor  4  |ier  cent,  of  an  extractive  matter,  soluble  in  water,  and  having 
an  acidulous  reaction,  lo  whose  formation,  probihly,  that  excess  of  caibon  may  be  neces- 
sary. In  what  way  the  action  of  the  yeasty  particlea  upon  the  saccharine  substance  is 
cai  ried  on  In  the  vinous  fermentation,  or  what  may  be  the  interior  working  of  this  pro- 
cess, is  not  Bccoralely  understood.  The  quantitative  relation  of  the  caibonic  acid  and 
alculiol  to  the  sngar  is  pretty  well  maile  outi  but  the  determination  of  (he  ultimate  prin- 
ciples of  the  fei-ment  itself,  before  and  afier  the  vinous  change,  and  of  the  residuum  dis- 
solved in  the  fermented  liquor,  has  not  been  well  a^^certaincd.  It  is  probable  that  the 
ypast  undentoes  in  the  proce-s  a  similar  decompiisilion  lo  that  of  the  putrefactive,  and 
that  its  elementary  constituents  enter  into  new  cnnibi nations,  and  abstract  so  much  carbon 
and  hydrijgen  from  the  Eu)!ar,  that  the  remainder,  amounting  to  96  per  cent,  of  Ihe  whole, 
may  constitute  one  atom  of  alcohol  and  one  of  caibonic  acid. 

3.  The  dlmfi  or  glniinotu  /ermetilalUtu. — Tliis  process  takes  place  in  weak  solutions 
of  siii!ar,  at  ordinary  fermenting  temperaiurea,  where,  from  defect  of  (rood  yeasl,  llie 
vinous  fermentation  cannot  proceed.  In  stich  circumstances,  from  one  part  of  sugar,  uiie 
third  part  of  gum  is  formed.  According  to  Desfossea,  however,  100  parts  of  angar  aflbrd 
109-48  of  gnm  or  slime.  This  is  formed  when  one  part  of  tnear  is  dissolved  intwentj- 
parts  of  water,  which  had  been  previously  boiled  with  washed  barm  or  glnten,  and  (hen 
fiEtered.  The  process  proceeds  slowly  and  quietly,  equally  well  in  close  vessels,  as  with 
contact  of  air,  and  continues  at  ordinary  tempeiatiin-s  about  12  days ;  hut  it  goes  on  more 
rapidly  and  comfilelely  at  the  heal  of  from  77"  lo  86°  F.  A  small  quantity  of  hydrcitren 
and  carbonic  acid  e:as  is  diGensraged,  in  the  pi-oimnion  of  two  to  one  by  volnme.  The 
fermented  liquor  becomes  lurbid,  and  assume.^  a  tough  thready  appearance,  like  a  decoc- 
tion of  linseed.  A  small  addition  of  sulphuric  or  sulphurous  actd,  of  muriatic  acid  and 
ahiin,  or  of  tannin,  impedes  this  species  of  feimentalion  ;  because  these  substances  com- 
bine, as  in  the  vinous  fermentation,  with  the  ferment  into  an  insoluble  precipitate,  unsus- 
cffxible  of  faither  clianae.  In  many  wines,  especially  when  bottled,  this  slimy  fermenta- 
tiim  occurs,  and  occasions  their  ropiness,  which  may  be  best  remedied  or  prevented  by 
the  addition  of  as  much  tannin  as  will  precipilate  the  dissolved  mucous  matter.  This 
species  of  fermentation  attacks  very  rapidly  the  rinsing  waters  of  the  sugar  rehner, 
which  always  contain  some  fermentative  Klut^n.  A  little  alum  is  the  best  preventive 
m  this  case,  bec&use  it  precipilales  the  dissolved  ferment. 

4.  The  aceloua  or  soar  fermenladira. — In  this  process,  alcohol,  more  nr  less  dilule,  is 
resolved  into  water  and  vinegar   in  consequence  of  the  operation  of  the  feiiiienl;  (s;y- 
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tfiiement  of  the  aloohol  being  effected  hy  the  OJfJgen  of  tlie  ntmoapherioal  air.  Tlie 
rpqiiiaihea  of  thia  process  linva  lican  alpenily  (leUilwl  iirnifr  the  urtiole  AnETTO  Aero. 
The;  are.lhe  presence  of  almosphencal  air;  alcohol  diluted  10  a  certain  deuree  with 
walcr  fi-rinent  or  yeast,  and  a  teinpFrature  abuve  66"  F.  The  moBl  active  feriuen  s  an 
Buch  substances  as  have  already  [lassed  into  the  acetous  Slate  ;  hence  viaegar,  reiicciiillj 
when  it  coniains  »inie  J'eaity  panicles,  or  h  combined  with  po[;ous  and  spongy  hudies, 
so  as  to  mulii|il;  its  points  of  contact  witli  the  vinous  liquor,  is  parliculnrljr  piiwerriil, 
Ciimiiion  jeasi  may  also  be  employed  lor  vinegar  fennenls,  if  it  he  iuihneil  wilh  a  lillle 
vinecar,  nrilh  leaven,  crusts  of  bread  Soaked  in  vinef;ar,  the  slulks  and  husks  of  grapes, 
eavfdiiSt  and  siinvings  of  beech  or  oak  impregnated  with  vinegar,  or  llie  slimy  seiljiiien' 
of  riiievar  c»sks  called  inolher  t  all  of  which  operate  as  ferments  chiefiy  in  consequence 
of  t)ie  vinegar  which  they  contain.  The  inside  shavings  of  the  staves  of  vinegar  turn 
act  on  the  Same  principle. 

The  acetuus  lerinenlalion  may,  r'.oreover,  go  on  alon°-wilh  the  vinous  in  the  same 
liquor,  when  Ihiscontnins  sugar  as  well  rs  alcohol.  Whilst  the  acidlhcation  of  the  ale. 'hoi 
is  I'fl'ecleJ  by  Ihe  absorption  of  oiygen  from  the  atmosphere,  ihe  sugar  becomes  alcirhol 
frilb  diseni:HEement  of  caibonic  aeid,  and  then  passes  inio  vinegar.  Since. most  liquors 
intended  fur  making  vinegar,  such  ns  wine,  juices  of  fruils,  ales,  &c.,  contain  i>lill  a  little 
sugar,  they  disengage  always  a  lillle  caibonic  acid.  Besideii  spirits,  sime  other  substan- 
ces, such  as  guiQ,  the  mucilture  of  plants,  and  starch  paste,  dirfcijy  feiment  into  vinegar. 
Su£ar  also  seems  to  be  convertible  intu  vinegar  without  any  vinous  change.  Ihe  albo- 
3)iouua  matter  of  polato  juice,  precipitated  by  vinegar,  serves  as  a  proper  ferment  fur 
that  purp[i!!e,  when  added  in  its  mnisl  slale  lu  weak  sirup.    5.  See  PtiTREFAcrioN. 

Ml .  Willmm  Blach,  in  his  treatise  on  Brewing,  has,  with  much  ingenuity  and  apparent 
trulh,  endeuvored  lo  show  thnl  tiie  prucess  of  fermrnlatian  is  slrongly  influi'nced  bf 
elceli  icily,  not  only  ihat  of  Ihe  Htmo6pheie,as  has  been  Ioiie  known  from  theciicurrslaiica 
•f  beer  and  wine  becoming  speedily  soar  afler  thunderstorms,  but  the  voltaic,  produced 
by  electric  combinations  of  metals  in  Ihe  fermeniing  Cuus.  He  therefore  recom' 
mends  these  tuns  to  he  made  with  as  lillle  metallic  work  as  possible,  and  to  be  insulaletl 
from  tlie  floor  of  Ihi*  brewhnnse.  For  the  propriety  of  this  advice  he  adduces  some 
strlliin«  examples.  Wort  which  had  became  slatiunary  in.  its  fermenlatiun,  on  being 
pum]>ed  out  of  situare  ^les  imhedded  in  the  fluor,  into  casks  placed  upcn  wuoiten 
etillions,  hegau  immediately  to  work  very  well,  and  gained  about  6  degrees  orattennaliua 
while  throwing  off  its  yeast.  From  the  stannalion  of  the  process  in  the  gyles,  he  had 
in  llie  morning  predicted  an  approaching  thunderstorm,  which  accordingly  supervened 
in  the  course  of  the  evening.  In  further  support  of  his  views  he  instances  the  fact,  thai, 
in  dairies  where  Ihe  milk  is  put  into  porcelain  vessels,  and  placed  ujmn  wooden  shelves, 
i1  is  seldom  injured  by  lightning;  but  when  contained  in  wuoden  or  leaden  vessrls,  and 
phced  upon  the  ground,  it  almost  invariably  turns  sour  in  Ihundeij  weather.  His 
gcuf-ral  coQclnsion  is,  "that  the  preiervalion  or  destruction  of  beer  depends  upon  elec- 
tricity; and  the  mo^t  certain  mode  of  prtservalion  is  10  insulate  as  mucli  as  possible, 
both  the  squares  and  all  other  alensils  or  vessels  coanecled  with  the  brewing  or  storing 

Mr.  Black  further  considers  thai  unsoundness  of  worts  is  often  the  result  of  electricity 
eiciled  between  the  mash  tun  and  the  copper. 

Why  is  beer  liable  to  get  spoiled  in  thunder-storms,  though  apparently  well  insulated 
in  glass  bottles? 

i  shall  eonclitde  Ibis  article  with  Mr.  Black's  description  of  the  phenomena  of  beet 
fermenialion.  In  every  regular  process  there  are  five  distinct  Biases.  In  the  Srsl 
we  see  a  snbstance  like  cream  forming  all  round  the  edges  of  the  gyle  tun  ;  which  ex- 
leiiiJs  towards  the  cenlre  until  the  whole  is  creamed  over,  constituting  the  first  change. 
Next  a  fine  curl  appears  like  cauliHomer,  which  also  spreads  over  the  square  suiface, 
and  according  to  the  strength  and  appearance  of  this  curl,  the  quality  of  the  fermenia- 
lion may  be  predicated.  Thia  he  calls  the  second  stage.  Wlial  is  technically  called 
the  slomadi  or  vinous  vapor  now  begins  to  be  smelt,  and  continues  to  gain  stienHth 
till  the  process  is  conclnded.  Fium  Ihe  vinous  energy  of  this  odor,  and  the  prouressive 
attenuation  of  the  wort,  the  vigor  of  Ihe  fermenlatlon  may  be  inferred.  The  experienced 
brewer  is  much  guided  in  h'n  operations  by  the  peculiaiity  of  this  effluvium.  The  third 
chanse  is  when  the  cauliflower  or  curling  lop  rises  lo  a  fine  rocky  or  light  yeasty  head  i 
and  when  this  falls  down,  the  fourth  stage  has  arrived.  Finally  the  head  should  ri^e  to 
wlial  is  cnlled  close  yeaslv,  having  the  appearance  of  yeast  all  over.  About  this  period 
the  gas  becomes  so  powerful  as  to  puff  up  occasionally  in  lillle  bells  or  bladders  about  the 
file  of  a  walnut,  which  imr.iediately  break.  The  bells  should  appear  bright  and  clear, 
[f  Ihcy  be  opaque  or  whey  colored,  Iheie  is  sOEne  unsoundness  in  the  wort.     The  great 
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point  is  to  nHa  jiist  BO  much  yeast  ns  to  carry  tlio  fermeiitntion  fompletely  tlrrougli 
tliese  five  thfinges  «t  tlie  rpanlnr  peiiods. 

Tlie  term  fennentfltion  hns  hecii  of  late  extendeii  tn  several  ofierations  WaFdfs  tliise 
formerly  included  under  it.  Tiie  plienomena  wtiich  it  ediiliitg  under  tlieae  clifferi'iit 
pliHses  anH  tlie  olinnges  wliiuh  it  effeota  amonn  the  varinuB  auUjects  of  it's  operntions,  ai'e 
110  ten  striking  and  mysterious  in  their  principle  tlinn  impoi'tant  in  their  npplicatiiin  tn 
the  arts  of  life.  FeiTnentntioMB  are  now  arrnnged  into  twelve  elaases — I,  the  flleoliolte ; 
2,  thejrlncosiooraneoiiarine;  8,  the  viscouBor  mucous;  i.thakotie;  5,  theaacelic  ;  fi, 
thejcnilic;  7,  thepectic;  8,  the  hcnzoilic;  9,  (lie  uiaapic ;  1(^  the  ainmoniaenl ;  11,  the 
pufriil;  and  IS,  the  fatty. 

Fermentation,  iu  the  most  general  sense,  may  he  dtfined  to  be  a  Epontaneoua  re- 
action, a  Ghemiaal  inetnniorphosi^  e:;uited  in  a  mnss  of  oi^nnic  matter  by  the  mere 
presence  of  another  substance,  which  neither  extracts  fi'oni,  nor  gives  to,  tlie  matter 
ivhich  it  decomposes  any  thing  ivliateTer.    This  procesn  requires  the  following  cou' 
dilions:— 1.  A  temperature  from  45°  lo  90°  F. ;   2.  Water;   B.  The  contact  of  air; 
4.  The  presence  of  a  neutral  ori^anic  azotized  matter,  in  a  very  small  quantity,  and  of  a 
crysljiUiziihle  uan-azotized   suhstance,  iti  eonsiderahle  qnniitity.      The  former  is  the 
ferment,  the  latter  undergoes  fermentation.     In  ordinary  chemical  actions  we  pereeiva 
one  hoiiy  unite  to  another  to  form  a  nev  oompound ;  or  one  liody  turn  another  out  of 
a  Coinbinntiun,  and  lake  its  place,  in  virtue  of  a  superior  affinity.     These  eifects  are 
foreseen  and  explained  by  the  interventinn  of  that  molecular  force  which  governs  oil 
ehemical  operations,  that   atCraclive  power  which  un'tss  the  parucles  of  C 
bodies.    Thus,  also,  in  the  ordinary  phenomena  of  decomjiosilion,  we  pen 
agency  of  heat  at  one  time,  at  another  of  light,  or  of  electricity  i  forces  of  whici 
we  are  not  acijuainted  witli  the  essence,  yet  we  know  the  exact  elTect  under 
nate  circumstances.    But  fermentation,  on  the  contrary,  can  be  e):plained  n 
the  known  laws  of  chemical  alRnity  nor  by  the  Intervention  of  the  powers  of  11 
Iricity,  or  heat.    Fermentation  reduces  complex  organic  substances  to  sim; 
pounds,  thereby  reducing  them  iiearer  to  the  constilution  of  mineral  natni^. 
operation  analogous,  in  some  respects,  to  that  efi'ected  by  animals  upon  their ' 

With  a  good  microscope,  any  person  .nay  convince  himself  that  ferment  or 
an  organized  matter,  formed  entirely  of  globules,  or  of  corpuscles  slightly  ot 
the  three  to  the  four  thousandth  pari  of  on  inch  in  diameter.    Sometimes  thej 
seems  to  have  a  little  tail,  which  has  been  regarded  as  a  bud  or  germ  attach 
mother  cell.    Whenever  the  fermentation  begins,  the  yenst  does  not  remain  s 
idle.    These  small  round  bodies  become  agitated  in  all  directions,  and  if  the  i 
undergoini  fermentation  is  mixed  with  on  azotiied  matter,  as  in  beer-worts 
pusclcs  become  lai^er,  the  small  tails  get  developed,  aad  on  acquiring  a  cei 
they  separate  from  the  parent  globule,  to  live  by  themselves  and  give  birth  to  new  cor- 
puscles.'   In  the  fermentation  of  beer  from  malt,  this  series  of  multiplications  produces 
a  quantity  of  yeast  seven  limes  greater  than  what  was  added  at  the  commencement. 
Were  the  above  iagenlous  speculations  demonstrated  with  certainty,"  we  should  be  led 
to  admit,  in  all  these  phenomena,  actions  truly  vital,  and  a  reproduction  like  that  of 
buds  in  the  vegetable  kingdom.    The  existence  of  a  vital  force  seems  to  be  rendered 
probable  by  the  fact  that  in  incomplete  fermentation,  such  as  that  of  fine  syrup  with  too 
little  yeast,  the  ferment  loses  its  properties  and  powers.     If,  however,  we  add  to  the  so- 
lution of  pure  sugar  an  albuminous  substance,  a  caseous  or  fleshy  matter,  the  devel- 
opment of  yeast  becomes  manifest,  and  an  additional  quantity  of  it  is  found  at  the  ead 
of  the  operation.    Thus  with  nourishment,  ferment  engenders  ferment.     It  is  for  this 
reason  that  a  little  fermenting  must,  added  to  n  body  of  fresh  grape-juice,  excites  fer- 
mentation in  thewholemass.     These  effects  are  not  confined  to  alcoholic  fermentation. 
The  smallest  portions  of  sour  milk,  of  sour  dough,  or  sour  juice  of  beel-root,  of  putrefied 
Besh  or  blood,  occasion  like  alterations  in  fresh  milk,  dough,  juice  of  beet-roots,  fiesh, 
and  blood.    But  further,  and  which  is  a  very  curious  circumstance,  if  we  put  into  a  li- 
quid containing;  any  fermenting  substance,  another  ia  a  sound  state,  the  latter  would 
suffer  decomposition  under  the  influence  of  the  former.     If  we  place  urea  in  presence 
of  beer-  yeast,  it  experiences  no  change  ;  while  if  we  add  to  it  sugar-water  in  a  ferment- 
ing state,  the  urea  is  converted  into  carbonate  of  ammonia.   We  tiius  possess  two  modes 
of  decomposition,  Ihe  one  direct,  the  other  indirect. 

Although  yeast  has  all  the  appearances  of  an  organized  substance,  it  is  merely  by  anal- 
osy  that  its  multiplication  by  growth  is  assumed,  for  this  is  a  phenomenon  very  difficull 
of  experimental  demonstration.  When  blood,  cerebral  substance,  gall,  pus,  and  such 
like  substances,  in  a  putrid  state,  are  laid  upon  fresh  wounds  in  animals,  voniting,  dc- 
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(lebtlit.y,  and  death  soon  supervene.  The  serntclies  from  hnnag  in  puirid  bodies  haT* 
been  oftKn  the  causes  ofdi^ense  and  dpnt.h  to  nnHtomisls.  Tlie  poison  in  bad  snusiigei 
is  of  tlie  game  class  of  ferments.  In  Wurfemberg.  wliere  sausnges  are  pre]iared  from 
Veiy  rtiiscElIaneous  mnCters,  as  blood,  livers,  braint^  and  offal  of  many  otlier  kind»,  with 
bread,  menl,  salt,  aad  apioK^  fatal  results  froni  eatinsf  tliem  are  not  nnoommoji,  I>efltl: 
in  these  cases  is  preeeded  bj  the  gradual  wasting  of  l.be  muscular  fibre,  and  of  all  the 
like  o.inetituants  of  tbe  bmnan  body;  go  that  the  patient  becomes  emaciated,  dries  into 
a  complete  mnmmj',  and  soon  exjijres.  Tlie  endayer  is  stiff  as  if  froien,  and  is  not 
BiibjVct  to  putrefaction.  During  the  ppogreaa  of  tbe  samage  disease,  the  sslivn  becomes 
■viscid,  and  emits  an  offensive  sinell.  Ho  peonliar  poison  ean  be  detected  by  analjeia 
in  tlie  sausages;  but  they  are  rendered  'wholesome  fuoii  for  animals  by  tlie  acticm  of 
alcohol,  or  by  that  of  boiling  water,  ivliich  destroy  llie  noxious /<wn«withont  acquiring 
it  theinselvea;  and  thu*  <!ecompose  the  putrefactive  ferment  of  the  sausages.  When 
this,  however,  passes  nnchangeo  through  the  sti>mnch  into  tlie  circulating  system,  it 
imparts  ita  peonliar  action  to  the  constituents  of  ttie  blood,  operating  upon  it  as  yeast 
dofs  upon  wort  Foisoiin  of  a  like  kind  are  pinJiiccd  by  the  body  itself  in  some 
diseases.  In  piague,  small-pox,  mcBsles,  Ac,  Hubstancefl  of  a  peculiar  fermentative 
nature  are  generatc<l  from  the  blood,  wlilcli  ara  capable  of  inducing  In  the  lilood  of  a 
healthy  person  a  deooinpnsition  like  that  of  which  tliemselves  are  the  subjecfs.  The 
morbid  virus  reproduces  itself,  and  multiplies  indefinitelv,  jnst  as  the  pariiules  of  yenst 
do  in  the  fermentation  of  beer.  The  temperature  of  boiling  water,  and  alcohol  aj>plied 
to  matters  imbued  with  sueh  poisonous  secretions,  renders  their  poison  inert.  Many 
acids,  chlorine,  iodine,  bromine,  empyreomotic  oils,  smoke,  creosote,  strong  decocboi 
of  coli'ee,  have  the  same  salutary  eiTect.  All  these  agents  are  known  to  counteract  fer- 
mentation,  putrefaction,  and  that  dry  wasting  of  organic  matter  called  eremacansis,  or  slmi 
comlnistiort.  It  is  most  deserving  of  remark  that  the  poisons  chemically  neutral  or  alkaline, 
saeh  as  those  of  small-pox  in  man,  and  of  lyphua  rtiniiaatilinm  in  cows,  lose  their  bane- 
ful iiower  when  subjected  to  the  action  of  the  stomach  j  whereas  tliat  of  bad  sausages, 
which  is  acid,  resists  the  modifying  power  of  the  digestive  organs. 

Alcoholic  rermeutalion  has  been  copiously  discussed  in  the  Viclionary.  I  may  here 
add  that  ammonia,  being  a  product  of  that  change  in  solution  of  pure  sugar,  proves  tbe 
presence  of  azote  in  the  yeast ;  and  that  sulphuretted  hydrogen,  being  made  manifest  in 
the  disengaged  gaseous  products,  by  their  blackening  paper  imbued  with  acetate  of  lead, 
proves  the  presence  of  sulphur.  The  acid  liquor  accoinpanying  yeast  may  be  washed 
away,  without  impairing  materially  its  fermentJng  power,  while  the  acid  eo  removed  has 
of  itself  no  such  virtue. 

Yeast,  freed  from  all  soluble  matters  by  water,  alcohol,  and  ether,  contains,  indepen- 
dently of  ashes — carbon,  60'6;  hydrogen,  7'3  j  azote,  15;  oxygen,  sulphur,  and  phospho- 
rous, 27'].  in  100  parts.  Viewed  alomically,  yeast  hears  a  close  analogy  to  albumen. 
Like  albuminous  matter,  yeast  takes  a  violet  tint  with  cnuriaCic  acid,  and  it  may  be  re- 
placed as  ferment  by  gluten.  Caseum  (the  curd  of  milk)  and  ftesh  operate  the  same 
effect.  All  these  fermentative  powers  have  the  same  globular  appearance  in  the  mi- 
croscope with  yea^t.  When  the  activity  of  yeasl  has  been  destroyed  by  heat,  &c.,  it 
can  be  restored  by  the  positive  energy  of  the  voltaic  battery,  which  causes  its  combina- 
lion  with  oxygen.  The  best  proportion  of  sogar  and  water,for  exhibiting  the  phenom- 
ena of  fermentation,  is  1  of  the  former  to  3  or  4  of  the  latter,  and  6  parts  of  sugar  to  1 
of  fresh  yeast  may  be  added ;  though  in  the  course  of  fermentation,  100  ports  of  sugai 
do  not  consume  2  parts  of  yeast,  estunaled  in  the  dry  state.  The  quickest  fermenting 
temperature  is  from  68^  to  86°.  Avery  little  oil  of  turpentine  or  creosote,  or  of  the 
mineral  acids,  prevents  or  stops  fermentation  completely  ;  oxalic  and  prussic  acids  have 
the  same  effect,  as  nlso  corrosive  sublimate  and  verdigris.  It  has  been  known  from 
time  immemorial  in  Bui^ndy,  that  a  little  red  precipitate  of  mercury,  when  added  to 
the  must-tun,  stopped  the  fermentation.  All  alkalies  counteract  fermentation,  but  when 
they  are  saturated  it  recommences.  The  first  person  who  described  the  microscopic 
globules  of  yeast  with  precision  was  DesmaziSres,  who  arranged  them  among  the  my- 
codermes  (/ungvi-skmned),  under  the  name  of  mycoderma  cerl'cUiie.  They  have  not 
the  flattened  form  of  the  globules  of  blood,  bat  ore  rather  e^-shaped.  One  small  black 
point  may  be  seen  on  their  surface,  which,  after  some  days,  is  associated  with  3, 4,  or  5 
others.  Their  average  diameter  is  from  Wjjtj  to  Tjij  of  an  inch.  Sometimes  more 
minute  globules  cluster  round  one  of  ordinary  size,  and  whirl  about  with  it,  when  the 
liquor  in  which  the  globules  float  is  agitated. 

Fresh  yeasl  loses,  by  drying,  68  parts  in  the  (00,  and  becomes  solid,  homy-looking, 
and  semitransparenl,  breaking  readily  into  gray  or  reddish  fragments.  With  water,  it 
resumes  immediately  its  pristine  appearance.  When  fresh  yeast  is  triturated  with  iti 
o<rn  weight  of  white  sugar,  it  forms  a  Uquid  possessing  the  fluidity  of  oil  of  almi>nds 
and  a  yellow  color.     The  globules  continue  unchanged,  except  perhaps  becoming 
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Saccharine  FermenlitHun  is  that  by  which  starch  and  deitrine  are  converted  into 
sugar,  as  shown  reraarlfablj'  in  the  action  of  diastase  upon  these  bodies.  If  we  mix  2 
parts  of  starch  paste  with  1  pari  of  dry  glnlen,  and  keep  the  mixture  at  a  lempernture 
of  from  122"'  to  140^  Falir.,  wc  obtain  a  good  deal  of  sugar  and  dextrine.  Some  lactic 
acid  is  also  formed.  Flour  paste.  Ion?  tept,  spontaneously  produces  sugar  by  a  like 
reaction.    See  Fermentation  m  uis  Dictionary. 

Lactic  FiTrteaiaiim. — Almost  all  azotized  organic  matters,  after  being  modified  l>y 
the  conti;«  of  air,  become  capable  of  givin?  rise  to  this  fermentation.  Oiygen  dois 
not  come  into  play,  except  as  the  means  of  transforming  the  animal  substances  into  a 
fernient.  Diastase  and  caseum  are  well  adapted  to  exhibit  this  change.  The  body 
that  is  to  furnish  the  lactic  acid  may  be  any  one  of  the  neutraj  vegetable  matters,  pos- 
sessinst  a  like  composition  with  lactic  acid,  sach  as  cane-sustar,  grape  or  potato  sujar, 
dextrine,  and  sugar  of  milk.  All  ttic  aaents  which  stop  the  alcoholic,  stop  also  the 
lactic  feimentntion  ;  while  diastase  and  caseum  are  its  two  best  exciters.  For  produ- 
cing abundance  of  lactic  acid,  we  have  merely  to  moisten  mall,  to  expose  it  to  the  air 
hr  a  few  days,  (hen  to  triturate  it  with  a  qaanlity  of  water,  and  leave  the  emulsion  for 
some  days  more  in  the  air,  al  a  temperature  between  67"  and  86^  F.  We  then  saturate 
liie  iiiuor  with  chalk,  after  having  filtered  il,  and  thereby  obtain  the  lactate  of  lime 
sihich  may  be  crystallized  in  alcohol,  to  deprive  it  of  the  dextrine  and  earthy  phosphates ; 
and  then  decomposed  by  sulphuric  acid. 

Lactic  ^cii,  formed  Iroro  curd  (casenm),  exhibits  more  risnarkable  phenomena.  Thu! 
whin  mi'.k  is  led  alone  for  some  time  il  becomes  sour,  and  coa^ulalee.  The  coagulniB 
m  formed  of  caseum  and  bntterj  while  the  whey  of  it  contains  sugar  of  milk  ami  some 
Balls.  The  coaRulation  of  the  caseum  has  been  occasioned  by  the  lactic  acid,  which 
was  generated  in  eonseqnence  of  an  action  which  the  caseum  itself  exercised  upon  thp 
sugar  of  milk.  Thus  with  the  concourse  of  air,  the  caseum  becomes  a  ferment,  anJ 
excites  the  conversion  of  the  sugar  of  milk  into  lactic  acid.  The  lactic  acid  in  its  turn 
coagulates  the  caseum,  which  in  the  consolidation  of  its  particles  attracts  the  bulter 
The  caseum  then  ceases  to  act  upon  the  sugar  of  milk,  and  conseqaently  produces  no 
more  lactic  acid. 

But  now,  if  the  lactic  acid  already  formed  be  saturated,  the  caseum  will  redissolve, 
and  the  phenomena  will  recommence  in  the  same  order.  This  is  easily  done  by  adJing 
a  due  dose  of  bicarbonate  of  soda  to  the  soured  milk.  In  (he  course  of  30  hours  a 
fresh  portion  of  lactic  acid  will  be  generated,  and  will  have  coagulated  thcmilk  again. 
We  may  also  add  some  sugar  of  milk  to  the  liquid,  and  to  a  certain  extent  convert  it 
into  lactic  acid.  Milk  boiled,  and  kept  from  contact  of  air,  will  not  coagulate,  and 
remains  fresh  for  many  months.  Animal  membranes,  modified  by  exposure  to  moist  air 
for  sojne  time,  form  a  true  ferment  for  the  lactic  fermentation,  and  acidify  solutions  of 
sugar,  dextrine,  and  gum,  but  the  membranes  must  not  he  putrescent.  Cane-su^ar, 
starch-sugar,  and  sugar  of  milk,  by  a=*aming  or  losing  a  little  water,  acquire  the  coe- 
Etitution  of  lactic  acid. 

Visc&as  or  Mucosa  Fermenlation, — Every  one  is  acquainted  with  this  spontaneous 
modification  of  white  wine  and  ale,  which  gives  them  a  stringy  or  oily  aspect,  and  is 
called  in  French  graisae,  or  fat  of  wines,  and  in  English  the  ropiness  of  beer.  The 
viscous  fermentation  may  be  excited  hy  boiling  yeast  with  water,  and  dissolving  sugar 
in  the  decoction,  after  it  has  been  filtered.  The  syrup  should  have  a  specific  gravity 
iiom  1-041)  to  1-055,  and  be  kept  in  a  warm  place.  It  scon  assumes  the  consistence 
iind  aspect  of  a  thick  mucilag'e,  like  linseed  tea,  with  the  disengagement  of  a  little  car. 
bonic  acid  and  hydrogen,  in  tjie  proportion  of  2  or  3  of  the  former  gas  to  1  of  the 
latter.  A  ferment  of  globular  texture  like  that  of  yeast  is  formed,  which  is  capable 
of  producing  viscous  fermentation  in  any  saccharine  solution  to  which  it  is  added,  pro- 
vided the  temperature  be  suitable.  The  viscid  matter  being  evaporated  to  dryness 
forma  transparent  plates,  of  a  sub-nauseous  taste,  and  soluble  in  water,  but  less  easily 
than  gum  aiabic.  Its  mucilage  is,  however,  thicker  than  that  of  gum,  and  yields  with 
nitric  acid,  oxalic  acid,  bul  no  mueic  acid.  Four  parts  of  sugar,  treated  as  above 
desctibed,  furnish  2-84  of  unchanged  sugar,  and  1-27  of  the  mucilage;  from  which  il 
appears  that  water  becomes  fixed  in  the  traaslbrmation.  Muriatic,  sulphuric,  sulphur- 
ous acids,  and  alum,  prevent  the  production  of  the  viscous  fermentation,  by  precipitating 
its  ferment.  Il  is  pro"»bly  the  soluble  portion  of  gluten  which  is  the  cause  of  this  ape. 
ciea  of  fermentation.  It  has  been  found,  accordingly,  that  tannin,  which  precipitates  the 
said  glutinous  ferment,  completely  stops  the  viscous  fermentation,  or  graisae,  of  wines. 
It  is  owing  to  the  tannin  which  the  red  wines  derive  from  the  grape-slallis,  with  which 
■,hey  are  long  in  contact  during  fermentation,  thai  Ihey  are  preserved  from  iJiis  malady 
,f  the  white  wines.    The  gluten  of  must  is  of  two  kinds  the  one  soluble  in  virtue  of 
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the  alcohol  nnd  tartnric  acid,  and  prodiioing  the  Tiseoiie,  the  other  indliihle,  and 
prmliiehig  the  aleolioJic  fennentation.  The  art  of  tlie  wine  niekcr  consists  in  precipi- 
tBtiiig  the  injnrioiia  ferment,  without  impeding  l.lie  action  of  tlie  beneficial  one ;  an  art 
of  consideratle  delieacj  with  res«r<l  to  sparkling  wiiiea 

^cid  FeTmcnlation  has  heen  fully  discussed  under  acetic  acid.  It  requires  the  pres- 
ence of  ready  formed  alcohol  and  air.  The  lactic  fermenlation,  on  the  contrary,  may 
take  place  mifh  starchy  or  saccharine  suhslances,  without  the  intervention  of  alcohol  ol 
constant  exposure  to  the  almnsphere ;  and  when  once  be«;nn,  il  can  go  on  without  air. 
Acetification  has  a  striking  analog  with  nitrification,  as  is  shown  by  the  necessity  of  a 
high  temperature,  and  the  utility  of  porous  bodies  for  exposing  the  liquid  on  a  great 
surface  to  the  air. 

Bemoic  Fermentalioa  is  that  which  transforms  the  azotised  neutral  cry'alline  matter,, 
existing  in  bitter  almonds,  which  has  no  action  upon  the  animal  economy,  into  new  and 
reinnrbBble  products,  amon;  others  the  hjdrure  of  benzoile  and  hydrocyanic  (pras.ic) 
acid,  which  toeether  constitute  the  liquid,  called  oil,  or  essence,  of  bitter  almonds,  a 
compound  possessed  of  volatility  and  poisonous  qualities.  The  attentive  study  of  this 
fermentation  has  revealed  a  great  fact  in  vegetable  physiology,  the  spontaneons  pro- 
duction, by  means  of  certain  artifices,  of  certain  volatile  oils,  not  pre-existini;  in  the 
plants,  yet  capable  of  bein!(  generated  in  the  products  of  their  decomposition.  The 
volatile  oil  of  bitter  almonds  constitutes  in  this  respeci  a  starting  point,  fron-  which 
have  proceeded  the  oil  of  mustard,  the  oil  of  epirtea,  and  which  will  likely  lead  to  other 
discovtries  of  the  same  kind.     See  Almond  anJ  AMVeoALrNE. 

Siwnpic  Fenaealalion  is  that  by  which  the  oil  of  mustard  is  formed,  and  which  lakes 
place  by  the  contact  of  water,  under  certain  conditions,  of  loo  refined  and  scienlilio  a 
nature  for  this  practical  work. 

Perlic  fenaeaiatum. — Peetic  acid  may  be  obtained  from  (he  expressed  juice  of  cai 
rots,  and  it  seems  to  be  formed  in  the  process  of  extraction  by  the  reaction  of  albumint 
in  the  cnrrols  upon  a  substance  called  pectjne;  a  transformation  analogous  therefore 
with  that  which  takes  place  in  the  formation  of  the  essence  of  bitter  almonds. 

Gallic  FermentaiUm. — Gallic  acid  does  not  exist  ready  formed  in  nut-galls,  but  is 
generated  from  their  tannin  when  they  are  ground,  made  pasty  with  water,  and  exposed 
to  the  air.  This  conversion  may  be  counteracted  by  the  red  oxide  of  mercury,  alcohol, 
sulphuric,  muriatic,  and  nitric  acids,  bromine,  essence  of  turpentine,  creosi  te,  oxalic, 
acetic,  and  prassic  acids.  The  tannin  disappears  in  the  sequel  of  the  above  metamor- 
pho.i.. 

Fatty  Fermentatitm. — All  fats  are  transformed  by  the  action  of  an  alkaline  or  other 
base  into  certain  acids,  the  stearic,  margaric,  the  oleic,  ethalic,  &c.  When  these  acids 
are  once  formed,  they  can  not  by  any  means,  hitherto  known,  be  reconverted  into  the  prim- 
itive fat.  By  the  fixation  of  water  in  the  acid  and  the  base  (called  glycerine),  a  change 
is  clfected  which  can  not  be  undone,  because  the  glyceric  Imlsc  is  incapable  by  itself  to 
displace  the  water,  once  combined  in  the  hydrated  fat  acid.  The  circumstances  neces- 
sary to  the  fatty  fermentation,  are  like  those  of  other  fermentations  [  namely,  the  co- 
operation of  an  albuminoid  matter,  along  with  water,  and  a  temperature  of  from  60°  to  86' 
F. ;  under  these  conditions,  the  matter  becomes  warm,  and  assumes  speedily  the  charac 
Cer  of  rancidity;  acid  is  generated,  and  the  carbonate  of  sodn  can  then  form  salts,  while 
the  fatty  ncid  is  liberated;  a  circumstance  Impossible  when  the  fat  was  'cted  upon  in 
the  neutral  state.    This  altered  fat,  treated  with  water,  gives  up  to  it  gly-.'Tic  alcohol. 

Disentitle  Fermevtaliou. — Digestion  of  food  may  be  considered  in  its  essential  features 
as  a  peculiar  fermentative  process.  The  gastric  j uice  is  agenuineferment.  Tiedmann, 
Gmelin,  and  Front,  have  shown  that  the  gastric  juice  contains  muriatic  acid;  and 
Eberli  has  made  interesting  espcrimenls  on  the  digestion  of  food  out  of  the  body,  with 
water  containing  a  few  drops  of  (he  some  acid.  He  observed  that  when  this  liquid  con 
(ained  none  of  the  mucous  secretion  of  the  stomach,  it  did  not  dissolve  the  aliments  put 
into  it;  but  with  a  little  of  that  mucus  it  acquired  that  property  in  an  eminent  degree. 
Even  the  mucus  of  the  bladder  had  a  like  effect.  Schwann  and  Vogel  have  produced 
this  digestive  principle  in  a  pure  state,  called  by  them  pejiaine,  as  obtained  most  abun- 
dantly from  the  stomachs  of  swine.  The  glandular  part  of  that  viscue  being  separated 
from  the  serous,  is  cut  into  small  pieces,  and  washed  with  cold  distilled  water.  Atlei 
digestion  for  24  hours,  that  water  is  poured  ofl",  and  fresh  water  is  poured  on.  This 
operation  is  repeated  for  several  days,  till  a  putrid  odor  begins  to  be  fell.  The  wateri' 
infu=ion  thus  obtained  is  precipitated  by  acetate  of  lead.  This  while  flaky  precipitate 
contains  the  pepaaie,  accompanied  with  much  albumen.  It  is  then  washed,  mixed  with 
water,  and  subject^  to  a  stream  of  sulphuretted  hydrogen.  The  whole  being  now 
hiowa  on  s  filter,  the  coagulated  albumen  remains  on  the  paper,  along  with  the  su! 
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phiiret  of  ietid,  wliile  the  pepaine  liquor  pnsaea,  asaQcin(«d  with  come  ncetie  ncii.  If  to 
tills  liquor  (t  very  small  quantity  of  (iiurifltic  acid  ba  nddecl,  it  bceomes  CHpnble  of  eaetj- 
.Tl^  on  ftrliCcial  digestion.  Dry  pepaine  may  be  obtained  by  evaporating  the  abort 
tiUered  liqiior  on  a  water  bath,  to  a  syrupy  consistence,  then  adding  lo  it  absolute 
alcohol,  which  causes  a  bulky  whitish  precipitate.  This  dried  in  the  sir  consiiiutes 
pei'sine.  It  contains  a  minute  quantity  of  acetic  acid,  which  may  be  removed  com- 
plptely,  by  heating  it  some  hours  on  the  water  bath.  The  white  powder  then  obtained 
h  siiliible  in  water,  and  betrays  the  presence  of  no  acid  whatever.  AccorditiR  lo  Vt^el, 
this  sut)3tance  is  composed  of,  carbon,  57-72 ;  hydrogen,  5-67  i  azote,  21-09;  oxygt'u, 
fcc,  15.52  =  100.  Vt^el  has  proved  the  analogy  between  the  action  of  pepaine  and 
dinslase  by  the  following  experiment  i — 

He  dissolved  two  grains  of  pepsine  in  very  weak  muriatic  acid,  and  put  into  this 
Jiguor  heated  to  81^  F.,  small  bits  of  boiled  beef.  In  the  coarse  of  a  few  hoars  the 
pieces  became  transparent  on  their  edees,  and  not  Ions  after  thef  were  completely  dis- 
solveil.  He  now  added  fresh  morsels  in  succession,  till  those  last  put  in  remained  un- 
chansed.  He  found  by  analysis,  that  1-98  grains  of  the  pepsine  were  left,  showing  how 
minute  a  portion  of  this  fermenl  was  necessajy  to  establish  and  eflect  digestion.  In 
fact,  we  may  infer  that  pepsine,  like  yeast,  serves  to  accomplish  digestion  without  any 
waste  of  its  own  substance  whatever,  or  probably  with  its  raulliplicalion. 

Rmnet,  with  which  milk  is  coagulated  in  making  cheese,  is  somewh&i  nf  the  same 
nature  as  pepsine.  It  has  been  called  chymosine.  But  the  simplest  digesting  liquor  is 
the  following! — 

If  10,000  parts  of  water  by  weiiht  be  mined  with  6  parts  of  ordinary  muriatic  acid 
9nd  a  little  rennet,  a  liquor  is  obtained  capable  of  diasolving  hard  boiled  white  of  egg, 
beef,  gluten,  &c.,  into  a  transparent  jelly  in  a  few  hours. 

jSinmoniacal  Fttrmfatiilion. — Under  this  title  may  be  described  the  conversion  of  urea 
into  carbtmate  of  ammonia  under  the  influence  of  water,  a  ferment,  and  a  favorable 
temperai'ire.     Urea  is  composed  in  atoms;   reckoned 

In  volumes.  Carbon  4;  hydrogen  8;  azote  4;  oxygen  2; 

which  by  filling  —  4;       —  2; 

give  4i  12;  4;  4; 

which  is  4  vol.  of  carbonic  acid,  and  8  of  ammonia;  equivalent  to  ordinary  carhonaie 
ol'  ammonia.  The  fermentation  of  urea  plays  an  important  part  in  the  reciprocal  olficcs 
til  le^etalle  and  animal  existence.  By  its  conversion  into  carbonate  of  ammonia,  urea 
becomes  ii  food  fit  for  jilanls ;  and  by  the  intervention  of  the  mucous  ferment  which  urine 
containti.  ;hat  Conversion  is  etfected.  Thus  the  urea  constitutes  a  neutral  and  innocn. 
ous  substance  while  it  remains  in  the  bladder,  but  is  changed  into  a  volatile,  alkaline, 
and  acrid  substance,  when  il  is  acted  upon  by  the  air.  Yeaat  added  to  pure  urea  mixed 
with  water,  eietcises  no  action  on  it  in  the  course  of  several  days;  but  when  added  to 
urine,  il  soon  causes  decomposilion,  with  the  formation  of  carbonate  of  ammonia,  and 
disengagement  of  carbooic  acid.  The  deposite  on  chamberpots  ill-cleaned  acts  as  a  very 
powerful  fermcn.t  on  urme,  causing  the  complete  decomposition  of  fresh  urine  in  one 
hflh  of  the  time  that  would  otherwise  be  requisite. 

NUnms  Firmcnlatimi,  as  exhibited  in  the  formation  ofnilric  acid  from  the  atmosphere, 
and  consequent  production  of  nitrates  in  certain  soils,  has  been  with  much  probability 
traced  to  the  action  of  ammonia  on  oxygen,  as  Ihe  inlcrredium  or  ferment.     . 

CcMeou.i  and  putrid  Fermenlations, — Curd  is  coiti>erlea  into  dteeae,  when  after  being 
coitgalaled  by  r!r,!iet,  it  is  left  to  itself  under  certain  conditions;  and  this  constitutes  the 
true  distinctive  character  of  caseum.  In  the  production  of  cheese  there  is  evidently  the 
intervention  of  a  peculiar  ferment  which  is  gradually  formed,  and  the  decomiiosition  of 
the  curd  intonew  prodncls. 

For  animal  and  vegetable  matters  lo  run  into  putrefaction,  they  mast  be  in  contact 
with  air  and  water,  at  a  ce.-tain  temperature ;  viz.,  between  the  freezing  and  boiling 
[lointa  of  water.  The  contact  of  a  putrid  substance  acta  as  a  ffrment  lo  fresh  animal 
and  vegetable  matters.  The  reagents  which  counteract  fermenlation  in  general  slop 
bIso  putrefaction.  In  this  process,  myriads  of  microscopic  animalcules  make  their  ap- 
pearance, and  contribute  to  the  destruction  of  the  substances. 

A  dispute  having  toifen  place  between  some  distillers  in  Ireland  and  officers  of 
Excise,  concerning  the  formation  of  alcohol  in  the  vats  or  tuns  by  spontaneous  fermen- 
tation, without  the  presence  of  yeast,  the  Commissioners  of  Excise  thought  111  lo  cause 
a  series  of  experiments  to  be  made  upon  the  subject,  and  they  were  placed  under  my 
general  superintendence.  An  experiment  was  made  on  the  6!h  of  Oclohe:,  with  the 
tbllowing  mixture  of  com  :— 
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2  Bushels  of  Barley,  weisliins      -  -  -  -  lOOIbs.  S  o;:. 

i  Bushel  of  Mall, 21         7 

i  Bushel  of  Oata 20       12 

Total,  3  Bushels,  weighing    -  -  -  142         8 

The  bruised  corn  was  wetted  with  26  aa!lons  of  water  at  the  temperature  of  16(P  V., 
and,  after  proper  stirring,  had  8  sallons  nioie  of  water  added  to  it  at  the  averasie  tem- 
perature of  194^.  The  mash  was  aaain  well  stirred,  and  at  the  end  of  45  minutei 
the  whoie  was  covered  op,  having  at  thai  lime  b  lemperatnre  of  138^  F.  Three  hours 
afterward,  18  gallons  of  wash  only  were  drawn  off;  bein%  considerably  less  than 
shouU  have  been  obtained,  had  the  np|)aratas  been  constructed  somewhat  differently, 
as  ahali  be  presently  poinled  oul.  The  aravity  of  that  wash  was  1-060,  or,  in  the  Ian. 
gan^e  of  the  distiller,  60^.  After  a  delay  of  two  hours  more,  twenty  additlcnal 
gallons  of  WBler  at  the  temperature  of  200^  were  introduced,  when  the  maah  was  well 
stirred,  and  then  covered  op  for  two  hours,  at  which  period  23  gallons  of  fine  worla 
of  specific  gravity  1-042  were  drawn  olf.  An  hour  afterward  12  salions  of  water  al 
200^  were  added  to  the  residual  grains,  and  in  an  hour  and  a  half  II  gallons  of  wort 
of  the  density  1-033  were  obtained,  ^^xt  morning  Ihe  several  worls  were  collected 
in  a  new  mash  Inn.  They  consisted  of  48  gallons  at  the  temperature  SO",  and  lof  a 
specific  gravity  2-0465  when  reduesJ  to  60^.  Being  set  at  80^,  fermentation  Boon 
commenced;  in  two  days  the  specific  gravity  had  fallen  to  1-0317,  in  three  days  to 
1-018,  in  four  days  to  r013,  and  in  live  days  to  1.012,  the  temperatare  having  at  lasl 
fallen  to  78"  F.  The  total  atten^iation  was  therefore  34^'=,  indicating  the  production 
t>f  3-31  gallonaof  proof  spirit,  while  the  produce  by  distillation  in  low  wines  was  3-22; 
and  by  rectification  in  spirits  and  feints  it  was  3-05.  The  next  experiment  was  com- 
menced on  Ihe  12th  of  October,  upon  a  similar  mixture  of  corn  to  the  precedin?. 
48  gallons  of  worts  of  1-043  specific  gravity  were  set  at  82-'  in  the  tun,  which  next 
iay  was  attennaled  to  1-0418,  in  iwo  days  to  1-0202,  in  three  days  to  1-0125,  and  in 
five  days  to  1-0105,  constituting  in  the  whole  an  attennation  of  32i°,  which  indicates 
the  piihlaciion  of  3-12  gallons  of  pruof  syirits ;  while  the  produce  of  the  first  Jisiuli. 
tiun  was  2-93  in  low  wines,  and  thul  of  Ihe  second  in  feints  and  spirits  was  2-66.  la 
iliese  experiments  the  wash,  when  fcrmtniing  most  actively,  seemed  to  simmer  and  boil 
on  the  surface,  witii  the  emission  of  a  hissing  noise,  and  the  copious  evolution  of  car- 
bonic acid  gas.'  They  prove  beyond  all  doubt  that  much  alcohol  may  be  generated  in 
grain  worts  without  the  addition  of  yeast,  and  that,  also,  nt  an  early  period ;  but  the 
fermentation  is  never  so  active  t'  with  jeast,  nor  does  it  continue  so  long,  or  irocted 
lo  nearly  the  same  degree  of  alienualion  I  was  neier  satisfied  with  the  i.on«lruction 
of  the  mash  tun  asea  in  these  eiptrunents,  and  had  aCLordingly  si^gested  another 
forai,  by  which  the  mash  mii-lure  could  be  mnintamed  at  the  proper  temperature 
durmg  the  mashing  period.  II  is  known  to  chemists  that  the  diastase  of  m-tlt  is  the 
true  saccharifying  ferment  which  con\erts  the  fecala,  or  starch  of  barley  and  other 
corn,  inlo  sugar  j  but  it  acts  beneliciallj  only  between  the  temperatures  of  145  and 
168-*  F.  When  the  temperature  falls  below  the  former  number,  sacchanfic-ition  Idn 
guishes;  and  when  it  rises  much  aboie  the  latter,  it  is  entirely  checked  The  new 
mash  tun  was  made  of  sheet  zinc  somewhat  wider  at  bottom  than  top,  it  was 
placed  in  a  wooden  tun,  so  much  Hrger  as  lo  leave  an  interstitial  space  between  ihe 
two  of  a  couple  of  inches  at  the  ^iiles  and  bottom  Through  this  apace  a  current 
of  water  at  160=  was  made  to  circulate  slowly  during  the  mashing  period  Three 
bushels  of  mall,  weighing  125  lbs.  3  oz.,  were  wetted  with  30  gallons  of  water  at  16T-, 
and  the  mixture  being  well  agitated,  the  mash  was  left  covered  up  at  a  temperature 
of  140=  during  three  hours,  when  19  gallons  of  fine  worts  were  drawn  off  at  the  spe- 
cihc  cravity  of  1-0902  or  90-2^.  Twenty  gallons  more  water  at  167°  were  then  sddtd 
to  the  residuum,  which  afi'orded  after  two  hours  28  gallons  of  wort  at  the  gravitj 
1-036 ;  12  gallons  of  water  at  10T-'  were  now  poured  on,  which  yielded  after  otlier 
Iwo  hours  15  gallons  at  the  gravity  1-0185.  Forty  gallons  of  line  worts  at  1-0.58 
gravity  and  68°  temperature  were  collected  in  the  evening  of  the  same  day,  and  let 
into  the  tun  with  5  per  cent,  of  yeast.  The  attennation  amounted  in  six  days  lo  54'=, 
The  thinl  wort  of  this  brewing,  amounting  lo  15  gallons,  being  very  feeble,  was  mixed 
with  7  gallons  of  the  first  and  second  worts,  put  into  a  copper,  and  concentrated  by 
boiling  to  11  gallons,  which  had  a  gravity  1-058  at  60=  F.  They  were  separately 
fermented  with  5  per  cent,  of  yeast,  and  snil'ered  an  attenuation  of^SJ".  The.  produce 
of  spirit  from  both  indicated  by  the  altenuation  was  5-36  gallons;  the  produce  in  low 
tsmes  was  actually  5-52,  and  that  in  spirits  and  feints  was  5-33,  being  a  perfect  accord, 
ani-e  with  the  Excise  tables. 

The  next  experiments  were  made  with  a  view  of  determining  at  what  elevation  of 
temperatare  the  activity  or  efficiency  of  yeast  would  be  paralysed,  and  how  far  tho 
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\  liniira,  nliioli  ia  thn  time  limitcij  h; 


attenuation  ot  worta  could  be  pushed  w 

Ijhv  fup  woi-te  to  be  eolleoted  into  the  tun,  from  llie  1 
coolers.  When  wotta  of  the  gravity  1-0898  were  set  at  96°  Fahr.,  with  5  per  cent,  of 
yeast,  they  attenuated  26-9".  in  6  houre;  worts  of  1-0535  gravity  set  at  110'^  willi 
5  per  cent,  of  yeast,  attenuated  IG-'  in  about  5  hours;  but  when  worts  of  1-0533  were 
set,  as  above,  at  ISD^,  they  neither  fermented  then,  nor  when  allowed  to  cool ;  show- 
in?  that  the  activity  of  the  yeast  was  destroyed.  When  fresh  yeast  was  new  added  to 
the  l,ist  portion  of  worts,  the  attenuation  became  5-8  in  2  hours,  and  28-4^  in  3  days  ; 
showing  that  the  saccharine  matter  of  the  worts  still  retained  its  fermentative  facuilj. 
Malt  worts,  being  brewed  as  above  speiiiied,  were  set  in  the  lun,  one  portion  at  a  lem- 
peralure  of  70",  with  a  gravity  of  1-0939,  and  5  per  cent,  of  yejist,  which  attenuated 
66"  in  3  days;  other  two  portions  of  the  same  gravity  were  set  at  120"  with  about  10 
per  cent,  of  yeast,  which  underwent  no  fermentative  chanRC  or  attenaalion  in  6  hours, 
all  the  yeast  having  fallen  to  the  bottom  of  the  tuna.  When  these  two  aomples  of 
worts  were  allowed,  however,  to  cool  to  from  74''  to  72^,  fermentation  commenced, 
and  produced  in  two  days  an  nttennalion  of  about  79".  It  woald  appear,  from  these 
last  two  experiments,  that  yeast  to  the  amount  of  B  per  cent,  is  so  powerfully  affected 
by  strong  worts  heated  to  120"  ns  to  have  its  fermentative  en«^  destroyed;  but  that 
when  yeast  ia  added  to  the  amount  of  10  per  cent.,  the  5  parts  of  excess  are  not  per- 
manently decomposed,  but  have  their  activity  merely  suspended  till  the  sacchnrine 
lif|uid  falls  to  a  temperature  compatible  with  fermentation.  Veast,  accordint;  to  my 
observations,  when  viewed  in  a  good  acromatic  microscope,  consists  ijt»^ether  of  trans- 
lucent spherical  and  spheroidal  particles,  each  of  about  the  6000(h  part  of  an  inch  in 
diameter.  When  the  beer  in  which  they  float  ia  washed  away  with  a  little  water,  they 
are  seen  to  be  colorless;  their  yellowish  tint,  when  they  are  examined  directly  from 
(he  fermenting  square  or  round  of  a  porter  brewery,  being  doe  to  the  infusion  of  the 
brown  mall.  The  yeaat  of  a  sijuare  newly  set  seems  to  consist  of  particles  smaller 
than  those  of  older  yeaat,  but  the  difference  of  size  is  not  considerable.  The  re- 
searches of  Schulne,  Cagniard  de  la  Tour,  and  Schwann,  appear  to  show,  that  the 
vinous  fermentation,  and  the  putrefaction  of  animal  matters,  processes  which  have  been 
hithcrlD  considered  as  belonging  entirely  to  the  domain  at  chemical  affinity — are 
essentially  the  results  of  an  organic  development  of  living  beings.  This  position 
seems  to  be  established  by  the  following  experiments:  1.  A  matrass  or  flask  con- 
taining a  few  bits  of  ILesh,  being  filled  up  lo  one  thinl  of  its  capacity  with  water,  ivaa 
closed  with  a  cork,  into  which  two  slender  glasa  tubes  were  cemented  air-tight.  Both 
of  these  tubes  were  passed  externnlly  through  a  metallic  bath,  kept  constantly  melted, 
at  a  temperature  approaching  to  that  of  Iwiling  mercury.  The  end  of  one  of  tlie 
Cubes,  on  emerging  from  the  bath,  vnaa  placed  in  communication  with  a  gasometer. 
The  contents  of  the  matrass  were  now  made  to  boil  briskly,  so  that  the  air  contained 
in  it  and  the  glass  tubes  was  expelled.  The  matrass  being  then  allowed  to  cool,  a 
current  of  atmospherical  air  was  made  constantly  to  pass  through  it  fram  the  gasome- 
ter, while  the  metallic  bath  was  kepi  constantly  hot  enoagh  to  decompose  the  living 
partic  ^3  in  the  air.  In  these  experiments,  which  were  many  times  re|>eated,  no  infu- 
soria or  fungi  appeared,  no  putrefaction  took  place,  the  flesh  underwent  no  change, 
and  the  liquor  remained  as  clear  as  it  was  immediately  afler  being  boiled.  As  it  was 
found  very  troublesome  to  maintain  the  metallic  hath  at  the  melting  pitch,  the  follow- 
ing modiftcaLiwi  o'  the  apparatns  was  adopted  in  the  subsequent  researches  :  A  flask 
of  three  ounces  c»  -icity,  being  one  fourth  filled  with  water  and  flesh,  was  closed  with 
a  tight  cork,  secured  in  its  place  by  wire.  Two  glass  tubes  were  passed  through  the 
cork;  the  one  of  them  was  bent  down,  and  dipped  at  its  end  into  a  small  capsule  con- 
taining quicksilver,  covered  with  a  layer  of  oil ;  the  other  waa  bent  on  leaving  the 
cork,  first  into  a  horizontal  direction,  and  downward  for  an  inch  and  a  half,  afterward 
into  a  pair  of  spiral  turns,  then  upward,  lastly  horizontal,  whence  it  was  drawn  out  tot 
point.  The  pores  of  the  cork  having  been  filled  with  .caoutchouc  varnish,  the  contents 
of  the  flask  mere  boiled  till  steam  issued  copiously  through  both  of  the  glass  tubes,  and 
ihe  qniekailver  and  oil  became  as  hot  as  boiling  water.  In  order  that  no  living  par- 
ticles could  be  generated  in  the  water  condensed  beneath  the  oil,  a  few  fragments  of 
(orrosive  sublimate  were  laid  upon  the  quicksilver.  During  the  boiling,  the  llame  of 
1  spirit  lamp  was  drawn  up  over  the  spiral  part  of  the  second  glass  tube,  by  means  of 
I  glass  chimney  placed  over  it,  so  as  to  soften  the  glass,  while  the  further  part  of  the 
lube  was  iieated  by  another  spirit  lamp,  to  prevent  its  getting  cracked  by  the  condens- 
ation of  the  steam.  After  the  ebullition  had  been  kept  np  a  quarter  of  an  hoar,  ttie 
fliisk  was  allowed  10  cool,  and  gel  filled  with  air  through  the  hot  spiral  of  the  second 
tube.  When  the  contents  were  quite  cold,  the  end  of  this  lube  was  hermetically 
sealed,  the  part  of  it  between  the  point  and  the  spiral  was  heated  strongly  with  Ihe 
Barnes,  and  the  lamps  were  then  withdrawn.  The  matrass  contained  now  nolhing  bul 
46 
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boiled  flesh  nnd  gently  ignited  oip.  Tlie  air  was  ronewed  oceasionally  through  tliB 
aeooDd  tub«,  its  spiral  part  being  fir^t  stiongly  heated,  its  paint  then  broken  ufF,  and 
connected  with  a.  gasometer,  which  caused  the  air  la  pass  onward  slowly,  anil  escape 
at  the  end  of  the  iirsl  tnbe  iminersed  in  the  quicksilver.  The  end  or  (he  second  lube 
vns  a^ain  hermetically  closed,  while  Ihe  part  interjacent  between  it  and  the  spiral  was 
expos&l  to  the  spirit  flame.  By  means  or  these  precautions,  decections  of  flesh  wpie 
preserved,  during  a  period  of  six  weeks,  in  a  temppralure  of  irom  14^  to  SO-"  H.  (63^^ 
to  77-^  F.),  without  any  appearance  of  pulrefaction,  infusoria,  or  mouldiness  :  on  open- 
ins  the  vessel,  however,  the  contents  fermented  in  a  few  days,  as  if  the;  had  been 
boiled  in  the  ordinary  manner.  In  conducting  such  researches,  the  greatest  paini 
must  be  taken  to  render  the  cork  and  junctioas  of  the  glass  tahes  perfectly  air-t^ht. 
The  following  more  convenient  modiHeation  of  (he  experiment,  bat  one  equally  sue- 
ccssful  and  demonstrative,  was  arranged  by  F.  Schulze.  The  glass  tubes  connected 
with  the  flask  were  furnished  each  with  a  bulb  at  a  little  distance  from  the  cork;  into 
one  of  which  globes  caustic  alkaline  ley  being  put,  and  into  the  other  strong  sul- 
phuric acid,  air  was  slowly  sucked  through  the  extremity  of  the  one  tube,  while  it 
entered  at  the  other,  so  as  to  renew  the  atmosphere  over  th»  decoction  of  flesh  in  the 
flask.  In  another  set  of  experiments,  four  flasks  being  fllh  I  with  a  solution  of  cane- 
sugar  containini;  some  beeivyeast,  were  corked  and  plnnged  in  boiling  water  till  they 
acquired  its  temperature.  They  weie  then  taken  oat,  inverted  in  a  mercurial  balh, 
uncorked,  and  allowed  to  cool  in  that  position.  From  one  third  to  one  fourth  of  theii 
volume  of  atmospherical  air  was  now  introduced  into  each  of  the  flasks ;  into  two  of 
them  throngh  slender  glass  tabes  kept  red  hot  at  a  certain  point,  into  the  other  two 
through  glass  tubes  not  heated.  By  analysis  it  was  found  tha  the  air  thus  heated 
contained  only  19'4  per  cent,  of  oxyeen,  instead  of  M'S ;  bnt,  to  compensate  for  this 
deflciency,  a  little  more  air  was  admitted  into  the  two  flasks  connected  with  the  heated 
tubes  than  into  the  two  others.  The  flasks  were  now  corked  and  placed  in  an  in- 
verted position,  in  a  temperature  of  from  10=  to  14-=  R.  (54^^  to  fi-lj"  F.>.  After  a 
period  of  from  four  to  six  weeks,  it  was  found  that  fermentation  had  taken  place  in 
both  of  the  flasks  which  contained  the  non-ignited  air — for,  in  loosening  the  corks, 
some  of  the  content'  were  prniocted  witii  force — but,  in  the  other  two  flaski!,  there 
was  no  app4!arince  of  fermentation,  either  then,  or  in  double  the  time.  As  the  extract 
of  nux  vomica  is  known  to  be  a  poison  to  tn/uioria  (animalcules),  but  not  to  vegetating 
mould,  while  arsenic  is  a  poison  to  both,  by  these  tests  it  was  proved  that  the  living 
particles  instrumental  to  fermentation  belonged  to  the  order  of  plants  of  the  confer- 
void  family.  Beer  yeast,  accordin^r  to  Schwann,  consists  entirely  of  microscopic  fungi, 
in  the  shape  of  small  oval  grains  of  a  yellowish  white  color,  arranged  in  rows  obliiinc 
to  each  other.  Fresh  grapes  must  contain  none  of  them;  but  aflcr  being  exposed  cj 
the  air  at  20°  R.,  for  36  hours,  similar  grains  become  visible  in  the  microscope,  aLi 
may  be  observed  to  grow  larger  in  the  course  of  an  hour,  or  even  in  half  that  lime. 
A  few  hours  after  these  plants  are  first  perceived,  gas  begins  to  be  disengaged.  They 
multiply  greatly  in  the  course  of  fermentation,  and  at  its  conclusion  subside  to  the  bottom 
of  the  beer  in  the  shape  of  a  yellow  white  powder. 

FERRIC  ACID.  This  new  compound  having  been  prescribes  as  a  source  of  sup- 
plying oxygen  to  persons  confined  ia  diving-beDs  and  in  mines,  by  M.  Payerne,  in  a 
patent  recently  granted  to  him,  merits  notice  in  a  practical  work.  M.  Fremy  is 
the  discoverer  of  this  new  acid,  which  he  obtains  in  the  state  of  ferrate  of  pot- 
ash, by  projecting  10  parts  of  dry  nitre  in  powder  upon  5  parts  of  iron  filings, 
United  in  a  crucible!  when  a  reddish  mass,  containing  mnch  ferrate  of  potash,  is 
formed.  The  preparation  succeeds  h'^t  when  a  large  crucible,  capable  of  holding 
about  a  pint  of  water,  is  heated  so  strong.y  that  the  bottom  and  a  couple  of  inches 
above  it,  appear  faintly,  but  distinctly  red,  in  which  state  the  heat  is  just  adequate  to 
effect  due  deflagration  without  decomposition.  An  intimate  mixture  of  about  2O0  grains. 
dS  dried  nitre  with  about  one  half  its  weight  of  the  finest  iron  filings,  is  to  be  thrown  at 
once  upon  the  side  of  the  crucible.  The  mixture  will  soon  swell  and  deflagrate,  'The 
crucible  being  taken  from  the  fire,  and  (he  ignited  mass  being  cooled,  ts  to  be  taken 
out  with  an  iron  spoon,  pounded,  immediately  put  into  a  bottle,  and  secluded  from  the 
iiir,  in  which  it  would  speedily  attract  moisture,  and  be  decomposed.  It  is  resolved 
by  the  actioa  of  water,  especially  with  heat,  into  oxygen  gas,  peroxide,  and  nitrate 

Mr.  J.  D.  Smith  prepares  the  ferrate  of  potash  by  exposing  to  a  full  red  heat  a  mix- 
lure  of  finely  powdered  peroxide  of  iron  with  four  times  its  weight  of  dry  nitre.  It 
has  an  amethyst  hue,  but  so  deep  as  to  appear  black,  except  at  the  edges.  Oxygen  is 
ropidly  evolved  by  the  action  of  the  sulphuric  or  nitric  acid  upon  its  solution.  He  con- 
siders the  atom  of  iron  to  exist  in  this  compound,  associated  with  3  atoms  of  oxygen,  or 
liuufalc  the  proportion  of  That  in  the  red  oxide.    Hence  52  grains  of  pure  ferric  a(_J 
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■lioviTd  give  off  12  grains  of  oxyg«n,  equal  fo  nbout  BS  enbie  inches;  but  how  niiiph  of 
Ihe  feri-flte  of  potnsli  mny  lie  rfqiiiHite  to  prminco  n  lilce  qimntity  of  onyeen  cannot  be 
EtntcH,  from  the  una^rtniiity  of  tJie  o)icra1ion  by  wliicli  it  »  pi'oi^ncei). 

FERRIC-CYANIDE  OF  POTASSIUM,  or  Red  Pminule  of  Potash.  This 
bcauliful  and  useful  salt,  discovered  hy  L.  Gmvlin,  is  prepared  by  passing  ctjlorine  s^ns 
throQ£;h  a  weak  solution  of  the  prussiute  of  polasli  (ferro-cjaniile  of  potnssium)  (ill  it 
coases  lo  afTect  solution  of  red  sulphate  of  iron,  taking  care  to  agitate  the  liquid  all  the 
while,  and  not  lo  add  an  cicess  of  chit -'ne.  On  looking  through  the  weiJt  sololion  to 
the  flame  of  a  candle,  one  may  see  Iht  .reriod  of  change  from  ihe  greenish  to  the  red 
hue,  which  indicates  Ihe  completion  of  the  process.  The  liijuar  beins  Altered  and 
eyaporated  iu  a  dish  with  upright  sides,  will  eventually  nflbrd  c-j-Elalline  neeiiJes,  pos- 
sessed of  an  almost  metallic  lustre,  and  a  yellow  color,  inclining  to  red.  These  being 
dissolved  and  recrystallized,  will  become  extremely  beaatii\ll.  This  salt  is  composed 
of  33-68  parts  of  potassium,  16-48  of  iron,  and  47-S4of  cyanogen.  It  is  therefore  a 
dry  salt.  It  dissolves  in  38  parts  of  cold  water,  and  as  it  forms  then  the  most  delicate 
test  of  the  protoxide  of  iron,  is  very  oseful  in  ClomaelTg. — See  ALKAUMBrRv. 
-The  solution  of  this  salt  aSords  the  following  colored  precipitates  with  the  solutions 
if  llie  respective  metals  i — 


Cobnlt 
Nickel 
Copper 


Brownish  yellow. 
Reddish  brown. 
Brownish  Eray. 
Deep  reddish  brown. 

Dirty  yellowish  brown. 
Omnae  yellow. 

Yellow,  with  both  the  protoxide  ai 
peroxide  sails. 


Bismuth  .  .  -    Yellowish  brown. 

Lead  -  -  -    No  prccip. 

Iron  protoxide  -  .  -  -    Blue, 

-—  peroxide  -  -  -         -    No  precip. 

The  ferritj-cjnnide  of  pntnssium  has  been  introduced  into  dyeing  and  csli co-printing. 
In   case  an  excess  uf  ciiloriiie   has  been  ussd  in   preparing  the  above  sal^  Posselt 
r-iominenda  U>  add  to  its  solution,  when  near  the  crystalline  point,  a  few  dropa  of 
puiiHsb  lye,  in  order  to  deuoiiipose  a  green  substance  that  is  preseutv  which  takes  place 
with  tJie  preoipitntion  of  a  little  peroxide  ufiron. 

FERROCYANATE,  or,  more  curreMly,  PER RO CYANIDE.  (Ferrocs'tmtn,  Fr.  j 
Eisencyanid,  Germ.^  Several  compounds  of  cyanosen  and  metals  possess  the  property 
nf  uniting  [os;e(her  into  double  cyanides  ;  of  which  there  are  none  so  remarkable  in  this 
respect,  as  the  prolocyanidp  of  iron.  This  appears  lo  be  capable  of  cimibining  with 
several  simple  cyanides,  such  as  that  of  polnssium,  sndinm,  barium,  sl-onliuin,  calcium, 
ami  ammonium.  Tlie  only  one  of  these  double  cyanides  of  any  Importance  in  man- 
nrnrlnres  is  the  first,  whic\  IS  described  under  its  commercial  name,  Pbuss[a.tf.  of 
Potash. 

I'RRROPRUSSIATES:  another  name  for  Ferrocvanidps. 

FIBRE,  VEGETABLE,  called  also  Lignink  (Ligneitc,  Fr. ;  PJl'mzen-fasenloff, 
Germ.),  is  the  most  abumiant  and  seneral  ingredient  of  planis,  existing  in  all  their  parts, 
the  rool,  Iht  leaves,  Ihe  stem,  ihe  flowers,  and  the  frail;  amounting  in  Ihc  compact  Wood 
lo  97  or  98  percent.  It  is  obtained  in  a  pure  state  by  treftting  attw-dust  successively  with 
hot  alcnhol,  water,  dilute  muriatic  acid,  and  weak  potash  ley,  which  dissolve,  first,  the 
resinous;  second,  the  eiCrnclive  and  saline  mattfrs;  third,  the  caihonate  and  phosphate 

liered  barks,  straw,  hemp,  flax,  linen,  and  cotton  cloth,  are  conveitible  by  Ihe  acliun  of 
strong  snlphnric  acid  into  a.  gummy  substance  analogo 
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If  we  put  into  a  aia^s  mortar  24  parts,  by  weight,  of  dry  old  cordage,  chopped  small, 
and  sprinkle  over  it  34  ;iarls  of  sulphuric  acid,  by  degrees,  so  as  lo  avoid  iiealin. 
miittire,  while  we  conslani'y  stir  it;  and  i^  in  a  quarter  ol^  an  hour,  we  triturat 
mass  with  a  glass  pestle,  the  fibres  will  disappear  without  the  disengagement  ol 
A  tenacious  mucilage  will  be  produced,  almost  entirely  soltihie  in  water.  The 
beina  thus  formed,  may  be  separated  from  Ihe  acid  by  dilution  wilh  water,  and  adi 
af  the  requisite  quantity  of  chalk;  then  slraininR  the  saturated  liquid  Ihroaeh 
cloth,  concentrating  it  by  evaporation,  throwing  down  any  remaining  lime  by  i 
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ncid,  fillerins  anew,  anJ  mUing  ihe  mucilage  wlih  alcohol  in  great  excess,  which  wiS 
take  up  Lhe  free  acid,  and  ihrow  down  the  ^utn.  From  24  parts  of  hemp  fibres  Ihiii 
IrpflleJ,  rully  24  parts  of  a  gummy  mass  may  be  obtained,  containing,  however,  probabij 

When,  inslead  of  sataralinf  the  diluted  acid  paste  with  challc,  we  boil  it  for  10  hourB, 
the  gummy  maltcr  diEsppearK,  and  is  replaced  by  sugar,  which  may  be  purified  without 
any  diilicallj-,  by  saLuraiion  wjlfa  chalk,  fillration,  and  evaporaiion  to  the  consistence  of 
sirup.  In  24  hours  crystallizalion  begins,  and,  in  2  or  3  days,  a  concrete  mass  of  ^ape 
sugar  is  formed;  which  needs  merely  to  be  pressed  strongly  between  old  linen  cloth; 
doubled,  and  then  crystallized  a  second  lime.  If  this  sirup  be  treated  Willi  hone  blacti, 
a  brilliant  while  sugar  will  be  procured.  20  parts  of  linen  rags  yield  23  of  pood  sugar, 
Bracoaiiol.  Guerin  gol  87^  of  dry  sugar  from  ]00  parts  of  rags,  treated  with  290  of  sul- 
phtiric  acid.    See  Wood. 

FIBKINE  (Eng.  and  Fr.  i  Thieriadter  Fatert'off,  Germ.)  constitutes  the  principal  pari 
of  animal  muscle;  it  exists  in  lhe  chyle,  lhe  bluud,  and  may  be  regarded  as  the  most 
abundant  cunsliluent  of  animal  bodies.  It  may  he  obtained  in  a  pnre  slate  by  agitating 
or  beating  new  drawn  blood  with  a  bundle  of  twigs,  when  it  will  attach  itself  to  ihem  in 
long  reddish  lilanients,  which  may  be  deprived  of  color  by  working  tliem  with  the  hands 
under  a  streamlet  of  cold  water,  and  afterwards  freed  from  any  adhering  grease  by  diges- 
tion in  alcuhid  or  ether. 

Fibrine,  thus  obtained,  is  solid,  while,  flexible,  slightly  elastic,  insipid,  inodorous,  denser 
than  water,  but  containing  four  liflhs  of  its  weight  of  it,  and  without  action  on  litmus. 
When  dried,  it  becomes  semi-transparent,  yellowish,  stiff,  and  brittle:  water  restores  its 
softness  and  flexibility.  JOO  parts  of  fibrine  consist  of  53-36  carbon,  19-68  oxigen,  7-02 
hydrogen,  and  19-31  azote.  As  the  basis  of  flesh,  it  is  a  very  notrilioas  substance,  and  is 
essential  to  the  sustenance  of  carnivorous  anitnals. 

FILE  {Liiiie,  Fr. ;  Feile,  Gern^.)  is  a  well  know«  steel  insliumenl,  having  teeth  upoa 
the  sulfate  for  cutting  and  abrading  metal,  ivory,  wood,  &c. 

When  the  leelh  of  these  inslrnments  are  formtd  by  a  straight  sharp-edged  chisel,  eitend- 
ing  across  the  surface,  Ihey  are  properly  called  files  ;  but  when  by  a  sharp-pointed  tool,  in 
the  form  of  a  triangular  pyramid,  they  are  termed  rasps.  The  former  are  used  for  all  the 
melals,  as  well  as  ivory,  bone,  horn,  and  wood ;  the  Inlter  for  wood  and  horn. 

Files  aie  divided  inio  two  varieties,  from  the  form  of  iheir  teeth.  When  the  teeth  are 
a  series  of  sharp  edges,  raised  by  lhe  flat  chisel,  appearing  like  parallel  furrows,  either 
at  right  angles  to  the  length  of  the  file,  or  in  an  oblique  direelion,  they  are  termed  single 
cut.  But  when  Ihese  teeth  are  crossed  by  a  second  series  of  similar  teeth,  (hey  are  said 
to  be  doable  cnl.  The  lirst  are  filled  for  brass  and  copper,  and  are  found  to  answer  bel- 
ter when  Ihe  teeth  ran  in  an  oblique  direction.  The  latter  are  suited  for  the  harder  met- 
als, such  as  cast  and  wroaght  iron  and  steel.  Such  teeth  present  sharp  angles  lo  the  sub- 
stance, which  penetrate  it,  while  single  cut  files  would  slip  over  Ihe  surface  of  these  met- 
als. The  double  cnl  file  is  less  fit  for  filing  brass  and  copper,  because  its  teeth  would  be 
very  liable  lo  become  clogged  with  the  filings. 

Files  are  also  called  by  diSerent  names  according  lo  their  various  degrees  of  fineness. 
Those  of  extietne  roughness  are  called  rongh  ;  the  next  to  this  is  the  bastard  cut ;  the 
third  is  the  second  cut ;  the  fourth,  the  smooth ;  and  the  finest  of  all,  the  dead  smooth. 
The  very  heavy  square  files  used  for  heavy  smith- woik,  are  sometimes  a  little  coarser  than 
the  rongh  ;  tliey  are  known  by  Ihe  name  of  rubbers. 

Files  aie  also  distingoisbwl  from  Iheir  shape,  as  flat,  half-round,  three-sqnare,  four- 
square, nnd  round.  The  first  are  sometimes  of  unifiirm  breadth  and  thickness  throughout, 
and  sometimes  tapering.  Ihe  cross  section  is  a  parallelogram.  The  half-round  is  gen- 
erally tapering,  one  side  being  fiat,  and  the  other  ronnded.  The  cross  section  is  a  seg- 
ment of  a  circle,  varying  a  little  for  different  purposes,  but  seldom  equal  to  a  semi-cirele. 
The  three-square  generally  consists  of  tliree  equal  sides,  being  eqnilateral  prisms,  mostly 
lapering;  those  which  are  not  tapering  are  used  for  sharpening  the  teeth  of  saws.  The 
onr-square  has  four  equal  sides,  lhe  seclinn  being  a  square.  These  files  are  generally 
.hickest  in  the  middle,  as  is  Ihe  case  with  the  smith's  rubber.  In  the  round  file,  the  sec- 
tion is  a  circle,  and  the  file  generally  conical. 

The  heavier  and  coarser  kinds  of  files  are  made  from  the  inferior  marks  of  blistered 
steel.  Those  made  from  Ihe  Russian  iron,  known  by  the  name  of  old  sable,  called  from 
its  mark  CCKD,  are  excellent.  The  steel  made  from  the  best  Swedish  iron,  called  hoop 
L  or  Dannemora,  makes  the  finest  Lancashire  files,  ibr  walch  and  clock  makers ;  a  man- 
Dfacturefor  which  the  honse  of  Stubbs  in  Warrington  is  celebrated. 

Tlie  steel  intended  for  files  is  more  highly  converted  than  for  other  purposes,  to  give 
them  proper  hardness.  It  should  however  be  recollected,  that  if  the  hardness  he  no' 
accompanied  with  a  certain  degree  of  tenacity,  the  teeth  of  the  file  break,  and  do  but  little 

ilmall  files  ate  m^islly  made  of  cast  steel,  which  would  be  the  best  for  all  others,  if 
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It  were  not  for  its  highur  price, 
havin?  been  in  ihe  fluid  sUte,  is 
to  blislered  sleel,  wliich  is  no  si 


It  is  much  liarder  than  tlie  blislercEi  sleel,  and  from 
entirely  free  from  those  seams  and  loose  pans  so  coiamon 
jodec  than  as  it  comes  from  the  iron  forge  before  con- 


jn  smith's  forge,  from  the  con- 
Ihe  iron  befbte  they  come  into 

le  of  lilleii  sleel. 

jlie  as  fuel.      The  anvil-block. 


The  smith's  rnbbers  are  generally  forged  in  the  com 
verted  bars,  which  are,  for  convenience,  made  sqitare 
this  country.  The  files  of  lesser  size  are  matie  from  b 
blistered  bars,  and  the  cast  in^ls,  and  known  by  Ihe  ni 

The  file-maker's  forge  consists  of  large  bellows,  with 
particularly  at  Shetfield,  is  one  large  mass  of  mill  slont  _ 
able  sine,  set  into  and  wedged  fast  into  the  stone;  and  has  a  projection  at  one  end,  with 
a  hole  10  contain  a  sharp-edged  tool  for  cutting  the  files  from  the  rixls.  It  alsc 
contains  a  deep  groove  for  containing  dies  or  bosses,  for  giving  parlicukr  forms  to  the 
Gle.''. 

The  flat  and  square  files  are  formeii  entirely  bj-  the  hammer.  One  man  holds  the  hot 
bar,  and  strikes  with  a  small  hammer.  \.nother  stands  before  the  anvil  with  a  two-haad- 
ed  hammer.  1  be  latter  is  generally  very  be^vy,  with  a  broad  face  for  the  large  files. 
They  both  strike  with  such  Irath  as  to  make  the  surface  smooth  and  flat,  njlbont  what  h 
called  hand-hammering.  This  arises  from  their  great  experience  in  the  same  kind  of 
work.    The  expedition  arising  from  the  same  cause  is  not  less  remarkable. 

The  half-round  files  are  made  in  a  boss  fastened  into  the  groove  abo™  mentioned. 
The  steel  being  drawn  out,  is  laid  upon  the  rounded  recess,  and  hammered  till  it  fills 
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the. 

The  three-sided  files  arc  formed  similarly  in  a  boss,  the  recess  of  which  ci 
sides,  with  the  angle  downwards.  The  steel  is  first  drawn  ont  square,  and  then  placed 
in  a  boss  with  an  annle  downwards,  so  that  the  hammer  forms  one  side,  and  ibe  boss  two. 
The  round  files  are  formed  by  n  swage  similar  to  those  used  by  common  smiths,  but  a 
little  conical. 

The  file-cutter  requires  an  anvil  of  a  size  greater  or  less,  proportioned  to  the  size  of  bis 
files,  with  a  face  as  even  and  Hat  as  possible.  The  hammers  weigh  from  one  to  five  or  six 
pounds.  The  chisels  ace  a  little  broader  than  the  file,  siiarpened  to  en  angle  of  about  20 
degrees.  The  length  is  jusl  sutBcienl  for  them  to  be  held  fast  between  the  finger  and 
thnmb,  and  so  strong;  as  not  to  bend  with  the  strokes  of  the  hammer,  the  intensity  of 
which  may  be  best  conceived  by  the  depth  of  the  impression.  The  anvil  is  placed  in  the 
lace  of  a  strong  wooden  post,  to  which  a  wooden  seal  is  attached,  at  a  small  distance  be- 
low the  level  of  Ihe  anvil's  face.  The  file  is  first  laid  upon  the  bare  anvil,  one  end  pro- 
jecting over  Ihe  front,  and  the  other  over  the  back  edge  of  the  same.  A  leather  strap 
now  goes  over  each  end  of  Ibe  file,  and  passes  down  upon  each  sideof  Ibe  block  to  the 
workman's  feel,  which,  being  put  inta  the  strap  on  each  side,  like  a  stirrup,  holds  the  file 
firmly  upon  the  anvil  as  it  is  cat.  While  the  point  of  the  file  Is  cutting,  the  strap  passes 
over  one  part  of  the  file  only,  the  point  resting  upon  the  anvil,  and  Ihe  tang  upon  a  prop 
on  the  other  side  of  Ihe  strap.  When  one  side  of  the  file  is  single  cut,  a  fine  Ate  is  run 
slightly  over  the  teeth,  to  lake  away  the  roughness;  when  they  are  to  be  double  cut, 
another  set  of  teetb  Is  enl,  crossing  the  former  nearly  at  right  angles.  The  file  is  now 
fini'ihed  upon  one  side,  anl  it  is  evident  that  the  cut  side  cannot  he  laid  upon  Ibe  bare 
anvil  to  cnl  the  other.  A  flat  piece  of  an  alloy  of  lead  and  tin  Is  interposed  between  the 
toothed  surface  and  the  attJ,  while  Ihe  other  side  is  cut,  which  completely  preserves  the 
side  already  formed.  Similar  pieces  of  lead  and  tin,  with  angular  and  rounded  grooves, 
are  used  for  cutting  triangular  and  half-jiund  files. 

Rasps  are  cut  precisely  in  the  same  way,  by  using  a  triangular  punch  instead  of  a  flat 
chisel.  The  great  art  in  cutting  a  rasp  is  to  place  every  new  tooth  as  much  as  possible 
opiosite  to  a  vacancy. 

Msny  abortive  attempts  have  been  made  to  cut  the  tcelh  of  files  by  machinery.  The 
following  plan,  for  which  a  patent  was  obtained  by  Mr.  William  Shilton,  of  Birming- 
ham, in  April,  1833,  is  replete  with  ingenious  mechanical  resources,  and  deserves  to 
succeed. 

The  blanks  of  steel  for  making  the  files  and  rasps,  are  held  in  a  pair  of  clamps  in 
connexion  with  a  slide,  and  are  moved  forward  at  intervals  under  the  head  of  the  lilt 
hammer  which  carries  the  tool ;  the  distance  which  the  blank  is  to  be  advanced  al 
ever?  movement  being  dependant  upon  the  required  fineness  or  coarseness  of  tbt  cut  of 
the  file,  ivhich  movement  is  effected  and  regulated  by  a  rack  and  pinion,  actuated  by  a 
pall  and  ratchet  wheel,  or  the  movement  may  be  produced  by  any  other  convenient 


When  the  machine  is  employed  for 
tool  being  pointed  and  only  producing 
tool  must  be  made  to  traverse  at  intei 


j;  or  indenting  the  teeth  of  ras]is,  the  cutting 
ooth  at  a  blow,  the  tilt  hammer  carrying  the 
icross  the  width  of  t'.e  blank  piece  of  sleel 
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other  and  back  a\ 


in;  llie  blank  beins!  advanepil  in  len'^'tb  onlj 

ir  icmlh  toward  eillier  edpe  of  Hie  rasp- 
jnderslood,  Iwo  views  of  Ihe  apparatus  fur  pro. 


Fig.  527  is  an  elevation  of  the 
tpper  part  of  the  file-cutting  machine, 
1  on  one  side ;  fig.  5'28  is  a 
horizontal  view,  as  ttie  ma- 
ippears  on  the  top. 
the  head  of  the  tilt  hammGr 
in   the  end  of  the  levir  b, 


intfd  I 
,  in  proper  bearings  in  llie 
frame  work  of  the  machine  1  d,islhe 
tilt  wheel  tnannled  on  another  axJe  «, 
abn  lurnins;  in  bearings  on  the  frame 
work  of  the  machine,  and  having  any 
required  nniiiber  of  projections  or 
tappets  upon  it  for  depress  in  g  the  lai] 

The  tilt  »,  eel  d,  receives  its  rota- 
tory moLion  from  the  toothed  wheel 
/,  niounled  upon  the  same  a);le,  and 
il  takes  into  gear  with  a  pinion  g, 
upon  the  mnin  shaft  h,  which  is  ac- 
lusited  by  a  band  passed  from  any 
first'  mover  to  the  rigger  on  its  end, 
or  in  any  other  convenient  manner. 
1'he  bed  upon  which  the  blank  piece 
of  sleel  hears  ts  marked  i.  This  bed 
is  firm] J  supported  upon  masonry 
placed  apon  proper  sleepers  ;  j,  ii 
one  of  tlie  blank  pieces  of  sleel  nniler 
ojieration,  and  is  (hawa  secured  in 
the  pair  of  jaws  or  holding  ciaoips  k, 

I,  fig.  528 ;  which  slide  is  held  down 

by  a  spring  and  slide  beneath,  and  is 

>on  the  (v)  edses  m,  m,  of  ihe  frame, 

being;  mounted  upon  the  a^ile  of  the 

:urn  at  imervals  by  means  of  the 

lever  is  depressed,  after  everf  cut 

1  or  tappets  of  the  wheel  j,  coming 

The  tappet  wheel  s,  is  moanled 

illy  revolves  with  il,  and   by 

t,  the  click  g, 

of  the  blank 


moved  backwards  and  forwards  in  the  machine  cf 

by  means  of  the  rack  n,  and   its  pinion  ;  the  lalter 

ratchet  wheel  p,  and  which  ratchet  wheel  is  made 

pall  q,  upon  the  end  i>{  the  lever  r.  Jig.  533.      T! 

has   been  elfecled  upon  the  blank  by  means  of  the  t 

in  contact  with  ihe  inclined  plane  t,  upon  the  lever 

upon  the  end  of  Ue  axle  e,  of  the  tilt  wheel,  and  conseqi 

depressing  the  lever  r,  every  lime  thai  a  loolh  passes  Ihe  inclined  pli 

is  made  to  drive  the  ratchet  wheel  p,  and  thereby  ihe  advancing  movem 

is  etfecled  after  each  blow  of  the  tilt  hammer. 

There  is  a  strong  sprin;  u,  attached  to  Ihe  upper  side  of  ihe  tilt  hammer,  i(s  end  being 
confined  under  an  adjustable  inclined  plane  r,  monnled  in  the  frame  w,  which  inclined 
plane  can  be  raised  or  lowered  by  its  adjusting  screws  as  required,  to  produce  more  or 
less  tension  of  the  sprins;. 

A  similar  spring  is  placed  on  the  under  side  of  the  lilt  hammer,  to  raise  and  sustain 
Ihe  cutter  or  tool  clear  of  ihe  bed  after  every  blow,  and  in  conjiinclion  with  safely  hold- 
ers or  catchers,  lo  counteract  any  vibration  or  tendency  the  spring  u  may  have  1o  cansa 
Ihc  hammer  lo  reiterate  Ihe  blow. 

The  end  of  the  lower  spring  acts  on  an  inclined  plane,  monnled  in  the  frame  i«,  which 
has  an  adjusting  screw  similar  lo  p,  to  reeulate  Ihe  tension  of  the  spring. 

In  case  the  under  spring  should  raise,  that  is,  return  (he  hammer,  with  sufficient  force 
or  velocily  lo  cause  Ihe  top  spring  u,  lo  reiterate  the  blow,  the  ends  of  Ihe  safety  holders 
or  catchers  are  made  to  move  under  and  calch  the  tail  of  the  lever  h,  immediately  on  its 
being  raised  by  the  nnder  springs,  which  is  effected  by  the  following  means  : — The  hold- 
ers are  mounted  npon  a  plate  or  carriage  I,  fig.  527,  which  turns  upon  a  small  pin  or 
axle  monnled  in  the  cars  of  a  cross  bar;  the  upper  ends  of  the  holders  are  kepi  inclined 
lowards  ihe  tail  of  the  tilt  hammer  by  means  of  a  spring  fixed  to  the  crces  bar,  and  whicl 
acts  upon  one  end  of  the  plate  or  carriag*  1. 
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In  order  that  tlie  holders  may  be  removefl  onl  cf  the  way  of  the  tail  of  the  hammer  b, 
when  the  tilt  wheel  is  about  to  effect  a  blow,  the  tooth  of  the  lilt  wheel  which  last  acted 
iijioii  the  hatnmer  comes  in  cnnlact  with  an  inclined  plane  Gied  on  the  plate  or  earrings 
1,  and  by  deprefsins  thai  end  of  the  plate,  caases  the  upper  enus  of  the  holdera  to  be 
withdrawn  from  under  the  tail  of  the  hammer  b.  The  tilt  wheel  coatinuin^  to  revolve, 
(he  ne:it  looth  advances,  and  depresses  the  tail  of  the  hammer,  bul  belbre  it  leaves  ihe 
tail  of  the  hanlmer,  the  tooth  last  in  opeiation  will  have  quilled  Ihe  inclined  plane  and 
allowed  the  sprinp  to  return  the  holders  into  their  former  position.  After  the  tooth  has 
escaped  from  the  (ail  of  b,  the  hammer  will  iminedialely  descend  and  eSecl  the  blow  or 
cut  on  the  blank,  and  as  the  tail  of  ihc  hammer  rises,  it  will  come  in  contact  with  the 
inclined  planes  at  the  upper  ends  of  the  holders,  and  force  Ihem  backwards ;  and  as  soon 
as  ihc  tail  it  Ihe  hammer  has  passed  the  lop  or  the  holders,  Ihe  spring  will  immediatety 
fnice  Ihe  huiJers  forward  under  the  tail  of  the  hammer,  and  prevent  Ihe  hammer  risin" 
asain  until  the  next  (oolh  of  the  lilt  wheel  is  about  to  depress  the  end  of  the  hammer, 
when  the  same  movements  of  the  parts  will  be  repeated,  and  the  machine  will  continue 
in  operation  until  a  suiEcient  lenElh  of  the  Wank  of  steel  (pi-ogressivcly  advanced  under 
Ihe   hammer)  has  been  operated  upon,  when  it  will  be  thrown  out  of  gear  by  the 

Upon  the  slidins  bar  6  there  is  placed  an  adjustable  slop,  a^insl  which  the  foremost 
end  of  Ihe  slide  I  i,fig.  538,  comes  Jii  contact  as  it  is  moved  firward  by  ihe  rack  n,  and 
il'i  pinion.  The  sliding  bar  6  is  connected  at  ils  left  end  lo  th<  bent  lever  8,  the  other 
end  of  this  lever  being  formed  into  a  forked  arm,  which  embracet  a  clutch  upon  the  main 
•^hafi,  and  as  the  slide  I  continues  to  advance,  it  will  come  in  contact  with  a  stop ;  and 
when  it  has  bioughl  a  sufficient  length  of  the  blank  pieces  of  steel  under  the  operation 
of  the  cutting  tool,  Ihe  slide  I,  in  its  progress,  will  have  moved  thai  slop  and  Ihe  bar  6 
forward,  and  that  bar,  by  means  of  the  bent  lever  8,  will  withdraw  the  dutch  on  the 
main  shaft,  from  locking  into  the  boss  of  the  lly-wheel,  and  eonsequenlly  stop  Ihe  further 
progress  of  the  machine ;  the  rieger  and  fly-wheel  turning  loosely  upon  ihe  main  shaft. 

The  cul  file  can  now  be  removed  from  ont  of  Ihe  clamps,  and  reversed  lo  cul  the  other 
side,  or  another  blank  piece  put  in  its  place;  and  after  throwing  back  the  pall  q  of  the 
raichet  wlieel  p,  the  slide  I,  and  with  it  the  fresh  blank  may  be  moved  back  into  the 
machine  by  turning  the  winch  handle,  on  the  aile  of  the  ratchet  wheel  p,  the  reverse 
way,  which  will  turn  the  pinion  backwards,  and  draw  back  Ihe  rack  n,  wilhout  afleoting 
any  othtr  parts  of  the  machine ;  anJ  on  moving  back  the  bar  fi,  by  the  handle  1 1,  placed 
:  stop,  Ihe  clutches  will  be  thrown  into  gear  again,  and  the  machine  proceed  to  cut 
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e  blanks  have  been  thus  cul  on  one  side,  and  are  reversed  in  the  machine  lo 
form  the  teeth  upon  the  other  side,  there  should  be  a  piece  of  lead  placed  between  the 
hliink  and  the  bed  to  protect  the  fresh  cat  leelh. 

It  will  be  seen  lliat  the  position  of  Ihe  slop  upon  the  bar  6  will  determine  the  length 
or  extent  of  Ihe  blank  piece  of  steel  which  shall  be  cul  or  operated  upon  i  and  in  order 
that  the  progressive  movement  of  ihe  blanks  under  the  culling  tool  may  be  made  lo  suit 
diffc  -nt  degrees  of  fineness  or  coarseness  of  the  leelh  {that  is,  the  distance  between  the 
cuts),  .tere  is  an  adjusting  screw  upon  the  lever  r,  Ihe  head  of  which  screw  slops  against 
the  under  side  of  aa  ear  projecting  from  the  frame-work,  and  thereby  determines  the 
extent  of  the  molion  of  the  lever  r,  when  depressed  by  the  tappets  of  ihe  wheel  j,  acting 
upon  Ihe  inclined  plane  (,  consequently  determining  Ihe  number  of  leelh  the  ratchet 
wheel  p  shall  be  moved  round  by  Ihe  pall  q ,-  and  hence  Ihe  extent  of  molion  communi- 
cated by  the  rack  and  pinion  lo  the  slide  [,  and  the  blank  j,  which  regulates  the  distance 
that  the  teelh  of  the  fill-  ire  apart,  and  the  lever  r  is  forced  upwards  by  a  spring  pressing 
agninst  its  under  side. 

"it  will  be  perceived  that  the  velocity  of  the  descent  of  ihe  hammer,  and  consequently 
the  foice  of  Ihe  blow,  may  be  regulated  by  raising  or  lowering  the  inclined  plane  e  of  Ihe 
spring  »  j  and  in  order  to  accommodate  the  bed  upon  which  the  blanks  rest  to  the  differ- 
enl  inclinations  they  may  be  placed  at,  that  part  of  the  bed  is  formed  of  a  semi-globular 
piece  of  hardened  steel,  which  fits  loosely  into  a  similar  concavily  in  ihe  bed  r,  and  is 
therefore  capable  of  adjusting  itself  so  that  the  blanks  shall  be  properly  presented  lo  the 
cuttingtool,  and  receive  the  blow  or  cul  in  an  equal  and  even  manner  j  or  the  piece  of 
steel  may  be  of  a  conical  shape,  and  fit  loosely  in  a  similar  shaped  concavily. 

There  are  guide*,  16,  placed  on  th«  lop  of  the  bed  i,  for  the  purpose  of  keeping  the 
blanks  in  Iheif  proper  position  towards  ihe  culling  lool,  and  these  can  be  regulaled  to 
suit  blanks  of  any  width,  by  tnrning  Ihe  riibl  and  left  hamled  screw  17.  There  is  also 
anoihiT  adjustable  slup  on  the  jaws  or  clamps  fc,  which  serves  as  a  guide  when  placing 

Jhe  blanks  wilhin  the  jaws ;  and  19  is  a  handle  or  lever  for  raising  the  clamps  when 

required,  which  has  a  weight  suspended  from  it  for  the   purpose  of  keeping  down  Ihe 

blanks  with  snfiicient  pressure  upon  Ihe  bed. 
The  culling  tool  in  the  face  of  the  liammer,  can  be  placed  at  any  reijuired  angle  ot 
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incUnnlion  with  the  blanli,  it  being  stMTured  in  the  head  of  the  hammer  by  clamp;  and 
screws.  In  cullin?  fine  files  a  screw  is  employed  in  preference  to  the  rack  and  i)ini(in, 
for  advancing  the  ^lide  I,  and  the  blanb  piece  of  sleei  in  the  macliine. 

Hardening  of  Jilt.'!.— Tiiis  is  the  last  nnd  most  imporlant  pait  of  file  makinR.  WhaU 
ever  may  be  Ihe  quality  of  the  sleel,  ot  however  excellent  the  workmanship,  if  it  is  no' 
wed  harfened  all  the  labor  is  losl. 

Three  things  are  slrielly  to  be  observed  in  hardening ;  firsl,  to  prepare  the  file  on  th« 
stirfaee,  so  as  to  prevent  it  from  being  oxydated  by  the  D(n>i>sphere  when  the  file  i;  red 
hot,  which  effect  wonid  not  only  lake  off  the  sharpness  of  the  loolh,  bnt  render  ihe 
whole  surface  so  rough  that  the  file  would,  in  a  liirle  lime,  become  clogged  with  the 
sub'tance  it  had  to  work.  Secondly,  the  heal  ought  to  be  very  uniformly  ted  ibrouahoul, 
and  Ihe  waier  in  which  it  is  quenched,  fresh  and  cold,  for  the  purpose  of  eiving  it  (he 
pmper  decree  of  haiitness.  Lastly,  the  manner  of  immersion  is  of  ereal  importance,  to 
prevent  the  files  from  warplns,  which  in  long  thin  files  is  very  dilEcuU. 

The  first  object  is  accnmplishi>'  by  laying  a  substance  upon  the  tile,  which,  when  it 
fuses,  forms,  as  it  were,  a  Tarnish  n[ion  the  surface,  defendine  the  metal  from  the  aclion 
of  the  oxygen  of  the  air.  Formeily  Ihe  proccES  consisted  in  firsl  coating  the  surface  ol 
Ihe  file  with  ale  grounds,  and  then  covering  it  over  with  pulverized  common  salt  (muri- 
ate of  eoda).  After  (his  coating  became  dry,  the  files  were  healed  ted  hot,  and  hardened! 
after  this,  the  surface  was  lightly  brnshed  over  wilh  Ihe  dust  of  cokes,  when  it  app'^ared 
white  and  raelallie,  as  if  it  had  not  been  heated.  This  process  has  lately  been  impioved, 
H(  least  so  far  as  relates  (a  Ihe  economy  of  the  salt,  which,  from  the  qnanlity  used,  and 
the  increased  thickness,  had  become  a  serious  object.  Those  who  use  the  iniproveil 
method  are  now  consuming  about  one  fourth  the  quantity  of  suit  osed  in  the  old  methiid. 
The  process  consists  in  dlssolvins  (he  salt  in  n'aler  to  saturation,  which  is  about  three 
pounds  to  (he  galhm,  and  sliflenine  it  with  ale  (;ronnds,  or  with  the  cheapest  kind  of 
flour,  such  as  thai  of  beans,  to  Bbou(  Ihe  consistence  of  thick  cream.  The  files  require 
U  be  dipped  only  into  this  substance,  and  immediately  healed  and  hardened.  The 
grounds  or  the  flour  are  of  no  other  use  than  to  siie  the  mass  consistence,  and  by  Ihsl 
jneans  to  allow  a  lai-cer  quantitf  of  salt  to  be  laid  Upon  ihe  surface.  In  this  metlind 
l)ie  salt  forms  imtnedialely  a  firm  coating.  As  soon  as  the  water  is  evaporated,  the 
whole  of  it  becomes  fused  upon  the  Rle.  In  the  old  method  ihe  dry  sail  was  so  loosely 
attached  to  ihe  file,  that  ihe  grpatest  part  of  it  was  rubbed  off  into  Ihe  fire,  and  Was 
sublimed  up  the  chimney,  without  producing  any  eflect. 

The  carbouBceous  matter  of  the  ale  grounds  is  supposed  to  have  some  eflect  in  giving 
hardness  lo  the  file,  by  C"mbiuing  with  the  steel,  and  rendering  it  more  highly  carbon- 
aled.  It  will  be  found,  however,  upon  experimeni,  that  vegelaWe  carbon  does  not  com- 
bine with  iron,  with  suflicienl  facility  to  produce  any  eflect,  in  the  short  space  of  time 
a  file  is  heating  for  the  purpose  of  hardening.  Snme  file  makers  itre  in  Ihe  habit  of 
usinc  the  CoqI  of  burnt  leather,  which  doubtless  produces  Some  elTect  (  but  the  carbon 
is  geneially  so  lit  prepared  for  ilie  purpose,  and  the  lime  of  its  operation  so  short,  as  to 
render  the  result  ineonsidfrable.  Animal  carbon,  when  properly  prepared  and  mijcd 
with  Ihe  above  hardening  coniposilioUj  is  capable  of  giving  hardness  lo  the  surface  even 
of  an  iron  file. 

This  carbimaceoos  mailer  may  he  readily  obtained  from  any  of  the  soft  parts  of  ani- 
mals, or  from  blood.  For  this  purpose,  however,  the  refuse  of  shoemakers  and  curriers 
is  (he  most  convenient,  AO^r  the  volatile  parts  have  l»een  distilled  over,  from  an  iion 
still,  a  bright  shinini!  coal  is  left  behind,  which,  when  reduced  lo  powder,  is  fit  to  mi:t 
ivilh  the  salt.  Let  aboutequal  arts,  by  bulk,  of  this  powder,  and  muriate  of  soda  be 
giound  together,  ^nd  brought  t.  the  consistence  of  cream,  by  the  addition  of  waier. 
Or  mix  the  powdeied  carbon  with  a  saturated  soliltinn  of  the  salt,  till  jt  become  of 
the  above  consistence.  Files  which  are  intended  to  be  very  hard  should  be  covered 
with  this  composition  previous  lo  hardenina,  AH  files  intended  lo  file  iron  or  steel, 
parlicclarly  saw  files,  should  be  hardened  with  the  aid  of  this  miilnte,  in  preference  to 
that  with  the  flonr  or  grounds.  Indeed,  it  is  probable  that  the  carbonaceous  pnwder 
might  be  used  by  itself,  in  pi>tnt  of  ecatiomy,  since  the  ammonia  or  hartshorn,  obtained 
by 'distillation,  would  be  of  such  value  as  to  render  the  coal  of  no  expense.  By  means 
of  this  method  the  files  made  of  iron,  which,  in  itself,  is  unsusceptible  of  hardening, 
acquire  a  superficial  hardness  sufficient  for  any  file  whatever.  Such  files  may,  at  the 
snme  lime,  be  bent  into  any  form ;  and,  in  consequence,  are  parliculatly  oseful  for  Ec>ilp- 
lors  and  die-sinkers. 

The  next  point  to  be  considered  is  Ihe  best  method  of  heating  Ihe  file  for  hardeninc. 
For  this  purpose  a  lire,  similar  to  (he  cotnmon  smith's  Are,  is  generally  employed.  The 
Eile  is  held  in  a  pair  of  tonsts  by  the  tang,  and  introduced  into  Ihe  fire,  consistina  of 
very  small  cokes,  pushing  II  more  or  less  into  the  fire  for  (he  purpose  of  healing  it 
resulnrlj.  It  inusl  fieqnenlly  be  withdrawn  with  the  view  of  observing  that  it  is  not 
IDO  hot  in  any  part.    When  it  is  uniformly  healed,  fram  the  tang  to  tie  point,  o(  a 
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tb'rry  red  color,  it  is  fit  to  quench  ii 
bricks  Is  u.^ed  fur  ihe  lui'ger  files,  inli 
open  at  one  end.  Tor  the  purpuse  of  i 
ol'  the  oven  are  placed  two  cross  bar; 
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the  water.    At  present  an  ov;n 
which  (he  hlniit  of  Ihe  bellows  is 
troUucini;  the  files  and  the  fuel, 
on  whicli  a  few  files  tire  placed, 


formed  of  fire- 


aglUy 


After  the  file  is  properly  heated  for  the  purpose  of  hardening,  in  order  to  produce  the 
grejle?t  possible  hardness,  it  should  be  tooled  as  soon  as  possible.  The  most  common 
method  of  efl'ecting  this  is  by  quenching  it  in  the  lajliieal  water.  Some  file-makers  have 
been  in  Ihe  habit  of  putting  difl'errnt  substances  in  their  water,  with  a  view  la  increase 
its  hardening  property.  The  addiiion  of  sulphuric  acid  lo  the  water  was  Ion?  held  a 
great  secret  in  the  hardening  of  saw  files.  Afler  all,  however,  it  will  be  found  (hat  clear 
spring  water,  free  from  animal  and  vegetable  matter,  and  as  cold  as  possible,  is  the  best 
calculated  for  hardening  files  of  every  description. 

In  quenching  (be  files  in  water,  some  caution  must  be  rbserved.  All  files,  except  the 
half-round,  should  be  immersed  perpendicularly,  as  quickly  as  possible,  so  that  the  upper 
part  shall  not  cool.  This  management  prevents  the  file  from  warping.  The  half-round 
file  must  be  quenched  in  the  same  steady  manner ;  hut,  at  the  same  time  that  it  is  kepi 
perpendiculnr  to  the  surface  of  the  water,  it  must  be  moved  a  little  horizon isily,  in  the 
direction  of  the  round  side,  otherwise  it  will  becume  crooked  backwards. 

After  the  files  are  hardened,  they  are  brushed  over  with  water  aiid  powilered  cokes, 
when  the  surface  becomes  perfectly  clean  and  metallic  Tliey  ought  also  Ixi  be  washed 
well  in  two  or  three  clean  waters,  for  the  purpose  of  carrying  off  all  the  salt,  which,  if 
allowed  to  remain,  will  be  liable  to  rust  the  Ale.  They  should  moreover  be  dipped  into 
lime-water,  and  rapidly  dried  before  the  fire,  after  being  oiled  with  olive  oil,  containing  a 
little  oil  of  turpentine,  while  still  warm.    They  are  then  finished. 

FILLIGREE  (Filigrane,  Pr. ;  Filigraa,  or  Feim  DrahtgeflicU,  Germ.)  is,  as  the  last 
term  justly  eipresses  it,  intertwisted  fine  wire,  used  for  ornamenting  gold  and  silver 
trinkets.  The  wire  is  seldom  diawn  round,  but  generaUy  fiat  or  angular,  and  soldered 
by  gold  or  silver  solder  with  boras  and  the  blowpipe.  The  Italian  yiorA,fi'iligrana,  is 
coinpuunded  oi  fibtm  and  graimm,  or  granular  net-work  )  because  the  Italians,  who  first 
introdnced  (his  style  of  work,  placed  small  beails  upon  it. 

FILTRATION  (Eng.  and  Fr. ;  FUtriren,  Germ  )  is  a  process,  purely  mechanical,  for 
separating  a  liquid  from  Ihe  undissolved  particles  floating  in  it,  wliich  liquid  may  be  either 
the  useful  pari,  as  in  vegetable  infusions,  or  of  no  use,  as  the  washings  of  inineial  pre- 
cipitates. The  filtering  substance  may  consist  of  any  porous  matter  In  a  solid,  folia- 
ted, or  pulverulent  Ibrm;  as  porous  eai'thenvare,  unsized  paper,  cloth  of  many  kinds,  or 
sand.  The  while  blotting  paper  sold  by  the  stationers,  answers  extremely  well  for  filters 
in  chemicnl  experiments,  provided  it  be  previously  washed  with  dilute  muriatic  acid,  to 
remove  some  liine  and  iron  that  are  generally  present  in  it.  Filter  papers  are  first  cut 
square,  and  then  folded  twice  diagnnally  into  the  shape  of  a  cornet,  having  the  angnlar 
parts  rounded  off.  Or  the  piece  of  paper  being  cut  into  a  circle,  may  be  folded  fan-like 
from  the  centre,  with  the  fokis  placed  exteriorly,  and  turned  out  sharp  by  the  pressure  of 
the  finger  or.d  thumb,  to  keep  intervals  between  the  paper  and  the  funnel  into  which  it 
IS  fitted,  to  'avor  the  percolation.  The  diameter  of  tlie  funnel  shank)  be  about  three 
fourths  of  it'  height,  measured  from  the  neck  to  the  edge.  If  it  be  more  divergent,  the 
slojie  will  be  too  small  for  the  ready  efflux  of  the  fluid.  A  filter  covered  with  the  sedi- 
ment is  most  conveniently  washed  by  spouting  water  upon  it  with  a  little  syringe.  A 
small  camelVhair  paint  brash  is  much  employed  fur  collecting  and  turning  over  the  con> 
tents  in  their  soft  state.  Agitalion  or  vibration  is  of  singular  efficacy  in  quickening  per- 
colation, OS  it  displaces  the  particles  of  the  moistened  powders,  and  opens  up  Ihe  pores 
which  had  become  closed.  Instead  of  a  fnnnel,  a.  cylindrical  vessel  may  be  employed, 
having  its  perJurated  boltooi  covered  with  a  disc  of  filtering  powder  folded  up  at  Ihe 
eiJges,  and  made  tight  there  by  a  wire  ring.  Linen  or  calico  Is  used  for  weak  alkaline 
liquors;  and  fiannels,  twilled  woollen  cloth,  or  fell-stuff,  for  weak  acid  ones.  These 
filter  bags  are  ollen  made  conical  like  a  foul's  cap,  and  have  their  mnutbs  supported  by  a 
wooden  or  metallic  hoop.  Cotton  wool  put  loose  into  the  neck  of  a  funnel  answers  well 
for  filtering  oils  upon  ihe  small  scale.  In  the  laree  way,  oil  Is  filtered  in  conical  woollen 
bags,  or  in  a  cask  with  many  conical  tubes  in  it*  bottom,  filled  with  low  or  cotion  wool. 
Stronger  acid  and  alkaline  liquors  must  be  filtered  ihrougb  a  layer  of  pounded  glass, 
qunrli,  clean  sand,  or  bruised  charcoal.  The  alcnrrhazns  are  a  porous  biscuit  of  stone 
ware  made  in  Spain,  which  are  convenient  f  r  filtering  water,  as  also  the  porous  filtering 
stone  of  Tenerilfe,  larg-ly  imported  into  England  at  one  time,  but  now  stiperseded  in  a 
great  measur  eby  the  artificial  fillers  patented  under  many  forms,  consisting  essentially 
of  strata  of  gravel,  sand,  and  charcoal  powder. 

a  render  the  filter  self-acting,  by  accommodating  (lie  supply  of  liquid 
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lo  the  rate  of  percolation,  so  that  Ihe  pressure  upon  the  porons  surface  may  be  always 

equally  j!reat.     Upon  the  sxnali  scale,  the  laiop-fountain  or  biril's-glass  furni,  so  geneinllv 

used  for  lamps,  trill  be  found  to  answer. 

Fig.  539  represents  a  glass  bottle,  *,  partly  filled  with  the  flnii  to  be  filtered,  snpporlpa 

"  e  ring  of  a  chemical  stand,  and  having  its  moatli  inverted  into  the  same  Hi|uar  in 


Oie  filter  fUnnel.    It  is  obi 
lip  of  the  bottle,    " 
keep  the  funnel 


whenever  this  liquor  by  filtration  fells  belou 
it,  let  down  a  fresh  sniiply  to  feed  the  filtei-,  and 
to  be  operated  upon,  tiie 
following  appavalns  may 
be  employed.  Fig.  530) 
A  B,  is  a  metallic  vessel 
■which  may  be  made  air- 
light  ;  c  is  the  undei'  pipe, 
provided  with  a  slopcock, 
K,  for  letting  down  ihe 
liquor  into  the  filler  a  i. 
The  upper  pipe  t,  thraugh 
which  the  fluid  is  poured 
by  means  of  the  funnel  e, 
has  also  a  stopcock  which 
opens  or  shuts,  at  Ihe 
same  time,  the  small  iiide 
lube  u  t,  through  which, 
during  the  entrance  ol'  the 
fluid,  the  air  is  let  off  from 
the  receiver.  A  glass 
tube,  g,  shows  the  level 
of  the  liquor  in  llie  body 
of  the  apparatus.  In  using 
it,  the  cuck  r  mnst  be  fiist 
closed,  and  the  coek  e 
must  be  opened  lo  fill  the 
receiver.  Then  the  Hltei 
is  set  a  going,  by  re-open- 

:  cock  K,  so  as  to  keep  the  fluid  in  Ihe  filler  upon  a  level  with  Ihe  opening  of  the 
Both  these  pieces  of  appaiaius  are  essentially  the  same, 

nany  mamifactures,  self-acling   filters   are   fed   by  the  plumber's  common  cor.- 


adopted  this  expedient 
fui  hjs  sjttem  of  hlleiin!; 
sirup  throughastralumof 
gianulailj  ijronnd  animal 
charcoal  or  bone  blaci 
Jig  531  K  a  front  view 
ol  this  apparatus  with  4 
filters  c  and^g  53ji«a 
cros'  settion  The  fiame 
'  work  B  supports  the  eis- 

hquor  floH     Ihiough  the  stupcocli 
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b,  and  Ihe  coanejsioa-tube  a,  into  the  cDmmon  pipe  c,  vhich  connnunicntes,  by  (he  shnrl 
braacti  lubi^  «,  willi  each  of  (he  four  fillers.  TlieenJorilie  branch  (ube,  which  is  in<i(ie 
of  the  lillur  (ub,  is  provUei  wilh  a  sto|M:oc[t  d  /,  whose  opeiiini;,  and  thereby  the  eStiix 
oftiie  li|uor  from  the  cistern  Ihroush  the  tube  a,  is  reguIaieJ  by  means  of  the  Uuai  ball  g. 
Upun  the  bricbwork  a  the  filler  tub  slands,  fiirnisheil  al  A  with  a  false  ballom  ol'  zinc  ur 
cui>|ier  pierced  wilh  fine  hules  r  besides  which,  higher  up  al  i  there  is  another  sm-k  plale 
ol'  metal  Turnished  with  a  slrunjr  handle  k,  by  which  it  ma;  be  removed,  when  Ihe  bune 
black  ni^s  to  be  changed.  In  (lie  intervenjiig  space  J,  (he  granular  cual  is  placm.  o  is 
the  cover  of  the  filler  tub,  with  a  handle  also  for  lidin;  it.  One  portion  of  it  may  be  rais- 
ed  by  a  hinge,  when  it  is  desii'ed  to  inspect  the  progress  of  the  lillralion  within,  in  m  is  a 
slender  veitica]  tabe,  fanning:  a  communicalioa  between  the  buttum  part  h,  and  tlie  upper 
poitian  of  (he  filter,  to  admit  of  (he  easy  escape  of  the  air  from  dial  space,  and  Irom  ninun; 
the  bune  black  as  the  sirup  descends ;  otherwise  the  filtraiion  could  no!  eo  on.  p  is  tlie 
etupcouk  Ibruui-h  which  the  fluid  collected  In  the  space  under  h,  is  letofflrom  lime  to  time 
inlir  the  common  pipe  q,fig-  531.  7"  is  a  trickling  channel  or  groove  lying  parallel  to  the 
lube  q,  and  in  which,  by  lueans  of  a  tube  s,  inserted  at  pleasure,  (he  sirup  is  drawn  otT 
in  ease  ol'  its  flowing  in  a  turbid  state,  when  it  must  be  returned  over  the  surface  of  tht 
charcoEil. 

Tlie  celerity  with  which  any  fluid  passes  through  the  filter  depends,  1.  upon  the  porosi. 
ly  of  (be  filtering  substance ;  2.  upon  the  pressure  exercised  upon  it  i  and  3.  upon  ihe  ex- 
(ent  of  the  filtering  surface.  Fine  powders  in  a  iiiinor  somewhat  glutinous,  or  closely 
comjiicted,  admit  of  much  slower  filtration  than  those  which  are  coarse  and  free ;  and  the 
former  ought,  therefore,  (o  bespread  in  a  (hinner  siratum  and  over  a  more  eiiensive  sur- 
face than  (he  lat(er,  for  equal  edtcti  a  principle  well  e:iemplified  in  the  working  of  Da- 
tnont's  apparatus,  just  described. 

In  many  eases  filtration  may  be  accelerated  by  Ihe  increase  of  hydrostatic  or  pneu- 
matic preisuce.  This  happens  when  we  close  the  top  of  a  filtering  cylinder,  and  con- 
nect il  by  a  pipe  wilb  a  cistern  of  fluid  placed  upon  a  higher  level.  The  pressure  of  the 
air  may  be  rendered  operative  also  either  by  withdrawing  i(  partially  from  a  cluse 
vessel,  into  which  the  bottom  of  the  filler  enters,  or  by  increasing  ita  density  over  the 
lop  of  (he  liquor  to  be  filtered.  Either  (he  air  pump  or  steam  may  be  einpluyed  to 
crc^ute  a  partial  void  in  the  receiver  beneath  the  filter.  In  like  manner,  a  forcing  jiump 
or  steaia  may  be  employed  to  eitert  pressure  upon  the  snrl'ace  of  the  filtering  liquor,  A 
le  principle,  be  made  a  good  pressure  filter,  by  making 
vering  the  orifice  with  filler  paper  or  cloth,  and  fil.ing 
r  leg  being  of  such  lenglb  so  as  to  create  considerable 
•,e  of  hydrostatic  level.  This  apparatus  is  very  convenient  either 
on  the  smalt,  or  great  scale,  fur  filtering  off  a  clear  fluid  from  a  light  muddy  sediment. 
Tlie  pressure  of  the  atmosphere  may  be  elegantly  applied  to  cominon  Alters,  by  the  appa- 
ratus represented  in  _^g.  533,  which  is  merely  afnnnel  enclosed  within  a  gasometer.  Tbe 
case  A  II  bears  an  annular  hollow  vessel  a  b,  flitej  with  water,  in  which  receiver  (he  cyl- 
indrical gasometer  d,  e,  f,  i,  is  immersed.  The  filler  funnel  is  secured  al  ils  upper 
edge  (0  the  inner  snrlace  of  Ihe  annular  vessel  a  b.  In  consequence  of  the  pressure  of 
the  aasometer  regulated  by  Ihe  weight  g,  upon  the  air  enclosed  within  i(,  the  liquid  is 
equally  pressed,  and  the  wa(er  in  the  annular  spacerises  to  a  corresponding  heighton  ihe 
outer  surfa^»  of  Ihe  gasometer,  as  shown  in  the  figure.  Were  the  apparatus  made  of 
.heet  iron,  the  annular  ^pace  might  be  charged  with  mercury. 

In  general,  relatively  to  the  application  of  pressure  lo  filters,  il  may  he  remarlted, 
that  it  cannot  be  pushed  very  far,  without  Ihe  chance  of  deranging  the  apparatus,  or 
rendering  the  filtered  tifiuor  muddy.  The  enlai^ement  of  the  surface  is,  i;enerally 
speaking,  Ihe  safest  and  most  etficacioua  plan  of  increasing  Ihe  rapidity  of  filtration, 
especially  for  liquids  of  a  gtu'inous  nature.  This  expedienl  is  well  illustrated  in  the  creased 
bag  filter  now  in  use  in  moa.  of  Ihe  sugar  refineries  oS  London.    See  Soqar. 

In  many  cases  il  is  convenient  so  (o  construct  the  filtering  apparatus,  as  that  the 
liquid  shall  not  descend,  but  mount  by  hyUrostatic  pressure.  This  method  has  two 
advanlages  i  1.  that  withoul  much  espensive  apparatus,  any  desired  degree  of  liydro- 
slalic  pressure  may  be  given,  as  also  that  (he  liquid  may  be  forced  up  through  several  hl- 
lering  surfaces  placed  alongside  of  each  olber ;  2.  that  the  object  of  filtering,  which  Is  to 
separate  the  particles  floating  in  the  fluid  without  disturbing  Ihe  sediment,  may  be  per- 
fecll;  attained,  and  thus  Very  Juii.  liquids  be  cleared  wilhuul  greatly  soiling  the  Altering 

Such  a  construction  is  peculiarly  applicable  lo  the  purilication  of  water,  either  alone, 
pr  combined  with  the  downwards  plan  of  filtration.  Of  the  former  variety  an  example 
s  shown  in  fig.  534.  The  wouden  or  zinc  coaiciil  vessel  is  provided  with  two  per- 
li>raLsd  bat  loins  or  sieves  ee,  bciwi.tt  which  the  filtering  substance  is  packed.  Ove( 
IhU,  for  (he  formation  of  the  space  k  h,  there  is  a  third  shelf,  with  a  hole  in  its  nidille, 
through  wiiich  the  tube  db  is  passed,  so  as  lo  be  waler  lighl.    This  places  the  upper 
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eL^blGs,  in  the  m 


ccmli'sfI)'  ground  bone  black, 
eii  being  poured  into  the  cw 
a.  (torn  wbicb  the  hyilrosis 

shell",  and  Ihe  filtering  materials.  The  pure  wa 
escapes  by  the  small  tubi;  /,  as  the  liquid  enten 
fillereil  yvaler.  As  ihe  motion  uf  the  fluid  in  th 
it  have  time  to  eubside  bj  their  own  grnviiy  ;  hi 
i.  as  well  as  over  the  under  one  at  a,  a  precipiL 
of  the  ialler  cavity  by  means  of  the  slopcock  m. 
As  an  eiamplc  of  an  ■         ■  ■ 


mnnicaiion  with  the  lowest  space  0.    From  the  com. 

and  Bi  the  lop  of  hne  sand,  which  may  be  inoieil  wilh 
eied  wilh  a  lajerol'  ihe  same.     The  water  U,  be  filler- 
top,  Gils  through  the  tube  b  d  Ihe  inferior  comparlmeni 
sure  forces  the  waier  opwani  through  Ihe  peiforated 
il  rollects  in  the  space  k  k,  while  the  air 
The  Elopcock  i  serves  to  draw  oS"  the 
filler  is  slow,  the  particles  si 


upper  shelf  at 
ir  deposite  which  may  be  washed  out 
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lovrnwards  fiUer,/g.  535  may  be  exhibited,     a  b  c  d 

is  a  wooden  or  melallic  cislein  fur- 

K.,,  nished   with  Ihe  perforated  shelf 

f  d  near  lis  under  pari,  upon  which 

■tical  pariitioa  isfisied  through 

ixis  of  the  vessel.      A  semt- 

liar  perforated  shelf  is  place,; 

at  a,  and  a  second  similar  one  at 

6.      These  horinontal  shelves  rest 

upon  brackets  in  Ihe  sides  of  ihe 

lial  Ihey  may  be  read- 

1 


lar  space  h  s     n     ke 

d    beow        rha 

;  educed  by    he 

e  at  wl 0  e    end 

by   a    ba    cock 

lis    lever  a      vhe  ebv   the 

s  kept  alwajs  at  he  sine 

hroueh   he   and  s  ra  a  of  the  m  ddle  v«sb1 

space    henc    p   h  ough  the   and    n   t 

nrk  on   he  n  pe  6      When  a  m  ddj  dep     te 

'  ■  runnng  OYe     he  p    ieji 

eve   w  11  sh     op  he  vtl  e     The  s  opcocli  d     ade  fast 

ten  be  opened  so  tl  a     he  wa  er  now  ove  flo  vs      o  ihe 

in  communication  with  the  in 

e  water  thereby  percolates  thr 

se,  so  as  to  clear  away  ihe  imparities  in  the  space  b,  and 
pipe  c  A.    An  apparatus  ofiiiiskindofmoderategiaeis  capable 


duct  ng  tube  e  m 
annular  space  at  A;  the  tub 
by  tokina  out  the  stopper  h. 
reverse  direction  of  if;  usual 

1..  discharge  them  by  Ihe  pip.  . ...    ,., 

orfiilering  a  great  body  of  water.    It  should  be  constructed  for  that  pnrpose  of  masonry 
but  11  [wn  a  small  scale  it  may  be  made  of  slone-ware, 

A  convenient  apparatus  for  fillerinc  oil  upwards  is  representeil  in  Jig.  537.  g  is  an  Di 
tosk,  In  which  the  impure  pails  of  the  oil  have  accumulated  over  the  bottom.  Imme 
Jiaielv  above  this,  a  pipe  a  is  lei  in,  which  communicates  wilh  an  elevated  water  cisieri 
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ask),  furnished  with  Iwo  petfornleJ  shslvFi, 

parimenls.  Into  the  lower  space  immediately  over  the  sliulf  e, 
ttie  tube  b,  lurnisliRl  with  a  stopcoli,  enters,  lo  establisli  a 
communication  with  the  caaL ;  the  midille  caviljf  e  is  filled  wirh 
coaisel;  s;niund  charcoal  or  niher  filiering  maEerjals:  and  the 
npper  one  has  an  educliun  pipe,  I.  When  the  stopcocks  of  the 
tubes  a  anii  b  are  opened,  the  waier  passes  from  the  cistern  jnlc 
llie  oil  cask,  occupies  from  its  density  always  the  lowest  place, 
anit  pre'^ses  ihe  oil  upwards,  without  mixing  the  two  liquids; 
whereby  first  the  upper  and  pui  er  jiorlion  of  the  oil  is  furced 
through  the  tubed  itilo  the  filler,  and  thence  out  through  the 
pipe  7.  When  the  fouler  oil  follows,  it  depositea  its  impuritiea 
in  the  spnce  under  the  parliliun  r,  which  mny  from  time  to  time 
he  drawn  off  (hroUEh  ilie  stopcocU  k,  while  the  purer  oil  is 
pressed  upwards  through  the  filter.  In  this  way  the  difl'erent 
strata  of  oil  in  the  ca^k  may  be  filtered  olT  in  suceeiEion,  and 
kept  sepal  ate,  if  found  necessary,  for  sale  or  use,  without  run- 
ning any  risk  of  mixinf:  up  (he  rnnddy  matter  with  ivliat  is  clear.  According  to  the 
beiehl  of  the  water  cistern  n,  will  he  the  pressure,  and,  of  course,  the  filtering  force. 
When  the  filter  gels  choked  with  dirt,  it  may  be  easily  rcchaiged  nith  fresh  materials. 

In  fitterini;  caustic  alkaline  leys  through  linen  or  quartz,  it  is  proper  lo  exclude  the 
free  contact  of  ait;  which  is  done  by  enclosing  the  upper  vessel,  and  atlachini-apipeof 
communication  between  its  cover  and  the  shoulder  of  the  loWf  r  vessel  or  recipient  of  the 
leys.  In  proportion  as  these  fiow  down,  Ihey  will  displace  their  bulk  of  air,  and  drive 
j!  into  the  top  of  the  upper  vessel  above  the  foul  leys. 

Many  modifications  of  the  above  described  apparalas  are  now  on  snle  in  this  country ; 
but  certainly  the  neatest,  most  economical,  and  effective  means  of  transforming  the  water 
of  a  Etagnanl  muddy  pool  into  that  of  a  crystalline  fountain,  is  afforded  by  (he  Kuyal 
Patent  Filters  of  George  Robins. 

FIRE  ARMS,  MANUFACTnuE  of.  This  art  is  divided  into  two  branches,  that  of  ihe 
melallic  and  of  the  wooden  work.  The  fiist  includes  the  barrel,  the  lock,  and  Ihe  mount, 
ins,  as  also  the  bayonet  and  ramrod,  with  military  arms.  The  second  comprises  the  stock, 
and  in  fowling  pieces,  likewise  Ihe  ramrod. 

1.  Tke  Barrel.  Its  interior  is  cnlled  the  hore  i  its  diameter,  the  calibre ;  (he  back 
er.J,  the  breech ;  (he  front  end,  (he  muzzle  r  and  the  closing  of  the  back  end,  the  breech 
pin  or  plug.  The  barrel  is  generally  made  of  iron.  Must  military  muskets  and  low. 
prici^d  guns  are  fashioned  out  of  a  long  slip  of  sheet-iron,  folded  together  edgewise 
round  a  skewer  into  a  cylinder,  are  then  lapped  over  at  the  seam,  and  welded  at  a 
white  heat.  The  moE(  ductile  and  (enacious  sod  iron,  free  from  all  blemishes,  must  be 
selected  for  (his  slip.  It  is  frequently  welded  at  the  common  foi^e,  but  a  proper  air- 
furnace  answers  better,  not  being  so  apt  lo  bum  it.  It  should  be  covered  with  ashes 
or  cinders.  The  shape  of  (he  bore  is  given  by  hammering  the  cylinder  upon  a  steel 
mandril,  in  a  groove  of  the  anvil.  Six  inches  of  Ihe  barrel  at  either  end  are  left  open 
for  forming  the  breecit  ind  the  muzzle  by  a  subsequent  welding  operation  ;  the  extrem- 
ity put  into  the  fire  being  stop|ied  with  clay,  (o  prevent  the  introduction  of  cinders. 
For  every  length  of  two  inches  there  are  from  two  to  three  welding  operations,  divided 
into  alternating  high  and  low  heats  ;  the  latter  being  intended  to  correct  (he  defects  ot 
the  former.  The  breech  and  mnazle  are  not  welded  npon  the  mandril,  but  upon  the 
horn  of  the  anvil ;  the  breech  being  thicker  in  the  metal,  is  more  highly  healed,  and  is 
made  somewhat  wider  to  save  labor  to  the  borer.  The  barrel  is  finally  hammered  in 
(he  groove  of  the  anvil  without  the  mandril,  during  which  process.it  receives  a  heat 
every  two  minutes.  In  weldin?,  the  barrel  extends  about  one  Ihird  in  length ;  and 
for  muskets,  is  evendially  ieii  from  3  lo  3J  feet  long;  but  for  cavalry  pistols,  only  9 

The  best  iron  plates  for  ^un-barrels  are  those  made  of  slvb  iron,  that  is,  of  old 
horse-shoe  nails  welded  together,  and  forged  into  thin  bars,  or  rather  narrow  ribands, 
Al  one  lime  damascua  barrels  were  much  in  vogue ;  they  were  fashioned  either  as  above 
described,  from  plates  made  of  bars  of  iron  and  steel  laid  parallel,  and  welded  together, 
or  from  ribands  of  the  saiiie  damascus  stuff  coiled  into  a  cylinder  at  a  red  lieat,  and  then 
welded  together  at  the  seams.  The  best  modern  barret  far  fowling  pieces  are  con- 
structed of  stub-nail  iron  in  this  manner.  The  slip  or  fillet  is  only  half  an  inch  broad, 
or  sometimes  less,  and  is  left  thicker  a[  the  end  which  is  to  form  the  breech,  and  thinner 
at  the  end  which  is  (o  form  the  muzzle,  than  in  the  intermediate  portion.  This  filiet 
being  moderately  heated  to  increase  its  pliancy,  is  then  lapped  round  the  mandril  in  a 
spiral  direi:tion  till  a  proper  length  of  cylinder  is  formed  ;  ihe  edges  being  made  lo 
overlap  a  little  in  order  to  give  them  a  better  hold  in  the  welding  process.    The  coil 
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being  taken  on  Ihe  mandril  and  ajtsin  healed,  is  ElrLck  down  Tertintlly  irith  il9  uiMlIt 
end  niion  Ihe  anvil,  whertby  liie  spiial  junclions  are  matle  cliiser  nnd  more  tnifonn.  i 
IS  now  welrled  at  several  successive  lieal^,  hammered  by  hoiizonlal  strokes,  calleiiiump- 
i»?,  and  broushl  into  proper  shape  on  Ihe  mandril.  The  finer  barrels  are  made  of  E<iU 
narrower  stutii-on  slips,  whence  Ihej  get  Ihe  name  of  wire  iwist.  On  the  Continent, 
barrels  are  made  of  steel  wire,  welded  logelher  lengthwise,  then  coiled  spirally  into  a 
eyiinder.  Barrels  that  are  to  be  lifled  require  to  be  made  of  thicker  iron,  and  ibot  of 
Ihe  very  best  quality,  for  they  would  be  spoiled  by  the  least  portion  of  scale  upon  Ihcir 
inside.    Soldiers'  muskets  are  thickened  a  little  at  ibe  muzzle,  lo  give  a  stout  holding  to 


e  bayonet. 

The  barrels  thus  made  are  annealed  with  a  gentle  heat  in  a  proper  furnace,  and 
slowiy  coided.  They  are  now  ready  for  tlie  borer,  which  is  an  oblong  squaie  61/  of 
tteel,  [iressed  in  its  rotation  ag^iinst  the  barrel,  by  a  slip  of  wood  applied  lo  one  nf  its 
Hat  sides,  and  held  in  its  place  by  a  ring  of  melal.  The  borin?  bench  works  horizon- 
laiiy,  and  has  a  very  shaky  appearance,  in  refpect  at  least  of  Ihe  bit.  In  some  cases, 
however,  it  has  been  attempted  to  woik  the  barrels  and  bits  at  an  inelinaliim  lo  the 
horizon  ol'  30°,  in  older  tir  facilitate  the  discharge  of  Ihe  borings.  The  bairel  is  hrhl 
in  a  slot  by  only  one  iKiinI,  lu  allow  it  to  humor  the  muveme'nls  of  Ihe  borer,  which 
538  would  otherwise  be  infallibly 

broken.  The  bit,  as  rep.—- 
sputed  in  fig.  E)38,  has  merely 
its  square  head  inseried  into  a 
ct.'imp-chuck  of  (he  lathe,  and 
plays  freely  Ihrongh  the  rest 
of  its  lemth. 

fig.  539  represents  in  plan 
the  boring  bmdi  for  musket 
barrels;  f  f  is  Ihe  slcdsre  or 
'le  revolving  ehnck  of  the  lathe, 
mlu  which  the  square  end  of  the  bil,^;f.  538,  is  insertrd ;  b  is  the  baiTcl,  clamped  at  its 
middle  lo  the  carriage,  and  capable  of  being  pressed  onwards  against  (he  tapering  bit  of 
!he  borer,  by  the  bent  lever  c,  worked  by  Ihe  left  hand  of  the  operative  against  fulcrum 
knobs  at  d,  which  stand  about  Iwo  inches  asunder.  Whenever  the  barrel  has  been 
Iheichy  advanced  a  cerlain  Rpace  'o  the  right,  ihe  bent  end  of  llie  lever  is  shided  against 
another  knob  or  pin.  The  borer  appears  lo  a  slranser  lo  be  a  very  awkward  and  unsteady 
mechanism,  but  its  pcrpelual  vibrations  do  not  affect  the  accuracy  of  the  bore.  The 
opening  broach  may  be  of  a  square  or  penlagona!  form,  and  either  graduaily  lapeted 
from  iis  thickest  part,  or  of  uniform  diameter  till  wilhin  two  inches  of  the  end,  whence 
it  is  suddenly  tapered  to  a  point. 

A  series  of  bits  may  he  used  for  horiuR  a  barrel,  beginning  with  Ihe  smallest  and  end- 
init  wiih  the  laraesl.  But  this  mulliplication  of  tools  becomes  unnecessary,  by  laying 
aeainsl  the  cutting  part  ot  the  hit  slips  of  wood,  called  spales,  of  gradnally  increasing 
thickness,  so  that  Ihe  edge  19  pressed  by  them  progressively  further  from  the  axis.  The 
bore  is  nejt  polished.  This  is  done  hy  a  bit  with  a  very  smcMith  edge,  which  is  monnled 
as  above,  wiih  avvdge  of  wood  besmeared  with  a  mixiuie  of  oil  and  emery.  The  inside 
is  finished  by  workina  a  c\lindrical  steel  file  quickly  backwards  and  forwards  within  il, 
while  it  is  revolving  slowly. 

In  boring,  the  bit  must  be  well  oiled  or  greased,  and  the  barrel  must  be  kept  cool  hy 
leltinffwaler  trickle  on  il;  for  Ihe  hit,  revolving  at  the  rate  of  120 or  140  times  a  minute, 
gpner  .,es  a  ureal  deal  of  heal.  If  a  flaw  be  deleeled  in  the  barrel  during  the  boring, 
thnt  part  is  hammered  in,  and  Ihen  ihe  bit  is  employed  to  liirn  it  oat. 

Many  sportsmen  are  of  opinion  that  a  barrei  with  a  bore  somewhat  narrowed  towards 
the  mnzile  serves  to  keep  ^.hiit  better  together;  and  Ibat  rongliening  its  inside  with 
pounded  slass  has  a  good  ffiVct,  wilh  the  same  view.  For  ibis  purpose,  also,  fine  spiral 
lines,  have  been  made  in  their  interior  surface.  The  jnslness  of  ils  calibre  is  tried  by 
means  of  a  truly  turned  cylinder  of  sleel,3  or  4  inches  Ions,  which  onghl  to  move  without 
friclion,  hul  with  uniform  contact  from  end  to  end  of  the  barrel.  Whatever  irregularities 
npiH-nr  musl  be  immediately  removed. 

Thp  outer  surface  of  the  barrel  is  commonly  polished  upon  a  dry  grindstone,  but  it  ia 
bellcr  finished,  and  less  daneerously  lo  Ihe  workman,  at  a  turning  laihe  with  a  slide  rest. 
If  a  slone  be  used,  it  should  he  made  to  revolve  at  the  month  of  a  tunnel  of  some  kind, 
into  which  there  is  a  good  diaueht  lo  carry  off  Ihe  ferrngiuous  particles.  A  piece  of 
moi=l  cloth  or  leather  should  be  suspended  before  the  orifice. 

Kifle  hsrrels  have  parallel  srooves  of  a  square  or  angular  form  cut  wilhin  Ihcm,  each 
frrunve  heini?  drawn  in  succp.ssion.  These  grooves  run  spirally,  and  form  each  an 
aliquot  part  of  a  revolution  from  (he  chamber  to  the  muzzle.  Rifles  should  not  be  too 
leevl;  indenled  ;  only  so  much  as  to  prevent  the  hall  turning  round  within  the  barret 
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and  thB  spires  should  be  truly  parallel,  that  Ihe  ball  jr.ay  glide  along  w-lh  a  le^iikr 
pace.    Sf  e  infra. 

The  Parisian  ?nn-makers,  who  are  reckoned  very  expert,  draw  out  (he  iron  for  the 
barrels  at  hand  forges,  in  fillets  only  one  ninth  of  an  inch  thick,  one  inch  and  a  half 
broail,  and  four  feel  lonz.  IVenly-fiveof  these  ribands  are  laid  upon  each  other,  buiween 
iwo  similar  ones  of  double  thickness,  and  the  bundle,  weighing  60  pounds,  bound  with 
wire  at  two  places,  serves  to  make  two  barrels.  The  thicker  plates  are  intended  lo 
protect  Ihe  thinner  from  Ihe  violence  of  the  fire  in  the  numerous  successive  hents  ni^ces- 
fiar)  to  complete  (he  welding,  and  10  form  the  bundle  into  a  bar  two  thirds  of  an  inch 
broad,  by  half  an  inch  thick ;  the  direction  of  the  individual  ptales  relatively  lo  the 
bieadih  being  preserved.  This  bar,  folded  flat  upon  itself,  is  again  wrou^hl  at  ilie 
forge,  till  it  is  only  half  an  inch  broad,  and  aquarler  of  an  inch  thick,  while  the  plates  of 
the  primitive  ribands  are  now  set  perpendicular  lo  the  breadth  of  Ihe  narrow  fillet ;  Ihe 
lenKlh  of  which  must  be  15  or  Iti  feet  French  (16  or  IT  English),  to  form  a  f.iwiing 
piece  from  28  to  30  inches  long.  This  filiel,  heated  to  a  cherry  red  in  successive 
portions,  is  coiled  into  as  close  a  spiral  as  (wssible,  upon  a  mandril  about  two  (ifliis 
of  an  inch  in  diameter.  The  mandril  has  at  one  end  a  stout  head  for  diawing  ^  nul, 
by  means  of  the  hammer  and  the  grooves  of  like  anvil,  previous  lo  every  healing.  The 
welding  is  performed  upon  a  mandril  inlroduced  aAer  each  heat;  the  middle  of  ihe 
barrel  beii^;  first  worked,  while  the  fillets  are  forced  back  against  each  other,  along  the 
snrl'ace  of  the  mandril,  to  secure  tbeir  perfect  union.  The  original  plates  having  in  the 
formation  of  Ihe  ultimate  long  riband  became  very  ihin,  appear  upon  Ihe  sun'ace  o(  the 
bariel  like  threads  of  a  fine  screw,  with  blackish  tints  to  marli  Ihe  junctiu.-is.  In  making 
a  (loiilile-barrelled  gun,  the  two  are  formed  from  the  same  bundle  of  slips,  the  coils  ofthe 
one  finished  filiel  being  turned  to  Ihe  right  band,  and  ihose  of  the  other  lo  ihe  ieCl. 

The  Damascus  barrels  forged  as  above  described,  from  a  bLindle  of  sieel  and  iron 
d  allernalely  together,  are  twisted  at  Ihe  forge  several  times,  then  coiled  a 
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the  boring  mill;  seven  at  filing,  li 

:  pairs  of  barrels  per  week,  which  a: 


tsold 


I  one  operalion :  six  at  the  foriie  ; 
ind  artjuslingi  yet  all  together  make 
1  from  100  to  300  francs  the  pair,  ready 


on;  the  chamber,  ping,  or  mortar.  Jig.  540; 
and  the  patent.  Jig.  541,  The  common 
was  formerly  nseU  for  soldiers'  musliels 
and  inferior  pieces.  The  second  is  a 
trifling  improvement  upon  it.  In  the 
patent  breeching,  the  screws  do  not  in- 
terfere with  the  touch-hole,  and  the  ignition 
IS  quicker  m  the  main  chamber. 

The  only  locks  which  it  is  worth  while 
10  describe  are  those  upon  Ihe  percussion 
pi  incipie,  as  fiinl  locks  will  cerlainly  soon 
cease  to  be  employed  even  in  military 
muskets.  Forsyih's  lock  (Jig.  542)  was 
an  ingenious  contrivance.  It  has  a  maga> 
line  a,  for  conlaining  the  delonaling  pow- 
der, which  revolves  round  a  roller  b,  whose 
end  is  screwed  into  the  breech  of  the 
barrel.  The  priming  powder  passes  through 
n  small  hole  in  the  roller,  which  leads  lo  a 
channel  in  communication  with  the  chamber 
nf  Ihe  gun. 

immediately  over  the  lilt,  e  hole  in  Ihe  roller, 
nder  end  stands  above  the  pan,  readj 
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to  ignite  the  priming  when  struck  u|ion  the  top  hy  the  cock  d,  whenever  the  Iri^er  ii 
dinurn.  The  punch  immediately  after  lieina  driven  down  into  the  pan  is  raised  hy  Iht  aclion 
of  a  s|>i-al  aprins;.  For  each  explusion,  the  magEizine  musl  he  turned  sq  far  round  as  to 
let  fall  a  portion  of  the  percussiun  poivjer  into  "the  pan;  aOer  which  it  is  turned  back, 
and  the  steel  punch  recovers  its  proper  position  for  s'riliin?  another  hlow  into  the 
pan. 

The  invention  of  the  copper  percussion  cap  was  another  great  improvem  n   up  n    he 
detonating  plan.     Fig.  543  represents  ihe  ordinary  percnssiun  lock,  wh   h       h  p 
digested  of  three  awkward  projeclions  upun  the  dint  lock,  namely,  the  hamm      h      m 
spiini,  anil  the  pan.      Nothing  r.oiv  appears   upun  the  plate  of  the  lock  bu  k 

or  striking  hammer,  which  inflicts  the  proper  blow  upon  the  percussio      ap 
conciwe,  with  a  small  metallic  ring  or  bolder,  called  a  shield  or  fence,  fo     h     p 
of  enclosingthe  cap,asil  were,  and  preventina  iis  splintcrsdoing  injury  (0   h      po     m  n 
as  also  proleciing  against  the  line  of  riame  which  may  issue  from  the  ton  h  h 

cap  nipple.      This  is  screwed  into  the  patent  breech,  and    i  perforated        ham 


hcle. 


543 


The  safely  lock  of  Dr.  Somerville  h 
IS  a  slide  atop  or  catch,  placed  under  ll 
a  notch  in  the  trigger,  hy  means  of  a 
worked  by  a  key  c,  pressing  upon  the 
safely  plan  there  is  a  small  moveable  eii 
n  the  loclt-piate  c,  and  prevt 


tbeS; 


1  fealun 

Ti'-'ger  A,  jig.  544.  It  is  pulled  forward  inti 
ring  B,  qpon  the  front  of  the  guard,  which  i 
ing  when  the  piece  is  discharged  In  anolhe 
■d  pieceofiron,*,  which  rises  through  an  openini 
ock  fiOEO  reaching  the  nipple,  tn 


is  drawn  back  within  i)ie  plate  of  the  lock  when  the  piece  is  firei 


t  be  pressed  at  the  same  lime.      It   by 
;hed,  noihine  happens,  because  the  trigger 

.    .., —  - n  produce  no  effect,  because  it  is  locked. 

The  pressure  must  be  applied  to  the  tiitiger  and  the  key  at  the  same  instant,  other 
the  lock  will  not  work. 

The  French  musket  is  longer  than  the  British,  in  the  proportion  of  44-72  ineheito 
but  the  French  bayonet  ia  15  inches,  whereas  the  British  is  17. 
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Bi.K.  Dims 


o-Hie 


Diameter  of  the  bore 

Diameter  of  the  ball      - 

Wi;ia;ht  ol  the  ball  in  oz. 

Weight  of  the  firelucit  and  bayonet  in  lbs. 

Length  of  the  barrel  find  bayonet  - 
Within  these  few  years  a  great  many  conlrivan 
several  have  been  patented  for  fire  anns.  The 
Kandom,  Baron  de  fieren^er.  Fig.  545  Ehows  ihi 
with  a  sliding  protector  on  one  of  Ihe  improveit  pti 
the  louoh-hole,  e  a  bent  lever,  torning  uiion  a  pin, 
upper  end  of  this  hetit  lever  elands  partly  unjii  tjie  nose  of  the 
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59'7a 

ces  have  been 

brought  forward,  and 

:  Sm  I  shall  no 

ce  is  that  of  Charies 

e  lock  and  breeeli  of  a  fuwlinK  piece. 

ansi  a  is  the  h 

nmer,  b  the  nipple  of 

1,  filed  into  the 

he  nose  of  the 

hammer,  and  while  in 

in  stops  it  fi-oin  striking 
pert  of  Ihe  g«n.sto«k,  is  attached  lo  1 
is  brought  lo  the  shoulder  for  fiririE,  tli 
part  of  the  slidi^r  at  g,  forces  this  back, 


from  under  the  : 


slider  5  /A,  connected  with  the  under 
e  tail  of  the  bent  lever  at  i ,-  and  when  the  piece 
hnnii  of  the  sportsman  pressing  against  the  bent 
and  thereby  moves  the  end  of  tlie  lever  c  forward 


The  triitger 


cock  or  hammer,  as  shown   by  the  dolte 
bein^  now  drawn,  the  piece  will  be  discharged  ;    and  on  removing  Ihe  hand  fri.n 
;-,  of  the  slider  /,  the  spring  at  h  acting  against  the  guard,  will  force  the  slider  forward, 
and  the  lever  into  the  position  first  described. 

Mr.   Bedford,  gun-maker  of  Birmiiighan,  proposes  a 
Email  fire-arms,  in  tvhich  the  application  of  pressure  to  Ine  sear  spring   inr  uiscnargin; 
the  piece  is  made  by  means  of  a  plug,  depressed  by  the  thumb,  instead  of  the  fiirce  oj 
Ihe  finger  exerted  against  the  trigger.     Fig.  &4l)  represents  a  fowling  piece  partly  ii 


1  modification  of  the   lock   for 


"W^ 


here  connected  with  the  ^ig^er  as  in 
iece  to  a  lever  6,  which  turns  upon  a 
Ibis  lever  an  arm  extends  forwards, 
imetiatoi  an  oramary  sear  spring,  upon  WBicn  arm  Ihe  lower  end  of  Ihe  plug  c  is 
intended  to  bear;  and  when  Ibis  plug  is  depressed  hy  the  thumb  bearing  upon  ii,  that 
end  of  the  lever  A  will  be  forced  downwards,  and  the  reverse  end  will  be  raised,  so  as  to 
draw  up  the  end  of  the  sear  spring,  and  set  off  ihe  piece.  For  the  take  of  protection, 
the  head  of  the  plug  c  is  covered  by  a  moveable  cap  d,  forming  pari  of  a  slider  e,  which 
moves  to  and  fro  in  a  groove  in  the  slock,  behind  ihe  breech  end  of  the  trarrel;  this 
slider  e  is  acted  upon  by  the  triiger  ftrough  levers,  which  miiht  be  attached  lo  ihe  other 
Eiile  of  the  lock-plate  j  but  are  aol  shown  in  this  figure,  lo  avoid  confusion.  When  the 
piece  is  brought  to  tlie  shoulder  for  firing,  the  fore-linger  must  be  applied  as  usual  to 
the  trigger,  but  merely  for  Ihe  purpose  of  drawing  back  Ihe  slider  e,  and  unenvering  the 
head  of  the  ping  ;  when  this  is  done,  the  thumb  is  to  be  pressed  upon  the  head  of  Ihe  plus, 
and  will  (bus  discharge  the  piece.  A  spring  beaiini;  againsltbe  lever  of  the  slider  ;,  will, 
when  the  finger  is  withdrawn  from  Ihe  trigger,  send  Ihe  slider  forward  again,  and  cover 
the  head  of  the  ping,  as  shown. 

It  is  with  pleasure  I  asain  advert  to  the  humane  ingenuity  of  the  Rev.  John  Somerville, 
of  Civrie.  In  April,  1835,  he  obtained  a  patent  for  a  further  inveniinn  to  prevent  the 
accidental  discharge  of  fire  arms,  ll  consists  in  hindering  the  hammer  fi-gm  reaching  the 
nipple  of  a  percussion  lock,  or  the  fiint  reaching  the  steel  of  an  onlinnry  one,  by  the 
interposition  of  moveable  safely  studs  or  pins,  which  protrude  from  under  the  false 
breech  before  the  hammers  of  the  locks,  and  prevent  them  from  descending  lo  strike. 
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of  ihe  way  by  the  pressure  of  the  right  handol 
the  act  of  firing,  that  is,  when  the  Carce  of  (h« 
right  hand  and  arm  is  exerted  to  press  the  butt  end  of  the  Etuck  of  the  gun  a^ainEil  the 
Ehualdcr  while  the  aim  is  talien  and  the  trigger  pulled.  In  carrying  Ihe  gon  st  rest,  the 
proper  parts  of  the  thumboc  hand  do  not  come  over  Mr.  Somerville's  moveable  bullous  or 

Fi^.  547  is  a  side  view  of  pari  of  a  double  percussion  gun  ;  and  fig.  548  is  a  top  or 
plan  view,  which  will  sprve  lo  explain  these  improvemenis,  and  show  one,  out  of  many, 
methods  of  earrjing  Iheni  into  effect,  a  b 'he  slock  of  the  gun;  e  the  barrels;  c  the 
breech  ;  D  Ihe  nipples  ;  E  Ihe  false  breech,  on  Ihe  under  side  of  which  Ihe  levers  which 
work  Ihe  safety  studs  or  pins  are  placed;  r  is  the  shield  of  liie  false  breech  i.g,  tt^gersj 
H  Ihe  lock-plate ;  and  i  the  hammers :  all  of  which  ate  constructed  as  U^ual :  a  a  are 
the  safely  studs  or  pins,  wliich  prolrude  before  the  shield  r,  and  work  through  guide 
pieces  on  the  under  side  of  Ihe  false  breech.  The  button  piece  is  placed  in  the 
piisilipn  for  the  thumb  of  ihe  right  hand  to  act  upon  it;  but  when  the  pressure  of  llie 
ball  of  the  right  thumb  is  lo  produce  Ihe  movement  of  the  safety  studs,  it  must  he  placed 


In  these  last  two  posilitsns,  Ihe  lever  {which  is  acted  upon  by  Ihe  button  piece  to  work 
the  safety  studs  throosh  a  slide)  would  require  lo  be  of  a  different  shape  and  differ, 
cntiy  mounted.  When  the  hammers  are  down  upon  Ihe  nipples  after  discharaing  the 
gun,  Ihe  ends  of  Ihe  safely  pins  press  againsl  Ihe  inner  sides  of  Ihe  hammers.  When  tliis 
invention  is  adapted  to  single-barrelled  guns,  only  one  pin,  a,  one  lever  and  button  piece 
will  be  required. 

Mr,  Richards,  gun  maker,  Birmineham,  patented,  in  March,  1836,  a  modification  of 
the  copper  ijap  for  holding  the  percussion  powder,  as  represented  Jig.  549 ;  in  niiich 
the  powder  is  removed  from  the  lop  of  Ihe  cap,  and  brooghl  nearer  the  mouth  ;  a  being 
ihe  lop,  b  (he  sides,  and  c  ihe  position  of  ihe  priming.  The  dotled  lines  show.ihe  direc- 
tion of  Ihe  explosion,  whereby  it  is  seen  that  Ihe  melal  case  is  opened  or  distended  only 
in  a  small  degree,  and  not  likely  to  burst  lo  pieces,  as  in  the  common  caps,  Ihe  spaca 
between  a  and  c  being  occupied  by  a  piece  of  anj  kind  of  hard  metal  d,  soldered  or  other- 
wise fastened  in  ihe  cap. 

Geoi^e  Lovell,  Esq,,  director  of  the  Royal  Mannfaclory  of  Arms  al  Enfield,  has  re- 
cenlly  made  a  great  improvement  upon  Ihe  priming  ciiamber.  He  forms  it  into  a  verli- 
enl  double  cone,  joined  in  the  middle  by  the  common  apex;  Ihe  base  of  the  upper  cone 
being  in  conlact  wiih  the  percussion  cap,  presents  Ihe  most  extensive  surface  lo  the  ful- 
minate upon  the  one  hand,  while  thebsse  of  the  under  one  being  in  a  line  with  Iheinieiio/ 
BMfaeeof  the  barrel,  presents  the  largesl  surface- to  the  gunpowder  charge,  upon  the 
other.  In  Ihe  old  nipple  the  apex  of  the  cone  being  at  its  top,  afforded  very  injudiciously 
Ihe  mtBinmni  surface  lo  the  exploding  force. 

Guns,  Rifli"g  of  the  Barrels.  ~Thf  outside  of  rifle  barrels  is,  in  general,  octagonal, 
AAer  the  barrel  is  bored,  and  rendered  trnly  cylindrical,  it  is  fixed  npon  the  rifling 
maciiine.  This  instrument  is  formed  upon  a  square  plank  of  wood  7  feel  long,  to  which 
is  fitted  a  lube  about  an  inch  in  diameter,  with  spiral  grooves  deeply  cut  internally 
through  its  whole  lencih;  and  to  this  a  circular  plaie  is  attached,  abont  5  inches 
diameter,  accoratfty  divided  in  concentric  circles,  into  from  5  lo  16  equal  parts,  and 
ii;ppnrted  by  two  rings  made  fast  to  the  plank,  in  which  rings  il  revolves.  An  arm 
H'unceied  wiih  the  dividing  graduated  plate,  and  pierced  with  holes,  through  which  a 
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pin  is  passed,  regulates  ihe  chanjie  of  the  tube  in  givin?  the  desired  number  of  grooveB 
to  the  barrel.  An  ii-on  rod,  with  a  moveable  hanille  ai  Ihe  one  eml,  and  a  steel  cutler  in 
Ihe  other,  passes  Ihroimh  the  above  riflin!;  lube.  Tliis  rod  is  covered  with  a  core  of  lend 
ane  Toot  Ion;.  Tht  ban-el  is  lirnily  lixeii  by  two  rings  on  the  plank,  standing  in  a  straight 
line  on  the  tube.  The  rod  U  now  drawn  repeale-lly  ibruugh  the  ban  el,  frum  entl  to  end, 
until  the  cutter  has  formeJ  one  grooue  of  Ihe  piuper  depth.  The  pin  is  then  shifted  to 
annther  hole  in  theiliriilinz  plate,  and  the  operntion  of  sroovin^  i$  repealed  till  the  whole 
nuiDber  of  riflin;;s  is  completed.  The  barrel  is  next  taken  out  ui'  the  machine,  and  fin- 
ished. Tliisisdone  by  cos  ling  upon  the  end  uf  a  small  ii-on  rod  a  core  of  lead,  which, 
when  bcemeared  with  a  misiuie  of  fine  emery  and  oil,  is  drawn,  f-ir  a  considerable  time, 
by  the  wortinieii,  fium  the  one  end  of  Ihe  barrel  to  the  other,  till  the  inner  surface  has 
become  finely  polished.  The  best  decree  of  spiralLly  is  found  to  be  frau  a  quarter  to 
half  a  revolution  in  a  length  of  three  feet. 

MUirarg  RiJU». — An  essential  improvement  in  Ibis  destrLJtive  arm  bus  lately  been  in- 
troduted  into  the  British  seiTice  at  Ihe  Buggenlion  of  Mr  LoveL 

The  intention  in  all  rille  is  to  impart  to  the  ball  a  roialor/  or  spinning  motion 
round  us  axis,  as  it  passes  oiil  through  the  barrel  This  object  wis  altameJ  to  a  ceriain 
di-ree  in  the  rifles  ol  the  oil  p\  tein,  b)  cutting  siTen  spiial  grooves  into  Ibe  inside  of 
he  bariel,  in  the  manner  shown  b\  jig  550   Ihe   spher  1.3I   ball,  /ig  551,  being  1  little 


larger  than  Ibe  bore, 

Its  eipulsion.  Instead  of  this  laborious  and  insecure  process,  ihc  barrel  bein?  now  cut 
with  only  two  opposite  grooves,  fig.  55S,  and  the  ball  being  lonned  with  a  projecting 
bell,  or  lone,  round  its  equator,  of  the  same  form  as  the  two  grooves,  fig.  553,  il  enters 
so  readily  into  these  hollows,  that  little  or  no  fui-ce  is  required  to  press  it  down  upon  the 
powder.  So  much  more  hold  of  the  barrel  is  at  the  same  time  oblained,  that  instead  of  one 
jnurifr  of  a  turn,  which  was  the  utmost  that  could  be  safely  given  in  the  old  way,  with- 
out danger  of  stripping  the  ball,  a  whoh  turn  round  Ibe  barrel,  in  its  length,  can  be  given 
to  the  two  grooved  rifles;  whereby  a  far  more  certain  and  complete  rotatoiy  motion  is 
impnrled  to  the  ball.  The  grand  practical  result  is,  ihal  belter  praclice  has  been  per- 
formed by  several  companies  of  the  Rifle  Corps,  at  300  yar.ls,  than  could  be  produced 
with  the  best  old  loiiitary  rifles  al  loOyaids;  the  soldier  being  meanwhile  enabled  lo  load 
with  much  greater  ea.5e  and  despatch.  The  belt  is  bevelled  lo  its  middle  line,  and  not  so 
flat  as  shown  in  the  figure. 

This  mode  of  rifling  Is  not,  however,  new  in  England.  In  fict,  it  i*  one  of  the 
oldest  upon  record  ;  and  appears  to  have  fallen  into  disuse  from  faulis  in  the  executjon. 
The  id«  was  revived  within  ihe   last  few  years  in  Brunswick,  and  it  was  tried  in 


Hanover  also,  but  wilh  a  iens-sliappd  (Linsenformi;)  bnll     The  jutlicious  modilioatinns 
and  improvcmeals  it  has  finally  received  in  Mr.  Lovell's  hands,  have  brought  out  all  in 
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advantnges,  slid  rendered  it,  when  skilfully  used,  a  weapo 
prodigious  distaiioe  of  100  yards. 

Tha  loobe,  also,  tor  the  military  Bervioe  generally,  era  n 
provemeiit  by  means  of  his  labors,  having  b«en  simpUQed 
acljon  of  the  main  spring  ia  veveraed,  aBBhown  by  Jig.  654;  thus  rendering  the  whole 
meahnnisra  more  solid,  eompaot,  and  opnvenient;  wliile  the  ignition  of  the  ohnrga 
•being  efEeoted  by  peronfsion  powders  in  a  copper  cap,  the  fire  of  tlie  British  line  will, 
ill  fiilnre,  be  more  murderovis  than  aver,  as  a  miss-fire  is  hardly  ever  experienced  with 
the  fira-arms  made  at  the  Royal  manufactury,  under  Mr.  LoTell'e  skilful  suporinten- 

Barrel^ioelding  by  Machinery. — Tiie  barrels  of  musqnets,  liirding-guns,  rjse.,  or  what 
are  cuUod  plain,  to  distinguish  them  front  tliose  denominated  sM  or  tiristed  ban'ela, 
have  of  late  years  been  &irmeil  by  maana  of  rolla,  a  process  in  which  the  'welding  is 
first  effected  on  a  short  slab  of  thiak  iron,  and  then  the  barrel  is  bi'ought  down  to  its 
destined  length,  and  form,  by  repeatedly  passing  it  between  a  pair  of  rolls,  that  have 
been  previouaty  grooved  to  the  exact  shaiw  of  the  barrel  intended  to  be  made. 

This  mettiod  has  entirely  superseded  the  skelp-welding  by  hand  described  in  Ui« 
Oif.  of  Man.,  p.  717,  and  is  conducted  as  follows  ; — 

The  iron  being  thoroughly  refined,  and  reduced  into  Hat  bars  by  the  process  de- 
seribed  at  length  al  p.  1079,  is  cut  by  the  shears  into  slabs  or  lengths  of  10  to  12  inches, 
and  10  to  lOJ  Ihs-  weight,  or  less,  according  to  the  description  of  gan-bairel  that  ii 
intended  to  be  mode.  These  slabs  are  then  heated,  and  beftt  in  iheir  whole  length,  bj 
means  of  conveniently  grooved  bending  rolls,  until  they  asstirae  the  I'onn  of  rough  lubes, 
555  of  the  kind  of  section  shown  by  A,fig.  555.  They  are  then  placed  c*.  the 
hearth  of  the  reverberalory  furnace  {BUI.'^.  lOSl),  and  brought  to  e  full 

0  welding  heat,  and  as  soon  as  the  edges  of  a  tube  come  to  a  semi-fluid  stale, 
it  is  taken  out  and  passed  between  rolls  having  grooves  somewhat  smallei 
in  diameter  than  the  exterior  of  the  tube,  by  which  means  the  tube 
is  perfectly  welded  from  end  to  end ;  and  if  care  be  taken  in  the 
management  of  the  heat,  and  the  juncture  be  kept  clear  of  dirt  and  cinders,  the  iron 
will  be  (band  perfectly  homogeneous  in  every  part,  and  there,  will  be  no  appearance 
whatever  of  the  seam  where  the  edges  came  together.  These  tubes  are  repeatedly 
healed,  and  passed  between  the  barrel  rolls,  which  are  of  sufficient  diameter  to  admil 
of  gradually  decreasing  grooves,  the  whole  length  of  the  intended  barrel  being  indented 
on  theit  surfaces. 

To  preserve  the  tubular  form,  and  insure  regularity  in  the  size  of  the  hore  during 
the  welding  process,  they  are  taken  out  of  the  furnace,  bv  thrusting  into  them  a  tool 
called  a  mandril  b,  which  consists  of  a  long  rod  of  iron,  having  n  short  steel  ireblett  on 
its  end,  of  the  diameter  that  the  bore  of  the  barrel  is  meant  to  bore.  This  rod  is  so 
adjusted  by  means  of  a  strong  iron  plate  c,  near  its  handle,  which  is  of  wood,  and  long, 
that  when  passed  with  the  heated  tnbe  on  it  between  two  tranverse  holding  bars,  the 
short  steel  treblett  n,  shall  be  found  exactly  between  the  point  of  impact  of  the  barrel- 
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The  adhesion  of  the  hot  iron  to  tlie  surface  of  the  rolla  is  strong  enougli  to  draw  Ih" 
tube  olT  the  mandril,  which  thus  keeps  the  bore  open  from  end  to  end,  and  by  repealing 
the  process  through  the  whole  series  of  grooves  in  the  rolls,  the  barrel  is  graduully 
elongated,  and  brought  ctown  to  the  exact  form  required  -.  any  superfluous  length  at  the 
nuzzle  is  then  cut  off.  The  breach  end  is  then  adjusted  by  the  hammer — a  tripple-seal 
welded  on  by  hand  i"  it  be  intended  for  a  percussion  lock,  and  then  the  barrel  is  ready 
lo  go  forward  to  the  mill  to  be  bored,  turned,  and  finished. 

Gun-barrels  formed  by  this  mechanical  method  are  found  to  Eland  proof  better  than 
(hose  worked  by  band,  because  the  beat  is  more  equalized ;  and  any  imperfections  in 
the  original  mass  of  iron  are  more  dispersed  over  the  whole  extent  of  the  tube. 

Mr.  Wells  Ingram,  of  Bradford  street,  Birmingham,  has  lately  perfected  n  very  com- 
plele  lathe  for  turning  the  exterior  of  gun-barrets  of  all  descriptions,  a  process  which  a 
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fHst  superseding  the  nse  of  the  grindstone,  for  equaliEing  the  bari'els  of  all  kinds  of  tire- 

/  am  indebled/or  thh  article  to  Mr.  Lovell,  Director  of  the  Royal  Arms  Manufactory. 
See  Musauut. 

Since  tlie  first  edition  of  the  Dietionary  liii^e  etridee  haTe  been  made  towards  in- 
ereasing  the  effioaey  of  mililjiry  fire  arms;  tlie  Frenth  had  found  in  their  ekirmislies 
with  Abd-el-Kador  in  Africa,  that  the  long  nidtcliloclis  of  llie  Arabs  told  at  fearful  odda 
aeninst  their  men  at  difitanees  where  the  ordinary  French  musqaet  was  powerleaa  of 
Offenee. 

After  a  while  it  was  found  tliat  this  increased  range  was  due  solely  to  the  greater 
elevntion  taten  by  the  natives  in  aiming,  and  their  expertnesa  in  judging  their  dis- 
tances, tauglit  by  long  practice  and  eiperienoe;  for  the  Arab  arms  and  ammunition 
taken  at  Constantine  were  fonnd  of  the  rOdeat  eonstrnction. 

These  obsertations  led  the  French  officers  of  artillery  toinstitute  all  sorts  of  eipevi- 
ments  to  render  tlieir  small  arms  more  effc'tive ;  by  the  adoption  of  wall-pieces  of 
wider  bore;  by  introducing  a  more  general  usa  of  rifled  barrels,  but  at  the  same  time 
aroiding  the  tedious  niefJiod  of  loading  by  means  of  mallets  formerly  observed  with 
anch  kind  of  arms. 

The  fiist  attempt  towards  sueh  object  was  that  proposed  by  M.  Delvigne,  nn  ofHcef 
of  the  royal  ex-gnard,  (Jg,  651),  in  which  the  upper  orifice  of  tlie  chamber  that 


contained  the  powder  took  the  form  of  a  cup,  wherein  the  ball  (somewhat  wider  in. 
diameter)  was  received,  and  by  two  or  three  gmart  Uowsof  ahea^y-lieaded  rammer  {also 
cupped  ont  for  the  purpose)  became  expanded  latterly,  and  thus  the  rotary  mtition  was 
imiinrted  to  it  by  the  spiral  groovea  of  the  barrel  in  passing  out;  Colonel  Poncbarra 
suggested  the  addition  of  a  wood  bottom  or  sabfit  under  (he  ball  and  a  greased  woollen 
patch ;  and  Colonel  Thouvesino  proposed  [fy.  55^)  a  steel  «tem  or  pillar  about  2  inehes 


longinaerted  into  the  face  of  the  breech-pin;  rou  d  tl  spn  tie  hni^e  of  powder  was 
received,  and  the  diameter  of  the  ball,  when  rest  ng  on  tl  e  top  of  tl  e  pin  was  enlarged 
by  tlie  blows  of  the  heavy-headed  rammer,  as  en^eated  by  Delvigne. 

Tliis  system  took  the  name  of  "  Carabine  &  Tige,"  and  has  been  very  ftenerally  intro- 
duced for  the  service  of  fusilier  battalions  in  continental  armies;  very  grave  objeotiona, 
however,  have  been  found  against  it  in  use,  from  the  impossibility  of  keeping  the 
chamber,  (or  post  roond  the  pin)  clear ;  and  from  the  severe  labor  to  the  soldier  in 
ramming  down  and  enlarging  the  diameter  of  the  ball  sufficiently  to  ensure  the  rotary 
motion  desired. 

But  if  the  ultimate  results  thus  attained  with  spherical  balls  turned  ont  not  entirely 
jatiafactory,  it  was  made  clearly  manifest,  in  the  course  of  the  experiments  cariied  on, 
that  no  insuperable  difficulty  stands  in  the  way  of  rendering  the  fire  of  infantry  very 
mach  more  accurate  and  powerful,  by  the  nse  of  rifled  barrels  thronghont  the  army, 
and  thus  leading  to  a  veriflcation  of  the  prediction  made  by  Bobins  above  one  hundred 
years  ago,  that  "  whatever  state  shall  thoroughly  comprehend  the  natnre  and  adrnn- 
tages  of  rifled  barrel  pieces,  and  having  facilitated  and  completed  their  eonstruetion, 
shall  introduce  into  their  armies  their  general  use,  with  dexterity  in  the  managenient 
of  them,  will  by  this  means  acnuire  a  superiority  which  will  almost  equal  any  thing 
that  has  been  done  at  any  time. 

But  besides  smootliing  the  way  to  such  an  easenlial  improvement,  it  has  been  elicited 
of  late  years,  that  when  the  accnracy  of  flight  is  secured  by  the  rotary  motion  derived 
from  the  rifling,  the  bullet^  instead  of  being  limited  to  the  form  of  a  sphere  as  hereto 
fore,  may,  up  to  certain  limitf^  be  elongated  with  considerable  ineresse  of  destructive  ef 
feet;  and  with  an  augmentatjon  of  range  very  nmeh  beyond  anything  that  has  hither- 
to been  considered  to  lie  within  Ihe  reach  of  small  arms — placing  them,  in  facl^  with 
'eference  to  artillery  and  cavalry,  in  tlie  first  place  instead  of  the  last. 

An  '  immensely  extended  field  has  thus  been  opened  to  experimenters.  let.  Mons. 
Didon  proposed  a  true  oval  (fg.  559)  as  the  best  form  of  bullet,  lo  that  when  shortened 
by  the  blows  of  the  heavy  ranimtr  and  widened  in  its  diameter  it  might  be  brought 
nearer  to  Ihe  spherical  shape  befure  leaving  the  barre). 
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M.  Mons.  Delvigne  took  a  pntent  for  a  Ijiillet  {fa.  600)  nnder  tha  deslgnntion  of 
"CyliiidmC^i™le;"it  lind  h  coiiicil  opcjiiiig  IjeliiiiJ,  in  wliith  lie  imitdnea  tlmt  ilia 
forae  of  tlie  puwdep  would  txert  itself  willi  eiiffiuient  energy  to  expand  tlie  lead  prmis* 
nently,  and  so  mnka  ttie  liall  tiilie  tlie  rotary  movemant  derived  from  the  rifling,  willi- 
out  Btiy  fatigue  to  tlia  soldier  in  loading;  with  this  projceljle,  indeed,  tlia  operation  i» 
but  alighcly  more  difHeult  Itian  with  the  ordinary  cartridge  and  eniootb  bam^ls. 


The  bullet  (jig.  661)  of  the  "  Carabina  a,  Tige"  was  oailed  "  Cylindro  Coniqi  e,"  and 
nas  said  to  possess  tli is  advanlnge  over  the  preceding  that,  being  brooglit  mora  to  a 
paint  in  front,  it  bored  ila  wny  throiigli  the  air  with  greater  aaaa,  and  thus  retained 
^renter  velocity,  and  of  course  more  extended  range;  and  with  this  ballet  it  was  that 
Mons.  Tainisier  introduced  three  sharp-edged  ehanneU  round  it,  which  lie  stated  were 
neeessnry  to  keep  ita  flightsteady,  by  offering  a  reeietunca  to  the  action  of  the  air. 

Finally  Mons.  M-uifi,  nn  ofiieer  of  the  Freiioh  line,  su^ested  (Sg.  662)  the  addition  o( 
a  denoymi  or  culot  to  the  hollow  bull  of  Delvigne.  Tliis,  in  the  form  ot  a  little  cup 
made  of  slieet  iron,  is  placed  in  tlia  orifice  of  the  conical  hollow  «f  the  bnll  behind,  Biid 
by  the  enei^y  of  the  powder  is  driven  into  the  bail,  enlnrpiig  its  diameter  permanently, 
and  thus  giving  all  tlie  accuracy  of  the  lill^  with  nearly  the  saiiie  facility  of  loading  a« 
with  the  plain  barrel. 

The  principle  of  llie  invention,  as  thus  developed,  has,  we  learn,  been  adopted  by  our 
government  for  the  general  use  of  the  army,  seeing  that  it  offeis  so  great  advantages 
over  the  syatctn  of  plain  barrels,  bat  the  bullet  (Jig.  663],  as  [iiodilied  by  the  Inspector 
of  Small  Arms,  has  on  ita  exterior  no  channels,  IJiey  being  found  not  only  useless  as  to 
steadying  the  flight  of  the  projectile,  but  absolutely  injuriona  in  lowering  its  velocity. 
Tlie  bulletin  its  improved  form,  too,  being  more  tnily balanced  in  its  proporlioiis,  and 
made  by  mechanical  means  instead  of  by  casting,  has  no  tendency  to  the  gyrBliona 
wliioh  appear  to  have  so  puzzled  Fi'eneh  artillerists,  and  for  which  they  have  invented 
Uie  word  "  derivation,"  amJ  wasted  much  learned  disquisition. 

Though  well  satisfied  with  the  results  of  their  course  of  experiments,  our  neighbors, 
however,  do  not  appear  to  have  come  to  any  final  deoision  as  yet ;  indeed,  the  tact  of 
being  able  t»makt>  use  of  an  elongated  projectile  with  a  rifle  has  let  loose  such  a  crowd 
of  inventors,  that  tliey  seem  to  be  entirely  bewildered.  In  Switjwrland  every  Canton 
has  its  peouilar  form  of  bullet,  each  one,  of  coui'se,  being  the  best,  and  from  tlie  lenglJi 
and  size  of  a  small  caterpillar  upwards^  every  nian  seema  to  have  his  own  maggot, 
which  he  vaunta  before  the  world. 

But  even  if  it  were  ever  to  happen,  which  is  not  litely,  that  Ihese  vnrions  projectors 
could  be  brought  to  agree  as  to  tlie  best  form  of  projeotjle,  they  will  then  find  oat, 
tliat  although  by  the  general  introduction  of  rifled  aud  elongated  bullets  an  immense 
advantage  has  been  realised  over  plidn  barrela,  their  plans,  based  as  they  all  are  upon 
a  system  of  loadix-g  at  the  naazU,  are  at  best  but  one  step  in  advance  ;  and  that  a  good 
souud  military  fire-arm  loading  at  the  hreech  will,  after  all,  remain  the  great  desidera- 
tum— an  arm  lliat,  witliout  any  less  accuracy  or  power  to  reach  masses  of  artilleiy  of 
cavalry  at  a  thousand  yards'  distance,  will  enable  the  soldier  to  triple  the  quantity  ot 
Jiis  fire  at  any  moment  that  ha  may  be  called  npon  to  repel  a  cliarge  of  cavalry  or  at 
tack  or  defend  a  breach  at  ulose  quarters ;  of  such  simple  ooneti'uction,  and  so  easily 
handled  in  every  position  of  the  tody,  that  the  soldier  can  poor  every  shot  of  his  most 
murderous  fire  upon  the  enemy  with  unerring  (ireeiBion,  wliilst  he  himself  may  lay 
coolly  behind  a  slciie  or  in  a  diroh  in  enlire  security. 

Tliese  are  no  longer  wild  imaginings,  although  so  many  hundreds  of  attempts  towards 
the  same  object,  from  the  earliest  period  to  the  present  day,  have  been  one  after  another 
eicn  invariably  to  fail.  Tlie  Germans  have  been  long  and  steadily  pursuiig  the  great 
o'jject,  until  at  length  Herr  Dreysa,  of  Sdifimerda  in  Tliuringia,  has  succeeded,  after 
more  than  twenty  vears  of  continued  labor,  in  establishing  a  musquct,  under  the  name 
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af  "ZumSnadelgewehr,"  wliioh  if  not  quite  perfeef^  haa  been  found  to  works*  well  in 
tlie  hands  of  tha  men,  tlial  the  Prussian  government  lias  already  80,000  in  poseeselon, 
and  tliej  ai'e  going  on  to  arm  tlie  wliole  of  their  line  regiments  and  Landwehr  with 


^'ren-witb  the  aseietanee  of  a  diagram, 
of  tlie  oonstruetion  of  this  inusqiiel,  be 


hardly  possible  to  eonvey  a  elear  notion 
llie  suveral  parts  work  one  within  the 
'   hard  to  comprehend  by 

1-  side,  screwed  on  to  the  barrel, 


■•~,^ 


ignition  by  peroussion ;  it  haa  a  stout  habal  or  Jiaodle,  by  wliiob  it  jj  moved  backwards 

and  forwaras  freely. 

TliB  cartridge  (/p.  B85)  oonsiBis  of  the  ball  a,  the  snbflt  5,  or  bottjira  of  hard  paper,  and 

holding  the  priming  matter,  and  lastly  tlie  charge  of  powder,  c,  the  whole 

^^       being  made  vip  in  paper  pasted  together.    In  use,  the  slider  being  drawn 

^^      back,  the  soldier  puts  the  nartridiiB  witli  the  point  of  tlie  ball  in  front  'iito 

/  A\    tlie  open  breeeh  of  the  barrel,  pushes  the  slider  forward,  and  seeares  its  close 

'  ■■'    \  >   jiination  by  a  turn  to  tha  riaht  against  an  inclined  edge  of  the  open  seeket. 

The  spiral  spring  ia  then  brought  into  action  (or  the  gun  ia  oocked)  by 

^   pressing  the  e|)ving  case  forward  with  tha  Ibnmb. 

J  On  pulling  the  tri^er,  the  interior  needle,  from  which  the  musqoct  takes 
its  name,  is  darted  forward  throngb  the  cliarga  of  powder  into  the  percus- 
sion primer  in  the  Bah6t,  and  tlius  effeeta  the  ignition  inside  the  barrel. 

The  principle  of  loading  at  the  breech  carries  with  it  bo  many  other 
advantages  beyond  that  by  the  muzzle,  that  many  ingenious  men  are  oc- 
onpying  themselves  with  its  improvement;  Lefattelieur  and.  Robert  in 
France;  Montigny  in  Bel^nm ;  Kufahl  Sehnllz  and  Friedris  in  Prussia; 
Sears  and  Neeiiliam  in  England,  Lave  lately  brought  forward  various  plans ; 
niid  now  that  the  idea  is  taken  up  apon  a  right  base,  there  can  be  little 
doubt  that  eventnally  a  sysWm  will  he  liit  upon,  that  shall  secure  all  the 
requisites  for  military  sarvics,  and  avoid  all  olijeotions. 
But  it  is  clear,  from  the  recent  publication 6 on  gunnery  and  the  observations  of  unc'enf 
wari'iors,  that  the  advouatesfor  heavy  battalion  movements,  for  drawing  up  their 
infantry  in  long  lines  and  compact  bodies  for  destruction  by  artillery,  will  be  with 
difficulty  brought  to  look  with  patience  upon  tha  scrambling  and  desultory  sort  of 
warfare  which  the  general  iuti'od notion  of  these  improved  riflrs  most  bring  about. 
Time,  however,  daily  goes  on  to  work  wonders  upon  prfjudiee,  and  the  day  wiil_  come 
when  it  will  be  found  tliat  crass-lielta  and  hi  an  It -cartridges  may  be  abolisbed  without 
utter  ruin  to  the  army  ;  and  that  men  behind  trees,  with  effective  weapons  in  their 
hands,  may  be  more  dangerous  enemies,  at  long  ranges,  than  when  strapped  up  and 
pnrnded  out  in  masses,  and  carrying  arms  that  at  any  distance  over  300  are  powerless 
of  offence. 

FIRE-DAMP;  the  explosive  cnrburetfed  hydrogen  of  coal  mines.  See  PrrcoAI. 
FIRE-WORKS.  [Feux  iTaTtifiee,  Fr. ;  Feuerwerhf,  Germ.)  The  composition  of 
luminous  devices  with  explosive  combnstihies,  is  a  modern  art  resulting  from  the  dis- 
covery of  gunpowder.  Tha  finest  inventions  of  this  kind  are  dua  to  the  flelebrated 
Riigmeri,  father  and  son,  who  exeoated  in  Rome  and  Pari^  and  the  prinoipal  capitals  of 
Europe,  the  most  brilliant  and  beautiful  fire-Works  that  were  ever  seen.  Tha  following 
n  of  their  processes  will  probably  prove  interesting  to  many  of  my  readers. 

■  '      •■■"       ■  '■ '  '    -  andcbBrconl,alongwithfilingB 


The  three  prime  materials  of  this  art  are,  nitre,  sulphur 
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eitheringrain,  half  croshad,  or  fineiy  ground,  for  different  purpose*.  The  longer  the  ir 
filings,  tha  brighter  red  and  white  sparks  they  give ;  those  beina  preferred  whieh  are 
made  with  a  -very  eoarsa  file,  and  quile  free  from  rust  Steel  filings  andcasMron  bor- 
ings  contain  carbon,  and  afford  a  mora  bi'illiant  6re,  with  wftvy  radiations.  Copper 
filings  give  a  greeniph  tint  to  flame ;  those  of  zino  a  fine  blue  color ;  the  sulphuret  of 
antimony  gives  a  leas  greenish  blue  than  anc,  but  willi  much  smoke ;  amber  affords 
a  yellow  fire,  as  well  as  colophony,  and  common  salt ;  but  the  last  must  be  vary  dry. 
Lampblack  produces  a  very  red  color  with  gunpowJer,  and  a  pink  with  nitre  m  eicesa. 


■  (^(>4lc 


r28  FIRE-WORKS. 

It  serves  for  Dinking  golJen  sbowers.  The  yellow  sand  or  g  islening  mica,  communicatci 
lo  liie-works  goWen  raitiations.  Verdiiris  imparts  «  paleKretn  ;  sulphate  of  copper  ant 
sal-ammoniac, a  palm-lree  gieen.  Camphor  yields  a  very  white  flame  and  aromatic  fumes, 
which  mask  ihe  bivl  smell  of  other  sulstances.  Benzoin  and  slorai  are  used  also  on 
account  of  thtir  agreeahle  odor.  Lycopodium  burns  with  a  rose  color  and  a  magnificcnl 
flame  i  but  il  is  principally  employed  in  theatres  lo  represent  lisiitnin!",  or  lo  charge  th« 
loieh  of  a  fury. 

Fiie-wotks  are  divided  into  three  classss ;  1.  those  to  he  set  off  upon  the  ground ;  2. 
those  which  are  shot  up  into  Ihe  air  j  and  3.  those  which  act  upon  or  under  water. 

Coniposilioa  fur  jeis  of  fire ;  the  common  preparation  for  roekela  not  more  than  i  of  an 
inch  in  diameter,  is;  fnnpowder,  Ifi  parts;  charcoal,  3  pat.t.  For  those  of  larger  diam. 
eler;  gunpowder,  ]6j  steel  fliings,  4. 

Brilliant  recolciag  viheel ;  for  a  tuh*  less  than  J  of  an  inchi  gunpowder,  16;  steel 
filings,  3.    When  more  than  f  :  gunpnwder,  16 ;  filings,  4. 

Chimse  or  Jaamive  fin  t  when  less  than  J  of  an  inch  i  gunpowder,  16;  nitre,  8;  char- 
coal (fine),  3 ;  sulphur,  3 ;  pounded  cast-iron  horings  (small),  10,  When  wider  than  J  i 
gunpowder,  16;  nitre,  12;  charcoal,  3;  snlphar,  3;  coarse  borings,  12. 

^  filed  brillinnt ;  less  than  |  in  diameter  :  gunpowder,  16 ;  steel  niings,  4 ;  or,  gun- 
powder, 16;  and  flnely  pounded  borings,  6. 

Filed  juni  are  composed  of  a  certain  number  of  jets  of  fite  di«lribnted  circularly,  "ke 
the  spokes  of  a  wheel.  All  the  fusees  take  fire  at  once  throush  channels  charged  with 
quick  matches.  Gloriet  are  larse  suns  with  several  rows  of  fusees.  Font  are  portion! 
of  a  sun.  being  sectors  of  a  circle.    The  Pane  d'oU  is  a  fan  with  only  three  jets. 

The  mosaic  repi-esents  a  surface  covered  with  diamond  shaped  compartments,  formed 
by  two  series  of  parallel  lines  crossing  each  other.  This  effect  is  produced  by  placing  at 
each  point  of  Intersection,  four  jets  of  fire,  wiiicb  ran  into  the  adjoining  ones.  The  in- 
tervals between  Ihe  jets  mast  be  associated  with  Ihe  discharge  of  others,  so  as  tu  keep 

Palm  trees.  Ruggieri  contrived  a  new  kind  of  flre,  adapted  lo  represent  all  sorts  of 
trees,  and  especially  the  palm.  The  following  is  the  cotnposition  of  this  magnifiFent 
green  lire-work  :  crystallized  verdigris,  4  |>arls  ;  sulphate  of  eDpper,2;  sal-ammoniac,  I, 
These  ingredients  are  to  be  ground  and  moistened  with  alcohol.  An  artificial  tree  of  a>:y 
kind  being  erected,  coarse  cotton  rovinss  about  2  inches  in  diameter,  impregnated  with 
that  composition,  are  to  be  festooned  round  the  trunk,  branches,  and  among  the  leaves; 
and  immediately  kindled  before  the  spirits  have  had  time  lo  evaporate. 

Cascades  imitate  sheets  or  jets  of  water.  The  Chinese  file  is  best  adapted  lo  such 
decorations. 

Fired  staT.1.  The  bottom  of  a  rocket  is  to  be  sloffed  with  clay,  and  one  diameter  in 
height  of  Ihe  first  preparation  being  inlioduced,  the  vacant  Sfiace  is  to  be  filled  with  the 
IbUowing  composition,  and  the  moath  lied  itp.  The  pasteboard  must  be  pierced  into  lb* 
oreparation,  will,  live  huies,  for  the  escape  of  the  luminous  rays,  which  represent  a  star. 

Coinposilioa  of  fixed  elars  i — 

Ordinary.         Brishter,  Colored. 

Nitre   .  -  -    16  12  0 

Gunpowder  meal         -      4  12  16 

Antimony        -  -      2  1  2 

Lances  are  long  rockets  of  small  drameler,  made  wilh  carlridge  paper.  Those  which 
burn  quickest  slioiiid  be  the  longest.  They  are  chained  by  hand  without  any  monld, 
with  rods  of  different  lengths,  and  are  not  strangled  al  the  mouth,  but  merely  sliiked  with 
a  quick  match  of  low.  These  lances  foim  ihe  figures  of  great  decorations;  Ihey  are 
fixed  with  sprigs  upon  large  wooden  frame  works,  representing  temples,  palaces,  pago- 
das, &.C.  The  whole  are  placed  in  commnnicaiion  by  coiiduil',  or  small  paper  cartridges 
lihe  the  lances,  but  somewhat  conical,  that  they  may  fit  endwise  into  one  another  to  any 
extent  tiial  may  be  desired.  Each  is  furnished  with  a  match  thread  fully  I^  inches  long, 
at  its  two  ends. 

Composition  for  the  while  lancet :  nitre,  16 ;  sulphur,  S;  gunpowder,  4  or  3.  For  a 
Uaisk-uihite ;  nitre,  16;  sulphur,  8  j  antimony,  4.  For  blue  taiicts ;  nitre,  16  ;  antimony, 
B.  For  yellow :  nitre,  16 ;  gunpowder,  16 ;  sulphur,  8 ;  amber,  8.  For  yelloaer  ones  i 
nili-e,  16;  gunpowder,  16;  sulphur,  4;  colophony,  3;  amber,  4.  For  greeiiisft  ones:  nitre, 
16;  sulphur,  6;  antimony,  6;  verdigris,  6.  For  ^iitifc  lances:  nilre,  16;  gunpowder,  3; 
lampblack,  1.  Others  less  vivid  are  made  with  nitre,  16;  colophony,  3  ;  ariber,  3  ;  ly- 
copodium, 3. 

■      "ly  imbuing  soft  ropes  with  a  miiture  rf  nilre,  2; 


S^ 
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The  Bengal  flames  rival  tlie  light  of  dny.  They  consist  of,  nitre,  7  ;  aulpliup,  2;  nn- 
tiiiiony,  Z.  Tiiis  miKliire  is  |>restmd  atroiigly  into  eni'tiicn  porringers,  with  eoniB  liila 
of  quiet  match  strewed  over  the  surface.  Thesa  flames  have  afijie  theatrical  effect  fur 
CO  till  aerations. 

Revolving  subs,  are  wheels  upon  whose  circiimfevence  rouliets  of  different  atjies  are 
fi.veiJ,  and  which  commnnFcales  hy conduits,  eo  that  owe  is  lighted  up  in  suceesaion  after 
another.  Tlie  compoeition  of  tbeir  commoD  fire  a,  far  sizes  below  {  of  an  inch :  ^iin- 
jiowder  meal,  16;  chapeoal,  not  too  fine,  3.  For  Ini^er  sises:  gunpowder.  SO;  char- 
coal, not  too  fine.  4.  Yat  fiery  radialiona  :  gunpowder,  16 ;  yellow  micaceous  Band,  2 
or  8.    For  mixed  radiatiofji :  gunpowder,  16  :  pilcoal,  1;  yellow  aand,  1  or  2. 

Tlie  aaeiiiff  or  double  Oiillterint  wheels,  are  two  suns  turning  sboat  the  same  axis  in 
opposite  directions.  The  fusees  sra  fiited  obliquelj  and  not  tangentially  to  their  peri- 
pheries. Tlie  wheal  spokes  are  charged  with  a  great  number  of  fusees ;  two  of  ihe  four 
wings  revolve  in  the  one  diceetioQ,  and  the  other  two  in  the  opjKisite;  but  always  in 

Tlie  girandole',  eapricei,  spirali,  and  some  others  have  on  the  contrary  a  horizontal 
rotation.  The  fire-worlter  may  diversify  their  effeubs  greatly  by  the  arrangement  and 
Color  of  the  jets  of  flame.  Let  us  take  for  an  example  the  gkU  of  i-.^  hL  Imagine  a 
liii^e  sphere  turning  freely  upon  ila  axis,  along  with  a  hollow  hemisphere,  which  re- 
volves also  upon  a  vertical  axis  passing  through  its  under  pole.  If  the  two  pieces  be 
covered  with  colored  lancea  or  cordage,  a  fixed  luminous  ^obe  will  be  formed,  but  if 
Itoriiontal  fusees  be  added  upon  the  hemiapliere,  and  vertical  fuaees  upon  the  aphere, 
the  first  will  have  a  relative  horizontal  movement^  the  aecoud  a  vertical  movement, 
wliich  being  comhined^with  the  firsts  will  cause  it  to  deaeribe  aepeoiea  of  curve,  whose 
effect  will  be  an  agreeable  contrast  with  the  regular  movement  of  the  hemisphere. 
Upon  the  surface  of  a  revolving  sun,  smaller  suns  might  be  placed,  to  revolve  lite  aal- 
ellites  round  the  priiharies. 

Ruf^ieii  exhibited  a  luminous  aerjient  pursuing  with  a  rapid,  winding  pace  a  but- 
terfly which  flew  eontinuBliy  before  it.  This  eJitraordinary  effect  was  produced  in  the 
following  way.  _  Upon  the  summits  of  an  octagon  he  fixed  eight  equal  wheels  turning 
freely  upon  tbeir  asles,  in  the  vertical  plane  of  the  octagon.  An  t  "  '  * 
round  their  circumference,  going  from  the  interior  to  the  esterio  . 
side  semi-oiroumference  of  tlie  first,  the  inaide  of  the  second,  and 
wlience  arose  the  appearance  of  agreat  festooned  circular  line.  The  chain  like  tin.. 
a  WHloh,  carried  upon  a  portion  of  ita  length  a  sort  of  scales  pierced  with  holes  for 

..1...- i.-.j  1 : J _...  .  a —  aeriwnt.    At  a  little  distance  thi 

e  piece  was  kindled  oomnionly  bj 
.  ,  .  ^y  projecting  tlie  serpent  from  the 
n  ot  (he  flames.  The  motion  was  oommuiiionted  to  tiie  chain  by  one  of  the  wheels, 
which  received  it  like  a  clock  from  the  action  of  a  weight  Tliis  remarkably  curious 
mei^hanism  was  called  by  tlia  artiaU  a  salamander. 

2'lte  rocktU  wAieft  riM  inUt  the  air  with  a  prodigions  velocity,  are  among  the  most 
common,  but  not  least  interealing  fire-works.  When  employed  profusely  they  form 
tlioae  rioh  vollaya  of  firs  which  are  the  erowning  ornaments  of  a  puhlio  fSte.  The 
cartridge  is  similar  to  that  of  the  other  jete,  except  in  regard  to  its  length,  and  the  ne- 
cessity of  pasting  it  atrongly,  and  planing  it  well ;  bnt  it  is  chained  in  a  different  man- 
ner. Ae  the  sfcy-rooke's  must  fly  off  with  rapidity,  their  composiljon  should  be  such 
as  fji  kindle  instantly  tlirongliout  their  length,  and  extricate  a  vast  volume  of  elastic 
fluids.  To  effect  this  purpose,  a  small  cylindrio  space  is  left  vacant  round  the  nsis; 
that  ia,  the  central  line  is  tubular.  The  fire-workcra  call  tliiaspaoatheaoQl  of  the  rocket 
(oma  de  lafuiie).  On  aeoount  of  its  somewhat  conical  form,  hollow  rods,  adjustable  to 
different  sizes  of  broauhes  or  skewers,  are  required  in  packing  the  cha^e  j  which  must 
be  done  while  the  cartridge  is  sustained  by  ita  outside  mould,  or  copper  cylinder.  The 
cam)>asition  of  sky-roeketa  is  as  follows  (see  next  page). 

The  cartridge  being  charged  as  above  desoribedl  the  pot  must  be  adjuateil  to  it,  with 
the  garniture ;  that  is,  ttie  serpents,  the  crackers,  the  stnra,  the  ahowere  of  fire,  Ac 
Tlie  pot  is  a  tub  of  paateboard  wider  than  the  body  of  the  rocket,  and  about  one-third 
of  its  length.  After  being  strangled  at  the  bottom  like  the  mouth  of  a  phial,  it  ia  at- 
tached to  the  end  of  a  fuaee  by  means  of  twine  aud  paste.  These  are  afterward  covered 
-vith  paper.  The  garnitare  is  introduced  by  the  neck,  and  a  paper  plug  is  twd  over  it. 
The  whole  is  endosed  witliiii  a  tube  of  pasteboard  terminating  in  a  cone,  which  is  firmly 
pasted  to  the  pot.  The  quick-match  is  now  finally  inserted  into  the  soai  of  the  rocket 
The  rod  attached  to  the  end  of  the  sky-rockets  to  direct  their  flight  is  made  of  willow 
or  niy  other  lijtht  wood.  M.  Ru^ieri  replaced  the  rod  by  conical  wings  containing 
explosive  materials,  and  thereby  made  them  fly  further  and  stroighter. 

The  ffamila-et  of  the  sky-rocket  pola  are  the  following:— 

1.  Stan  are  small,  round,  or  cubic  solids,  made  witli  one  of  tlie  following  compo- 


ig  colored  lances,  in  order  to  repreaeiit  a  fiery  serpent  At  a  little  distance  ther 
as  a  Itatterfly  constructed  with  white  lances.  The  piece  was  kindled  oomnionly  bj 
;.her  fire-works,  which  seemed  to  end  their  play,  by  projecting  tlie  serpent  from  the 
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Nilre     - 
CharpoaJ 
Sulphur 

BrilUaat  Fire. 
Nilre     - 
Chircoal 
Sulphur 
Fine  sleel  filings 

Cftinssc  Fin. 
Nitre     - 
Charcoal 
Sulphur 
Fine  bririnss  of  cnsl-irnn 

16 
4 
i6 

3 

16 
4 
3 
3  coarser 

16 
8 

i 

16 
7 
4 
4 

16 

0 

3 

■1  miKfd 

16 

4 

16 
8 
4 
5 

16 
6 
4 

eit.iu"a,.in'leoak_e.HiiEj)irits.      White  dnr^,  mire,  ^H;  siil|>luir,S;  gunpowder,  S.  OLlitra 
mora  viriil  oonaisC  of  nitre,  16;  suljiliur,  1;  gunjiomler    I. 

Slam  for  go/rfcit  showers,  nitre,  16;  sniphur,  10;  chareoHl,  4;  Runpowcier,  16;  lump, 
black,  2.  Olliers  yellower  are  made  with  nilje,  16;  sulphur,  8;  charcoaJj  2;  lampblact, 
2;  irunpowder,  8. 

The  aerpenls  are  small  fusees  maJe  wilh  one  or  Iwo  plaj-ine  cards;  Iheir  bore  being 
less  than  half  ok  inch.  The  lardmis  are  a  little  larger,  and  have  three  cards;  Ihe  vt- 
tUlet  are  smaller.  Their  cnrnposition  'a,  nilre,  16  ;  cliarcoal,  not  loa  line,  3;  gunpawder. 
4;  sulphur,  4;  line  sleel  filin^is,  6. 

The  jielards  are  cartridEes  tilled  with  gunpowder  and  strangled. 
The  sojonif  are  cartridges  tlajed  al  each  end,  chareed  willt  ibe  brilliant  turning  lire, 
and  perforaled  with  one  or  two  holes  at  the  eilrpmity  ciflbe  snme  dianwjter. 

The  cracker  is  a  round  or  squure  box  of  pasteboard,  Ailed  with  granulated  gunpowder, 
and  hoo|»'d  all  round  with  twine. 

Bamtni  candlei  are  fnsees  which  throw  o»t  very  briRlil  slars  in  succession.  With  th( 
compopilinn  (as  under)  imbued  with  spirits  and  gam-wnter,  small  cylindric  massea  are 
made,  pierced  with  a  hole  in  their  cenlre.  These  bodies,  when  kindled  and  projected 
inio  Ihe  sir,  form  the  stars.  There  is  first  put  into  Ibe  caitridee  a  charge  of  fine  gon. 
powder  of  the  size  of  the  star  ;  ahote  this  charge  r  -■  '-  '-  ■  -• 
composition  Tor  Ihe  Roman  candles. 

The  stars,  when  less  than  |  of  an  inch,  con'^isX  of  i 
When  larger,  of  nilre,  16  ;  sulphur,  8  ;  gunpowder, 
Jtomon  cu«rf?ij,  nilre,  16;  charcoBl,G;  sulphur,  S 
16;  charcoiil,8;  sulphur,  6. 

The  giraudes,  or  bouquets,  are  those  beautiful  p 
l7Drk  exhibition  ;  when  a  mutiilude  of  jets  seem  to  embtaz^m  the  sky  in  ever;  direction, 
Lnd  then  fall  in  gohlen  sbowei-s.  This  effect  is  priidueeU  by  distributing  a  number  of 
eases  open  at  top,  each  containing  140  sky-rockets,  communicating  with  one  amilher 
by  qnick-match  strings  planted  among  Ihem.  The  several  cnses  coniinunicate  with  each 
other  by  cmidnita,  whereby  thej  take  fire  simultaneously, and  produce  avolcanic  display. 
Thr  ica/er  _^r«-icorfc»  are  prepared  like  the  rest;  but  they  must  be  floated  eilhcr  by 
woodei  bowls,  or  by  discs  and  hollow  carlridses  filled  lo  them. 

Blue  fire  far  lances  may  be  made  with  nitie,  16  ;  antimouy,  8 ;  very  line  zinc  filinas,  4. 
Chinese  pusle  fut  [he  stars  of  Kouinn  candles,  bumbs,   "  ~  '  ' 


s  placed;  then  a  charge  of 
^,16;  sulphur,  7;  gunpowder,  0. 
When  above  |  of  an  inch,  nitre, 
sually  conclude  a  fire- 


gunpowder  meal,  12;  camphor,  1;   linseed  o 


being  moistened  with 

naplha,  I.     See  Pyro- 

1, 13  of  floweri 


The  feit  gregois  of  Ru^ieri,  the  son  ; — Nitre,  4 ;  sulphur. 
TECHNV  and  Rockets. 

The  red  fire  composition  is  made  by  mixing  40  parts  of  nitrate  of  sli 
of  siilphnr,  5  of  chlorate  of  potash,  and  4  of  solphuret  of  antimony. 

While  fire  is  produced  by  ignilinE  a  mistare  of  4S  parts  nitre;  13J  sulphur;  7' 
phiiret  of  antimony ;  or,  24  nilre,  7  sulphur,  2  realgar ;  or,  75  nitre,  24  sulphur,  1 
coal :  or,  finally,  100  of  gunpowder  meat,  and  25  of  east-iron  fine  horinss. 

The  blue  fire  composition  is  4  pans  of  gunpowder  meal;   2  of  nilre;   sulphui 

FISH-HOOKS  (Hamecons,  Fr. ;  FUhaagda,  Genti.)  are  conslructed  with  s 
tools,  but  requite  great  manual  desltrily  in  the  workmen.     The  iron  wire  of  which 


little 
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they  are  mnde  sliould  be  of  the  beet  qnnlitT',  smooth  an^  Eound.  A  bundle  of  eucli 
wire  is  out  in  lengtlig,  either  by  elienpa  or  bj  hiyiiig  it  down  upon  an  angular  wedije  of 
hiinl  sted  fixed  horizontally  in  n  block  or  anvil,  and  etrikini^  oif  the  proper  lengl.bs  l>y 
the  liloH'sof  a  hnmmei'.  In  fusliianing  the  barbi  of  tiie  hooke,  the  straight' piece  uf  wire 
is  liiid  down  in  tiie  erooye  of  an  iran  bli>ck  made  on  purpose,  and  is  dexterously  struiik 
by  the  chisel  in  a  Wanting  direction,  across  so  miicli  of  tlie  wire  us  mny  be  deemed 
neofsiiBry.  A  sharp'pointed  little  wedge  is  thus  formed,  whose  base  graduates  into  me 
enlistance  of  the  metal. 

The  end  of  the  wire  where  the  line  is  to  be  adached  is  now  flatlened  or  Ecrew-lapped ; 
the  other  end  is  sharp  pointed,  anil  (he  proper  twisted  curvature  is  given.  Tlie  soft  iron 
nooks  are  next  case-haideneJ,  to  give  them  the  steely  stiffness  and  elaslieity,  by  imbed- 
ding Ihem  in  aninDal  charcr>al  conlnined  in  an  earthen  or  ironboKi  see  Case-Hard- 
ENCNG  (  after  which  ihey  are  brightened  by  healing  and  ai;italini;  them  with  bran,  and 
finally  tempered  by  exposure  lo  a  regulated  lemperalure  upon  a  hot  iron  plate.  HuoUs 
for  sail-water  fishing  are  frequently  linneJ,  to  prevent  (beni  wearing  rapidly  away  in 
ru5l.     See  Tin  Plate. 

FLAKE  WHITE  is  the  name  sometimes  Given  lo  pure  white-lead. 

FLAME  (Flamme,  Fr,  anrl  Germ.)  is  the"  combustion  of  an  explosive  miilure  of  an 
inilammahle  gas  or  vapor  with  air.  That  it  b  not,  as  many  suppose,  combustion  merely 
at  the  exterior  surface,  is  provrj  by  rdunBing  a  fraement  of  burning  phosphorus  or  sul- 
phur into  the  centre  of  a  large  (lame  of  alcohol.  Either  of  these  bodies  will  continue  to 
burn  there  with  its  peculiar  light ;  thus  proving  that  oxygen  is  mixed  with  the  whole  of 
the  burning:  vapor.  Jf  we  mix  xood  coal  gae  with  as  mnch  ntmaii)herie  air  as  can  con- 
vert all  its  caibon  into  carbonic  acid,  the  mixture  will  explode  with  a  feeble  blue  li?ht; 
ont  if  we  mix  the  same  gas  with  a  ^mall  quantity  of  air,  it  will  bum  with  a  rich  white 
flame.  In  the  latter  case  the  carbLimiceDus  particles  are  precipilaled,  as  Sir  H.  Davy 
first  showed.  In  (he  interior  of  the  Hame,  become  incandescent,  and  constilule  while 
light:  for  fi-ora  the  ignition  of  solid  matier  alone  can  Ihe  prismatic  rays  he  emitted  in 
thai  concenirated  union.  Towards  the  interior  of  the  flame  of  a  candle,  a  lamp,  or  a  gas 
ji-t,  where  the  air  is  scanty,  there  is  a  dejiosilion  of  solid  charcoal,  wliich  first  by  its  igni- 
tion,  and  afterwards  by  its  combustion,  increases  in  a  high  ilegree  the  intensity  of  the 
light.  If  we  hold  a  piece  of  fine  wire  gauze  over  a  jet  of  coal  gas  close  to  the  orifice, 
and  if  we  then  kindle  the  gas,  it  will  burn  above  the  wire  with  lis  natural  brilliancy  ; 
but  if  we  elevate  the  Banae  proeressively  higher,  go  as  to  mix  more  and  more  air  with  it 
before  il  reaches  the  burning  point,  its  flame  will  become  fainter  and  less  while.  At  u 
certain  dislance  it  becomes  blue,  like  that  of  the  above  explosive  mixtuie.  Since  the 
eombUElion  of  all  the  congtitnenls  is  in  this  case  direct  and  complete,  the  heat  becoicei 
greatest  in  proportion  nearly  as  the  light  is  diminished.  If  a  few  platina  wires  be  held 
Id  that  dim  dame  tliej  will  grow  instantly  white  hot,  aud  illuminate  Ihe  apartment.  On 
reversing  the  order  of  Ibis  experiment,  by  lowering  progressively  a  flat  piece  of  wire 
gauze  fiom  th-  summit  towards  Ihe  base  of  a  gas  flame,  we  shall  iind  no  charcoal  depos- 
ited at  its  top,  because  plenty  of  air  ha<  been  introduced  there  lo  convert  all  the  carbon 
of  the  gas  into  carbonic  ncid,  and  therefore  the  apex  is  blue  ;  but  as  we  licscend,  mow 
and  more  charcoal  will  appear  upon  Ihe  meshes.  At  the  very  boltom,  indeed,  where  iIm 
ktmospberic  air  impinges  upon  the  gaoze,  Ihe  flame  is  again  blue,  and  no  charcoal  can 
therefore  be  deposited. 

The  fact  of  the  increase  of  the  brilliancy  and  whiteness  of  flame  by  the  devclopmen 
and  ignition  of  solid  mailer  in  jts  bosom  illustrates  many  carious  phenomena.  We  can 
thus  explain  why  olefianl  gas  aflbrds  the  most  vivid  illnmination  of  all  the  gases  i  because, 
being  surcharged  with  charcoal,  its  hydrwten  lets  it  go  in  the  middle  of  tbe  flame,  as  il 
does  in  an  ignited  porcelain  tube,  whereby  its  solid  panicles  first  gel  ignited  to  white- 
ness, and  then  hnrn  away.  When  phosphorus  is  indamed  it  always  yields  a  pure  while 
light,  fiom  Ihe  ignition  of  the  solid  panicles  of  the  snowy  acid  thus  produced. 

In  the  blowpipe  the  inner  blue  flame  has  the  greatest  bent,  because  there  the  combus- 
tion of  Ihe  whole  fatty  vapor  is  complete.  The  feeble  light  of  burning  hydrogen,  car- 
btinic  oxyde,  and  sulphur,  may,  upon  the  principles  now  expounded,  be  increased  by 
simply  placing  in  Ibem  a  few  particlts  of  oxydeof  zinc,  slender  Glamaots  of  amianthus,  or 
fine  plaiina  wire.  UpwaHs  of  twenty  years  ago  1  denionsliated,  in  my  public  lectures 
in  Glasgow,  that  by  narro^ving  the  top  of  a  long  glass  chimney  over  an  argand  Rame 
eilher  from  oil  or  coal  gas,  the  liahl  could  be  doubled  al  the  s.ime  cost  of  material.  The 
very  tail  chimneys  used  by  the  Parisian  lampists  are  very  wasteful.  I  And  thai  with  a 
narrow  chimney  of  half  the  length  of  theirs,  I  can  have  as  good  a  light,  and  save  30  per 
cent,  of  the  oil.  Thus  the  Irghl  of  a  flame  may  be  increased  by  diminishing  its  heal,  of 
the  inlrnsily  of  i(s  combustion;  and  conversely  the  heal  of  a  Dame  may  be  increased  bv 
diminishin?  ils  lieht. 

FLANNEL  ;  a  plain  woollen  stuff,  of  a  rather  open  and  slight  fabric. 
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This  pliint  grows  to  the  heiglit  of  S  ov  S  feet,  liaving  n  round  and  liollow  stem,  wliieb 
diviilea  into  sererat  branches,  benrini;  blue  fluwci'a ;  lliee«  beuome  tlie  Beed-pods  of  10 
Ci^lla,  eacli  of  whicli  eoiitiiins  one  need.  As  varietjes,  we  dlslinzuieh  the  "  spi  ing"  ilax 
witli  sbort  knotty  stems,  whose  seed  oapflciles  at  the  period  of  motnrity  open  wilh  ti 
fiei'tepl.ible  Bound;  and  tlie  "elose"  fliii^  witli  longer,  emoother  stems,  whose  capsuleg 
give  ont  the  seed  only  when  thrflshed  ;  the  latter  variety  ia  the  one  most  genernllj' eiil- 
tivKted,  Owing  to  the  many  improvements  recently  made  in  the  varioua  proessses  of 
tlie  Rax  manufacture,  all  tba  operations  for  converting  the  raw  plant  to  itB  ultimate 
useful  and  ornamental  state  have  been  greatly  simplilied  and  facilitated,  and  much  at- 
tention has  been  paid  to  improving  il«  cnltJvation,  whioh  has  necessarily  produeed 
many  cnanges  in  the  formerly  established  modes  of  huabandn'. 

Fiax  may  be  grown  upon  agreat  variety  of  soils;  the  best  is  n  sound,  dry,  deep  loam, 
witli  a  olay  subsoil;  Uiisshould  be  properly  drained,  as  too  much  iindei^ronnd  oranrface 
water  ia  utke  injurious.  It  is  neceasary  that  the  land  sbouM  be  brought  to  an  ex- 
ceedingly fine  state  by  frequent  plougbings  and  harrowiiigs,  nommenoed  in  the  autiiiun 
previuus  to  the  Bowing,  which  should  take  place  toward  the  end  of  March,  or  be- 
ginning of  April.  From  2  to  2^  bushels  of  aeed  are  required  for  one  acre:  tlia 
secrl  selected  slionld  be  of  a  bright  brown  color,  heavy,  Bhining,  and  of  an  oily  feel, 
avoiding' auch  as  have  hard  ends.  Riga  is  the  best  for  the  greatest  variety  of  soils, 
tboiigb  Dntcb  is  frequently  used  with  great  success.  Ameriean  does  not  generally  suit, 
as  it  IS  apt  to  produoe  a  toarae,  branchy  atem.  The  manner  of  sowing  should  be  varied 
acuording  to  Uic  purpose  for  which  the  crop  is  intended.  Wlien  grain  is  the  obj<%C  of 
tlie  gi'ower,  the  sowing  should  be  tbin,  as  the  plants  then  put  out  mors  branches,  and 
tlius  yield  mora  seed,  but  the  fibrous  produce  becomes  soft  and  meagre  ;  tlie  eontmry 
is  the  case  when  the  sawing  is  thick.  Being  one  of  the  most  tender  plants  of  field  cul- 
tivation, it  requires  very  peculiar  care  in  weeding,  so  as  not  to  be  injured  by  eillier  tha 
neglect  or  exceaa  of  this  work,  iFhich  should  be  done  when  the  plants  are  about  S 
ineiies  liigh,  that  is,  about  a  montli  after  aowing;  Guano  and  bona  dust  are  auilabla 
manures  if  farm  dung  is  scarce.  The  following  artificial  manure,  it  haa  been  eaid,  will 
replace  chemically  the  constituents  of  the  plants  produced  from  an  acre  of  land,  viz: — 

Muriate  of  potash  -  -  -  -  30  Iba.  t 

Common  salt 28  lbs. 

Burned  gypsum,  powdered         -  -  -  S4  lbs. 

Bone  dust  -----  E4  lbs. 

Sulphate  magnesia  ■  -  -  -  66  Ibg. 

Tlie  average  produce  of  seed  ia  13  busheh 
1^1  regard  to  flai  being  considered  a  wasi 
servations  to  be  made  lliat  may  controvert  ttiat  idea 

Assnming  t^at  the  ashes  of  plants  left  after  fhcy  ore  consomed  by  Gre  form  a 
criterion  of  tlie  quantity  of  nutritive  matter  they  have  extracted  from  the  soil,  there 
may  at  first  sight  a[ipeBr  miicb  trntli  in  tlie  prevailing  opinion  aa  to  the  e:fhnust- 
ii:g  nature  of  iJie  flux  crop,  since  the  aahes  of  thia  plant  are  S2  of  tha  whole,  whieli 
is  a  lai^a  proportion.  But  as  no  ashes  result  from  burning  the  pure  fibre,  which 
ia  solely  the  part  that  may  not  be  reconsumed  upon  the  land,  it  proves  that  the 
fertility  of  tli6  soil  is  not  injured  by  that  production.  The  nuttTtion  withdrawn 
by  tlie  other  parts  can  be  as  easily  replaced  by  this  plant  as  by  any  other,  *  tha  by 
the  water  alone  in  which  the  alcepiug  ia  to  be  afterward  carried  on,  and  which  should 
therefore  be  kept  and  employed  as  a  liquid  manure,  to  which  must  be  added  that 
e  solid  resulting  from  feeding  cattle  on  the  seed  or  oil  cake,  and  from  the  ashes 


of  the  chaff,  and  thus  a  far  greater  part  of  the  constituent  of  thia  plant  is  returned 
tlian  of  almost  any  other.  ITiough  the  color  of  (he  flax  is  rather  improved  by  letting 
llie  water  run  in  a  small  atream  tlirough  the  steeping-pond  during  the  operation,  yet 


Whenever  the  flax  is  ripe,  which  is  shown  by  the  bottom  of  the  stalk  becoming  yel- 
low, ami  the  leaves  beginning  to  drop  oS,  it  must  be  immediately  reaped  by  pulling  it 
up  by  the  roofs,  Hie  seeds  are  still  immature,  fit  merely  for  the  oil  press,  and  not  for 
sowing.  When  the  seed  crop  is  the  object^  tlie  plant  must  be  Buffered  to  acquire  its 
full  maturity ;  in  which  case  the  fibres  are  less  fine  and  soft 

The  flax  is  carried  off  tha  field  in  bundles  to  be  rippled,  or  stripped  of  its  seeds,  whieh 
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ii  (lone  by  drawing  it  Ijy  hnnilfiilB.  through  an  iron  comb  witli  teeth  eight  inclies  long, 
fixed  iipriglit  in  a  horizontal  benni.  When  the  seeds  are  more  fully  ripaoed,  Ibej  may 
be  !<B|>iirated  by  the  thrashing  mill. 

Tlie  operations  next  performed  upon  the  flax  will  be  understood  by  aWemling  to  the  slrne- 
!ure  or  the  stem.  In  it  two  principal  parts  are  to  be  distingnislied ;  lh«  woody  henil  or 
boon,  and  the  hart  (covered  oolwardly  with  a.  fine  cuticle),  whicli  encloses  the  former 
like  a  lube,  consisling:  of  (larallel  lines.  In  the  nalurnl  state,  Ibe  fibres  of  (he  Karl  are 
attached  firmly,  not  only  lo  the  boon,  but  io  each  other,  by  means  ofa  green  or  yellowish 
Euhstanee.  The  rough  stems  of  the  flax,  after  being  stripped  of  their  seeds,  lose  in  mois- 
ture, by  drying  in  warm  air,  from  55  to  65  per  cent,  of  iheir  weight ;  but  somewhat  li-ss 
when  Ihey  are  quite  ripe  and  woody.  In  this  dry  state  Ihey  consist  in  100  parts  of  from 
20  lo  23  per  cent,  of  harl, and  from  80  lo  77  per  cent,  of  boon.  The  latter  is  compusid 
unon  the  average  of  69  per  rent,  of  a  peculiar  \YOody  subslance,  J3  per  cent,  of  a  matiei 
nituble  in  water,  and  19  per  tenl.  of  a  body  not  solnble  in  mater,  but  in  alkaline  leys. 
The  baH  contains  at  a  mean  58  per  cent,  of  pure  flaxen  fibrfs,  25  parls  soluble  in  water 
(apparently  extractive  and  albumen),  and  J7  parts  insoluble  in  water,  being  chiffly 
gluten.  By  treating  the  harl  with  either  c<ild  or  hat  water,  the  latter  substance  is  died 
bn>wn  by  the  soluble  matter,  while  the  fibres  retain  their  coherence  to  one  another 
Alkaline  leys,  and  also,  thoush  le^  readily,  soap  water,  dissolve  the  glulen,  which  seems 
lo  be  the  cement  of  the  leKtile  fibres,  and  thus  set  them  free. 

The  cohesion  of  the  fibres  in  the  roush  harl  is  so  consideT&i-.e  that  hy  mechanical 
meauR,  as  by  bealin?,  ruhbinir,  &o.,  a  complete  separation  of  them  cannot  be  efi'ecled, 
unless  with  great  losn  of  lime  and  rupture  of  Ihe  filaments.  This  eircumstauci 
shows  the  necessity  of  having  recourse  lo  some  chemical  method  of  decomposing  the 
gluten.  The' process  employed  wilh  this  view  is  a  species  of  fermentation,  ID  which  the 
flax  sialks  are  exposed',  it  is  called  retting,  a  corroplion  of  roltin*;,  since  a  certain  degree 
sf  putrefaction  lakes  place.  The  German  term  is  raiHag.  This  is  the  first  important 
step  in  Ihe  preparation  of  fiax.  After  the  retting  is  completed,  Ihe  boon  of  the  stalks 
must  be  removed  by  the  second  operation  called  breaking,  and  olhei  subordinate  process- 
es. The  harl  freed  from  the  woody  parts  contains  still  a  mnliilude  of  fibres,  more  or  les! 
coherent,  or  entangled,  and  of  variable  lengths,  soas  to  beillailapledforspinning.  These 
are  removed  by  the  heckle,  which  separates  the  connected  fibres  into  their  finest  Jilamea Is, 
renioves  those  that  are  too  short,  and  disentangles  the  longer  ones. 

I.  0/relliag. — The  fermentation  of  this  process  may  be  either  rendered  rapid  by  sleep- 
ing the  flax  in  water,  or  slow  by  using  merely  the  ordinary  iuBuence  of  the  atmospheiic 
damp,  dews,  and  rain.  Hence  the  distinction  of  water-retting  and  dew-retting.  Both 
may  also  be  combined. 

Prior  to  being  retted,  the  flax  should  be  sorted  according  to  Ihe  length  and  thickness  of 
its  stalks,  and  its  stale  of  maturity  ;  the  riper  the  plant,  the  longer  must  the  retting  last. 
The  due  length  of  the  process  is  a  point  loo  little  studied. 

Waier-reltiii^. — When  flax  stalks  are  macerated  in  water,  al  a  lemperatnre  not  too 
low,  fermentation  soon  begins,  evinced  In  the  dingy  infusion,  by  disengagement  o( 
carbonic  acid  gas,  and  the  production  o(  vinegar.  If  the  flax  be  taken  out  at  the  end  of 
a  few  days,  dried,  and  rubbed,  Ihe  textile  filaments  are  found  to  be  easily  separable  from 
each  other.  By  longer  continuance  of  ihe  steep,  Ihe  water  ceases  to  be  acid,  il  becomes 
to  a  certain  degree  aUialine,  from  the  prodnction  of  ammonia,  difluses  a  fetid  odor,  from 
the  disengagement  of  sulphureted  hydrogen  gas,  along  with  Ihe  carbonic  acid;  the  acetous 
fermentation  being  in  fact  now  chanc&l  Into  Ihe  pulrid.  The  filaments  become  yellowish 
brown,  afterwards  dark  brown,  and  lose  mnch  of  their  tenacity,  if  the  proce^  be  carried 

Whe.l  the  operation  is  condneted  wilh  diseernment,  the  water-retllng  may  be  completed 
by  the  acetous  fermentation  alone,  as  the  putrefaction  should  never  be  sud'ered  to  proceed 
lo  any  length ;  becanse  when  over-retted,  llax  is  partially  rotten,  gels  a  bad  color,  and 
yields  a  large  proportion  of  low. 

For  water-retting,  the  flax  must  be  bound  np  in  sheaves,  placed  in  layers  over  each 
other  in  the  water,  or  sometimes  upright,  wilh  the  roots  undermost.  Straw  may  be  piil 
below  to  keep  it  from  touching  the  ground,  and  boards  may  be  laid  upon  the  lop,  with 
weights  to  hold  it  immersed  about  i  foot  beneath  the  snrface,  especi^ly  when  the  fer- 
mentative gases  make  il  buoranl.  As  soon  as  il  sinks  at  the  end  of  the  fermentation,  it 
must  be  mspected  at  least  twice  a  day,  and  samples  must  be  taken  out  to  see  that  no 
over-retting  ensues.  A  sinste  day  loo  long  often  injures  the  flax  not  a  little.  We  may 
judge  that  Ihe  retting  is  sufficient  when  the  harl  separates  easily  from  Ihe  boon  b>  the 
fingers,  when  the  boon  breaks  across  without  bending,  and  when  several  stalks  kin^tted 
together  siak  lo  the  bottom  upon  being  thrown  into  the  water.    For  this  completion,  a 
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shorter  or  longer  time  is  required  according  to  the  quality  of  the  flas,  the  Icmpcratiiro, 
Af.,  so  that  tlie  tsrin  ma;  vary  from  five  lo  fourteen  dii^a.  It  may  be  done  citlier  ia 
riiMiiirigor  ill  stagnant  water.  Fur  the  latter  purpow,  tanks  lir«  feet  deep  are  dug  in  tJis 
giuiiud.  In  EtagiiKQt  water,  tlia  process  is  sooner  finished, bnt  it  ia  more  liazardous and 
li'ivea  a  deejier  stniu  to  ttie  llijres,  than  in  a  strenm,  whioh  carries  off  much  of  the  color. 
The  ijeet  place  fur  steeping  flax  is  a.  pond  with  springs  of  water  at  its  bottom;  or  n 
tiinic  into  which  a  rivulet  of  water  can  be  ocuasiouully  admitted,  while  the  foul  wat«r 
ia  let  ulT.  For  every  fresh  quantity  of  flax,  the  pond  should  be  emptied,  and  en|>plied 
with  Clearwater.  Water  iMi|iregnated  with  iron  stains  flai  a  permanent  color,  and 
slionld  therefore  never  l-e  used.  After  retting,  the  flai>  ehould  be  taken  ont  without 
dehiy,  rineed  in  clean  water,  and  exposed  in  an  airy  situation  Co  dry  by  the  sun. 

ltuiig;h  rippled  tax  stalka,  well  Bcosoned  before  being  retted,  and  dried  afterward, 
show  a  lo3B  of  weighty  amounting  to  20  or  30  per  cent,  alfecting  both  the  boon  and  the 
IihpI.  This  loss  is  greater  the  finer  the  stems,  and  tlie  longer  the  retting.  The  liarl 
cuiilaina,  besides  tlie  textile  filamenla,  a  certain  portion  of  a  ghilinous  cement;  but 
notliiiig  suiuble  in  water.  The  destruction  of  the  giuten  can  not  be  pushed  to  the  laat 
point  by  steeping,  witlioiit  doing  an  es^ntial  injury  to  the  hlainents. 

D„a-Teiting.—The  fetid  and  noxious  exhalations  ulileh  the  water-retting  diffuses 
over  an  extensive  district  of  country,  and  the  danger  of  over-retting  in  that  way,  espe- 
chilly  with  stagnant  water,  are  far  fi'om  reeommending  that  process  to  generiil  adop- 
tion. Dew-retting  aceomplisbes  the  same  purpose,  by  the  agency  of  the  air,  dews,  and 
rain,  in  a  much  more  convenient,  though  far  slower  niaimer.  The  flai,  with  tliis  view, 
shiiuM  be  spread  out  thin  upon  meadow  or  grass  laadt^,  butncTer  upon  the  bare  ground, 
and  turned  over,  fiom  time  to  time,  till  the  stems,  on  being  rubbed  between  the  lingers, 


eady  to  part.    The  duratioa  of  dew-rettin; 
t  or  eight  w 


of  course,  very  various,  from  two  to  ux  or  eight  weeks,  as  it  depends  upon  the  st-ite 
of  the  weather;  a  moist  air  being  favorable,  and  dry  sunshine  the  reverse.  The  Suss 
of  weight  by  dew-retting  is  somewhat  lees  than  by  wntcr-rettjng;  and  the  I«xti1e  EU'ea 
are  uf  a  briji-hter  color,  softer  and  more  delicat*  to  the  touch. 

Mixed  retting. — This  may  be  fairly  regarded  as  the  preferable  plan,  the  retting  Vising 
begun  ill  the  water  and  fiiiislied  in  the  air.  The  flax  should  be  taken  out  of  the  steep 
wlirncver  the  acetons  fermeiilation  is  oomplete,  before  the  putrid  begins^  and  exposed, 
for  two  or  three  weefc\  on  the  grass. 

Within  the  laat  two  yeBPs,  tlie  hazardous  and  tedious  process  above  descrihed  has 
been  attempted  to  be  su]>er<^ded  by  steeping  the  flax  plant  in  vats  uf  water  artiBuially 
heated  to  lu"  Fahr.,  whereby  tJie  etfeots  are  prodneed  in  sixty  or  seventy  hours.  Drying 
by  tire  in  kilns  is  perntuioiis  alike  to  the  seed  or  fibniua  produce;  as  tn  the  former  it 
dries  up  too  soon  the  nutritious  particles  that  would  be  absorbed  by  the  seed  from  its 

fiA  or  outer  covering,  and  in  tlie  latter  impairs  the  rich  and  oily  property  of  the  flax, 
he  following  is  a  description  of  an  establisliment  for  the  prosecution  of  Mr.  Scliencb's 
]ii'ui-ess,  situated  at  New|>ort  river,  county  Mayo.  Tlie  tenements  containing  the  vats 
and  drying  shelves  are  siniple  wooden  sheds  of  cheap  construetion.  In  one  end  of  the 
bnildiiigare  four  vata  est  parnlJel  to  each  other  the  fength  of  the  honse;  they  are  made 
of  inch  deal  in  the  form  of  a  paralleli^am,  fifty  feet  long,  six  broad,  and  four  deep. 
Tlieie  are  false  bottoms  perforated  with  liolea;  underneath  these  are  introduced  the 
Btemn-prpefi  crossing  tlie  vats,  and  having  stop-oooks  nt  their  entrance,  by  which  the 
Btea'ii  can  be  let  On  from  the  main  pipe  as  required.  The  steam  is  generated  in  a  email 
boiler,  which  also  serves  to  turn  two  Af/dro-exiractorit,  a  patent  apparatus  need  to  driva 
olf  A  portion  of  the  water  with  which  the  flax  is  saturated,  on  being  taken  from  tlie 
viits.  The  flax  is  packed  into  the  empty  vats,  on  the  butt  ends,  in  a  half  sloping 
position,  precisely  as  in  the  case  of  a  steep  pool,  only  one  layer  being  the  depth.  The 
water  is  then  let  in,  and  a  frame  fastened  over  the  top  of  the  flax,  anawering  the  end 
of  stones  and  straw  or  soda  in  the  steeping  pools,  for  prevention  of  the  rising  of  the 
fljix  in  course  of  fermentation.    This  process  is  now  renounced. 

The  steam  is  then  let  into  the  pipes  by  turning  the  stop-cocka,  and  the  water  is  some 
ei'-'hteen  or- twenty  honn  in  becoming  heated  to  the  required  poini,  85"  or  9l)°.  The 
frriiientation  then  commences,  and  no  further  slenm  ia  requit^,  the  action  going  on 
until  tiie  flax  is  thoroughly  retted,  which  is  in  forty  hoitra  afterward,  being  sixty  from 
tlif  time  of  tbo  admission  of  (he  water.  At  the  eni  of  the  sixty  hours,  the  flax  ia  taken 
out  the  water  allowed  to  run  off,  and  the  vat  permitted  to  coo!.  The  same  process  is 
then  repeated  with  fresh  water  and  fresh  flns.  When  taken  from  the  water,  the  flas 
is  packed  in  the  hydro-extmotor,  which  is  a  round  vessel  of  iron  made  to  revolve  by 
steam  power  with  great  veWity,  the  water  being  driven  out  of  the  flax  on  the  principle 
of  the  centrifugal  force.  Tliirty  beets  or  small  handfnis  are  placed  in  this  machine  at 
a  time,  and  about  20  lbs.  of  water  are  extracted  in  from  three  to  five  minutea.  A  few 
hours  euflioe  for  the  contents  of  a  vat,  each  vat  containing  2  tons  of  flax  straw.  The 
hydro-Bxtracfor  only  separates  a  portion  of  the  water;  flic  flax  now  remains  to  b( 
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thoroughly  dried.  In  eiimmer,  or  indeed,  for  bIi  mcntliB  in  the  jear,  thia  cnn  be 
peeoiiiplialied,  aa  oausi,  by  spreading  upon  gmes  Imid  in  the  open  air.  Dining  winl.ir, 
hiiwever,  it  ia  necessary  to  procure  other  means  of  di'ving.  A  slied  'las  thei'efore  been 
erected,  communicating  by  doora  with  tlie  vat  honse,  filled  willi  ranges  of  shelvea,  com. 
posed  simply  of  railings  of  latliwood  in  five  or  six  tiers.  The  Has  ia  spread  li^litly 
along  tiiese  shelves  by  women,  and  the  houae  is  heated  by  steam-pipes.  Tliia  house  ia 
enpnble  of  drying  the  fidl  of  one  vat  per  diem.  Tlie  Ubk,  when  dried,  is  made  up  in 
beets  or  handfula,  of  a  size  suited  for  feeding  into  the  breabing  rollers  of  the  m'ifl. 

2.  The  breaking  is  perfornted  by  an  instrument  called  a  brake.  In  order  to  give  liie 
wood  or  hoon  sueh  a  degree  of  brittleness  as  to  n«ike  it  part  readily  fi'oni  (he  harl, 
whereby  the  executjon  of  this  process  is  rendered  eaay,  tlie  Sax  should  be  well  dried  in 
tlm  euo,  OF  what  ia  more  siiitadle  t»  the  Inte  period  of  the  year,  in  a  stove.  Such  ia 
often  attached  to  the  bakers' ovena  in  Germany,  and  other  flax-growing  oountriPA  The 
drying  temperatnre  ahould  never  exceed  120°  F.,  for  a  higher  heat  makes  it  brittle, 
enay  ta  t«nr,  and  apt  to  run  intfl  («w.  Before  sidijeoting  the  flax  to  the  brake,  the 
stems  ahould  be  equaliied  and  laid  parallel  by  the  hand,  and  the  entangled  portions 
should  be  etraightenid  with  n  coarse  heckle.  The  brake  has  one  general  conatriielion, 
and  conaists  of  two  principal  parts,  the  frame  or  case,  and  the  aword  or  beater.  In  i.Iie 
simplest  brakes,  the  frame  f,fg.  566,  is  a  piece  of  wood  oleft  lengthwise  in  the  middle, 
supported  by  the  legs  a  and  e.  Tlie  sword/  also  of  hard  wood,  is  formed  with  nn  eH^e 
beiK-nth,  and  turns  round  the  centre  of  motion  at  ^,  when  seized  by  the  handle  h,  and 
moved  up  and  down.  As  it  descends,  the  sword  enters  the  eleft  of  the  frame,  and  bFcaka 
tlie  tlax  Btulka  laid  transversely  upon  il,  ataltering  the  boon  in  fragments. 


But  those  liand  brakes  ai 
or  triple  row  of  oblong  teeth,  with  a  double  sword. 
Bfood  by  inspecting  fgt.  66fl,  66V,  668.  J%.  666  is  the  section  of  that  side  at  whieli 
the  operative  ails;>V,.  667  ia  a  section  in  the  tine  i  B,  of /jr.  56S;  and /j.  BBS,  ili( 
ground  plan.  The  whole  machine  is  made  of  bard  wood,  commonly  red  beech.  Twt 
lilants,  a  and  e,  form  the  legs  of  the  implement,  a  Is  mortised  in  a  heavy  block,  to  piv« 
the  brake  a  aolid  bearing;  two  stretchers  d  bind  a  and  c  firmly  together,  Tlie  frame  ; 
consists  of  three  Ihin  boards,  which  are  plnoed  edgewise,  and  have  their  ends  secured  ir 
a  and  c.  Tlie  sword  /is  a  piece  of  wood,  so  chamfered  from  ito  k,  that  it  appears 
forklike,  and  einhraeea  tlie  middle  piece  of  the  frame;  ils  centre  of  motion  is  the  wooden 
pin  ?  ;  in  front  is  the  handle  h,  wliic-h  the  operatjve  seizes  with  the  right  band.  Bf.tfa 
the  lathes  of  the  frame  and  thoseof  the  sword  are  sharpened,  from  I  to  the  front  end,  aE 
is  best  shown  in  fg.  667;  but  the  edges  must  not  be  too  sharp,  for  fear  of  injuring  II 
" ""'  '-- ■'  ■'  I  sword  should  n  ■    '  '   '      ■     •   ■  .... 


and,  for  the  Bam( 
tlie  frame.  Such  hand-brakes 
The  operative,  nsually  a  female, 
of  fl;ix,  lays  it  transverely  aeroi 
of  th«  sword,  pushing  forward 
She  begins  with  the  roots,  tnrni 
of  the  stalks.  Flax  is  freqncntly  exposed 
between  the  two  applications. 

Tfie  brake  machines  afford  a  far  preferable  men 
hand  took  The  essentinl  part  of  such  a  machii 
rollei-s  of  wood  or  iron,  whose  teeth  work  into  cac 
the  ilai:en  stalks  between  them,  they  break  the  wood 


far  between  the  laches  of 

nd  often  tear  the  linri  in(«  tow. 

working  the  brake,  seizes  with  her  letl  hand  a  bundle 

the  frame,  and  strikes  it  smartly  with  re)>eated  blows 

ontinually  new  portions  of  the  flax  into  the  nmchitie. 

'  round  the  tips,  then  goes  on  through  the  len^lh 

tlie  brake,  witji  a  sluve-drying 


s  of  cleaning  fiax  than  the  above 
consists  in  several  dee]ily  tlnl.eii 
other,  and  while  they  atrclch  out 
r  boon,  without  doing  that  violetic* 
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0  tlie  harf  which  hand  mechaniBms  are  apt  to  Oo.  The  following  msj  be  regarded  a* 
>ne  of  Itie  best  coDstructiuna  hitherto  cuntrived  for  breaking  Rax.  Fig.  S69  is  a  vieir 
if  the  right  aide  of  this  machine.    i%.  G10,  the  view  from  behind,  wliere  the  broken 


bottom  \b;  and  am  firmly  fixtd  to  it  by 
the  base,  two  olhei's  d'  d ',  tli«  EideB.  In  each 
I  oblique  direction ;  a  cross  bar  /,  unites  both 
arma.  Mg.  671  sFiows  the  inside  nE 
the  left  side  of  the  frame,  with  the 
Bubsidiiirj  parts.  The  three  roller^ 
g,  i,  k,  may  be  made  of  red  beedi, 
with  iron  gudgeons,  and  fiuted  in 
their  tengtii,  eaeh  of  the  Antes  being 
'  tliBof  an  inch  broad,  and  <  thadeep. 
lai^e  roller  g^  bears  upoa  the 
riglit  side,  a  handle  h,  wliieli  on  being 
turned,  sets  the  whole  train  in  motion. 
The  side  paibitiona  i^  a,  are  furnished 
with  brassc"  in  wboaa  round  holea  I  q 
Hg    671     Ihe  gad-e 


The  : 


the  tio  snaller 
rollers  tl  =re  are  at  a  and  t  el  ta 
in  brass  a,  as  may  be  "een  in  Jig 
5b9  Witliin  the  p  irtition  a,  theie 
ire  movul  la  brasses  I  for  the  pivots 
of  1  and  k  ahown  m  Jtg  671  Eieh 
biass  afiJea  in  a  gioove  between 
two  lel^es.  A  strong  lord  made 
f  9t  at  in  to  the  partition  a,  rnns 
over  Ihe  brass  of  i,  next  over  that 
of  k  then  deEcenJs  perpendicularly, 
■^-1  and  pa'^ea  over  the  cross  bar  n, 
^  ^\  pg^  OfiB  and  670  This  construe- 
tion  being  r<;peated  at  both  enls  of 
the  rollcra,  the  rod  n  hinda  both  corda.  Agai  st  the  cross  bar  if  of  the  frame 
a  lever  o  is  suatained,  which  lies  upon  the  rod  n  ani  citriee  a  weight  p  The 
farther  or  nearer  thia  weight  hanga  toward  the  end  of  tfie  lever,  it  stretebes  the  cord 
more  or  leas,  and  presses  by  means  of  the  brasses  I,  the  rollers  i,  k,  t«ward  the  main 
roller  g.  A  table  q,  serves  for  spreading  out  the  Has  to  be  broktn,  and  a  seeond  one  r, 
for  the  reception  of  the  etolks  at  their  issuing  from  between  the  rollers.    Both  tablet 
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hang  by  meana  of  iron  hooks  to  rings  of  the  fmrae  «,  (,  JIgt.  MB  flod  Sll,  and  ara 
BUpportad  by  the  movable  legs  11,71.11,  Jigs.  669  and  6T0.  In  using  the  machine  the 
operative  lava  an  evenly  spread  handful  of  flai  upon  the  table  q,  iiitroduoes  their  root 
ends  wilh  his  left  hand  between  the  rollers  g  and  i,  and  turns  round  the  handle  A,  with 
the  right.  The  stems  are  first  broken  betwixt  g  and  t,  then  betiveen  g  and  k,  and  coma 
out  npon  the  table  r.  The  handle  ia  moved  alternately  forward  and  backward,  in 
order  tint  fJie  flax  may  be  roiled  alternately  in  the  same  directions,  and  bj  more 
perfectly  broken.  "Hie  boon  falls  down  in  very  small  piece!,  and  the  harl  remains 
expanded  in  parallel  bands.  This  should  be  drawn  over  the  points  of  a  heckle,  then 
laid  for  a  eoople  of  days  in  a  cellar  to  absorb  some  moisture,  and  afterward  worked 
onee  more  through  the  machine,  whereby  the  flax  acquires  a  peculiar  softness. 
The  advantages  of  this  brake  machine  are  chiefly  the  followiag  ■. — 
It  takes  Dp  liltle  room,  and  from  its  simplicity  is  easily  and  cheaply  constructed  ;  it  re- 
quires no  more  power  to  work,  than  the  ordinary  hand-brake ;  it  tears  none  of  the  flla- 
oients,  and  grinds  nothing  ejtcepl  the  boon,  in  consequence  of  the  flnlings  of  the  rollers 
going  mnch  less  deep  into  each  other,  than  the  sword  of  the  hand-bralie ;  it  prevents  all 
entan^emenls  of  the  flax,  whence  in  the  subsequent  heckling  the  quantity  of  short  fibres 
or  low  is  diminished ;  and  it  accomplishes  the  cleaning  of  even  Ihe  shortest  flax,  which 
2»nnot  be  Well  done  by  hand  machines. 

The  comminution  of  the  boon  of  the  Btems,  which  is  the  objttl  of  the  iieaking 
process,  can  however  be  performed  by  thrashing  or  beating,  although  in  this  way  the 


leparation  of  Ihe  woody 


textile  fibres  is  much  less  completely  effected. 
It  is  the  practice  in  Great  Britain,  instead  of 
breaking,  to  employ  a  water-driven  wooden 
mallei,  between  which  and  »  smooth  stone  the 
flax  is  laid.  .  In  that  part  of  Belgium  where 
the  preparation  of  flax  has  been  studied,  Ihe 
brake  is  not  used,  but  beating  by  means  of  the 
Bott-kammar,  to  the  great  improvement,  it  is 
said,  of  the  fiax.  The  Bott-hamnKT,  Jig.  572,  is 
B  wooden  blocic,  having  on  its  under  face  chan- 
nels or  fiulings,  5  or  6  lines  deep,  and  it  is  fixed 

a  ong  bent  helve  or  handle.  In  using  it,  a 
bund  e  of  [he  dried  flax  sialks  is  spread  evenly 

on    he  floor,  then  powerfully  beaten  with  the 

mm  firsl  at  Ihe  roots,  next  at  Ihe  points, 
ad    a   ly  in  the  middle.    When  the  upper  sur- 

e  ha  been  well  beat  in  this  way,  it  is  turned 
0  at  Ihe  under  surface  may  get  ils  tarn. 

T      flax  is  then  removed,  and  well  shaken  to 

By  the  b  ake  o  hamm       he  wh   e  wood  is  never  separated  from  the  textile 

fibres,  bu  ac  a  n  quan  y  f  haffy  uffadh  es  to  IherajWluch  is  removed  by  another 
operation  T  s  on  eh  a  ubb  g  0  hating.  Ihe  rubbing  is  much  practised 
in  Westpha  a,  and  he  n  hb  u  d  e  In  this  process,  the  operative  lays  the 
rubbin*  apron  on  a  piece  of  dressed  lealher,  one  foot  square,  upon  her  knee  ;  then  seizes 
a  bundle  of  flax  in  the  middle  with  her  left  hand,  and  scrapes  it  strongly  vrith  the  Ribbi- 
ktti/e  held  in  het  right,  Jig.  573.  This  tool,  which  consists  of  a  wooden  handle  s,  and  a 
thin  iron  blade  r,  with  a  Wunt  and  somewhat  bent  edge,  acls  admirably  in  cleaning  end 
also  in  parting  the  filaments,  without  caasing  needless  waste  in  flax  previous!;  well 
broken. 

The  winnowing,  which  has  the  very  same  object  as  the  rubbing,  is,  however,  much 
more  generally  adopted  than  the  latter.  Two  distinct  pieces  of  apparatus  belong  lo  it, 
namely,  the  swiug-atock  and  the  awing-knife.  The  first  consists  of  an  upright  board  with 
a  groove  in  ils  side,  into  which  a  handful  of  flax  is  so  placed  that  it  hangs  down  over 
half  the  surface  of  the  board.  While  the  left  hand  holds  Ihe  flax  fast  above,  the  right 
carries  the  swing-knife,  a  sabre-shaped  piece  of  wood  from  1|  lo  2  feet  long,  planed  to 
an  edge  on  Ihe  convex  side,  and  provided  with  a  handle.  With  Ibis  knife  the  fiax  is 
struck  parallel  10  the  hoard,  with  perpendicular  blows,  so  as  to  scrape  ofl"  ils  woody  asperi- 
ties. The  breadth  of  Ihe  swiag-knife  is  an  important  circumstance ;  when  too  narrow  it 
easily  causes  the  flax  to  twist  round  it,  and  thereby  tears  away  a  portion  of  the  fibres. 
WhenSorlOinchesbroadjit  isfound  toact  best.  Knives  made  of  iron  will  not  answer, 
for  they  injure  Ihe  filaments. 

Figs,  574,  575  show  the  best  eonslruclion  of  llie  swing-stock.  The  board  a  has 
lor  its  base  a  heavy  block  of  wood  b,  upon  which  two  upright  pins  l  e,  are  fixed.  The 
hand/,  which  is  stretched  between  the  pins,  serves  to  guide  the  swing-knife  in  ils 
movements,  and  prevent  the  operative  from  wounding  his  feet.  The  andet  edge  of  the 
groove  c,  upon  which  the  fiax  comes  to  be  laid,  is  cut  obliquely  and  rounded  ofl^  (see  d 

is 
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In  Jig.  574)  i  thus  we  percdTe  that  the  s 
SB  ta  injure  the  flax- 
Pig.  576  exhihila  t 


g-knife  a 


;r  strike  against  that  edge,  m 


le  form  of  a  very  conyenienl  implement  wliieh  is  employed  ia 
Belgiuni  instead  of  the  swing-knife.  Il  is  a  cort  of 
wooden  hatchet,  which  is  not  aboTe  tivo  lines  Ihielt, 
and  at  the  edge  g  A  is  reduced  to  the  thicliness  of  the 
baeli  of  It  linife.  The  fiy  fc  gires  force  to  the  blow, 
and  preserves  the  tool  in  an  nprighl  posilion.  The 
short  flat-pressed  helve  i  is  gliied  to  that  aide  of  the 
leaf  which  in  working  is  Inmed  from  the  swing-sleek; 
and  is,  moreover,  fastened  with  a  wooden  pin. 

The  rubbing  and  swinging  throw  otf  the  coarsest 
sort  of  tow,  by  separating  and  shaking  out  the  shortest 
fibres  and  those  that  happen  to  get  torn.  That  low  is 
used  for  the  inferior  qualities  of  socking,  being  miied 
wilh  many  woody  fibres. 

We  may  in  general  estimate  that  100  pounds  of 
the  stalks  of  relied  flait.  laken  in  the  dry  state,  afford 
from  45  to  48  pounds  of  broken  flax,  of  which,  in  the 
swinging  or  scutching,  about  24  pounds  of  R».x,  wilh  9  oc  10  pounds  of  scnldi  low  are 
obtained.  The  rest  is  boon-waste.  The  breaking  of  100  poundi  af  stalks  requires,  in  Iho 
ordinary  roai.ne  of  a  double  process  by  hand,  about  20  hoursi  and  with  the  above  de- 
scribed machine,  from  17  to  18  hours.  To  scutch  100  pounds  of  broken  flax  clean,  130 
iours  of  labor  are  required  by  the  German  swinging  method. 

Mr.  Bnndy  obtained  a  potent  in   1819,  for  certain  machinery  for  breaking  ond  pre- 
paring flai,  which  merits  description  here.    Fig.  577,  A  A  A  A,  is  the  frame,  made  eithet  of 
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wood  or  metal,  which  supports  the  two  conical  rollers  n  and  c.  These  revolve  independ- 
ently of  each  other  in  proper  brass  hearings.  A  third  eonieal  roller  d  is  similarly 
sopporled  under  the  top  piece  e  of  the  machine.  All  these  rollers  are  fraila  of  cones, 
made  of  cast  iron.  Whatever  form  of  loWh  be  adopted,  they  mast  be  so  shaped  and 
disposed  with  regard  to  each  other  as  to  have  considerable  play  between  them,  in  order 
to  admit  the  quantity  of  flan  stem  which  is  intended  to  be  broken  and  prepared.  The 
upper  piece  £  of  the  machine  which  carries  the  wpper  conical  roller  n,  is  filed  or  at- 
tached to  ihe  main  frame  4  a  A  A  by  strong  hinges  or  any  olher  moveable  joint  at  g,  and 
rods  of  iron  or  other  sufficiently  strong  material  i  h  h  is  attached  at  its  upper  end  by  a 
joint  to  the  top  piece  e,  through  a  hole  near  i,  and  is  flxed  at  its  lower  end  by  enoiher 
joint  K  to  the  treadle  or  lever  e  l,  which  turns  upon  the  joint  or  hinges  «.  A  spring  or 
weight  (but  the  former  is  preferable  for  many  reasons)  is  applied  to  the  machine  in  sueh 
manner,  that  its  action  will  alwafs  keep  the  upper  piece  e,  and  consequently  the  upper 
roller  d,  in  an  elevated  or  raised  position  above  ihe  rollers  n  and  c,  when  the  machine  k 
not  in  action  ;  and  of  course  the  end  l  of  the  treadle  will  also  be  raised,  which  admits  of 
the  fill  to  be  worked  being,  introduced  between  the  rollers,  viz.,  over  the  two  lower 
rollers  b,  c,  and  under  the  upper  roller  c ;  such  a  spring  may  be  applied  in  a  variety  of 
ways,  as  between  the  top  piece  e,  and  the  top  or  platform  of  Ihe  machine  at  m  ;  or  rt 
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roUera  b,  c,  and  nnder  the  uppec  roller  i>;  Bueh  a  Eprine  maybe  (.pplied  in  a  Torietyof 
ways,  Rs  between  tlie  top  pieca  E,  and  the  top  or  plfttSrm  of  the  maohiae  at  n;  or  it 
may  be  a  Bfrong  spiral  wire  Spring,  having  its  upper  end  faBf«ned  to  tJie  platform  wliila 
its  lower  estremitj  is  fised  to  the  rod  n  a,  round  whioh  it  ooiJs  as  shown  at  o,  or  it  may 
be  placed  under  the  end  l  of  the  treadle  ;  but  in  every  ease  its  strength  must  be  no 
mote  than  will  be  just  auffioient  to  raise  the  upper  roller  d  about  two  molias  from  the 
lower  rollers,  otherwise  it  will  occasion  nnneceasary  fatjgne  to  the  person  working  the 
machine. 

The  manner  of  using  it  is  as  follows :  the  upper  and  lower  rollers  being  separated  as 
aforesaid,  a  small  handfoJ  of  dried  fla^  or  hemp  stems  is  to  be  introduced  between  them, 
and  held  extended  by  the  two  hands,  while  the  rollers  are  bwught  together  by  the  pres- 
sure of  the  foot  upon  the  treadle  l.  This  pressure  being  contmued,  the  flax  or  hemp  is 
to  be  drawn  backwards  and  forwards  by  the  hands  between  the  rollers,  in  a  direction 
at  light  angles  to  their  axes,  and  eventaally  withdrawn  by  pulling  with  one  hand  only. 
The  foot  is  now  to  be  removed  until  the  fiax  or  hemp  is  again  replaced,  and  each  end 
is  this  way  to  be  drawn  several  times  through  the  machine,  until  such  ends  are  respec- 
tively finished. 

By  a  succession  of  these  operations,  using  the  pressure  of  the  foot  upon  i,  each  time 
that  the  Has:  or  hemp  is  introduced  betwei^n  the  rollers,  and  regulating  such  pressure 
according  to  the  progress  of  the  work,  the  flax  or  hemp  will  soon  be  sufhciently  worked 
and  the  fibre  brought  into  a  clean  and  divided  state  ht  for  bleaching ;  or  if  it  be  re- 
quued  to  spin  it  in  the  yellow  state,  it  may  ho  made  sufficiently  fine  by  a  longer  con- 
tinuation of  the  same  process,  particularly  if  worked  between  the  smaller  ends  of  the 
rollers. 

Indeed,  the  operation  may  be  commenced  and  continued  for  some  time,  with  the 
larger  part  of  the  rollers,  and  finished  with  their  smaller  ends ;  and,  in  this  point  of 
Mcw.  the  invention  of  conical  rollers  will  be  found  both  convenient  and  useful;  for  as 
the  flutes,  grooves,  or  teeth  vary  in  their  distance  from  each  other  at  all  points  between 
the  large  and  small  ends,  so  itnecomea  almost  impossible  for  the  workman  to  draw  the 
flax  or  hemp  through  such  rollers  in  the  same  track ;  and  thus  the  breaking  of  the  boon 
must  be  much  more  irregular,  and  the  fibre  will  be  much  more  effectually  cleansed  than 
it  can  beby  the  Antes,  grooves,  or  teeth  of  cylinders,  or  other  such  contrivances  formerly 
employed  ;  because  they  would  probably  fall  frequently  upon  the  same  points  of  the 
fibres.  If  it  is  intended  that  the  flax  shall  be  bleached  before  it  is  spun,  then  the  second 
part  of  Mr.  Bandy's  invention  maybe  had  recourse  to,  which  consists  in  moving  certain 
trays  or  cradles  in  the  water,  or  other  fluid  used  for  bleaching  the  flax  or  hemp  in  the 
manner  tollowina  viz. :  The  flax  or  hemp,  after  having  been  broken  and  worked  in  the 
machine,  should  Do  divided  into  smaller  quantities  of  about  one  ounce  each,  and  these 
should  be  tied  loosely  in  the  middle  with  a  string,  and  in  this  state  laid  in  the  trays  or 
cradles,  and  tlien  be  soaked  in  coldsoftwater  for  a  day  or  two,  when  each  parcel  should 
be  worked  separately,  while  wel^  through  a  machine,  precisely  similar  to  that  already 
described,  except  only  that  the  rollers  should  be  cylindrical,  and  made  entirely  of  wood 
with  metal  axles,  and  the  teeth,  which  will  be  parallel,  should  be  similar  in  form  to 
those  shown  ii  lection  at  q,  jjj.  578.  Such  operation  will  loosen  the  gluten  and  colouring 
matter,  for  the  rinsing  and  wringing  which  must  follow.  The  flax  must  then  he  again 
disposed  in  a  flat  and  smooth  manner,  in  anoh  trays  or  cradles,  and  onee  more  set  to 
soak  in  suffieient  soft  water  to  cover  it,  in  whioh  a  small  quantity  of  soap,  in  the  pro 
portion  of  about  seven  pounds  of  soap  to  each  hundred  weight  of  flax,  has  been  pre- 
viously dissolved,  and  in  this  state  it  should  remain  for  two  or  three  days  longer,  ajid 
then  ba  finally  worked  through  tlie  machine,  rinsed  with  clear  water,  and  wrung: 
which  will  render  it  sufficiently  white  for  most  purposes. 

Canfiax  be  prepared  vathout  retting  i — The  waste  of  time  and  labour  in  the  steeping 
of  flax ;  the  dyeing  of  the  fibres  consequent  thereon,  which  must  ba  undone  by  bleach- 
ing ;  the  danger  of  injuring  the  staple  by  the  action  of  putrescent  water ;  and,  lastly, 
the  diminished  value  of  &s&  which  is  much  water-retted,  are  all  circumstances  which 
have  of  late  years  suggested  the  propriety  of  superseding  that  process  entirely  by 
meehanieal  operations.  It  wfts  long  hoped,  that  by  the  employment  of  breaking 
machines,  the  flas:  merely  dried  could  be  freed  from  iU  woody  particles,  ■while  the  tex- 
tile filaments  might  be  suffioiently  separated  by  a  subsequent  heckling.  Espeiienee 
has,  however,  proved  the  contrary.  The  machines,  which  consisted  for  the  most  part  of 
Quted  rollers  of  iron  at  wood,  though  expensive,  might  have  been  expected  to  separate 


tage  was  gained 


matter  from  the  fibres ;  bu^  in  the  further  working  of  the  flax  no  advan- 
for  breaking  than  retted,  under 


i.  Onretted  flax  requires  a  considerably  longer  ti 
the  employment  of  the  same  manipulations. 

a.  Unretted  stalks  deliver  in  the  breaking  and  heckling  a  somewhat  greater  product 
than  the  same  weight  of  flax  which  has  been  retted ;  but  there  is  no  real  advantage  in 
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and  the  alkaline  Jyea  taie  owaj  that  m 
not  greater  from  tlie  unrettod  than  the  retted  fiax. 
the  unretted  stalks  is  imperfectlj  effected  by  the 
iraer  as  compared  with  the  retted  article,  and  afforda 
to  reoeiva  greater  attenoation  by  a  long-oODtinued 
we  torn  filaments  and  tow. 

glossy,  and  rougher ;  and,  on  account 
than  the  retted  flfli^    Horistheyar 


la  the  bleaching  proeess,  the  wat< 
the  weight  of  the  bleached  fibre 

3.  The  parting  of  the  fibres  i 
heckling ;  the  &ax  either  remains  i: 
a  coarser  thread,  or  if  it  be  mad 
heckling,  it  yields  incomparably  i 

4.  The  yarn  of  unrett^ed  flax  feels  harder, 
of  these  qualities,  turns  out  worse  in  the  we        „ 

of  unietted  flas,  whether  nnbieaehed  or  bleached,  in  any  degree  stouter  tban  the  yarn 
of  the  retted  Box. 

5.  Fabrics  of  nnrctfed  flax  require  for  complete  bleaching  about  a  sixth  leas  tJme  and 
materials  than  those  of  the  retted.  This  is  the  sole  adyantage,  but  it  is  more  than 
eoanterbalanced  by  the  other  drawhaoie  above  specified. 

The  foregoing  operations  having  brought  the  flax  into  the  ordinary  fibrous  merchan- 
table state,  saitable  for  the  spinner,  it  now  remains  to  pa£s  through  the  following  pro- 
cesses, by  which  it  is  maQufaetnred  into  yams  for  sale  or  use,  viz,  1st,  heckling,  and, 
preparing,  3rd,  spimiing,  4th,  reeling,  5th,  drving  and  6th,  mating  up. 

6.  Heckling.  The  operation  of  heckling  has  far  its  objects,  ist^  that  of  combino 
or  straightening  the  fllamenjs  entangled  as  coming  from  the  scutching.  2d,  that  ot 
splitting  them,  with  a  view  of  lessening  and  eqnalizmg  their  size.  In  accomplishing 
these  objects  the  material  is  unavoidably  divided  int«  two  portions.  The  long  and 
straight  fibres  constituting  the  firat^  called  "line,"  and  the  short,  brokeo,  and  confused 
of  the  second,  "tow."  Both  the  line  and  tow  are  capable  of  being  spun,  but  the  line  is 
much  the  more  valuable,  being  used  for  the  better  descnptions  of  yams,  Ac,  with 
greater  facility  than  the  tow  for  the  interior.  The  aim,  therefore,  of  good  heckling  is  to 
produce  Hie  larger  proportion  of  line  from  a  given  quantity  of  flax,  the  attainment  of 
which  leaves  much  scope  for  care  and  judgment^  whether  the  older  method  of  heck- 
ling by  hand  or  the  more  recent  by  machine  is  adopted.  In  hand  bedding  the 
instruments  are  a  comb-fashioned  tool,  called  the  heckle  or  kackle  ;  a  surface  studded 
more  or  less  Uiickly  with  metal  polnta,  called  heckle  teeth ;  over  which  the  flax  is  drawn 
in  such  a  way  that  the  above  three  required  operations  may  be  properly  accomplished. 

The  heckles  ordinarily  used  for  hand  heckhng  in  this  country  are  in  the  form  of 
rectangular  parallelt^ams,  presenting  a  line  of  ^  inches  towards  the  worker  and  4  to  6 
inches  deep.  The  first  tool  employed  is  called  the  "  ruffer,"  the  pins  of  which  arc  about 
j  inch  square  at  their  base,  and  7  inches  long,  and  brought  to  a  fine  point;  the  second  is 
the  "common  S,"  which  is  always  used  after  the  "rutfer;  then  the  "fine  8,"  the  "10,"  the 
"12,"  the  "IS."  lie  pins  of  all  these  tools  are  sunilorly  placed  to  those  of  the  ruffer, 
but  are  somewhat  shorter  inlength  and  are  more  slender  as  the  tools  increase  In  fineness. 
In  all  these  tools  the  pins  are  held  in  wooden  stocks  of  about  }  inch  in  thickness  and 
covered  with  sheet  tin.  This  sheet  tin,  through  which  the  pins  are  driven,  helps  to  sup- 
pott  them  and  prevent  the  wood  from  splitting.  These  tin  covered  stocks  are  only  of  a 
size  necessary  for  the  extent  of  pins  employed,  and  are  themselves  screwed  to  other  larger 
-'--es  of  board,  a  little 
.der  and  Some  inches 
longer  than  themselves, 
and  by  which  they  are 
ultimately  fixed  to  the 
heckler's  bench,  ineJining 
somewhat  backward  with 
their  points  from  the 
worker,  and  a  elopiug 
board  behind  to  prevent 
the  flax  entering  too 
much       in       the        pins. 

Fig.  579.  end  view 
of  a  heckle ;  M  58a 
front  view  of  heckle  ; 
Jiff.  •  581.  heckle,  &e. 
fixed  up  for  working,  a  pins ;  b  tin  covered  stock ;  c  foundation  board ;  d  beam  of  table 
or  benSi;  b  back  board;/ table  to  receive  the  tow,  &e.;  y  hand  of  workman.  Such  i( 
the  fonn  of  heckle  used  in  England,  and  also  the  manner  they  are,  of  whatever  deserip 
liOD,  fiswl  for  work, 


582.)  .F^.  582.  is  the  ground 
and/j.  683.  ia  the  section.  Upon 
I  &o  oblonc  piank  a  b,  two  circular  or 
equara  blocks  of  wood  c  and  d  aru 
fixed,  in  whicli  the  lieckl?  teeth 
stand  upright.  To  give  tliese  a 
farmer  hold  they  are  stuck  into  holes 
in  a  braes  or  iron  plate,  with  which 
1  the  upper  surface  of  e  and  d  is  cohered. 
Both  heckles  may  be  either  aseo- 
ciated  upon  one  board  or  separated;  and  of  different  fineneBsee ;  that  is,  the  teeth  of  the 
one  maybe  thinner,  and  Btoiid  closer  together ;  becanae  the  complete  preparation  of  the 
flax  requires  lor  its  proper  treatment^  a  two-fold  heckling ;  one  upon  the  coarse,  and  one 
upon  the  fioehaokle;  nay,  sometimes  Sorlheoklesare^em^loyed  of  progressive  finene 


occasionally  of  steel,  and  from  1  to  2 
ith,  all  at  an  equal  level,  and  m 


ttall 


gra'duate  very  evenly  into  a  cyhodrieal  stem,  Lka  that  of  a  sew mg  needle,  withoatany 
irregularity.'  The  face  of  the  heckle  block  ornst  he  nniformly  beset  with  teeth,  which 
IS  done  hy  different  arrangements,  some  persons  setUng  them  in  a  circle,  and  others  in 
parallel  rows.  The  coarse  heckle  is  furnished  with  teeth  about  one-tenth  of  an  inch 
thick,  one  and  a  quarter  of  an  inch  long,  and  iaperina;  from  the  middle  into  a  very  fine 
point  In  the  centre  of  the  circular  heckle  is  a  t»oti  planted ;  tlie  rest  are  regularly 
set  in  12  similar  ooncentric  circles,  of  which  the  oatermoat  is  5|  inehes  in  diameter. 
The  fine  heckles  contain  no  fewer  than  1,109  teeth.  Instead  of  making  the  points  of 
the  teeth  round,  it  is  better  to  make  them  quadrangular,  in  a  rhombus  form,  in  which 
case  the  edges  serve  to  separate  or  dissect  the  fibres. 

The  operation  of  manual  heckling  is  simple  in  principle,  although  it  requires  much 
experience  to  acquire  desterity. 

The  workman  having  first  divided  the  flax  into  handfule  or  stricks,  of  which  there 
are  300  to  400  to  the  owt,  proceeds  to  grasp  one  as  flatly  spread  as  possible  between  his 
forefinger  and  tliumb,  by  about  its  middle,  and  wind  the  top  end  round  his  hand  in  order 
thebettert*  prevent  the  slipping  of  the  fibrra;  he  then  begins  by  a  circular  awing  of 
his  arm  to  lash  the  root  end  into  the  heckle,  taking  care  to  commence  as  near  the 
istremity  as  possible,  now  and  then  collecting  the  fibres  by  holding  his  left  hand  in  front 
of  Uie  tool,  turning  the  strick  from  time  l«  time ;  he  thus  gradually  works  up  as  near  as 
possible  to  hb  right  hand,  when  he  seizes  the  ruffed  part  of  the  stricfc  and  holds  it  in 
the  same  manner  as  at  first,  and  proceeds  by  similar  treatment  to  "  rnff  "  tJie  top  end ; 
when  tliis  is  finished  the  "mffed"  work  is  taken  to  the  tool  called  a  "common  8,"  the 
pins  of  which  are  much  closer  placed  than  those  of  the  ruffer,  and  are  only  4  or  5 
inches  long.  This  "8"  is  always  Used  after  the  ruffer,  but  from  it  the  work  can  bo 
taken  to  any  of  the  finer  tools,  viz,  8,  10,  12,  and  sometimes  18.  It  is  nanal  and  better 
to  dreae  both  ends  over  each  too!  before  taking  the  work  to  the  nest.  The  pins  of  all 
these  tools  are  4  inches  long,  in  order,  as  was  supposed,  io  have  sufficient  spring.  The 
fias  ia  not  lashed  int«  them  as  into  the  ruffers,  neither  are  the  ends  required  to  be 
wound  round  the  hand.  But  the  root  end  of  the  Sax  is  always  the  one  to  be  first 
worked,  and  the  heckling  begun  at  nearly  the  extremity  of  tlie  striok,  which  on  being 
drawn  through  the  heckle  is  received  by  the  left  hand  of  the  workman,  and  by  it  car- 
ried back  and  laid  upon  the  back  board  and  over  the  point  of  the  pins,  for  the  nngie 
of  inolinatiou  of  the  heckles  and  a  slight  lowering  of  the  right  hand  causes  it  to  enter 
aufliciently  on  being  drawn  forward.  As  it  is  impossible  to  ruff  or  dress  entirely  up  to 
the  hand,  when  the  hold  is  changed  in  either  operation,  there  must  of  necessity  be  left 
a  certain  space  to  be  repassed  tbrough  the  tools;  this  is  called  the  "shifty"  but  the 
less  length  that  is  required  for  this  pui'pose  the  better  for  the  yield  of  lime.  The 
numerous  long  fibres  that  slip  from  the  striek  in  ruffing  must  be  collected  and  drawn 
from  the  mass  of  tow  attached  to  them,  when  they  can  be  relaid  in  the  stricfc,  or  kept 
to  be  dressed  separately  under  the  name  of  "shorts,"  and  from  time  to  time  the  short 
fibres  or  tow  stiofcing  to  the  teeth  of  the  finer  tools  are  removed.  Whenever  one 
half  of  the  length  of  the  etrake  of  flax  is  heckled,  it  is  turned  round  to  heckle  the 
other  halt  This  process  is  repeated  upon  each  heckle,  f'rom  100  pounds  of  well- 
cleaned  Sax,  abont  46  or  BO  pounds  of  heckled  line  may  be  obtained  by  the  hand 
labour  of  13  hours  ;  the  rest  being  tow.  with  a  small  waste  in  bony  parlides  of  dust. 
The  process  is  continued,  till  by  careful  handling  little  more  tow  is  formed. 

To  aid  the  heekle  in  splitting  the  filaments,  three  methods  have  been  had  recourse 
to  ;  beating,  brushing,  and  boiling  with  soap-water,  or  an  alkaline  lye. 

Beating  flas  either  after  it  is  completely  heckled,  or  between  the  tii-st  aud  second 
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heckliiig,  is  practiced  in  Bohemia  and  Sileeia.  Each  hecHed  tress  of  Sax  ii  folded  In 
the  middle,  iwistad  onoe  round,  its  ends  being  wound  about  with  flaseu  threads ;  anil 
Ihiahpad,  as  it  ia  called,  is  llien'beatby  a  wooden  mallet  upon  a  block  and  repeatedly 
turned  round  till  it  has  become  tot.  It  is  next  loosened  out,  and  rublted  well  between 
the  hands.  The  brushing  is  no  leas  a  Tery  proper  operation  for  parting  the  flas  into  fine 
filaments,  softening  and  strengthening  it  without  risk  of  tearing  the  fibres.  Tbis  pro- 
cess requires  in  tools,  merely  a  etiil  bi'ush  made  of  swines'  bristles,  and  a  smooth 
board,  8  feet  long  and  I  foot  brood,  in  whicha  wooden  pin  is  made  fast^  The  end  of 
the  flax  is  twlatfid  two  or  tjiree  times  ronnd  this  pin  to  bold  it,  and  then  brushed 
through  its  whole  length.  Well  hecliled  flax  suffers  no  loss  in  this  operation;  un- 
beeltled,  only  a  Utile  tow ;  which  is  of  no  consequence,  as  the  waste  is  thereby 
diminished  itt  the  following  process.  A  oylindiical  brush  turned  by  maehiuery  might 
be  employed  here  to  adTantage.  These  have  been  tried  in  establishments  for  machine 
spinning  but  not  found  advantageous. 

Tlie  boiling  of  flas  with  potash  lye  alone,  or  with  lye  aad  soap,  dissolves  Uiat  portion 
of  the  glutinous  cement  which  had  resisted  the  retting,  completes  the  separation  of  the 
fibres,  and  was  therefore  supposed  a  good  practical  means  of  imprormg  flax.  When 
it  is  performed  upon  the  heckled  fibres,  a  supplementary  brushing  is  requisite  to  free 
it  from  the  dust,  soapy  particles,  Ac,  but  this  also  is  now  abandoned. 

Machine  luckling. — As  intimated  above,  the  object  of  all  heckling  was  that  of  pro- 
ducing a  good  yield  of  line  with  tows  of  good  quality  Viat  is  to  say,  free  from  broken 
uusplit  fibres,  lumps  and  knots :  the  care  and  attenti;  n  to  do  this,  t<^cther  with  the 
expense  and  uncertain  results  of  the  individual  skill  of  workmen,  ui^ed  monufaetnrera 
some  time  since  to  attempt  the  establishment  of  maohinesfor  dressing  flax  mechanically. 
Therefore  manv  contrivancas  have  been  made  with  liis  view,  but  it  was  long  doubted 
whether  any  oif  them  made  such  good  work  with  so  little  loss  as  bani]  labour.  In 
heckling  by  the  hand,  it  was  supposed  the  operative  would  feel  at  once  the  degree  of 
resistance,  and  be  able  to  accommodate  the  traction  to  it,  or  ttirow  the  flax  more  or  less 
deeply  among  the  teeth,  according  to  circumstances,  and  draw  it  with  Buttable  force  and 
velocity.  For  a  eonsiderable  period  these  ideas,  or  rather  prejudices  as  they  may  now 
be  called,  seemed  to  be  confirmed ;  for  the  earlier  attempts  tosopersedehandhecklmg, 
like  those  in  many  other  undertakings,  though  partially  favourable,  were  upon  the  whole 
somewhat  discoura^ng :  in  attaining  one  pomt  desired  another  one  was  lost,  for  too  much 
still  depended  upon  the  care  and  attenljon,  if  not  upon  the  actual  skill,  of  the  attendants. 
Therefore,  a  review  of  those  machines  that  really  came  into  operation,  to  a  more  or  less 
limited  extent,  as  well  as  a  slight  mention  of  some  of  those  patented,  but  never  publicly 

h  n,  may  not  be  useless  as  a  lesson  for  preventing  a  repetition  of  things  already 
k  wn.  well  also  for  illustrating  the  steps  by  which  wese  first  prejudices  have  been  gra- 
1    lly     ercome.    The  first  hecMing  machine  invented,  or  at  least  published,  wasci^ed 

1        P  ter,"  and  was  intended  to  imitate  as  closely  as  possible  the  movements  of  the 

1      d  h    kles.    In  commencing  the  work,  the  flax  was  first  divided  bto  small  convenient 

1    rt    n     r  handfuls,  of  about  4  ounces  each,  called  "stricks,"  and  which,  before  being 

k      to  the  machine,  were  slightly  stra^htaned  and  dressed  over  the  ordinary  hand 

ff         Each  of  these  stricks  was  then  placed  between  a  pair  of  short  iron  bars,  one 

f  these  bars  having  an  indentation  along  its  middle,  and  the  other  a  corresponding 
p    jei-t      ( thus,  when  tightened  together  by  screws  4^  inches  apart  (such  a  length  being 

qn  1 1  hand-heckler's  grasp),  the  flas  was  firmly  held  while  exposed  to  the  action  of 
t!  hatkles,  (this pair  of  bars  with  screws  being cidled  a  "holder").  This  holder  was 
th  n  ispanded  from  movable  levers  over  a  truncated  rectangular  cylinder,  upon  the 
truncated  angles  of  which  were  fixed,  at  a  certain  angle,  hecHes  similar  to  those  used  in 
the  manual  operation.  The  levers  supporting  the  holders  received  from  a  crank  a^oH 
up  and  down  motion,  so  timed  in  their  oscillations  as  to  strike  the  holder  nearly  against 
the  points  of  the  pins  at  the  time  they  were  passing  under,  coming  thus  as  nearly  as  pos- 
sible to  the  effect  of  a  man  striking  in  and  drawing  thrcugh  the  heckles,  with  the  ex- 
ception that  file  flax  remained  nearly  stationary,  and  the  heckle  was  drawn  through  it  bv 
the  rotation  of  the  cylinder ;  such  macbme  carried  two  holders.  The  tow  made  and  col- 
lected in  the  heckles,  was  seized  and  taken  off  by  boys  stationed  for  that  purpose,  while 
aaotlier  a(  the  ring  of  a  bell  took  out  and  changed  the  sides  of  the  stricks  to  be 
presented  to  the  action  of  the  heckles,  and  snbsequently  withdrew  them  from  the  firci 
machine  to  another  sunilar  but  with  finer  heckles,  and  thus  continued  till  the  root  end 
(always  the  first  to  be  operated  upon)  was  di-essed  to  the  desired  degree  of  fineness,  when 
they  would  be  taken  to  a  table  where  another  set  of  boys,  previously  to  removing  the 
first  holder,  put  on  a  second  to  the  already  heckled  part,  leaving  a  short  length  of  3) 
or  3  inches  to  be  reheckled.  This  operation  is  termed  shifting  and  the  space  lell  the 
"sbiil,''  and  is  thus  peitormed  and  so  called  at  the  present  day  ;  the  only  change  in  the 
holder  now  in  use  being,  that  one  screw  is  used  for  two  stHcks  instead  of  two  screws 
for  one  atriek.     Flff.  584.  will  more  clearly  show  the  construction  of  tliis  machine. 
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.1  square  truncated  ejJinder  carrjing  the 
hediles;  b  oacillatiug  arm  or  lever  for  support 
ing  tlio  holder;  coo  framing;  d  trunk  and 
shaft;  B  oonaeoting  rod  from  crank  to  osoil- 
Inting  arm ;  f,  f.  f,  r  heeklea ;  o  a  q  o  bnek  bonrd ; 
li  holdei'.  The  flret  niolion  was  given  by  pulleys 
—  the  shaft  B,  which  revolved  i  " '-  ■"    ■■ 


bell  motion  were  attached  in  the  usual  manner 
to  the  shaft  of  the  cylinder. 
I  Machines  of  this  construction  eentinded  in 
rather  limited  use  without  any  change  or 
competition  till  about  the  y«nr  1826,  when  a 
patent  was  taten  for  a  maGtm:e  known  as  &e 

Eendulum  machine.     Ttie  flax  in  the  holder 
aing  suspended  and  swung  backwards  and 
forwards  while  the  heckle  remained  fixed,  thus 
-  the  flax  was  heckled,  stroke  for  stixike,  on  each 
The  boys  as  in  the  last  described,  snatching  off  the  tow  as  it  was  formed, 
ain  times,  that  is  at  each  rise  of  the  pendulum,  foe  it  had  a  rising  and  fall- 
ji  imitate  the  band  workers  iu  commencing  at  the  extreme  end  of  the  flax, 


passing  the  holder  from 
the  pTOgressively  finer  tools  when : 
ent  tools  were  fixed  npon  the  angh 
the  whole  length  of  the  machine,  b 

lura,  when  the  labour  ot  the  boys  ■« ^  -j 

flax.    The  adjoining  diagram,  (jig.  585.)  withi 
that  WHS  so  little  used,  will  miie  the  theory  of 


another  of  the  pendulous  table,  s< 
,nged  along  the  machine,  but  sometimes  the  diffei'- 
of  a  square  cylinder  that  presented  a  finer  range, 
turning  up  a  now  angle  at  each  rise  of  the  pendu- 
"  simply  to  put  in  the  tow  and  take  out  from  it  the 
'  entering  on  any  details  of  a  machine 
a  action  qnito  clear. 

A  heckle  bench  sometimes  re- 
volving so  as  to  present  different 
degrees  of  liecklcs  at  its  various 
angles,  sometimes  stationary  with 
the  gradations  of  heckles  upon  its 
length ;  B  B.  pendulum  arms ;  o  c, 
egual  wheels  working  info  each 
other;  n  d,  crank  arms;  js  radial 
slide-bars  to  preserve  the  holder 
table  vertical ;  H,  holder  table  ; 
F,  F,  F,  F,  heckles;  o,  q, backboards; 
1 1,  direction  in  whidi  the  holders 
swing ;  there  were  the  same  wheels, 
liti^,  at  each  end  of  the  machine, 
and  the  holder  table  h  readied 
from  one  to  the  other.  Tlie  wheels 
c,  0,  with  all  attached  to  them,  were 
made  to  rise  and  lower  upon  the 
heckles,  and  the  back-boards  Q  to 
rise  when  the  heckle  bench 
turned. 

About  the  same  time  another 
patent  was  taken  out  for  a  machine, 
where  the  holders  were  snspended 
above  one  end  of  a  travelling  sheet 
of  heckles.  This  machine  also 
required  hand  labour  to  turn  and  ti'ansfer  the  strieks,  though  the  tow  was  caused  to 
fall  clear  from  the  heeklea  by  mechanical  means.  The  foUowing  sketoli  IJg.  586.)  shows 
the  principle  upon  which  this  machine  works,  and  though  never  much  employed  at 
jhe  tjme  of  its  appearance,  has  subsequcntJy  served  as  a  foundation  far  those  that  are 
now  in  the  zenith  of  their  prosperity. 

A  A  tfg.  686.)  sheet  of  heckles ;  B  support  for  holders;  c,  c  carrier  pulleys  for  the  sheet 
of  heckles.  Mg.  687.,  a  larger  view  of  the  heckle  bar  o  a.  in  order  better  to  show  the 
fallen)  DC  in  the  staplesor  grooves  F,E,  and  jfii- 588.  at  theendof  the  heckle-bar  as; 
F,  F,  pins  of  the  heckles,  between  the  rows  of  which  the  faller  d  d  u  acts  to  push  the 
tow  off  ihe  pins.  There  is  a  clearing  faller  n  to  each  heckle,  which  is  kept  to  the  bot- 
tom of  the  heckles  at  that  part  of  their  course  where  they  are  in  contact  with  the  flas. 


but  at  the 

AUtl 


D  fly  beyoSd  the  points,  as  shown  by  ihe'effect  of  the  centrifugal  force. 

I  machines,  possessing  great  similarity  of  features  in  regard  to  the  personal 
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re<niircd,  neiei   ■■aiut  into  sml    f,pne  il  opera  et    Rurersede  eiiiirc.y 

.ing,  either  fr-im  their  own  Jefc  t  or  p  ejud  ea  ae  uaot  tl  c  r  employment 
Afaoat  the  jear  1830,  in  consequence  of  the  new  modeof  jpinning,  hereafter  to  be  de- 
eeribed,  being  carried  on  with  conaiderable  energy,  it  was  t:  und  ndvantageouB  to  cat  the 
HaxintoS,  S,  ormorelengtlisprevionsly  to  heckling,  which  rendered  it  neeeBsary  to  have 
machines  peculiarly  adapted  for  this  new  short  description  of  material.  Tliis  machine, 
known  as  the  eieenfrio  or  circular  machine,  deaeryes  considerable  attention  for  its  own 
inherent  merits,  and  the  exteneiTe  ntility  it  has  proved  to  be  of  in  suggesting  the 
principal  parts  of  those  by  which  it  has  been  supplanted.  In  ita  original  form  it  was 
made  of  a  breadth  suitable  tor  only  one  strick,  ana  conBiated  of  a  cylinder  8  ft.  diameter, 
upon  the  whole  circumference  of  which  at  intervals  of  3  or  4  inches  were  fixed  the 
heckles.  Ab  each  machine  could  only  carry  one  desciiption  of  heckle,  it  was  neces- 
sary to  employ  a  series  of  these  machines,  called  a  "class,"  when  the  flax  reqoireii  to 
be  dressed  oyer  a  succession  of  finer  tools,  each  succeeding  machine  carrying  a  finer  ttiol 
than  its  predecessor.  The  heiJiles  were  cleared  of  tow  by  coming  in  contact  at  one 
part  of  thdr  revolution  with  a  brush  roller,  which  also  revolved  in  contact  with  a 
cyMnder  covered  with  card  clothing,  the  points  of  the  pins  being  in  such  a  direction  as 
to  clear  the  brush  from  tow,  and  allow  itself  to  be  in  its  turn  cleared  by  the  oscillations 
of  a  comb,  whence  byrollersthe  tow  was  brought  into  asliver.  In  order  to  preserve  the 
continuity  of  the  supply  of  tow,  and  maintain  the  regularity  of  the  sliver  produced  by  it, 
the  holders  with  the  fTax  were  presented  to  the  heckle  cylinder  in  a  manner  peculiar  to 
this  machine,and  in  endless  saccession  by  means  of  certain  circular  carriers  placed  at  each 
and  of  the  heoUe  cylinder,  but  escentrio  thereto,  and  at  such  a  distance  apart  as 
each  diould  bear  one  end  of  the  holder  as  it  extended  across  the  cylinder  parallsi 
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to  its  asle.  Thus,  tlie  holders  iatxoduced  e.t  that  part  of 'the  circumference  of  tbess 
earriera  furthest  from  the  hceltka  were  earned  forward,  while  the  flax  waa  in  opera- 
tion, till  Uiey  were  brought  almost  iato  contact  with  the  points  of  the  pins,  when  by 
the  intervention  of  a  slide  thej  were  withdrawn  from  the  machine,  but  with  one  sias 
only  of  the  flan  dressed,  and  tliat  but  on  one  tool;  therefore,  the  holder  required 
replacing  in  the  eame  machine,  in  order  that  the  seeond  side  of  the  strlck  should  be 
dressed  as  was  the  first.  The  holders  then  required  to  be  carried  by  hand  to  each 
succeeding  machine  of  the  class. 
TIio  preceding  figure  (589.)  shows  the  leading  features  of  these  machines: 
A  A  {fig.  C>89.)  heckle  cylinder;  gb  excentrjc  wheel  t«  carry  holders  in  iia  recessei 
'',  h,  h,  A,  h,  ;  0  slide  upon  which  the  holders  were  laid  so  as  to  fall  into  the  recesses 
ft,  h  of  wheel  a;  d  elide  for  taking  oat  holders;  e  brush  cylinder  with  brushes;  s 
cylinder  covered  with  card  clothing;  h  holder  come  out;  i  iJofEng  comb.  The  space 
of  the  holder  carrying  wheel  was  filled  with  holders,  and  so  maintained  in.  endless 
Bueeeasion,  and  thus  each  served  in  some  measure  to  keep  the  end  of  its  preceding 
one  down  into  tlie  heckles. 

About  1833,  a  macliine  was  patented  consisting  of  two  parallel  cylinders,  over 
which  the  flax  was  carried,  revolving  in  its  prot^ess  so  as  to  present  the  alternate 
sides  of  the  stiick  to  the  heeMes,  the  progressively  finer  tools  being  ranged  along  these 

Zlicdcrs,  so  that  having  passed  the  length  of  one  cylinder  one  end  was  completely 
ished.  When  the  holder  was  taken  out,  "shifted,"  and  replaced,  it  was  carried 
back  along  the  second  cylinder,  and  thus  returned  to  where  it  commenced,  finished. 
This  macmnc,  however,  never  was  cari'ied  farther  than  the  experimental  one  for  tlie 

Anothei-  machine  the  same  year  made  its  appearance,  and  which  for  some  lime  en- 
joyed much  celebrity.  It  consisted  of  two  parallel  vertical  sheets  of  heckles  running 
together,  and  so  geared  that  the  heckles  of  one  intersected  the  interaticca  of  the  other. 
The  flas  auapended  in  its  holder  from  a  species  of  trough  passed  between  these  two 
sheets,  and  was  thus  heckled  aimultaneoualy  on  each  aide  in  its  course  throagh  the 
progressively  finer  heckles  fi'om  one  end  of  the  machine  to  the  other. 

A,  A  (690.)  heckle  shceta;  bb  holder  trough  or  elide;  c,  o,  c,  c,  pulleys  for  carrying  the 


beckle  sheets!  i>,  d  hrnah  rollers    ^  g  rollers  covered  with  card  clotliing  to  clear  the 
crashes ;  r,  f  doffer  combs    e  a,  e  o  heckles ;  h  holder ;  i,  i  brushes. 

At  about  the  same  period  a  foreign  machine  was  patented,  known  as  Evans's  ma- 
i;hine,  of  which  the  following  desciiptiun  will  give  a  oonrect  idea  of  its  principle 
if  action,  and  also  of  its  holders,  which  are  different  from  those  ali-cady  described. 
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,,  attached  to  two  movable  frameB  repreeentet 
at  a  and  b.  Eaeh  ftame  is  formed  by  vertii^a! 
bars  a  b,  with  lateral  branehea  or  anne, 
which  carry  the  hcekla  points.  The  branch- 
es or  arma  are  parallet  and  at  eij^ual  dis 
tances  apart,  bub  fixed  iiL  saeh  positiona  in 
eaeh  frame  that  they  may  occupy  the  intcr- 
FCDing  space  'when  the  &ames  are  brought 
together  as /if.  682,  The  frames  are  put  in 
motion  by  means  of  reyolying  ocanks  to 
^F1lich  they  are  attached  as  shown  in  Jig. 
593,,  and  when  the  cranks  turn  upon  their 
ases,  the  branches  of  one  frame  pass  be- 
%  tween  those  of  the  other  without  touching. 
5  This  forma  what  may  be  called  a  set  of 
combs ;  the  points  ot  the  combs  of  one  act 
heing  opposed  to  the  points  of  the  combs  in  the  other  set. 

Tlie  way  in  which  the  series  of  comba  that  compose  one  set  act  upon  the  flai^  la 
shown  in  the  side  view,  ^g.  591.  When  the  cranka  are  nearly  vertical,  iJie  points  of 
both  frames  are  away  from  tbe  flax,  but  as  the  cranks  move  ronnd  in  the  direction  of 
the  arrows,  the  frames  come  into  another  position,  and  it  ia  then  that  the  poiuta  or 
heckles  of  one  of  the  frames  a,  begin  to  penetrate  the  flax,  and  descending  they  comb 
or  divide  its  librea.  The  rotation  of  the  cranka  continuing,  the  two  frames  a  and  b 
come  into  the  position  shown  at /a.  691.,  the  points  of  the  frame  a  withdrawing  from 
the  fla^  and  those  of  tiia  frame  b  approaching  and  pushing  the  fibres  off  from  lie 
former,  which  ore  now  combed  by  the  descending  stroke  of  the  points. 

It  will  hence  be  perceived  that  as  the  combs  of  the  frame  a  and  b  respectively 
advance,  they  will  push  forward  the  whole  ot  the  striek  of  flas,  and  render  it  impos- 
sible for  the  fibres  to  be  raised  and  entangled,  as  each  frame  in  advancing  clears  the 
fibres  from  tbe  points  which  preceded  it. 

A  single  set,  however,  of  such  combs  or  heckles  acting  only  on  one  side  of  the  flas 
would  but  imperfectly  perforin  tbe  operation  of  opening  ite  fibres;  it  ia  therefore 
necessary,  in  order  to  accomplish  tlie  desired  object  in  the  most  effectual  way,  ibnt 
two  such  seta  of  eombs  or  heckles  sbould  be  brought  to  act  on  opposite  sides  of  the 
striek  of  fla^  suspended  in  the  position  shown  in  tiie  figures.  Tbe  cranks  of  the  two 
opposite  seta  of  comb-frames  or  beokles  a,  b,  and  c,  d,  are  connected  by  a  pair  of 
tootiied  wheels  e,  /,  as/j,  693.,  or  by  four  toothed  wheels,  by  which  the  beetles  are 
actuated  at  once,  the  two  sets  moving  iu  opposite  directions,  hut  with  similar  speeds, 
and  the  combing  or  heckling  of  the  material  will  go  on  in  the  way  shown  m  the 
tigure  last  indicated.  The  tow  being  collected  as  drawn  oiF  (he  lower  end  of  the 
sticks  on  to  a  slowly  revolving  cylinder  or  brush  roller,  whence  it  ia  doffed  by  a  comb 
and  delivery  rollers. 

The  clamps  or  holders  differ  considerably  from  tbe  clamps  which  are  commonly 
nscd.  I  shall  therefore  particularly  describe  their  construction,  before  showing  them 
iu  operation.  Mgs.  694.  and  695.  are  views  of  tbe  clamp  in  two  different  positions; 
a  and  b  are  two  boards  united  together  by  a 
hinge  c,  at  top,  which  of  conrso  allows  them  to 
shut  and  open.  The  lower  parts,  forming  the 
jaws  of  the  clamps,  are  made  witli  teeth  or  in- 
dentations, between  which  parts  the  ends  of 
the  flax  or  hemp  are  secorely  held  when  the 
clamps  are  brought  together ;  d  d,  are  two 
pieces  projecting  from  the  board  6,  at  the  end 
of  each  of  which  is  an  eye  shown  by  dots,  and 
at  the  back  of  the  board  n,  (see/jf.  594,J  there 
ia  a  double  armed  lever  e,  turning  npon  a  fixed  pin^  which  lever  carries  two  circular 
wedges  g  g.  These  wedges  pass  into  the  eyes  of  the  pieces  d  d,  when  tbe  clamps  are 
closed,  and  hold  them  fast.  There  is  a  segment  ratchet  ft,  at  the  upper  part  of  the 
board  0,  which  turns  upon  a  stnd  i,  and  is  pressed  downward  bv  a  spring  i.  This 
ratchet  receives  the  end  of  the  lever  e,  and  consequently  keeps  the  eu-cular  wedge 
firm  in  the  eyes,  which  hold  the  clamps  securely  together,  and  prevent  their  oper 
ingby  the  shaking  of  tbe  machine. 

When  it  is  required  to  open  the  clamps,  the  ratchet  h,  must  be  raised,  and  the  lever  t 
pushed  aside  by  its  handle  /,  which  draws  the  circular  wedge/  from  the  eyes  of  the 
pieces  d  d,  and  the  boards  of  the  clamps  immediately  separate.    For  the  c< 
of  suspending  tie  holders  in  tbe  machines,  a  piece  of  sheet  iron  m  is  bci,„  ^ 
angles,  and  fastened  to  the  back  of  the  board  b,  as  seen  in  jfj.  695.,  forming  a  ,. 
by  means  of  H'hich  the  holders  arc  enabled  to  slide  into  the  machine  and  liang  there. 
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About  tlie  year  1840  an  improvement  took  place  in  the  excentrio  circular,  by  which 
one  screw  of  the  holder  retained  two  Etrieks,  and  the  machines  made  wide  enough  to 
take  four  stricka,  and  also  a  movement  was  made  by  which  the  holder  was  oartiedoTei: 
two  ejjinders,  so  that  each  side  of  the  striok  was  dressed  before  taking  out  These 
improved  machines  hod  a  very  estensire  sale,  as  wages  and  the  necessity  of  attention 
were  much  reduced  by  them.  Also  tbe  third  maohme,  hercin-before  described,  was  re- 
vived, having  a  rising  and  falling  motion  for  the  liolder  support,  and  was  known  as  the 
Belfast  machine;  and  similar  improvement  was  made  in  the  double  vertical  sheet  ma- 
chine. Bui,  aa  none  of  these  sufficiently  dressed  Ihe  line  forthefinestyama,  a  machine 
called  the  "  crank  machine"  was  invented  for  that  purpose,  but  wafi  in  use  for  a  very  ehort 
time ;  ita  object  was  more  to  perfect  tlie  dressing  after  the  excentrie  machine  than  to  do 
the  whole  work  itself  In  ttiis  machine  the  flax  was  suspended,  and  tlien  struck  simul- 
tHneously  on  each  side  by  heckles  having  an  abrupt  angular  movement,  first  to  strike 
into,  and  then  draw  down  the  hue,  in  order  to  draw  off  the  tow;  the  work  was  begun 
at  the  end  aud  gtaduaUy  advanced  up  to  the  bolder. 

A,  A  i^jig.  696,)  arms  for  carrying  the  heckles;  b,  b, 
trough  or  slide  for  holders;  C  u  sliding  piece  to  carry 
pivots  or  the  carriers  a,  a,  eo  as  to  rise  and  fall  by  the 
motion  of  the  bell  crank  n;  e  connection  of  bell-crahk 
n  with  excentric  f,  to  give  the  downward  stroke  when 
the  heckles  are  closed  upon  the  flax  by  the  action 
of  the  crank,  g,  connected  by  arm  i  with  the  carrier 
a;  n  holder;  k  connecting  rod  for  the  carriers  a,  a  ; 
L  and  M  pivots  for  the  respective  carriers  a,  a  ;  n,  n  the 
heckles. 

This  machine,  capable  of  doing  (he  wori;  but  vej'y 
alowly,  and  with  great  expense  of  heckles,  was  at 
tempted  to  be  improved  upon  by  another  made  of  two 
parallel  cylinders  constructed  of  a  series  of  bars  run- 
ning at  equal  speeds  in  contrary  directions.  Upon 
tlit^e  bars  were  feed  the  heckles,  which  were  kept  in 
a  iiorizontal  position  during  their  entire  revolution,  by 
a  crank  at  the  end  of  each  bar,  guided  in  a  circolar  path 
excenlrie  to  that  of  the  bars  Uiemselves.  The  flax  sus- 
pended passed  with  a  rising  and  falling  motion  from 
tiie  other,  each  succeeding  heckle  being  finer  than  its 

A  A  {jig.  587.)  ciroTilar  discs  keyed  to  the  shafts  b,  b  ;   c'c  civcular  discs  running 
upon  the  excentrio  bosses  d,  n ;  e,  e  heckle  bars ;  ¥  slide  for  holders ;  o  holder. 
The  discs  A,  A  are  alike  at  each  end  of  the  machine,  and  have  suitable  bearings  to 
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cany  tlio  hei^kle  shafts  b  by  their  round  necks  a,  a.  Tlie  discs  c,  c  have  similar  anfl 
eoudmimbtrof  bearings  to  carry  the  cranked  ends  of  the  heckle  bars  c,  and  are  carried 
tound  by  them  from  the  movement  communicated  to  a  a.     By  this  arrangement  th« 
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pins  01  the  heetie  are  always  iu  the  position  shown,  and  penetrate  the  flax  at  right 
angles  to  its  length. 

As  all  the  preceding  machines  have  now  passed  into  oblivion,  it  may  be  as  weU  to 
trace  the  reasons.  The  fanlt  of  the  first  was  tho  great  attention  it  required  to  turn  tin) 
stricks  and  to  carry  them  by  hand  from  tool  to  t«ol ;  the  want  of  the  rising  and  falling 
motion  caused  tho  heckles  to  strike  at  once  into  the  middle  of  the  flax,  thereby  reduc- 
ing the  yield  of  line,  and  rendering  the  t«w  knotty  and  torn.  ITiongh  some  of  these 
defeets  were  remedied  in  the  second,  tliere  still  remained  the  transferriog  of  l^e  flax 
the  taking  ont  of  the  tow,  to  be  performed  by  the  attendant^  and  the  motion  of  the  line 
throngh  air  was  objectionable.  In  the  third  another  step  was  gained,  that  of  taking 
out  the  tow  ;  bot,  for  the  want  of  the  rising  and  falling,  the  work  was  f«o  abmptJy 
torn  into.  The  fourth  was  suitable  but  for  short  flax ;  it  was  very  expensive  on  aeeount 
of  the  liability  of  the  holders  falling  upon  the  heokles,  and  the  turning  and  transferring 
the  flas.  ijy  hand,  even  when  afterwards  these  expenses  were  slightly  reduced  by  the 
improvement  above  alluded  to.  The  fifth,  never  coming  ont  of  the  workshop,  was 
perhaps  found  detieient  for  want  of  the  riMng  and  falling,  which,  though  partially  obviat- 
ed by  the  cylinder  end  being  conical,  mighty  even  by  this  mode  of  palliation,  lead  t» 
further  difficulties  of  a  practical  nature,  audbythe  turning  movement  being  continued,  a 
further  inconvenience  would  no  donbt  have  been  found  in  the  edges  of  the  stridis  being 
■s  long  exposed  to  the  heckles  as  the  sides.  The  sisth,  for  a  long  time  popnlar,  was 
found,  by  heckling  both  sides  at  the  same  time,  to  tear  away  the  fla^  and  from  the  im- 
possibility of  getting  the  pins  to  work  near  up  to  the  holder,  a  long  shift  was  re- 
quired,— anotlter  reason  by  which  the  yield  was  reduced.  Seventh ;  Evans'  machine, 
though  only  pot  op  for  experiment  in  this  country,  has  been  more  extensively  tried 
abroad  ;  but  it  made  tow  so  knotty  for  want  of  a  clear  stroke  Ihrough,  that  it  was 
immediately,  and  is  now  perhaps  entirely,  abandoned  everywhere.  Eighth  ;  the  crank 
machine  was  very  troublesome  and  expensive,  and  could  hardly  ever  be  said  to  have  ffot 
beyond  its  eiperuneutal  state.    It  is  now  altogether  laid  a^de.    Binth  ;  the  double 

linder  machine  answers  well  for  very  short  line,  but,  for  much  the  same  reason  as 

i  above,  makes  but  indiflerent  t«w,  and  its  use  is  now  nearly  discontinued. 

Besides  the  above  there  have  been  several  others  patented;  some  have  never  been 
wholly  constructed,  and  others  never  been  used :  neither  appear  to  have  su^ested  any 
principles  Or  modes  of  action  capable  of  being  modified  into  a  useful  or  practical  state. 

Wa  now  come  to  explain  those  heckling  machines  by  which  the  flai-spinning  trade 
is  at  present  actually  carried  on,  in  which  it  will  be  seen  that  the  best  parts  of  all  the  , 
preceding  are  combined,  so  as  to  form  machines  of  the  utmost  efficiency,  and  capable 
of  workmg  with  a  closer  approsimation  to  the  utmost  degree  of  economy. 

The  first  in  order  is  the  transverse  slieet  machine.  This  machine  is  on  the  same 
principle  as  the  third,  above  described,  having  a  horizontal  sheet  to  each  heckle,  but 
each  running  in  an  opposite  direction,  and  a  nsing  and  falling  trough,  along  which  the 
holders  are  impelled  Irom  one  end  of  the  machine  to  the  other.  It  is  so  arranged,  that 
when  one  side  of  the  strick  is  hecMed  the  sUde  or  trough  rises,  and  the  holder  being 
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suddenly  pualied  forward,  the  flas  thereto  attached  eomea  in  contact  with  tlie  neit 
eheet  runoing  in  a  reverse  direction,  and  has  thettby  its  other  aide  dressed.  Tliia  is 
repeated  over  as  many  tools  as  may  be  desired,  generally  three,  but  sometimes  four, 
For  the  better  elucidation  refer  to  Jig.  598.,  section  of  machine. 

A  A  {j^.  598.)  frame;  Beheeklelieariog  eheet  running  in  the  direction  of  tie  arrow, 
c  0  anotJier  lipclile  eheet  runniugin  the  opposite  direclJOD,'  D  holder,  and  its  rising  uni! 
falling  support  in  tiie  form  of  a  trough,  along  which  it  slides  from  oueeudof  thenmchine 
to  the  other ;  e  chaia  to  whicli  is  attached  the  balance  weight  of  slides,  &c.  ;r,G,u  the 
carriers  of  the  sheets,  of  which  if  and  h  are  keyed  to  their  respective  sjidta,  as  it  is  by 
tiiem  the  sheets  b,  b  and  o,  c  are  driven,  and  drive  their  carriers  q  loose  upon  the  sbalL 

'_t  is  somewhat  objectionable  in  the  above  machine,  that  the  holder  slide  has  to  riae 
to  a  great  height,  so  as  to  tate  the  ends  completely  off  the  tool,  otherwise  the  strick 
is  liable  to  be  crossed  by  one  side  being  for  tue  moment  pulled  in  ono  direction,  and 
the  other  in  n  contrary  ;  and  also  that  the  tow  and  waste  might  be  apt  to  collect  in 
the  spaces  where  the  slieefs  cross  eaeli  other,  and  thus  occasion  derangement. 

Tlie  following,  known  as  Baxter's  self-acting  cylinder  and  sheet  machines  (these 
appellations  being  givea  accordingly  as  cylinders  or  endless  sheela  were  employed  to 
carry  the  heckles^  of  which  the  distinctive  feature  is  turning  the  holders,  avoids  this 


The  holders  from  which  the  flax  is  sospended  are  supported  above  the  centre  of  th« 
cylinder  (when  a  cylinder  is  employed),  or  of  the  rotatory  carrier  of  the  endless  sheet, 
when  tliat  method  of  applying  the  heckles  is  adopted ;  but  instead  of  their  supporting 
slide  or  trongh  being  in  one  continuous  piece,  it  is  divided,  according  aa  Uie  machine  is 
intended  for  3  or  4  gradations  of  tools,  into  S  or  8  divisions,  each  equal  to  the  length  of 
the  holder.  Of  these  half  the  nnmber  always  remain  in  a  direction  parallel  to  the  axis 
of  the  cylinder,  while  the  others,  placed  between  or  alternately  with  them,  are  connected 
together  by  gearing,  so  as  toturu  simultaneously  in  a  horizontal  direction,  and  the  whole 
are  combined  to  approach  and  recede  to  and  from  the  heckles  together  by  a  falling  and 
rising  motion.  The  brushe^.  tard-clothed  cylinder,  and  comli^  when  employed,  are 
similarly  combined  for  clearing  and  delivering  the  tow  as  those  already  described  for 
the  same  piirpose  in  the  excentric  circular  machine;  butingeneral  for  the  sheet  machines 
a  simple  lallor  is  found  sufficient.  Thus,  tlie  flax  introduced  into  the  first  division  when 
the  slide  is  at  the  top  of  its  course,  is  dressed  during  its  descent^  and  "  dwell"  upon 
the  first  half  length  of  the  first  tool ;  on  being  risen  it  is  pushed  foi-ward  by  mecha- 
nism into  the  next  division  of  the  slide,  which  then  by  turning  half  I'ound,  or  end  fui 
end,  presents  the  second  wde  of  the  strick  to  the  second  half  of  the  same  tool,  npon  which 
it  thus  becomes  dressed,  aswas  the  first:  on  again  rising,  the  fiaxis  pushed  into  the  third 
division  of  the  slide,  which  presents  the  side  of  the  strick  that  was  second  on  the  first 
tool  to  be  fii^st  exposed  to  the  action  of  the  second,  and  thus,  at  each  rise,  is  the  flax 
advanced  towards  the  finer  tools,  turning  at  each  altenrnte  advance,  tUl  tie  required 
number  of  tools  is  passed  over.  This  is  the  construction  generally  employed,  but  it  i.i 
sometimes  necessary  that  each  holder  turns  in  its  place,  thus  heckling  each  side  of  the 
strick  on  the  same  identic^  heckle ;  thus  the  flox  is  more  worked,  for  it  is  exposed  to 
6  or  8  gradations  of  tools,  instead  of  8  or  4  by  the  other  method,  bnt  a  machine  upon 
the  former  will  do  nearly  double  the  weight  of  flax  tlian  upon  the  latter  mode  of  work- 
ing. Though  the  progress  but  of  one  holder  has  here  been  traced,  it  must  be  under- 
stood that  there  are  necessarily  8  or  8  in  simultaneous  operation,  according  to  the 
descripUon  of  machine ;  for  the  propelling  motion  being  at  one  end  requires  the  full 
complement  of  holders  to  push  one  another  forward.    This  macliine  and  the  last  per- 


form pretty  nearly  the  same  quantity  of  work,  which,  with  6  or  7  boys,  amounts  to  about 
1  cwt  perhour,  and  are  applicable  for  long  flax,  and  for  cut  as  far  as  60  or  lO  leas ; 
the  latter  is  sometimes  used  with  4  gradations  of  tools  as  far  as  100  leas.  The  con- 
struction of  these  machines,  whether  oylmder  or  sheet  is  so  sunilar,  that  the  same  letters 
and  %nres  refer  to  the  same  parts  of  each.  ^gs.  51(8.  and  600.  front  and  profile  views 
of  cylinder  machine,  and  Mgt.  601.  and  602.  front  and  profile  of  sheet  machine. 

A  A  general  framing;  n  driving  pulley  on  the  shaft  of  brash  roller;  comain  cylinder  ; 
E  D  brush  roller ;  £  E  eard-oovered  toller ;  f,  f  rails  constituting  part  of  the  falling  and 
rising  head,  and  to  which  are  fixed  the  movable  parts  for  turning  the  holder ;  c  o  the 
first  part  of  the  slides  along  which  the  holders  pass;  H,Hthe  alternate  turning  parts;  i,  i 
tlie  holders,  those  No.  1.  are  with  the  side  as  put  in,  and  thoseNo.S.  are  when  turned; 
K,  K,  K  supports  from  the  rail  f  to  fixed  parts  of  slides  G ;  i  thesnpporls  with  pivots  for 
the  turning  parts  of  the  slide  h  n ;  to  these  pivots  are  fixed  respectively  the  wheels 
w,  (^  j;  the  intermediate  wheels  II,  p  being  loose  npon  their  axis,  serve  to  connect  the  mo 
tion  of  the  series;  n  lever  and  loek  to  retain  the  wheels  fixed  during  the  fall  and  rise  ;  s 
jupport  for  the  lever  a ;  T  support  for  the  pendulous  lever  v,  which  by  tho  pusher  t  drives 
the  holders  forward  when  introduced  into  the  slide ;  w  slide  inchned  to  conduct  the  hold- 
ers on  n  table ;  x  x  doffing  comb  shaft ;  Y  connector  between  the  rails  f  and  balance 
weight  lever  z;  a  a  excentric  to  give  the  'ip  nnd  down  motio'i  to  moving  head 
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6  friction  bowl;  e  balane»  weight :  this  arrangement  of  connector,  lever  weight  an3 
eJtcenttioa  ate  the  same  at  each  end  of  the  machine,  U3  the  Bhiift  d,  upon  which  the  ex- 
centriesnra  fixed,  ostenda  the  whole  length  of  the  machine;  e,f,ff  train  of  wheels  and 
pinions  to  rednce  the  speed  of  ojlicder  shaft  a  to  the  exoentrio  shaft  d;  h,  i  wheel 
and  pinions  to  driva  Gie  escentrie  by  which  the  doffing  comb  is  jueved  bj  the  eon- 
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caused  by  the  ii=e  and  fall  of  the  hcai  T!ia  liUowmg  figmea  show  the  form  of 
the  "sheet  mathinee,  but  which  do  notj  from  their  eimilanty  of  piincipla  and  oon- 
atraetion  to  the  forej,oiiig  lequire  a  ktailcd  desenption    as  the  only  differencca  ar« 
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that  a  Ehaet  is  used  to  carry  the  heoklea  instead  of  a  cylinder,  and  doffer  bars  fo 
knocting  out  the  tow  instead  of  the  more  oomplieatcd  arrangement  of  brush,  comb,  <t^ 

Those  macMnes  that  are  now  eoiployed  for  finest  work  arc  called  Marsdea'a  inter 
tcchng  machine,  and  combined  interseetiny. 

The  iiKerseciiag  machine  ia  so  called  from  the  pecnliarily  of  ita  constmotioa,  being 
eomewhat  eimilar  in  principle  to  that  already  described,  of  two  oylinderfl  of  heckles 
earned  on  cranked  bars,  but  inatead  of  their  being  so  closely  placed  together,  tiere  n-» 
but  ax,  eight,  or  more  bars  bearing  the  heckles,  forming  as  i'  .     ~      .   - 

ejlinder,  of  which  there  are  two,  parallel  to  each  otber 
pa^fls  along  ihe  maohina  between  these  two  cylinders,  and 
alternately,  and  in  successive  order    -  "- 
*a:ii«,g  machine  has  in  addition  to  thi 
the  first  tool  work  is  performed  preyioiisly  to 
cylinder?,  and  the  flax  ia  rather  more  severelj  hi 


>rt  of  a  skeleton 
each  machine:  the  flax 
Strnek  by  their  heckles 
--Opposite  side.  MarsdsrCt  combined  inltf- 
cylinders  a  pair  of  sheefs  of  heckles,  by  which 
i_  j.^  ijjg  j^^^  arriving  at  the  intersecting 
heckled.    In  both  of  these  machines  the 


holder  slide  is  provided  with  a  rising  and  felling  motion,  as  being  absolutely  necessary  for 
the  production  of  good  work :  these  machines  penetrate  the  flax  better  than  the  cylinder, 
8S  from  its  position  between  the  heckles,  the  flax  is  rigorously  exposed  to  their  effect, 
but  the  tow  thereby  prodaeed  is  rather  more  lumpy  and  uneven,  and  i^  therefore,  con- 
sidered inferior  to  that  from  the  cylinder  machines,  see  figs.  60B.  604.  605.  of  com- 
bined intersecting  machine. 

_  Mg.  60S.  end  view;  jfj'.  eot.  side  view  ;/j.  605.  sheets;^.  606.  holder;  aa  Afram- 
ing;  BB  holder  trough  or  slide;  c  jointed  rod,  having  a  horizontal  motion  to  push  forward 
ihe  holdem  by  the  clicks  a,  a,  which  catch  the  holders  in  one  direction  only ;  d  pundnloui 
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tinr  receiving  a  ran  p  o  ty  mot  n  f  om  th  radinl  arm  e,  at  the  rising  and  falling 
of  the  sliding  iiead  euppo  t  for  (ha  pendulo  la  lever  n ;  o,  a  carriers  of  the  heckle 
bearingsheels,n,  H,  i,  i heckles  fi\efl  to  Uie  sheets  or  straps  u ;  k  k  card-clotlied  cylinder 
for  reoeiying  the  tow  from  the  brash  cylinder;  l  doffing  comb;  M  brnBh  cylinder; 
s  N,  0  o  alida  ehafts,  npon  irhich  are  keyed  the  carrier  arms  r,  p  of  tbe  intersecting 
heckle  bara  ((,  q:  n.  r  crank  arms  fixed  to  the  heckle  bars,  and  guided  by  their  eitre- 
mities  in  the  slides  o,  o,  by  which  the  peculiar  position  of  the  heckles  is  maintained ; 
B,  connector  between  sliding  head  andlifter  excentrii^  or  cam ;  t,  u  the  friction  bowl 
for  pulling  downwards  the  slide  head,  to  which  a  tendency  is  given  to  rise  by  balance 
weights,  notaecessaiy  to  be  shown;  v  wheel  commanding  excentrie  to  give  the  osuil- 
latioDS  to  the  doffing  combs. 

In.  all  hcchlmg  n^chines,  whether  those  of  sheets  or  cylinders  running  in  ojiposite 
direcfJons,  and  not  therefore  requiring  the  turning  motion  for  the  holder.or  those  with  the 
turning  motion,  and  having  therefore  but  one  sheet  or  cylinder ;  or  again  those  called 
the  interseoting  and  Combined  intersecting,  the  hand  labour  required,  and  the  number 
of  holders  or  work  turned  out  in  a  given  time,  are  neatly  (he  same  for  similar  degrees 
of  dressing,  and  all  these  machines  are  provided  with  change  pinions,  to  increase  or 
diminish  the  quantity  of  heckling  in  any  required  degree. 

The  hand  labour  consists,  firsts  of  dividing  the  flax  into  stricki;.  for  long  fluii,  of  4  or 
5  ozs.  each,  and  for  cut,  1^  to  2  ozs.  Then  screwing  these  into  the  holders,  and  when 
worked,  taking  out  the  holders,  performing  the  "shift,"  and  replacing  tliem. 
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by  wbich  it  is  evideut  that  the  munual  work  is  reiivioed  to  nearly  the  lowest  possiHa 
point ;  for  the  taking  out  the  holder  anJ  performing  the  shift  are  the  only  operatione  that 
ean  by  possibility  be  done  mechanically ;  and  it  is  desirable  that  this  should  be  so  effected, 
not  only  with  ft  view  of  Bavins  the  expense  in  wages,  but  to  ai'oid  tho  waste  and  en- 
tanglement, and  consequent  rednetion  ot  yield,  to  which  by  handling  the  flax  is  exposed, 
and  at  fie  same  time  reduce  to  the  utmost  degree  all  need  for  reliance  upon  the  care 
and  attention  of  the  workers  employed.  A  holder  with  this  iiitention  was  patented  about 
three  years  anee,  which,  from  its  novelty  of  oonstruetion,  deseireB  a  reeoriJ,  for  though 
not  yet  in  active  o^ration,  it  onlyreqmres  time  to  remoTe  lie  groundless  prejudices 
opposed  alike  to  tbis  as  to  all  other  innovations. 

Previously,  however,  to  entering  upon  a  description  of  this  holder,  it  will  be  neces- 
sary, ia  order  to  make  onr  account  of  heekliugmachines  now  actually  in  use  complete, 
to  describe  one  much  used  in  France,  and  patented  for  that  country,  January,  1846.  It 
is  there  known  as  Ihepeigneuie  mecanique  gyetem  Buik,  from  the  nsme  of  its  inventor, 
an  English  maohiniat  (whose  transferring  esecntrie  and  double  cylinder  machines  have 
already  been  described). 

Flax  heckle,  called  Feigneitse  Mlcanique,  on  the  nyslem  of  BMk,  as  described  in  a 
French  ■piMicalioit  indirnlrkl. — It  has  been  fonnd  in  practioe  that  to  obtain  the  beat 
result",  it  is  absolutely  necessary  to  attack  the  flax  by  the  end  of  the  strick,  and  to 
continue  it  slowly  and  gradually  tili  the  points  of  the  heckle  act  on  the  midie ;  then 
to  obtain  the  greatest  product  m  long  line  and  the  beet  quahty  of  tow,  it  is  necessary 
to  heckle  it  alternately  on  each  side  of  the  strick,  continuing  thus  on  the  first,  second, 
third  and  fourth  hecile,  &c. 

Tho  machine  which  we  offer  to  the  public  as  the  invention  of  Mr.  Busk,  the  author 
of  many  ameliorations  in  flax-spinning  machines,  unites  in  itself  all  the  different  points 
ot  perfection  indicated,  without  any  of  the  inconveniences  of  the  rival  systems.  The 
force  requisite  to  drive  it  is  hardl;?  one-half  of  a  horse-power ;  is  capable  of  heckling 
on  any  number  of  heckles,  and  without  increase  of  hand-worl^  about  500  kilogcammea 
(}  ton)  daily,  more  or  less,  according  to  the  nature  of  the  flax.  It  's  applied  with 
squal  advantage  to  the  long  or  the  cut  line.    It  may  be  conducted  or  managed  by 
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4  or  5  children  merely,  employed  to  screw  and  unscrew  the  elampa  (presses),  an  caiy 
Description  of  the  machme.  —  Mg.  fiOT.  longitudinal  elevation  of  the  nieohanical 


A  large   .Id       n     hose  c  r    mforen  e  the  1     kle  teeth  aie  fixed.    The  diatane* 
between  the  points  varies  according  to  tlie  Dcrfeetioji  whi«h  is  desired  in  tlie  heoklina 
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le  quality  of  tlie  flax.    Tlie  lengtJi  of  the  cylinder  (2  metres  40  cents)  admits  of 
)lying  the  heckle  points,  and  Tsninj-  '!■":-  ■!■-*» — - 
imall  pJates  (plaimheltei)  fixed  beU 
0  which  the  point^  eba]!  act  in  heoklinj 
arranged  at  pleasure. 

c.  Carriage  bearing  the  pincers  in  nhieh  the  etrioks  aie  fised.  n.  Upright  arbours 
on  whicli  the  (^rriage  rises  and  falls  ty  means  of  the  sockets  E,  fixed  to  the  carriage,  to 
guide  its  ascent  and  deaeent,  effected  by  aid  of  an  excentrie  placed  on  the  side  of  the 
machine.  Thia  carriage  is  balanced  by  counter  weights.  One  of  its  sides  is  furnished 
throughont  all  its  length  with  a  cast-iron  rack;  in  which  all  the  pineer  bearera  (which 
are  toothed  on  their  upper  part)  work 

T.  The  pineer  carriers,  whose  upper  part  is  a  toothed  wheel,  and  whose  lower  part 
terminates  in  books  [crocheit)  that  receive  the  pincers  in  wood.  Rigid  bara  connect 
the  pincers  in  the  upper  part ;  so  that  they  all  work  at  the  same  time. 

o.  Wooden  pincers  clasping  the  etricks  of  flax  by  means  of  a  screw. 

H.  Cylinder  with  brushes  for  removing  the  tow,  which  had  been  retained  by  tlie 
heckle  points,  and  carrying  them  to  the  cylinder  t,  ftirnislied  with  cards. 

J.  Ueckle  which  deposits  its  tow  into  a  bos  placed  to  receive  it.  All  the  pincers  a 
being  furnished  with  flax  are  fised  in  the  hooks  of  the  pineer  bearers.  On  setting  the 
machine  in  motion,  the  carriage  a,  commanded  by  an  excentrie  intended  to  give  it  a  pro- 
gressive velocity,  ealciJated  proportionally  to  the  ihieknees  of  the  strict,  descends  and 
putstheflax  in  contact  with  the  heckle  teeth  fixed  round  the  large  cylinder  a,  actaated 
by  a  continnoos  movement.  When  this  oparaljon  is  terminated,  all  the  stricks  of  flas 
submitted  to  the  action  of  flic  cylinder  having  been  heckled  on  one  side,  the  exeentric, 
which  had  caused  the  carriage  to  descend,  makes  it  mount  again;  at  which  moment  the 
other  execntrie  acta  destined  to  communicate  to  all  the  pincers  the  horizontal  motion; 
and,  as  the  pineer  bearers  are  in  toothed  gaer  with  fbe  carriage,  the  consemience  is 
that  in  advancing  the  pincec  bearers  pivot  on  themselves,  so  that  the  carriage  descend- 
ing anew,  presents  to  the  action  of  the  heckle  points  the  other  face  of  the  flax. 

This  action  in  being  thus  repeated  even  to  the  extremity  of  t!io  carriage,  works  on 
the  flax  by  heckle  teeth  closer  and  closer  l^^ether.  When  they  have  arrived  at  this 
point,  the  pineer  carriers  continue  to  advance,  passing  by  the  back  of  the  machine ; 
but  this  side  of  the  carriage  having  no  rackwork,  the  pineer  bearers  do  not  pivot  (torn 
lound)  and  proceed  without  changing  position,  at  which  point  the  Jieckled  flax  is 
replaced  by  the  unheckled. 

The  tow  is  disengaged  by  the  brush-cylinder,  and  transmitted  to  the  cylmdcr 
mounted  wiUi  cards;  a  heckle  then  detaches  it  and  drops  it  into  a  box. 

Such  was  the  state  of  heckling  machines  when  the  holder  above  alluded  to  wasflrst 
contrived  with  a  view  of  being  appUed  to  this  machine,  for  which  it  is  peonliariy 
adapted. 

All  the  holders  that  have  hitiierto  been  used  are  similar  to  those  described  at  the 
beginning  of  the  article,  consisting  of  two  clamps  of  wood  or  iron  pressed  together  by 
screws,  except  in  Evans's  machine,  where  an  inclined  plane  was  used  for  that  purpose. 
But  the  holders  now  referred  to  are  on  an  entirely  diEferent  principle ;  the  holdmg  pres- 
sure being  produced  by  the  effect  of  leverage  of  the  clamps  or  jaws  themselves,  which 
are  for  this  reason,  and  also  for  better  supporting  the  and  of  flax  out  of  operation,  made 
from  1  to  9  inches  broad ;  and  while  one  of  their  edges  are  hooked  or  fastened  ti^ether 
by  a  pair  ot  donble-aetuig  hinges,  similar  to  those  used  at  the  bottom  of  tumpike^atcs, 
the  others  are  held  tc^ether  by  s  clasp,  and  thus  the  flax  is  very  firmly  p-asped  or  held 
by  the  pressure  at  (he  jomt  or  hinge,  and  the  end  of  the  flax  not  exfHwed  to  the  heckle 
is  held  vertical  and  straight  by  the  breadth  of  the  clamps.  These  holders  do  not  sbde 
of  themselves  along  a  trough,  aa  do  the  other  description,  but  tiiere  are  "carriers"  for 
them  attached  to  the  sliding  and  tumii^  apparatus,  by  which  they  are  caiTied  forward 
and  turned  as  desired.  These  carriers  are  so  constructed  as  to  retain  the  holder  by  one 
of  its  clamps  or  jaws  always  vertical,  but  leaves  the  other  free  to  fold  from  one  side  to 
the  other;  when  this  folding  takes  place,  wliich  is  during  the  dwell  of  the  other  holders 
upon  the  heckles,  that  end  of  the  flax  which  was  contained  between  tlie  damp  becomes 
liberated,  and  the  previously  pendant  one  is  lapped  up  and  enclosed  between  them, 
when  the  rise  of  the  head  taking  place,  the  catch  replaces  itself  and  the  holder  is  car- 
ried forward  to  return  along  the  second  cylinder  of  the  machine,  and  oltimately  arrives 
at  the  place  where  it  was  first  put  in  with  the  line  completely  dressed.  As  all  these 
movements  are  performed  automatically  by  the  macliine  itself  the  whole  of  the  wages 
noccssari-,  when  the  other  holders  are  used,  for  taking  out,  and  screwing  S  unsorewing 
ing,  and  replacing  them,  amounting  to  nearly  half  of  tiie  whole  expense,  is  saved, 
besides  much  indirect  trouble  and  confusion.  ,    ,   , , 

A  1,  A  2,  jaws  of  the  holder;  bb  carriage  or  frame  for  supporting  the  holder;  o  (\  a 
toothed  whee^  having  a  groove  on  one  Bide  to  aUow  it  ti)  be  carried  by  the  raJa  of  th 
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when  propelled  from  1  to  2,  they  will  at  the  same  time  make  one  eiad  naif  Nro- 
lution ;  and  thus  tho  holder  attached  to  eaoh  preaenfs  its  oppoeite  side  t«  Uie  hecHea 
at  each,  advance  Gimilar  to  other  maohinea.  To  cause  this  half  revolution,  the  teeth 
of  the  wheels  c,  o  engage  those  of  the  tacts  t;  e  and  f,  f]  but  the  alidea  are  so  made  as 
tn  mamfain  the  wheels  in  one  position  from  £  to  f  at  one  end  of  the  machine,  and  from 
F  to  E  at  Uie  other;  oh  the  portion  and  place  where  the  holder  etanda  to  be  shifted; 
and  I K  when  first  put  in  or  to  be  taken  out  of  the  machine;  lu^  axis  of  beetle  cylinder 
to  dresa  the  flax  Mter  "  shifting ;"  therefore  ite  coarser  tools  aro  at  end  h  ;  n  o  asis  of 
cylinder  for  dressing  the  root  enda ;  therefore,  its  coarser  tools  are  at  end  tr.  The 
arrows  show  the  direction  of  movement  of  all  these  parts.  The  mode  of  action  of  the 
holder  ia  as  foltowa.  The  jaw  a  2  is  first  laid  upon  a  table,  and  the  flax  placed  upon 
it,  when  the  jaw  a  1  is  canaed  to  engage  the  pin  3,  which  are  similar  at  eaeli  end  of 
the  holder,  when  it  is  folded  down  upon  a  2,  and  the  catch  fixed  to  2  engages  the  raet 
fixed  to  A  2  at  6,  and  the  whole  is  firrnly  combined  togcOier  and  placed  into  the  carrier, 
and  maintained  by  the  pins  prqjeoting  for  the  pnrpose  from  A  1  entering  into  vertical 
grooves  in  the  carrier,  when,  having  passed  over  the  hecMes  on  eylindern  o,  it  nltimatelj 
arrives  at  o  u,  when,  during  the  descent  of  the  sliding  head,  the  lever  attached  to  the 
eatch  5  strites  against  a  fixed  pointy  and  is  thereby  lifted  out  of  the  ract,  thus  leaving 
at  liberty  the  jaw  A  2  to  turn.  This  is  effected  by  a  prigecting  pin  2,  being  aetnated 
by  a  crank  having  a  suitable  intermitting  motion,  which  carries  it  in  the  direction  of 
the  dotted  line,  wliile  fhe  hinge  pins  quit  receas  S,  and  the  other  enters  the  reeess  4, 
and  tho  ract  engages  the  catch  opposite  to  the  one  it  haa  quitted;  and  thus  the  shift 
is  completed  witli  a  length  equal  to  the  thickness  of  the  holder  at  3,  4. 

The  cutting  of  flax,  which  ia  done  in  order  the  better  to  select  and  separate  its 
various  qualities,  is  an  operation  of  some  delicacy,  and  requires  a  peculiar  machine 
for  the  purpose,  which,  though  not  complicated,  requires  great  nicety  in  its  mating 
and  arrangement ;  for  the  flax  must  not  bo  cut-too  abruptly,  bnt  be  gradually  reduced 
to  a  taper  and  somewhat  natural  end.  The  cutting  should  be  done  before  the  flax  ia 
heckled.  The  machine  for  the  purpose  consists  of  a  species  of  circular  saw  about  20 
in.  diameter;  but,  instead  of  a  single  blad^  ia  constructed  of  S  or  4  plates  of  steel, 
each  about  J  in.  thick,  and  having  angular  projections  from  their  eircmnference.  This 
revolves  at  a  considerable  velocity,  while  the  flax  firmly  grasped  in  each  hand  by  its 
ends,  is  fltill  further  held  and  slowly  carried  against  the  saw  by  two  pair  of  grooved 
pulleys  pressed  together  by  a  considerable  weight  It  is  thus  partly  aawn  and  partly 
broken  through.  Flax  may  be  cut  into  2,  3,  and  sometimes  4  divisions;  and  some- 
times the  dead  harsh  fibres  that  are  frequently  found  at  each  of  its  ends  only  are  cut 
off  and  used  aa  tow ;  but  more  generally  the  different  portions  are  heckled  and  used 
for  the  purposes  they  aie  sorted  for. 

DeaaipHon  o/^ax  culling  machine.  {Jigs.  612,  618.)  A  A,  framing;  b,  the  grooved 
pulleys  tor  holdmg  and  carrying  the  flax;  c  c^  the  driving  pulley;  D,  saw  or  cutter; 
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e  p    r  Is  b  n  the  cutter  and  puHeja;  l, 

g  U  b  r3         n  p  lie  holding  pulleys. 

4th.  Preparing, — By  tills  term  is  underat«od  those  preliminary  operationa  ttroagli 
which  both  line  and  tow  must  paea  after  the  heckling  and  before  the  spinning  proeees. 

The  mechanism  and  modes  of  proceeding  for  this  purpose,  which  consist  of  rapeated 
drawings,  are  similar  for  "  long  line  or  "  cut ;"  thougli  tlie  dimensions  and  fineness 
of  the  maehinerj'  mast  be  made  suitable  for  their  various  lengths  and  qualities.  But 
in  the  preparation  of  tow  a  peculiar  additional  operation  is  demanded,  as  a  conse 
(^ueoco  of  the  different  state  of  the  fibres  of  which  the  material  is  composed;  this  opera- 
tion, termed  "carding"  has  for  object  to  bring  the  highly  irregnlar  and  entangled 
mass  into  a  somewhat  more  homogeneous  and  miifoim  state,  previoosly  to  its  being 
afterwards  drawn  and  equalised  in  a  manner  similai'  to  line. 

In  tlie  preparation  of  fine  the  first  operation  is  called  "spreading,"  and  the  machin* 
emplojed  a  "spreader,"  or  first  drawing:  those  subsequently  are  lie  seecmd  and  thivd 
"drawings"  (someljmes  a  fourth  is  nsed^  and  lastly  the  "roving."  It  is  npon  the 
spreader  that  the  separate  etricks  of  line  are  first  combined  and  drawn  inlo  long 
iiniform  bands  or  ribbons,  PsJIed  "slivers,"  of  determinate  lengths.  ThiB  is  effected 
bj  subdividing  the  Etricks  into  two  or  three  portions,  and  then  placing  fb  3m  consecu- 
tively  slightly  elongated ;  and  overlaying  each  otheraho\it|^ths  of  (heir  length  upon 
and  in  the  direction  of  aa  endless  creeping  sheet  or  apron.  The  machines  are  general)' 
made  with  two  of  these  creeping  sheets  or  aprons,  and  upon  each  sheet  are  thus  laid  tfb 
dlstinet  lines  of  atrioks ;  each  of  which  forms  a  thick  uniform  body  of  Jine,  capable 
of  being  maintained  to  aa  Indefinite  length.  These  endless  creepmg  sheets  supply 
continaonsly  another  part  of  the  machine,  where  the  body  of  "line"  is  drawn  out 
to  between  20  and  60  times  its  original  length,  according  to  whether  it  is  composed 
of  cut  or  long  flas.  This  part  of  the  machine  comprises  a  pair  of  holding  or  back 
rollers;  an  endless  succession  of  bars  called  fallers,  bearing  combs  of  closely  tanged 
steel  pins,  through  which  the  slivers  are  drawn ;  a  pair  of  drawing  rollers ;  an  ar- 
rangement of  diagonal  or  doubling  bars ;  and  a  pair  of  delivering  rollers  ;  is  gene- 
rally termed  the  "gill  frame,"  or  "gill  head,"  probably  from  the  French  word 
"aiguilles"  (needles),  as  descriptive  of  the  combs,  and  to  distinguish  this  machine 
from  those  formerly  used  for  the  same  purpose,  which  simply  consisted  of  a  series  of 
rollers  under  and  over  which  the  line  was  passed. 

The  following  figures  614,  61S,  show  the  outline  of  the  present  most  approved  gill 
spreader  or  firet  i&awing. 

A  A,  general  frame  of  flie  machine ;  e,  driving  pulleys ;  c,  auxiliary  frame  for  endless 
sheets ;  o,  D,  n,  n,  rollers  for  carrying  the  endless  sheets  or  aprons ;  e,  e,  conductors  to  guide 
andslightly  condense  the  four  bodies  or  slivaiB  of  line ;  f,  can  for  receiving  the  sliver ;  g, 
lover  for  weight  on  front  or  drawing  roller;  h,  lever  for  weight  on  back  roller;  K,  de- 
livering  roller  shaft,  spring  and  bell,  which,  by  the  intervention  of  gearing  between 
it  and  the  front  roller,  is  caused  to  ring  when  any  Jesired  length  of  ahver  is  delivered, 
a  a,  the  iron  drawing  roller  or  boss;  bbb,  thewofflenorpressingroller,  by  the  pressure 
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of  wiieh  npon  a  a  the  sliver  ia  held  during  tlie  greater  Telocity  of  tlitse  rollers  over 
tliat  of  e;  the  liolding  or  back  roilera  elongate  in  exact  proportion  of  its  angmettation ; 
tlie  holding  roller  e  ia  in  lite  manner  pressed  against  anouier  in  order  to  assist  the  "  gills' 
in  retaining  tlio  fibres;  k,  k,  hooted  rode  to  connect  the  weighted  lever  A  with  the  hold- 
ing roller  e,  and  by  the  pressure  thus  caused  inaure  its  effect ;  dd,  the  sheet  or  surfaee 
of  "gills"  composed  of  separate  bars,  as  seen  a.ijig.  614*,  616.*;  e,  rubber  or  cleaner  of 
pressing  roller  o;_^/  oonduetors  to  contract  laterally  the  sliver  at  the  moment  of  draw- 
,jns;^,  p'ate  of  metaJlaving  diagonal  openings  at  an  angle  of  45°  (tbia  platoia  sometimea 
called  the  "doubling  bars,"  having  been  first  made  of  Separate  bars)  to  the  oiTginal 
course  of  the  sliver,  in  order  to  enable  it  to  be  turned  in  a  rectangular  direction  and  guided 
to  the  delivering  rollers  A,ft;  thisdirectionof  the  sliver  is  more  distinctly  seen  at  jSjr.  617.; 
1,  hanger  or  connector  of  pressing  roller  b  to  its  weight  lever  c;l,l,  the  screws  or  worca 
^aft  for  carrying  the  gill  bar  dii;  mm,  the  shaft  witfv  bevel  wheels  by  which  tie  screw* 


at  oppos  te  s  dea  of  tl  e  f  ame  are  caused  to  move  aimidtaneonsly  n  n,  pinions  for  cmi- 
uectins  the  upper  and  lower  a)  rals  of  each  pa  r  oo  the  came  or  escentncs  for  lowering 
»nd  raising  tJie  gill  bar3;ppi  weighted  guide  lever  or  bell  cranks  for  guiding  the  &llei 
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in  its  descenfi  and  moderating  tho  sliook  caused  by  its  weight  wlien  coming  in  contael 
■wit^  tte  lower  elide  or  support;  q  and  r,  worm  and -wheel  for  bell  motion ;  s,(,»^ii,  w, 
sc,  line  of  wheals  fram  pulley  to  front  roller  and  from  front  roller  to  baek ;  I,  1,%  lint 
of  geeiiag  from  hack  roller  to  sheet;  4,  6,  6,7,  line  of  geering  ftom  roller  to  delivering 
roller;  8,  front  roller  to  brush ;  y  y,  from  baet  shaft  to  back  roller. 

The  machinea  for  the  second,  third,  and  fourth  drawings,  thongh  in  principle  essontiall; 
the  aame,  yet  differ  in  some  of  fheir  minor  details  from  the  foregoing,  as  they  do  not  re 
quire  tlie  Jeeding  sheet  to  snpply  them,  the  "  sliver,"  from  the  spreader  having  suffieienl 
coherence  as  to  allow  itself  to  be  drawn  from  the  cans  direct  by  the  back  rollers  of  thesE 
maeliiues— neither  is  a  bell  motion  requisite  to  determine  tlie length  of  slivers  produced 
by  tlii^ra.     I'ho  subjoined  sketches  show  the  general  parts  requisite  (jSj'.  616,  Oil.) 


A  A  (jSjr.  616.  617.;^  framing;  n,  driving  pulley;  c;  support  of  sliver  carrier;  D,  rolloi 
for  carrying  sliver;  E,  conductors ;  J,  can  oontaming  the  slivers  from  the  first  drawing ; 
1^  receiving  can;  a  H,  the  heckle  carrying  spirals;  I,  the  diagonal  or  doubling  bars; 
«,  delivering  rollers  ;  i,  the  drawing  rollers ;  m,  m,  m,  the  refining  rollers. 

The  roving  irame  is  the  same  in  regard  to  the  arrstigoment  of  its  back  and  fronl 
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rollers  and  gills,  as  the  drawing  frames;  and  aa  the  position  and  manner  of  regtdating 
tlie  spolea  are  generally  the  same  as  adopted  for  cotton,  the  deseiiption  of  flicse  parts 
therefore  does  not  require  to  be  repeated  ;  bnt  an  impr  jTement  patented  a  few  years 
einoe  by  Mr.  P.  Fairoairn,  of  Leeds,  of  that  part  of  these  frames  which  relates  to 
regulating  the  taking  up  movement  of  tie  bobbin  merits  particular  attention,  as  by  it 
the  iucoavenienees  of  the  older  method  of  a  weighted  belt  and  cone,  and  iliose  of  the 
more  recent  disc  frames,  are  entirely  overcome.  The  principle  of  this  iniproTement 
coneisis  of  driving  a  pulley  by  pressure  between  two  discs  running  at  equal  speeds  in 
opposite  directions,  aa  seen  at^js.  618,  61B,  630, 

Mgs.  618,  619.  To  obtain  the  variable  speed,  instead  of  using  a  cone  and  belt  as  in 
acme  ftames,  or  the  pulley  and  single  disc  as  in  others,  a  b,  the  horizontal  driying  discs, 
the  lower  one  a  is  keyed  ta  tlie  shaft  d,  while  the  upper  6  is  free  to  turn  upon  it ;  i,  bevel 


»hi<.l  fitted  to  or  forming  one  piece  with  the  upper  disc  (;  e  bevel  wheel  keyed  to  shaft 
d,  f  mtermediate  bevel  wheel  geering  in  the  bevel  "irheela  e  and  i,  so  as  to  turn  them 
in  opposite  du-eetione,  and  consequently  the  disc  to  which  they  are  directly  or  indi- 
rectly attached;  p  the  variable  pulley  covered  with  leather  and  reatingnpon  the  lower 
disc  <t,  and  itself  pressed  upon  by  the  weight  of  disc  6;  it  is  thus  driven  at  speeds 
varying  according  to  its  approach  to  or  from  the  shaft  d,  thus  anawsring  the  purpose 
of  the  traversing  leather  belt  of  the  cone  movement ;  A  shaft  keyed  in  the  pulley  p, 
from  which  the  variable  motion  is  transferred  to  the  bobbins. 

A  series  of  preparing  machines,  termed  a  "system,"  consists  in  general  of  1  spreading 
of  4  slivers  at  the  drawing  rollers,  united  into  one  by  the  doubling  bars  at  thedelivering 
rallor,  2  frames  of  second  drawing,  in  all  24  bosses  2  frames,  third  drawing  containing  to- 
gether S6  bosses ;  if  a  fourth  drawing  is  required,  2  frames  of  24  bosses  each,  or  18  bosses 
in  all  180  spindles  of  rowing  in  3  frames  will  well  supply  3000  spindles  of  mediuni 
BpincinK.  The  mode  of  using  this  "system"  is,  as  has  already  bean  said,  first  to  spread 
the  stacks  of  line  upon  the  feeding-sheet  of  the  "spreader,"  then  to  receive  the  sliver  or 
slivers  there  produced  info  cans  capable  of  holding  1,000  to  1,200  yards  of  slivers.  Those 
cans  specially  intended  to  receive  the  divers  from  this  machine  are  all  made  to  one  regu- 
lar weight;  thus,  when  filled,  the  weight  of  lino  each  contains  is  correctly  ascertained, 
and  by  the  bell  motion  the  length  is  also  known.  Upon  this  basis  is  founded  the  method 
of  producing  any  desired  number  of  yam,  and  by  doubling  the  slivers,  a  dwree  of 
equalisation  that  the  simple  spreading  would  be  unable  to  effect,  for  at  each  drawing 
and  at  the  roving  several  of  the  slivers  from  the  preceding  drawing  are  put  together, 
to  be  again  reduced  to  one  for  this  object  alone.  Hence,  the  weight  of  a  determinate 
length  in  yards  of  the  desired  yarn  being  known,  a  calculation  is  made,  combined  of  the 
drafts  ana  number  of  doublings  the  material  has  to  undergo,  to  determine  what  tte 
weight  should  be  of  that  length  of  slivers  contained  in  the  cans  frwn  the  spreader.  It 
b  orfinary  to  put  10  or  1 6  of  these  "  cans  "  together,  t«  form  what  is  called  a  "  sel^" 
the  divers  of  which  are  united  at  the  second  drawing  with  the  subsequent  drawingi 
»nd  rovinge ;'  the  combination  of  two  or  three  slivers  at  each  boas  is  sutfieient. 
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Thongh  the  above  ia  SeBcriptive  of  the  "gill"  frames  now  in  use,  yet  it  should  be 
understood  they  are  by  no  means  tie  first  or  only  results  of  tlie  attempta  made  to 
correct  the  defective  principle  of  the  original  roller  machines,  whitli  were  incapable 
of  holding  or  retaining  the  Hax  with  a  sufficient  degree  ot  regularity,  owing  to  Itj 
unequal  length  and  unadhe^ve  natni'^  The  coiiGeque.ices  were  that  the  yarns  pro- 
duced were  "lunjpy"  and  unlevel,  making  it  evident  that  some  improved  means  were 
necessity  for  mora  eompletely  restraining  and  regulating  the  drawing  of  the  fibres. 
The  most  obvious  way  to  do  this  was  to  introduce  some  mode  of  partial  detention  by 
creaiJnK  a  friction  among  the  fibres  to  imitate  the  action  of  the  fingers  in  hand-spinning. 
This  led  to  causing  the  slivers  to  pass  throngh  and  among  several  ranks  of  serrated 
pins,  which  was  found  very  nearly  to  attain  the  objeet^  and  certainly  greatly  improved 
the  levelness  and  uniformity  of  the  slivers.  Thus  the  use  of  "gills"  became  general 
about  thirty  years  since. 

Those  first  brought  into  general  use  were  constnieted  with  circular  discs  or  plates 
for  carrying  the  fiuler  or  gill  bar,  which  at  the  same  time  were  guided  by  their  ends 
passing  in  ftsed  slides  so  as  to  bring  the  gill  in  as  vertical  a  position  and  as  near  the 
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drawing  toller  as  possible.     The  figures  (631,622.)  arc  profile  and  front  v 
worfcingpartsof  one  of  these  gills: — i,  slotted  plate  or  disc,  ofwhjoh  a  pair 
upon  a  shaft  B,  so  as  to  carry  each  end  of  the  feller,  B,  passing  through  the  slots  c,  o;  k 
the  fixed  escentrie  slide;  o,  h  the  drawing  rollers;  e  the  holding  rollers. 

This  was  succeeded  by  tie  "  chain  gill,  in  which  the  fallera  were  carried  forward 
by  an  endless  series  of  connected  links,  or  jointed  together  "slotted  plates,"  instead  of 
tfie  simple  cbcniar.  The  object  of  this  was  to  increase  the  flat  surface  of  gill  bars 
between  the  holding  and  drawing  rollers,  making  it  more  suitable  for  the  longer  da- 
seriptions  of  materiaL  The  ^ides  and  rollers,  being  similar  in  these  machines  to  those 
in  the  former,  are  not  repeated,  but  tlic  sketoh  of  five  slotted  plates  is  given  in /p.  62S 


From  the  evident  importance  of  bringing  the  retaining  eEfocts  of  the  ^lls  as  closely 
as  possible  to  the  point  where  the  movement  of  the  drawing  fibres  is  grefttest^  several 
attempfs  have  hern  made  to  improve  the  above  described  gills  in  this  respect.     With 
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Itis  view  Mffssra.  Taylors  &  Wordsworth  patented  a 
(^,  624.)  which  therefore  deserres  mention,  thongh  it 
Bctiptiott  is  S3  follows ; — 

a  b  tho  faller  or  "gi!l  bap"  in  one  piece,  which  were  carried  forward  by  an  endlcBj 
chain  ]  e,  d  slides  placed  horizontally  oyer  the  gill  sheet  guiding  the  ends  of  certain 
bell-oranlra  e^f,  jointed  at  their  angle  in  the  recess /j  e  of  the  gill  bar,  and  at  their  other 
end  tu  the  gill  or  comb  a.  Sy  this  arrangement,  as  long  as  the  bell-eranka  are  in  the 
parallel  parts  of  the  slides  c,  d,  the  gill  t«eth  will  be  abcTc  the  faller  a  b,  but  when  they 
aiTiTe  at  the  contracted  part  the  guided  ends  will  be  brought  into  the  position  q  q,  and 
co[ise([ueat]j  the  gill  depressed  is  o  2 ;  this  is  so  timed  as  to  canse  them  to  clear  the 
drawing  roCer,  when,  on  again  continuing  their  course,  they  are  again  caused  to  rise 
and  penetrate  the  sliver  by  the  reversed  inclination  of  the  shdes  e,d  at  the  back  roller. 

The  objection  to  this  ingenious  machine  was  the  larjjeness  of  the  space  suddenly 


left  open  by  the  descent  of  the  gill,  as  the  double  faller,  bcll-etank,  and  gill  necessarily 
oennpied  a  great  width. 

The  screw  ot  spiral  movement  of  the  fallera,  which  was  soon  afterwards  invented, 
qnicbly  superseded  all  otters  in  use,  an  by  these  means  tho  faller  was  caused,  even  in  thii 
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manner  thej  were  first  conBtmcted,  to  approach  closer  than  even  in  the  moat  perfected 
tonfltmotioa  of  theothera,  fo  the  side  of  thedrawing  roller,  and  Btill  maintain  the  pins  in 
a  vertical  pofiition.  Recently  this  object  has  been  more  perfectly  attained  by  a  patented 
improved  constrnetjon  adopted  by  Messrs,  P.  Pairbairn  &  Co.,  whereby  the  obstacle  to  the 
falter  wholly  tonohing  the  roller  has  been  removed,  and  tliua  produomg  the  full  holding 
effect  of  the  gili  to  thelatest  possible  moment.  Thisis  effected  by  employing  amethod 
of  supporting  the  spirals  by  their  working  in  tubular  recesses  in  tlie  siiie  plate  of  the 
machine  ;  along  these  recesses  are  longitudinal  openings  tlirough  whieh  the  falJer  end 
passes  to  enter  between  the  threads  ofthe  spiral,  and  which  serve  also  as  slides  to  sup- 

EoH  the  faller.  As  by  this  means  the  supports  or  plummet  blocks  that  intervened 
etween  the  end  of  the  spirals  and  the  roller  are  aappressed,  the  fallar  is  enabled  to 
advance  to  the  place  they  lortnerly  occupied.  i%.  625.  and  B26.  show  this  comparison  of 
the  older  and  more  recent  methods,  a,  b  spirals ;  o,  a  the  parts  by  whieh  they  are  sup 
ported,  being  in  j^.  625.  small  pivotsinplummet  WockoD,  andin  fijr.  626.  hollow  tube- 
like  recaasas  in  frame  plate  o  c ;  ti  E  pinions  to  work  (he  upper  and  lower  spiral  together ; 
F  bearings ;  a  drawing-rollers ;  h  prcssing-rolJei-s ;  1 1  passage  of  the  faller's  desceni 
Here  it  may  be  as  well  to  observe  tliat  the  same  parties  have  still  more  lately  intro 


faller.     Mg.  627,  shows  a  sectional  front  view  of  a  head  having  this  improvement 


621 
applied.  *  J  supports  for  screws;  J,  e  top  and  bottom  seieivs;  <!,  d,  the  new  cams  fixed 
on  ^ftaparalld  "with  the  screws,  and  revolving  at  the  same  speed.  Thus,  these  cams 
d,  d  reoeive  the  fnller  «  e  at  their  largest  diameter,  at  the  moment  they  are  free  tn 
descend,  and  guide  Hiem  gradually  down  to  the  lower  slide- 
Thus  construoted,  the  "screw  gill"  continues  to  be  the  most  esteemed  in  ptineiple, 
though  not  without  some  serious  objeotioas  in  praetiee.  For  the  abrupt  and  angular 
movements  ofthe  "faller"  even  here  not  only  liberate  too  suddenly  a  portion  of  the 
fibres  tliat  should  be  but  gradually  relaxed  at  the  moment  of  being  drawn,  but  cause 
considerable  wear  and  tear  to  itself  the  etidea,  and  the  gQb  attached  to  it ;  to  which 
cause  of  destruction  must  be  added  the  great  friction  of  the  worm  movement ;  these, 
however,  in  "lino"  preparing,  where  the  fibres  are  long  and  straight^  and  the  drafts  em- 
ployed large,  and  where,  consequently,  a  eomparatively  slow  movement  of  the  gills  is 
required,  are  not  so  much  felt  as  in  the  preparation  of  tow,  where  they  become  serious. 
In  "  tow  preparing"  the  first  operation,  as  before  stated,  consists  of  "carding,"  which 
is  generally  repeated  over  two  separate  machines,  whioli  are  respectively  called  the 
'breaker"  and  the  "finisher"  cards.  They  are  essentially  the  same  in  principle,  and 
vary  but  little  in  eonatmetioB,  the  only  difference  being  that  the  "  breaker  "  is  fed  or 
supplied  by  tlie  disjointed  parcels  of  tow  from  a  creepu^  sheet  (as  the  spreader  with 
"fine,")  and  delivers  its  slivers  into  a  cao,  whereas  thefinidieris  fed  from  a  Dobbin  upon 
which  several  of  the  slivers  from  the  "  breaker"  are  united  by  a  machine  expressly  for 
that  purpose,  called  a  "lap  frame;"  this  card  thus  receives  ita  supply  of  wort  in  a  very 
regular  form,  and  previously  to  delivering  it  in  the  form  of  slivers  causes  them  to  pass 
over  a  gill,  to  consolidate  and  strengthen  Uiem  before  deliveling  them  into  the  receiving 
can:  it  is  also  generally  clothed  with  a  finer  description  of  wire  fiUelJnfl;  than  the 
breaker.  Though  it  is  the  better  method  to  card  thus  the  low  Iwioe,  yet  Qiis  second 
carding  is  sometimes  dispensed  with;  in  that  case  this  auxiliary  "  gill"  is  similarly 
fixed  to  the  first  card  or  breaker.  Tlie  cards  employed  for  fflw  are  machines  of  con- 
siderable weight  and  importance,  the  main  ejlindev,  or,  as  it  is  sometimes  called,  "  swift," 
being  from  4  to  6  feet  diameter  and  4  to  8  feet  long;  those  most  generally  employed 
are  6  feet  long.  Previously  to  entering  upon  the  detailed  description  of  a  card,  it  may 
be  as  well  first  to  trace  in  general  terms  the  progress  of  its  opei-atione,  ns  tending  to 
elucidate  the  esplanation  of  the  machine  itself. 

The  towisflrstdividedby  weighing  into  small  parcelsof  10  to  20  drachms;  these  are 
then  shaken  out  and  spread  so  as  to  cover  certain  definite  portions  of  the  creeping 
feeding  alieet,  by  which  they  are  conducted  to  the  first  pair  of  rollers  called  the  feeders 
Tliese  rollers  are  covered  with  a  leather  band,  in  which  are  fixed  in  close  ari'ay  a 
number  of  wire  points  about  ^  a-'  ;ncb  long,  aod  having  a  tangential  inclination  to  the 
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of  the  roFiei^,  wliioli  nre  about  2J-  inches  diameter.    The  tow,  passing  at  a 
between  these  rollers,  is  by  them  gradually  presented  to  tlia 


F."; 


p  1  w  Ih  which  the  swift  ia  libawiee  covered,  also  set  ia  leather  bands,  but  which  ai_ 
b  t  mohea  wide  ;  these  points,  the  same  length  as  those  of  the  fecdora,  have  an 
n  1  d  direotion  pointing  U)  that  in  which  the  cylinder  turns.  The  much  greater 
loc  y  of  the  "  cylinder"  combs  and  pomewhat  opens  and  breaks  the  tow  as  it  slowly 
a  n  es  n  contaef,  and  the  inclination  of  the  pins  at  the  same  time  carries  it  fopwari 
All  h  liunpa  and  fibres  as  are  not  sufficiently  opened  and  straightened  by  this  first 
ta  t,  niaming  prominent  on  the  surface  of  points  on  the  cylinder,  are  carried  by  il 
against  another  toller,  whose  axis  is  parallel,  and  whose  wire-ooTered  circamference  ie 
bronght  as  near  as  possible,  without  absolute  oontacl^  in  order  to  catch  and  retain  these 
prominent  lumps  and  fibres  ;  the  points  of  this  roller  (called  a  "worker")  are  inclined 
m  a  direction  opposed  to  the  movement  of  the  swifti  and,  therefore,  hold  the  "  tow"  to 
be  again  combed  Bud  straightened  as  at  first  it  was  by  the  feeders ;  this  is  repeated  eight  or 
nine  times,  by  having  that  number  of  workers  to  the  card;  each  of  these  workers  baa  ita 
attendant  roller,  also  covered  with  wire  points,  by  whose  imjinaiJon  in  a  contrary 
direction,  andby  the  greater  Telocity  of  the  roller,  the  tow  is  stjipped  from  the  workers, 
to  be  again  laid  on  to  the  cylinder.  Hie  strippers,  thongh  running  at  a  greater  velocity 
than  the  workers,  are  still  slower  than  the  oylinder.  The  tow  thus  carried  forward 
gradually  improving  in  openness  and  regulanty  as  it  passes  each  pair  of  "workers  and 
strippers,"  finally  arrives  at  the  roller  called  a  doffer,  of  which  there  are  two  or  three  upon 
a  card,  the  wire  points  of  which  are  in  such  a  direction  as  to  hook  or  catch  the  "  tow  " 
"as  it  flies."  The  uea  of  these  several  doffersis,  that  by  placing  each  succeeding  one 
proffresavely  nearer  the  swift^  the  longer  and  shorter  fitires  are  sncoessively  and  sepa- 
rately taken  off.  Each  doffer  is  cleared  by  an  oscillating  eomb,  and  the  slivers  con- 
ducted, if  intended  for  the  lap  machine,  into  a  can  by  delivering  rollers;  but  if  finished, 
these  delivering  rollers  are  as  it  were  tlie  back  rollers  of  the  ausdiiaiy  gill,  patented  for 
this  application  by  Messrs.  Fairbaim  and  Co.  ;  whereby  the  slivers  are  not  only  saved 
from  all  danger  of  derangement  in  thdr  loose  and  porous  state  as  direct  from  a  card,  but 
the  hitherto  double  expense  of  carding  and  first  drawing  is  redneod  to  that  of  carding 


movable  pulley  f  g  c  g  wn  kers  i,  r  r  thethr  e  i  IT  r'  n  n,  h,  intermediate  wheels 
to  conne  t  tl  e  movement  of  the  doffersw  th  one  another  k  k,  k,  oscillating  combs  for 
the  r  respect  vs  doffere  i,  delivering  rollers  w  back  roller  of  auxiliary  gill;  h,  gill 
surface  ;  o,  p,  drawing  rollers ;  q,  delivering  rollers  and  bell  motion  for  measuring  the 
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slirers  into  the  onnsR;  9  9,  doubling  plate  ;  t,  pulley  for  driving  auxiliary  gilla  by  bell 
from  the  pulley  c 

Tho  lap  frame  to  which  allusion  has  already  been  made  aa  the  neeesaary  adjunct  to 
the  cards  when  double  carding  ia  to  be  performed,  ia  employed  to  collect  together  a 
namber  of  slivera  from  the  "breaker"  by  winding  or  lapping  them  upon  a  cylindrical 
piece  of  wood,  which  may  be  deaoribed  as  a  bobbin  shault,  thuaprodaeing  an  equalisatiou 
of  the  alivers  of  tow  as  the  mabiag  up  of  aefs  effected  in  line  preparing ;  from  60  to 
fiOlba.  of  tow  ia  the  usual  complement  of  one  of  theae  bobbina,  the  length  and  the 
diameter,  when  full,  about  22  inches;  thus,  a  6feet  wide  finisher  card  will  takeoff  these 
bobbina  at  once ;  from  15  to  20  ia  tlie  number  of  sliTers  uauolly  wound  together,  and 
the  completion  of  a  bobbin  by  tho  ricging  of  a  beJI,  coDneotad  with  the  measuring 
cylinder  of  the  machine.    The  following  ia  a  desoiiptiTc  drawing  of  the  lap  machine. 

A  Ai,  {Jig.  630.  i6fi31.)  framing;  B,  measuring  and  preaaing  ejlinder ;  c,  0,1^  driTing 
pulleys  connected  with  different  geering  to  change  the  speed  m  the  bobbins  fill;  m,  bob- 
bin or  shant  intended  to  be  filled ;  k,  taHe  to  receive  the  bobbin  when  about  to  be  taken 
from  the  machine ;  e,  weight  to  increase  the  effect  of  preaaure  of  the  mesBuring  cylinder 
by  the  connectiog  rods  o,  s,  g,  which  are  split  for  part  of  their  length  in  order  to  pass 
the  ahaft  h,  and  at  anotlier  gg  have  racks  into  which  work  pinions  keyed  on  the  shaft  cf 
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the  hand  wheel  J,  for  (lie  oonyeniejioe  of  ruising  and  lowering  the  oylindflrand  weight 
The  Ehaft  h  ia  divided  at  the  plates  k  and  i.,  and  provided  wiih  Eooketa  to  receive  the 
end  of  the  bobbin  shant  n,  which  is  introduced  by  sliding  back  the  piece  g  a,  and 
returning  il  by  lever  fl!,and  thus  ia  coupled  aad  tame  together  with  two  pieces  of  shaft 
a,  as  also  the  diec  plates  k  and  i,  which  are  to  aerve  as  temporary  ends  to  tlie  bobbin 
dnring  ihe  time  of  its  filling,  and  thma  by  turning  with  it  avoid  that  rubbing  and 
fe] ting  effect  upon  the  edges  of  the  tow  bo  injurious  in  the  machines  formerly  construcfj'd 


and  by  the  bobbin  acting  as  the  driver  to  the  cylinder  fJie  elivors  are  drawn  tighlei, 
and  thereby  avoid  those  plaitcs  that  the  other  machines  were  ao  Uabla  to  produce. 

As  before  mentioned,  oome  ohjeoHoas  were  found  to  the  working  of  the  acrew-gill,  of 
a  uature  detrimental  to  the  machines  themselves,  which,  though  not  of  great  importance 
in  "line,"  were  much  aggravated  in  tow  preparing  as  the  lesser  drafts  there  employed 
cause  a  greater  wear  and  tear  of  the  fallers  and  giSs.  Tlie  objection  to  these  machines, 
however,  is  not  confined  to  this  point  only,  but  estenda  also  to  their  effect  upon  tJie 
material  itself.  The  fibres  of  the  tow  sliver,  as  coming  from  the  ead,are  in  a  light  and 
much  confused  state,  which  renders  them  liable  to  be  easily  separatad ;  so  that  the  faller, 
by  its  sudden  descent,  has  a  tendency  to  draw  some  down,  and  become  lapped  by  them, 
as  -(Pell  as  to  mate  so  marlred  a  difference  io  the  thickness  of  the  sliver,  by  the  with- 
drawal of  the  retaining  comb,  as  materially  to  injore  the  quality  of  the  yam.  Thus 
this  "gill"  was  not  enabled  to  hold  its  place  in  tow  spinning,  when  other  circumstances 
led  to  greater  attention  being  paid  to  this  important  braridi  of  the  flax  business,  and  it 
became  a  desideratum  to  have  a  machine  tree  from  these  defects,  and  capable  of  working 
without  derangement^  at  much  greater  velocity  than  was  a^e  with  the  "  screw^ill." 
These  desiderata  the  "rotary"  gill,  patented  by  Messrs.  Fairbaim  A  Co.,  amply  sup^es. 
For  in  this  gill  the  circular  form  of  the  ^11  sheet  obviates  the  necessity  of  having 
several  fallers,  and  the  simple  motion  creates  neither  Motion  nor  abruptness  of  effect 
while  the  retention  of  the  fibres  beiug  continuous  the  slivers  produced  are  perfectly 
level  and  uniform,  consequently  these  gills  are  extensively  appfied.  as  the  auxiliary  gilJ 
explained  ia  carding,  as  well  aa  for  the  eubseqnent  drawings  and  rovings  of  tr ^ 


The  theoretical  eonstraetJOD 


IS  win  be  afterwards  s( 
jlaiy  gills  will  be  aeenb^ 

M,  {jiff.  632.  J  back  rollers,  but  when  apphed  to  a  card  at  top  and  bottom  holding  rollers 
are  again  employed ;  N,  the  rotary  gill  sheet  having  the  pns  inelined  backwards,  so  as 
toinsura  the  impalement  of  the  diver  when  the  fibres  hegm  to  draw:  p  and  o,  the  draw- 
ing and  preswDg  rollers;  the  doubling  bars  or  plates  are  the  same  to  these  gills  as  to 
the  "screw-^lla*' 

Subsequently  to  tiic  carding  the  preparation  of  tow  is  completed  by  making  up  acta 
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of  canfl  for  tlie  eeeond  drawing,  as  espiained  for  line;  these  elivere  ara  doubled  and 
drawn,  once  or  twice  more,  and  thun  vored.  Tlie  drafts  used  in  tow  preparing  are 
fram  6  to  8,  for  as  the  fibres  ara  shortsr,  it  neeessitatea  the  employment  of  less  drafts 
In  both  line  and  Uiw  preparing,  lesser  drafts  are  employed  as  the  etagea  a^ranoe,  the 
^Is  finer,  and  the  condaetora  narrower;  also  for  both  materials  mueh  attention  is 
requisite  to  taep  the  various  parts  of  the  machines  in  good  order,  free  ftom  bent  or 
broken  pins,  and  chipped  or  indented  rollers,  for  no  subsequent  operation  can  cure 
the  defects  that  may  ba  produced  b^  negligence  in  these  particulars.  The  drawing 
and  roving  frames  for  tow  are  shown  in^iL  633,  634,  B35. 

A  A,  (jSif.  63i.)dt^viiagivam]ae;  b,  driving  pulleys ;  (^  rofaiy  gill  sheet ;  d,  drawing 
roller;  epressing;  r,  a,  pairs  of  delivering  rollers;  A,  doubling  plate;  i,  baok  oon- 
ductor ;  k  back  roller  wheel  with  pulley  to  tnm  the  aliver  rail  i. 

A  ■*,  (/?■  S3*  *  8^5.)  roving  frame;  b,  pulley  and  flv  wheel  combined;  o, drawing 
roller :  d,  rotary  gill ;  a  a,  stand  for  gill  movement  ^e  regulation  of  the  bobbins 
is  effected  in  the  same  manner  as  already  described  for  line  roving. 

6th,  SfHtitisBS- — This  operation  consists  in  drawing  the  "rovings"  down  to  the  last 
degree  of  tenuity  desired,  and  twisting  them  iato  hard  cylindrioai  cords,  which  are 
called  "yams." 

Thereare  three  modes  of  performing  this  operation;  the  liret,  and  perhaps  oldest,  is 
that.where  the  drawing  and  twisting  are  performed  altogether,  with  the  material  pre- 
eerved  dry,  and  without  breaking  or  shortening  the  fibre;  the  second  is  that  which 
likewise,  without  changing  the  length  of  the  fibres,  draws  them  while  dry,  but  wets 
tliem  just  at  the  moment  before  twisting.  This  method  is  the  nearest  imitation  of 
hand  spinning,  and  makes  the  yam  more  solid  and  wiry  than  the  first ;  as  the  fibres 
of  flax  losing  their  elastidty  while  wet,  unite  and  incorporate  better  with  one  another. 
The  third  mode  of  spinning  has  been  much  more  recently  introduced  than  either  of 
50 
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tJiB  others,  and  bj  it  the  flh 
whereby  they  are  not  unly  n 
creased  by  the  partial  aolutioii 
owing  to  iheae  eireumstancea  6 
spinning  from  line  aJid  tf      "" 


I        II  u  h  til  liang  dvawn, 

t  li  _  I  1  I  II  I  111  111  til'' flaxen  material: 
lu  illj  jjoil  juiiit  <'ui  bt,  pi  oduced  by  this  mode  of 
qnahty,  to  ^hat  could  be  employed  dj>oii  either 


of  the  others,  and  not  only  thu^  bat  mneli  finer  yarns  ono  be  riavr  spun  than  n 
possible  previous  to  its  introduction  It  has  therefore  not  only  neaily  superseded  all 
other  methods  of  spinning  for  yarns  from  SO's  to  the  finest,  but  has  mnch  inoteased 
the  extent  and  iroportanoe  of  tiie  flas  mannfiieture. 

The  only  difference  in  spinning  frames  for  "  line,  or  tow,"  when  emplojed  for  the 
older  meliods,  consists  in  the  length  of  reach,  which  generally  involvea  the  necessity 
of  baying  separate  machines  for  each  material,  though  sometimes  they  are  made  with 
a  capacity  to  be  adapted  to  either  purpose.  In  the  third  method  the  same  machines 
were  used  promiscuonsly  for  "  line  or  tow." 

The  yams  spun  wholly  dry  are  used  for  the  eoarae  deseriptJon  of  woven  goods,  na 
pacting  canvass  corn  saelt^  and  when  partially  bleached  for  sheetings  and  towellinga 
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It  will  be  seen  from  the  above  diagram,  that  the  yarn  is  compelled  to  rub  the  top  of 
the  bobbin,  and  the  friction  thereby  created  qnickly  oanaes  it  to  become  rough;  and 
therefore  it  has  a  tendency  to  cat«h  and  break  the  thread.  The  dedrableness,  there- 
fore, of  baying  a  clear  course  for  the  yarn  was  evident,  and  this  improvement  that 
we  ate  about  to  esplain  produces  the  effect  by  employing  what  is  called  a  coping 
motion,  wliich,like  that  usedinmnle  spinning,  preaerreB  the  layers  of  thread  upon  the 
bobbin  ever  in  a  pointed  or  conical  state,  and  therefore  self  supporting  without  the  aid 
of  the  wooden  end  of  the  bobbin.  See  Cotton  Spihiiwq. 
The  arrangealent  of  the  rollers  for  holding  and  drawing  the  slivers  or  rovings,  as 
IS  the  pates  and  rollers  for  aiding  to  retain  the  twtat  of  the  rovings,  in  order  ti 


render  their  elongation 
methods,  will  be  seen  in 
A,  (Jiff.  eSl.)  roving  bo 
with  a  slightljr  curved  ft 
degree  of  friction  tt  '''- ' 


■e  equable  when  to  be  drawn  dry  and  spun  upon  the  older 


in;  B,  backer  holding  roller;  c,  carrying  roller,  ti  flat  plate 
;  the  carrying  roller  and  plate  are  so  placed  as  to  cause  a 

__^ _  . .  vine  when  passing  over  them,  so  as  to  retain  the  twisty  and 

thus  act  as  the  pins  in  the  "gill  frames;"  e,  tm  oondnetor  for  contracting  the  roving 
at  the  moment  of  being  drawn ;  /,  metal  roller ;  g,  wooden  roller  pressed  against  the 
drawing  roller  in  order  to  pinch  the  roving;  h,  lever  and  weight.  When  it  is  intended 
to  wet  the  yam  previously  to  twisting,  the  trough  i  is  used,  in  which  is  water,  which 
is  supplied  to  the  roUer  g  by  the  capillary  attraction  of  a  piece  of  cloth  immersed 
therein,  and  bearing  against  the  roller  by  lever  k. 

The  machines  for  "  wet"  spinning  are  of  a  very  different  construction  and  appearance ; 
as  the  close  proximity  of  the  holding  and  drawing  rollers  prevents  the  intervention  of 
holding  rollers  or  friction  bars,  while  the  force  requisite  te  draw  the  rovings  at  the  short 
reaches  used,  varyingirom  2^  to  4  inches,  requires  each  pair  to  be  deeply  and  accurately 
fluted  into  one  another.  The  water  used  is  heated,  in  order  by  the  expuision  of  the 
fixed  air  more  rapidly  and  completely  to  saturate  the  rovings  while  passmg  through 
it.  The  following  drawings  and  description  will  be  sufficient  to  give  an  accurate  idea 
of  the  principle  of  these  machines,  which  are  generally  20  to  30  feet  in  length,  and 
contain  200  to  nearly  300  spindles ;  that  is,  100  to  160  on  each  side. 

*,  (_0g.  638.  &  639.)  framicg ;  b  b,  stand  for  roving  bobbins ;  c,  driving  pulleys 
.     .f  ._.,._:,..._    , .......  ■>.  ,    ,      ■>  -       -lespindieB 


fixed  upon  the  asle  of  cylinder 


a  which  pass  endless  cords  to  drive  the  sj 


no^lc 


lalaof 


(«;  F,  step  mil  of  spindles  a  collar  tail  for  ditto  h  bubbin  lifter  i. 
back  roller  I,  back  pressing  roller  M.  top  pressing  roller  (these  are  irenerali^  n 
box  -wood,  but  BometimeB  of  gntta  pereha) ;  m,  h,  levers  in  eunneotion  with  the  excentrie  to 
produce  the  rise  and  fall  of  the  bobbin  lifter ;  o  o,  thread  plate ;  q,  o,  Baddies  or  transverse 
bare  resting  on  the  asles  of^eback  and  front  pressing  rolletB,so  that  one  lever  and  weiglit 
acts  for  both  by  the  connecting  rod  to  lever  r  r,  which,  in  order  to  cause  more  pressuts 
on  the  drawing  than  on  the  bacl;  roller,  is  placed  on  the  saddle  nearer  the  former  than 
iho  latter.     1,  2,  3,  4,  5,  6,  7,  S,  train  of  wheelwoii,  by  wh'oh  the  movementfl  are  dis 
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(nbuted.  a,  a,  a,  the  trough  of  hot  water  mftintained  by  steam-pipes  at  tha  desired  tern- 
petatute ;  b,  b.  guide  roda  or  pipes  to  cause  the  roving  to  pass  under  the  water.    In 
order  to  avoid  the  rollers  becoming  indented  bj  the  roving  always  paaaing  on  the  same 
place,  they  are  caused  to  traverse  tha  breadth  of  the  rollers  by  a  traversing  guide  rail, 
moved  by  an  exoentrio  at  tha  worm  and  wheel  c;  d,  flyarB,  and/  spindles. 

Hera  it  may  be  proper  to  introduce  a  description  of  the  machines  for  twisting  the 
yams  when  spun  into  "  threads"  used  for  sevring,  it    The  yarna  spun  for  this  purpose 
should  always  be  made  of  a  somewhat  superior  description  of  line  to  that  employed  for 
the  same  number  of  yarns  for  weaving,  and  have  rather  less  twist.    They  are  generally 
taken  while  wet  on  the  spinning  bobbins  to  the  twisting  frame,  and,  when  eorobinea 
together,  the  union  is  effected  by  a  torsion  in  the  opposite  diracUon  to  the  original  twist 
of  the  separate  yams. 

6.    Beelitig.  —  Thh  operaKon  consists  in  winding  the  yarn  off  the  bobbins  of  the 
spinning  or  twisting  frames,  aud  formiug  it  into  hanks  or  skeins.    The  various  denomi- 
nations of  the  skeins  into  which  yam  is  reeled,  and  then  the  forraj  or  ccmbmations 
they  are  made  up  into,  are  as  follows:— 

The  lea  oontuning  300  yards 

10  leas  making             1  hank 

20  hanlis    „                  1  bundle 
B  bundles,,                     1  packet. 
It  is  by  the  standard  lea  of  300  yards  that  the  description  of  yarn  is  known  from  the 
number  contained  in  1  lb.  weight;  thus  No.  20.  eontcins  20  leas  or  6000  yards  for  I  lb 
weight   In  Scotland,  the  subdivisions  are  rather  different  from  the  foregoing,  which 
are  employed  in  England  and  Ireland ;.  the  lea,  however,  femaiQing  the  same  :— 

38  leas  make  1  spindle 
6          „          1  rand 

12rand3„           1  dozen. 
The  reeling  is  peformed  upon  exceedingly  smiple  machines,  generally  put  in  motiw.. 
by  the  hand  of  tTie  person  attending  them,   though  eoroetunes  they  are  driven  by 

bobbins,  and  the  barrel  upon  the  yam  is  found  in  one  length;  the  dUmeter.  however, 
varies  so  as  to  suit  tha  different.aiw!d  yarns  to  be  reeled.    For  the  coarsest  yarns  and 
down  to  16.  and  20.,  the  largest  circumference  is  used  of  3  yards,  from  that  to  abont 
Ko.  100.  Si  yards,  and  for  tie  finest  yam  li  yards  k  found  most  convenient    These 
various  circamferenees  are  compensated  either  by  putting  a  great  namber  of  threads 

in 
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into  each  "tja,"  or  inereasiDg  the  number  of  fyea,  go  that  opposite  to  each  ouo  of  th« 
20  bohbmB  an  entire  hant  eliould  he  formed  before  taking  the  yarn  off;  tlias  at  eaoh 
"stripping,"  one  bundle  ia  turned  off.  To  facilitate  the  stripping,  one  of  the  rails  of  the 
barrel  is  made  to  fall  in,  and  thus  slaeken  the  hanks;  care  is  taken  to  leave  the  leas 
bands  very  loose,  in  order  to  allow  the  yarn  to  be  spread  out  in  drying  and  bleaching. 
The  determinate  lengths  of  yarn,  when  wound  on  the  reel,  are  notifleS  by  the  ringing 
of  a  beli  connected  with  the  asle  of  the  barrel  Figure  below  shows  the  form  of  an 
ordinary  hund-reel. 

A  A  (Jig,  MO.)  framing;  b  b 
reel  barrels;  c  bos  or  trough  to 
receive  empty  bobbins,  &c;  D  it 
bobbins  in  position  of  being  i-eeled ; 
E  '£  gnide  rails  moveable  so  as  to 
place  the  leas  side  hy  side  on  the 
reel,  //  bell  wheels'  g  g  bells 
for  each  reel  baiTel  suspended  on 
springs. 

To  these  hand-reels  there  jre 
many  objections;  for  it  is  evident 
that  the  correctness  of  measure  de- 
pends entirely  upon  the  attention 
of  the  i-eeler,  and  the  stoppages 
------  from  the   breaking   of   a 


>r  the  & 


ig  of  a  bobbin 


The^  objections  rendered  it  necessary  to  attempt  sc 

the  introduction  of  a  reel  that  should  automatically  prevent  these  cau»ea  ui  error. 
Suth  a  reel  was  patented  a  few  years  since,  and  is  now  in  general  use  in  SeofJand; 
it  is  so  contrived  as  to  have  the  capacity  of  stopping  itself  when  a  thread  breaks,  when 
a  bobbin  liniehes,  and  leas  and  hanks  completed;  and  having  but  four  or  five  bobbins 
in  one  compartment,  the  stoppages  affect  but  few  at  a  time ;  and  as  this  machine  can 
be  worked  by  less  skilful  persons  wifioat  possibility  of  error,  much  saving  is  effected 
botii  in  wage?  and  material.  The  nnnesed  figure  (641-)  shows  the  principle  of  this 
■raproved  reel. 

A  A  (jij  641.)  iraming;  E  reels;  (i  o  pendulums  on  which  are  hung  the  bobbins 
to  be  wound  off;  p  driving  shaft  with  ratchet  wheels  oppoate  to  each  pendulum, 
so  that  when  a  thread  break^  the  pendulum  to  which  it  was  attached  falls  into  the 
ratchet  wheel,  and  thus  stops  ii 

The  drying  of  wet  spun  yarns  should  always,  when  posable,  be  done  in  the  open  all 


uy  spreadiM  the  hanks  upon  horizontal  poles  through  them,  with  another  similar  pole 
resting  inJde  upon  their  lower  extremities,  in  order  to  keep  them  straight.  If  arti- 
ficial heat  is  employed,  that  from  steam  or  hot  water  is  preferable,  and  it  shoul'l 
never  exceed  90°  Fahr.,  as  otherwise  the  yarn  is  apt  to  become  harak 


7.  Making  t.p. — Bj  this  operation  ia  first  produced  upon  tlie  va 
~~!9  and  Bupplenefs,  and  tJieu  the  hanks  ars  folded  and  tied  up  in 


^^  ,  ,  .     intly-aized 

packages. 

In  order  to  siTa  the  yams  that  eoft  and  mellow  feel  30  agreeable  and  characteristic 
of  flax  yams,  flie  hanks,  when  brought  from  the  dr3'ing,  are  what  is  called  sliaken 
down  and  pin-worked.  This  is  done  by  Beparating  a  few  at  a  time,  and  passing  tlicni 
on  to  a  strong  arm  of  wood  iixed  to  a  wail  or  pUIar,  when  with  a  heavy  baton  put 
through  them,  the  workman  proceeds  to  stretch  the  tanks  with  a  sudden  oheok  or 
jerl^  which  operation  ha  repeals  in  two  or  three  places  so  as  to  thorongihly  straighten 
and  shake  them  loose  ;  he  tlieu,  using  the  same  baton  as  a  Sever,  twists  them  lightly 
backwards  and  forwards  till  the  desired  degree  of  suppleness  is  obtained.  A  brush 
B  used  to  aid  the  straightening  and  separatmg,  a        ~ 


■  The  hank  or  hanks  will  Uien  be  found  to  have  assumed  a  flat 


middle,  when  they  are  J 
upon  another.  Tiiey  are  maintained  in  the  perpendicular  by  a  few  anpporta  flsed  ii 
tlie  table.  Sometimes  these  packages,  which,  according  to  the  sizes  of  the  yarn,  con- 
ii«t  of  from  J  of  a  bundle  to  5  or  6  bundles^  are  bound  together  by  some  of  their  own 
hanks,  but  sometimes  by  cords  in  three  orfour  plices  of  their  length.  It  Is,  however, 
better  to  employ  a  bundling  press  than  an  ordinary  table,  as  the  yam  can  then  be 
made  up  more  solidly,  thus  both  improving  its  appearance,  and  causing  it  to  occupy 
Ifss  space  tor  packing  and  stowage.    Tlie  bundling  presses  are  made  upon  the  same 

■ '■  '•"*  —  a  smaller  scale,  for  making  up  tlie  emal!  packets,  in  which  sewing 

__ii ..3  r_  _..!_    ,_j    „..^  upon  the  foIlo\Fing  eonstruotJon, 


thrcod 

{figs.  642,  643). 


Fig.  642.  front  view;  Fig.  643.  profile, 
rising  table  ;  n  n  iron  uprights  fixed  to  B  ,  „  ,        .    „ 

to  shut  across  the  press,  and  be  caught  and  latched  down  by  the  spring  catch  i  fixed 
to  the  upright  d  along  one  side  of  ttie  pressj  r  f  racks  for  lifting  the  table  0  by  the 
pinions  on  shaft  e;  h  crossed  levers  for  turning  the  shaft  o  ;  i  ratchet  wheel  engaging 
the  detent  K,  and  thus  retaining  the  shaft  g  in  any  required  position,  and  thus  of  course 
snaintaining  the  pressure  of  table  c  against  the  top  cross-bars  e. 

8.  Weavinff,  ia  the  operation  by  which  the  yams  are  combined  into  textile  fabrics, 
such  as  canvas,  linen,  drilla,  damasks,  Ac,  and  a  gi'eat  variety  of  other  denominations 
of  article  for  use  and  ornament. 

Hitherto  the  weaving  of  linens  has  been  carried  on  by  the  ancient  and  well  known 
hand  process,  so  ancient  and  so  well  known  as  to  place  the  operative  practising  it 
among  the  worst  paid  of  any  other  art.  How,  however,  there  are  BoveraJ  extensive  and 
thriving  establishments,  where  machinery  has  taken  the  place  of  much  squalid  misery, 
and  at  much  cheaper  rates  produces  to  consumers  superior  articles,  and  still  affords  good 
pavment  to  the  operative,  lie  improvements  in  power  weaving  wbicli  have  led  to 
this  result  are  not  founded  upon  one  or  even  a  few  sueceBsftU  inventions  or  contrivances, 
but  are  the  combination  of  a  great  many  that  have  occupied  much  time  to  mature. 
Many  difficulties  had  to  be  overcome  in  theweavingof  flaxtJiatdid  not  exist  in  that  of 
other  materials;  and  for  a  considerable  period  the  expense  of  line 


s  rendered  theil 
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consuDiption.  so  limited,  «s  to  make  their  production  by  power  wearing  bnt  a  ver) 
eecondaiy  object  The  greatest  obstacle  of  a  practical  nature  to  fie  introduction  of  ths 
automatio  weaying  of  hnena  was,  tlio  stabbomness  or  want  of  elasticity  in  the  yarn, 
wliioli  caused  frequent  brealiagGa,  and  much  confusion.  In  woollen  or  cotton  goods, 
it  n  thread  or  yam  should  chance  to  be  ft  little  tighter  than  the  others  in  tie  warp,  its 
elasticity  will  allow  it  to  come  up  to  the  general  bearing  of  the  others  when  the  weft 
is  etnicic  up  bv  the  reed ;  but  in  linen,  from  the  want  of  that  elasticity,  a  thread  so 
situated  would  breab,  and  by  crossing  aome  others  cause  them,  if  not  to  be  brol^en 
direct  by  tliat  circumstance,  at  all  events  cause  an  obstruction  to  the  shuttle  that  would 
lead  to  further  mischief  Hence  it  was  most  material  in  linens  to  have  such  a  method 
of  winding  the  yams  upon  the  warp  beams  that  should  iuBure  the  greatest  regularity ; 
but  strange  to  say,  that  point,  tliough  now  attained,  was  at  first  wholly  lost  sight  o£ 
That  cirenmstanee,  as  well  as  the  great  mistake  of  attempting  to  use  the  same  looms  ae 
are  found  suitable  for  cotton,  produced  so  much  discouragement  in  the  earlier  attempts 
as  to  give  rise  to  a  high  degree  of  prejudice  against  the  possibility  of  success  in  this 
undertaHng,  which  may  account  for  lie  backwardness  in  which  this  branch  of  the 
flax  mamifaeture  was  found  till  quite  recently.    See  article  Flax  Wiatino  Loom. 

The  new  roving  machine,  called  by  the  ingenious  inventor,  Mr.  W.  K.  Westley,  of 
Leeds,  the  Sliveb  Roving  Fbame,  seems  to  be  a  philosophical  indtutioH  happily  drawn 
from  the  nature  of  the  material  itself,  and  accommodated  to  its  peculiar  conetitntJon. 
It  is  rcmarliable  for  the  simplicity  of  its  construction,  and,  at  the  same  time,  for  its 
comprehensiveness ;  requiring  no  nioety  of  adjustment  in  its  application,  and  no  tedi- 
ous apprenticeship  to  be  able  to  work  it. 

It  IS  known,  that  the  glutinous  matter  of  the  plant  may  he  softened  by  water,  and 
hardened  again  by  heat ;  of  this  fact  advantage  is  taken,  m  order  to  produce  a  roving 
wliolly  witliout  twist ;  that  is,  in  the  form  of  a  ribbon  or  sliver,  in  which  the  fibres  are 
held  together  by  the  glutinous  matter  which  may  be  natural  to  them ;  or  wiiich  may, 
for  that  purpose,  be  artMoially  applied.  The  sliver  roving,  as  long  as  it  remains  dry, 
poaaesaea  ell  requisite  tenacity,  and  freely  unwinds  from  Iho  bobbin,  but  on  becoming 
again  wetted  in  the  spinning  frame,  it  readily  admits,  with  a  slight  force,  of  being 
drawn  into  yam,  preserving  the  fibres  quite  parallel. 

The  diagram,  jijr.  844.,  shows  in  explanation,  that 

A,  is  the  drawing  roller  of  the  roving  frame  in  front  of  the  usual  comb. 

B,  the  pressing  drawing  roller. 


F,  a  bobbin  lying  loose  upon  the  windmg 
rolier,  and  revolving  upon  it^  by  tlie  friction 
of  its  own  weights 

The  roving,  or  sUver,  as  shown  by  tbo 
dotted  line,  after  leaving  the  drawing  rol- 
lers, i,  B,  passes  through  the  water,  in  the 
trough  c  which  softens  the  gluten  of  tlia 
fibres  ;  and  then  it  is  carried  round  by  the 
fteam  cylinder  n,  which  dries  it,  and  de- 
livers it  hard  and  tenacious  to  the  bobbin 
y,  on  which  it  is  wound  by  the  action  of  the 

This  is  the  whole  of  tJie  mechanism  re- 
ired  in  pi'oducing  the  sEver  roving.    All 
1  complex  arrangements  of  the  common 
cone  roving  are  superseded,  and  the  machine 
at  once  beoomea  incomparably  more  dur- 
able, and  easier  to  maa^e ;  requiring  onlj 
half  the  motive  power,  and  occupying  only  h^f  the  room.    A  frame  of  48  bobbins  M 
only  e  feet  long,  and  afforda  rovings  sufficient  to  supply  1200  spinning  spindles. 

This  machine,  though  hero  described,  is  but  little  used,  being  capable  of  but  very 
limited  appUcation. 

The  following  sketch  shows  the  arrangement  of  the  machinery  in  the  moat  important 

rooms  ui  a  modem  flax  mQI  of  7000  to  8000  spindles,  capable  of  producing,  weekly, 

about  1900  bundles  of  line  yam,  Ho.  25.'b  to  120. 's;  and  about  MO  bundles  of  tow 

yam.  Ho.  10. 's  to  40.'s. 

There  are  three  syaterDsof  longlinemachineiyforKo.  25,'s  to  M.'s;  two  ayetemBof 


,  Google 


eut  line  maebiiicry  for  Xo.  lO.'s  to  120.'s  ;  and  three  Ejstemg  of  tow  macliinery  for  Hft 
10.'b  to  40. 'b. 

The  building  is  66  feet  wide  and  162  feet  long ;  which  ia  a  very  suitable  and  con- 
venient size,  and  which  a.dni!ta  of  the  moat  epOQOmieal  orrangemeut  of  the  machinery. 

The  following  is  a  description  of  the  machines  shown  in  the  preparing  room:  — 

*,  A,  two  of  Baxter's  patent  sheet  hackling  macMnea  for  long  tow. 

E,  a  flax-cutting  machine, 

c,  one  of  P.  Fairbaim  &  Co.'s  patent  doable  line  of  holder  hackling  machines  for  cut 


line. 


0  breaker  cards  4  feet  diameter  X  6  feet  wide. 


F,  F,  F,  are  three  finisher  cards  i  feet  diameter  X  6  feet  wide,  with  P.  Fairbairn  & 
Co.'s  patent  rotary  gill  drawing  heads  attached. 
a,  a,  are  two  patent  rotary  gill  drawing  frames  for  lonff  tow,  12  elivera  each. 
51,  H,  two  ditto  regulating  roving  frames  i8  spindles  each  for  long  tow. 
I,  is  a  screw  ^11  second  drawing  frame  of  8  heads  for  cut  line  tow. 
E,  is  a  Bcrew  ffill  third  drawing  frame  of  3  heads  for  out  line  tow. 

I,  a  screw  gill  regulating  roving  frame  of  '12  apindles  for  cut  line  tow. 
u,a,ia,  are  three  long  line  first  drawing  frames  or  ^readers  of  4  b 
s,  N,  N,  are  three  long  line  second  drawing  framea  of  2  heads  eacli. 
o,  0,  o,  are  three  long  line  third  drawing  framea  of  2  heads  each. 

p,  p,  H,  three  long  line  regulating  roving  frames  60  spindles  each. 
0,  Q,  are  two  ont  line  spreaders  of  4  bosses  each. 
K,  n,  two  cut  line  second  drawing  frames  3  heads  eaek 
s,  3,  two  cut  line  third  drawing  framea  2  heads  each. 
N,  T,  two  cnt  line  regulating  roving  frames  72  spindles  eaiili. 

The  spinning  room  contains  34  spinninz  frames  of  IS4  to  244  spindles  each,  appor- 
tioned Ut  the  several  systems  as  described  below. 

L  Svafccm  of  long  line  machinery  for  spinning  No.  25.'a  to  40.'s. 

1  Baster's  patent  sheet  hackling  machine,  6  tools. 

1  spreading  or  first  drawing  frame,  4  bosses. 

1  second  drawing  frame,  2  heads  4  bosses  each. 

1  third  drawing  frame,  S  heads  6  bosses  each. 

1  patent  disc  regulating  roving  frame  60  spindles,  10  spindles  per  head,  8  inchei 
X  4  inches  bobbin. 

5  spinning  frames  21  inches  pitch,  200  spindles  each,  1000  spindles. 
The  production  of  this  system  is  about  66  iinndles,  or  say,  420  lbs.  of  No.  SO.'s  jam 
per  day. 

II.  Two  systems  of  long  line  machinery  for  No.  40. 's.  to  "lO.'i. 

1  Baster's  patent  sheet  hackhng  machine,  8  tools. 

2  spreaders  or  first  drawing  frames'  4  bossea  each. 
2  second  drawing  frames,  2  heads  of  6  bosses  each. 
2  third  drawing  frames,  2  heads  of  B  bosses  each. 

2  patent  disc  regulating  roving  frames,  60  spindles  eaeli,  12  spindles  per  head,  8 

mohes  X  8^  inches  bobbin. 
10  spinning  foimes,  220  spindles  each,  ^  inehea  pitch,  2200  spindles.     ProduetioD 

about  l.'iO  bundles,  or  472  lbs.  of  No.  65, 's  yarn  per  day. 
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ni.  Two  systems  of  three  cut  line  machinery  for  So.  40;b  to  120. 'a  (one  for  iO.'a  t» 
VO."s,  and  one  for  70.'s  to  120. 's). 
1  flax  cutting  mnehina. 

1  P.  Fairbairo  &  Co.'s  patent  double  line  of  holder  hactling  maeliine. 
'i  spreaders  or  first  drawing  framea4  bosses  each. 

3  second  drawing  frames,  2  heads  each,  6  slivers  per  head. 

2  third  drawing  frames,  2  lieads  each,  8  sliyers  per  head. 

2  patent  disc  regulating  roving  frames,  12  spindles  each,   12  spindles  per  head, 

6  X  Si  inches  bobbin, 
a  spinning  frames  220  spindles  each,  2^  inches  pitch,  ::;  1100  spindles. 
5  spinning  frames  244  spindles  each,  2i  inches  pitch,  =  1220  spmdles. 
Production  aboot  65  bundles  or  236  lbs.  of  No.  53.'s  yum  per  day,  and  abont  60 
bundles  or  105  lbs.  of  No.  e5.'a  yarn  per  day. 
iY.  Two  systems  of  long  tow  machinery  for  No.  lO.'s  to  25.'s. 
1  breaker  card  4  feet  diameter  B  feet  wide,  doffed  by  rollers. 

1  lap  machine. 

2  finisher  cards  4  feet  X  6  feet  "with  F.  Palrbaim  <L-  Co.'s  patent  rotary  gill  draw 
ing  frames  attached. 

2  patent  rotary  giE  drawing  frames  12  slivers  each. 

"   -   ■  --'  --'-ry  gill  disc  regulating  roving  frames,  48  epindlea  eaeb,  8  inches  X  4 


inches  b< 


ling  frames,  1S4  spindles  each,  3  inches  pitch  for  No.  lO.'s  to  IS.'s 
lies, 
g  frames  200  spindles  each,  2i  inches  pitch  for  No,  16.'b  to  25. 's 


spindles. 

Production  abont  S9  bundles,  or  488  lbs.  No.  16.'s  per  day,  and  about  ^9  bundles, 
or  312  lbs.,  No.  25, 's  per  daj^. 
V,  One  system  of  out  tow  machinery  for  Ko.  25.%  to  40. 's. 
1  Breaker  card  4  feet  diameter  6  feet  wide,  doffed  by  combs. 
1  Finisher  card  with  P.  Fairbairn   4  Co.'s  patent  rotary  gill  drawing  frame 

attached. 
1  Screw  gill  second  drawing  frame  3  heads  each,  i  bosses  per  head. 
1  Screw  giil  third  drawing  frame  3  heads  each,  6  bosses  per  head. 
1  Screw  gill  patent  disc  regulating  roving  frame  72  spindles,  12  spindles  per  head, 

6  X  3i  inches  bobbins. 
3  spinning  frames  of  220  spindles  each ;  SJ  inches  pitch,  ^  660  spindles. 
Produetion  about  36  bundles,  or  240  lbs.  of  No.  80. 's  per  day. 
The  reeling  is  ganetaliy  carried  on  in  the  attic  above  the  spinning  room,  and  the 
number  of  reels  required  is  about  the  same  as  the  number  of  spinning  frames. 

Hurninary  viea. 
There  are  3200  spindles  long  line,  producing  196  bundles,  or,  890  lbs.  of  yarn  per  day. 
1152      „        long  tow,  „  78  „  800 

2320       „        B  cut  line,         „        115  „  340  „ 


7332  spindles  425  bundles       22T0  lbs.  of  yarn  per  day. 

The  waste  in  hne  spinning  is  generally  about  10  per  cent.,  and  in  tow  spinning  about 

25  per  cent,  so  that  the  quantity  of  raw  flax  required  to  produce  the  above  stated 

quantity  of  yarn  would  be  about  20  cwts.  ot  flas  for  long  Imo  and  long  t( 

ind  about  6  owts.  of  flax  for  out  line  and  out  tow  spinning. 
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Claaami'a  Patent  Froceti. — Tlia  gi'eat  iotereac  which  has  oC  Inte  been  excited  io 
Ihe  pnbiic  mind  with  raspeet  to  Has,  in  part  by  the  enlarged  sphere  of  application  which 
is  supposed  ffl  be  opened  out  to  it  by  the  diacoveriea  of  It.  Clausaen,  and  more  par 
tiEolarly  icom  the  fact,  that  it  is  a  nuterial  of  home  growth,  and  capable  of  production 
in  uulimited  quantities  in  Ireland,  would  aeeca  to  demand  from  ua  special  comment, 
e  not  the  less  inclined  to  this  couree,  aa  the  public  is  ever  ready  to  take  upon 


trust  the  praoticablenees  of  any  new  projects,  when  their  proroised  lesdlts  chime 
with  any  Ibeling  of  sympathy  which  happens  to  pervade  the' community;  thus 
the  interest  of  Ireland  is  concerned,  we  find  that  commercial  schemes  for,  aidini 


„  ad- 
I  eagerly  seized  upon,  and  confided  in  almost  without  inquiry ;  but  this 
iS  far  &oni  a  pmdent  course.  There  can  be  no  question  that  the  flas  trade  is  the 
growing  manmactore  of  Ireland,  and,  as  sucli,  too  much  attention  cannot  be  given  to 
the  production  of  the  raw  material ;  it  has  therefore  been  encouraged  in  every  legiti- 
mate way,  but  it  may  be  qoestioned  whether  the  late  nnnonncements  which  have 
been  made  of  its  almost  tmiveraal  applicability  to  tei^tile  iabrios,  will  not  tend  to 
direct  capital  to  too  great  an  extent  into  this  now  thriving  branch  of  industry,  and 
thereby  quioldy  indace  a  false  and  minous  competition  between  manufacturers. 

Fla^  fhougli  apparently,  from  its  fibrous  character,  better  suited  by  imture  than 
either  cotton  or  wool  to  be  formed  into  thread,  nevertheless  presents  many  difficulties  to 
manufacturers,  wliich  are  quite  foreign  to  the  working  of  these  short  staple^  (fiid  which 
can  only  be  in  part  remedied  by  the  adoption  of  a  somewhat  differeot  process  of  manu- 
racture.  In  contradistinction  to  cotton,  which  may  be  con^dered  thefluit  of  the  plant, 
flax  is  the  6!amBntous  substance  contained  in  the  stalk  of  the  plant.  It  has  tiierefore 
to  be  obtained  from  stripping  off  the  bark  or  woody  coating,  termed  the  "  boon." 
But,  in  order  to  effect  Uiis,  as  well  as  to  detach  the  fibres  from  each  other,  it  h 
necessary  to  dissolve  the  gnm  or  resinous  sap,  which  pervades  the  planl;  and  binds 
the  several  parts  together.  Various  plans  have  been  euggested  for  attaiuing  this 
end;  and  it  is  upon  the  elSciency  of  tlie  process  adopted  that  the  ultimato  success 
of  the  flas  trade  mainly  depends.     When  it  is  understood  that  the  growth  of  the 


^  _._  .3  to  preclude  the  r 

e  of  straw,  it  will  readily  be  seen,  that  no  process  ot  iissolving  the  gum  o 
"celling"  as  it  is  termed — requiring  the  purchase  of  expensive  apparatus,  or  de- 
manding the  exercise  of  scientifie  knowledge^can  be  brought  into  general  use, 
however  efScient  that  process  may  prove  to  be.  It  cannot,  therefore,  be  wondered  oi 
that  the  old  plans  of  water-retting  and  dew-retting  still  prevail,  although  a  far 
superior  meliiod,  which  wo  shall  presently  explain,  has  been  introduced. 

Ketting  is  simply  bringing  the  plant  to  a  cei'taia  stage  of  decay,  which  causes  a  per- 
fect loosening  or  separation  of  its  fibres.  In  carrying  out  the  water-retting  process  pit^ 
are  dug  in  the  ground  and  filled  with  water,  and  the  Sax  is  tln^own  in  in  bundles  and 
pressed  down  by  weighted  boards,  to  ieep  it  under  water.  After  a  short  time,  fermen- 
tation commences,  and  in  about  ten  days  (more  or  less,  according  to  the  mean  temps- 
rature)  the  decaying  process  will  have  proceeded  sufBciently  far ;  the  tlax  is  then  taken 
-  it  and  di'ied,  and  the  boon  is  removed  by  hand.  The  retting  may  be  onrried  o"  ~ 
■      -leiatt.     -'"-'-" ''-^ ' 


inmng  ot 


er ;  but  the  latter,  although  tt 


re  expeditious  method, 


requires  closer  watching,  to  prevent  the  flax  from  losing  its  strengti  of  fibre  by  o 
decay.  It  will  be  obvious  that  large  masses  of  vegetable  matter  exposed  to  putrefaction 
must  generate  such  exhalations  as  ore  very  injurious  to  the  health  of  the  community. 
Yet  this  practice  not  only  prevails,  but  will,  as  we  think,  necessarily  increase  in  propor- 
tion to  the  increase  in  the  growth  of  the  plants  nnless  some  energetic  means  are  adopted 
to  put  down  the  practice.  Dew-rettingis  a  process  that  is  less  objectionable,  but  its 
operation  is  liir  slower,  and  it  is  altm;ether  beyond  the  means  of  many  farmers  to  adopt. 
In  this  instance  the  fliut  is  strewn  thinly  over  meadow  or  grass  land,  and  then  submitted 
to  the  action  of  the  air,  dews,  and  rain,  which,  in  a  period  varying  (according  to  tlie 
mean  temperature)  between  three  and  MX  weeks,  will  effect  the  required  disunion  of  the 
plant.  This  plan  has  an  advantage  over  the  water-retting,  inasmuch  as  the  flax  is 
yielded  of  a  brighter  colour, — the  latt*r  process  being  very  apt  to  impart  a  deep  stain 
to  the  fibres  aa  well  as  to  destroy  their  tenacity. 

The  improved  plan  of  rettina,  above  alluded  to,  was  introduced  into  Ireland  from 
the  United  States  in  1847,  by  Mr.  Sohenck  of  New  York.  It  had  been  tried  there  suc- 
cessfully on  hemp ;  the  strength  of  the  fibre,  when  made  into  cables,  having  been  proved 
in  some  of  the  government  navy  yards  to  exceed  any  that  had  been  retted  on  Uie  old 
system.  The  process  was  patented  io  the  United  Kingdom  in  1846,  and  is  now  in 
profitable  work  near  Belfast  A  recent  inspection  of  the  factory  will  enable  us  to 
state  in  detail  the  manner  of  proceeding  to  separate  the  long  fine  fiores  of  the  flax  from 
the  boon.   The  principal  apartment  in  the  building  contains  a  number  of  large  circuloi 
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vata,  ia  which  the  flas  is  el^epe^,  and  these  are  prorided  with  Bteam-pipas  oonneeted  U 
the  etcam  engine  boiler.  Tlie  flas  to  be  operated  upon  is  placed  in  theae  Tats  and  piled 
up  to  a  giTen  height ;  strong  crosa-bcrs  of  wood,  forming  a  kind  of  framework,  are  then 
laid  aboye  the  flax  and  Beovire.d  to  the  respeetiye  vats, — the  object  of  this  framing  being 
to  keep  the  flax  down  in  He  Tat^  as  otherwise  it  would  riae  as  it  swelled  in  fermenting, 
and  protrude  above  the  water.  When  a  muss  of  flax  is  thus  Becnred,  water  is  run  into 
the  vats,  and  a3  it  becomes  absorbed,  more  water  is  njided.  Steam  is  now  admitted  into 
and  made  to  cireulate  through  the  steam-pipe  at  the  bottom  of  the  vat,  so  as  to  raise  tLe 
water  to  about  BO"  Fuhr.,  and  maintain  it  at  that  temperature.  In  a  lew  hours  acetous 
fermentation  is  esfabliBhed  in  the  val^  and  the  decomposition  of  the  resinous  or  gnmmj 
matter  in  the  Btalt  proceeds  with  rapiditj'.  After  about  sixty  hours  the  decomposition 
is  completed,  and  that  without  the  exudation  of  any  inodorous  or  noxious  effluvium.  The 
water  surcharged  with  the  mueilt^a  is  then  drawn  off,  the  framitig  is  removed,  and  the  flax 
is  taken  oat  of  the  vat  to  be  dried,  either  in  the  open  air  or  by  artificial  means.  Thus, 
not  only  ie  the  objection  to  the  old  plan,  on  the  seora  of  injury  to  heahh,  removed,  but 
»  considerable  economy  in  point  of  tima  is  affected ;  the  flax  also  is  less  liable  to  dete- 
rioration in  colour  and  strength  oi  fibre,  if  ordinary  eare  is  used  in  conducting  the  opera- 
tion. When  the  weather  is  lavourable  for  drying  in  the  open  air,  tlie  flax,  tied  tip,  in 
tvifts  or  handfnls,  is  suspended  in  rows  tier  above  tier,  in  an  open  framing,  covered  in  at 
top  by  a  penthouse  root  This  mode  of  packinct  admits  of  a  lai^e  quantity  of  flax  being 
stowed  in  a  small  eompass,  and  yet  allows  of  a  free  aceessof  air  through  tha  whole  mass. 
When  it  has  hung  a  snmeient  time  to  dry,  it  is  next  Eubmitted  to  the  scutching  operation. 
Or,  instead  of  open  air  drying,  the  flas,  in  damp  weather,  is  piled  loosely  in  a  drying 
chamber,  into  which  a  current  of  air,  heated  after  Messrs.  Davison  4  Symington's 
method,  is  passed,  and  the  moisture  is  quickly  expelled.  The  cost  of  Uiis  operation,  as 
carriad  on  at  the  works,  mnst  be  very  triffing,  as  the  waste  efeam  from  the  engine, 
which  works  on  the  high-pressute  principle,  ie  found  amply  sufficient  for  heating  the 
air;  an  advantage  consequent  on  this  mode  of  heating  is,  that  no  carelessness  on  the 
part  of  the  attendants  will  render  tha  air  liable  to  ba  heated  to  an  extent  ttiat  would  in- 
jure tha  flax.  The  flas  having  been  retted  and  dried,  is  next  carried  to  the  rolling  or 
crushing  mill,  and  there  passed,  by  hand,  between  rotating  horizontal  rollers,  whieli 
erack  the  boon  already  loosened  by  the  retting  process,  and  spread,  or  partially  separate^ 
tlie  long  fibres.  The  flas,  as  it  is  delivered  out  of  the  machine,  is  gathered  up  by  boye, 
and  handed  to  others  whosubmititbyhandflilstothe  action  of  rotating  knives.  These 
knives  are  attached  to  the  face  of  a,  vertical  wheel,  several  of  which  are  mounted  on  one 
and  the  same  shaft,  at  about  three  feet  apart^  and  receive  motion  from  the  engine. 
There  is  an  attendant  stationed  at  every  wlieel,  whose  duty  is  to  submit  the  flax  to  the 
action  of  the  knives,  by  holding  it  over  a  fised  bar,  contiguous  thereto,  and  allowing  the 
rotating  knives  to  strike  the  flax  in  the  direction  of  its  length.  When  l^e  boon  on  the 
half  lengtli  of  the  flax  is  broken  away  or  knocked  off,  the  flax  is  turned  over  and  the 
other  end  is  subjected  to  amilar  treatment.  To  further  clear  the  flax  of  the  woody  par- 
ticles, it  is  again  submitted  to  a  similar  operation  before  another  set  of  wheels, — the 
action  of  the  knives  being,  in  this  instance,  more  thorough  and  searching,  as  the  flax 
has  now  approached  nearer  to  a  stick  of  fine  fibres.  Having  undergone  this  treatment^ 
the  flax  is  now  ready  for  sale  in  the  market ;  and  it  is  in  this  state  that  it  enters  th* 
flax  mill  to  be  acted  upon  by  the  heckling-maohine,  for  the  removal  of  the  tow  or  sliort 
staple,  prior  to  undei^oing  the  various  operations  of  preparing  and  spinning,  to  convert 
it  into  yam.  From  this  description,  it  will  be  understooi^  that^  so  long  as  the  cul- 
tivation of  flax  is  ia  tha  hands  of  small  farmers,  Mr.  Sehenek'e  process  is  not  likely  to 
put  the  old  practice  out  of  use;  tor  the  water-retting  is  carried  on  at  little  or  no  outlay 
of  money;  and  the  cleaning  of  the  flas  by  hand  is  made  a  sort  of  wet-day  occupation : 
the  balk  of  the  flas  in  the  state  of  dry  straw, — which,  as  we  have  before  said,  is  so 
disproportionate  to  the  amoant  of  useful^fibra  as  virtually  to  prevent  its  carriage  to  any 
distant  part  prior  to  undergoing  the  retting  operation — scarcely  exceeds,  when  carried 
to  the  market,  20  per  cent,  of  its  original  weight, 

M.  Claussen's  patented  process  (the  merits  of  which  have  been  so  confidently  paraded), 
does  not  seem  to  be  in  favour  witli  tha  Irish  flax  spinners,  although  tha  specimens  eon. 
tained  in  the  Exhibition  appeared  to  the  eye  to  reahze  everything  that  could  be  wished : 
but  here,  as  in  many  other  manuiaetures,  it  is  not  the  attainment  of  a  high  degree  of  ex- 
cellence that  is  the  difEculty,  but  the  cost  at  wbieh  such  a  result  may  be  arrived  at. 
Tlius  flax  may  be  dressed  from  the  straw,  as,  indeed,  it  was  onea  projxBed  to  be  done, 
without  being  subjected  to  the  retlJng  process.  The  ly^aste  of  material,  however,  soon 
showed  the  iropracticabihty  of  the  plan,  although  a  good  article  was  produced  ;  it  is 
possible,  therefore,  that  M.  Claussen's  specimens  may  have  been  obtained  without  regard 
to  costL  We  do  not  asserts  this  as  a  fact,  but  rather  i»  show,  that  in  commercial  matters 
BO  just  conelUEions  can  be  arrived  at  without  tha  question  of  cost  being  taken  int« 
iceounL    His  mode  of  treating  the  flax  will  be  readily  understood  from  the  following 
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description,  which  we  have  compiled  from  his  speeifieation.  The  straw,  having  been 
stripped  of  itaaeeda,  is  steeped  in  a  solution  of  caustic  altali,  of  about  the  sti-ength  of  l" 
Twaddle's  hydrometer,  either  in  a  boiling  state,  which  renders  an  immersion  of  sis 
hours  sufficient,  or  at  a  temperature  of  160°  Tahr.,  which  will  necessitate  the  continu- 
ance of  an  immersion  for  about  twelve  hours.  By  this  means  the  glutinoos  mattera. 
which  connect  the  fibres  with  the  woody  portions  of  the  plant,  are  dissolved,  and  thi 
eoloaring  matters  contained  in  Uie  straw  are  discharged  and  prevented  from  staining  the 
fibres.  When  the  flax  is  required  to  be  spun  in  long  staple,  the  straw  is  nest  steeped 
for  about  two  hourd  in  dilute  sulphuric  acid,  contaimng  one  part  of  acid  to  from  two  tc 
five  hundred  parts  of  water,  for  Ihe  purpose  of  riddiacit  of  Uie  ilkali  which  it  has  taken 
up;  the  straw  is  then  removed  from  the  acid-bath  and  well  washed  m  water :  thisiaone 
process.  But  the  one  which  has  raised  the  public  curiosity,  is  that  which  pm^orts  tc 
rplit  the  fibres  into  fine  filaments  lite  those  of  cotton  or  wool,  Hiis  operaljoa  is 
effected  as  follows : — Tlie  straw  is  put  into  a  bath  containing  a  strong  solutjon  of 
bicarbonate  of  soda,  and  allowed  to  remain  there  for  three  or  four  hours.  When  well 
saturated  with  the  bicarbonate,  it  is  immersed  in  water,  acidulated  with  sulphuric  acid, 
in  the  proportion  of  one  part  of  acid  to  two  hundred  parte  of  waiw;  the  snmhuric  acid 
will  then  combine  with  the  soda  and  elfect  the  disengagement  of  sarbonic  acid  gas  in  the 
fib  tube%  which  gas,  by  its  expansive  force,  wi3  split  the  fibres  into  finehlaments, 
h       g  the  appearance  of  fine  cotton  wool,  and  capable  of  simDar  treatment    Tbissplit- 

""'" '""^  '"  the  plant  either  in  the  state  of  straw,  or  after  it  has  been 

:e  of  long  fibre  ;  and  it  ia  therefore  capable  of  general 
fenience  arising  from  bulk  is  concerned.  What  manufac- 
sntuftlly  say  to  working  up  fibres  that  have  been  steeped  in  sulphuric  acid, 
y  d  pend  upon  the  means  taken  to  extract  this  corroding  substance  from  the  flax ;  but 
at  ji       nt  we  think  there  is  a  strong  feeling  against  its  use. 

M  Claussen's  patent  process  for  treating  dux  is  described  as  follows,  in  his  specifica- 
tion of  March,  1861:— 

"  1-  My  said  invention,  in  so  far  as  respects  improvement  ia  bleaching,  has  reference 
to  the  bleaching  of  all  kinds  of  vegetable  productions,  and  of  fabrica  or  ai'ticles  com- 
posed of  eucli  productions,  and  consista  of  the  following  improved  processes,  la  tlie 
usual  methods  of  bleaching  fabrics,  such  as  calico,  the  goods  are  first  immersed  in 
a  bleaching  liquor  (commonly  the  solutaon  of  hypochlorite  of  lime,  '  the  chloride  of 
lime'  of  commerce),  and  then  are  steeped  in  a  bath  of  water,  acidulated  with  sulphnric 
acid.  By  this  plan,  the  chlorine  is  set  free,  either  in  its^mple  form,  or  in  combination 
with  oxygen  (as  chlorous  or  hypochlorous  aeidsX  or  in  chemical  union  with  the 
hydrogen  of  the  water  (as  hydrochloric  aoid)j  and  thus  either  is  wasted,  by  its  escape, 
or  ia  rendered  injurious  to  the  fabric,  by  remaining  too  long  in  contact  witli  it. 

"  Ki>w  inataad  of  this  I  adopt  the  following  process  whereby  the  whole,  or  a  great 
portion  of  the  chlorine,  or  chloro-compound,  is  kept  in  a  oombmed  state,  and  recovered 
tor  further  use.  By  the  term  '  chloro-oompound,'  I  do  not  mean  a  salt  containing 
'  chlorine,'  but  an  acid  having  '  chlorine'  for  ils  base,  such  as  chlorous  or  hypo- 
chlorous  acid. 

"  In  this  process,  then,  of  bleaching,  I  take  the  goods,  after  they  have  passed  through 
the  bleachiug  liquor  (say  a  solution  of  tlie  hypoeiiiorite  of  lime^  and  then  steep  thom 
in  a  strong  solution  of  some  salt,  whose  acid  hasa  more  powerful  affinity  for  lime  than 
hypochlcn'ous  acid ;  thus  a  strong  solution  of  sulphate  of  m^jiesia  may  be  employed, 
the  sulphuric  aeid  of  which,  having  a  strong  affinity  for  lime,  cotttbines  with  the  earthy 
base  o/the  bleaching  salt  above^nentioned,  and  forms  sulphate  of  lime,  and  the  chloro- 
oompound  being  thus  liberated  unites  with  the  magneria  of  the  sulphate  of  m^neaia, 
and  forms  a  new  salt  (hypochlorite  ot  magnesia),  having  bleaching  proporlies  similar  to 
the  lime-salt  first  employed.  ■ 

"  This  newly  formed  compound  may  be,  in  the  next  instance,  used  as  a  primary 
bleaching  agent,  and  may  again  be  subjected  to  the  process  of  double  decomposition,  as 
in  the  foregoing  example.  Thus,  the  goods  having  been  exposed  to  the  action  of 
iiypochlorite  of  magnesia  in  solution,  may  then  be  steeped  in  a  liquid  holding  in  solution 
some  carbonate  or  other  salt,  for  whose  base  the  b^poclilorous  aeid  hasa  greater  affinity 
than  for  the  magnesia.  In  such  a  case,  tlie  carbonic  acid  having  also  a  strong  attraction 
for  the  magnesia,  combines  with  it,  to  form  a  carbonate  of  that  earth,  and  the  liberated 
ehloro-compound,  instead  of  escaping,  or  remaming  so  long  in  contact  with  the  goods 
as' to  injnre  them,  combines  with  the  base  of  the  carbonate  employed  to  produce  de- 
composition, and  forms  a  new  salt,  having  hleachmg  properties.  This  salt  may  also 
be  brought  under  the  same  laws  of  double  decomposition,  as  exemplified  before,  and  with 
similar  results. 

"Thna,  if  the  carbonate  employed  in  the  foregoing  instance  had  been  carbonate  of 
baiTtes,  and  a  solution  of  sulphate  of  m^pcsia  or  of  lime  were  brought  into  contaiit 
With  the  resulting  ehloro-compound  salt  of  barytes,  a  precipitate  of  the  basf^  as  a 
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vilphato  of  barytea,  will  take  jilaoe,  and  the  chloro-eomponnds  will  unite  with  the  lim« 
31'  magnesia,  to  form  a  bleaching  salt 

"  I  would  mention,  however,  tiuit,  in  bleaebing  flax,  or  other  like  vegetable  material 
for  nialdng  linen,  no  eompounds  should  be  used  which  are  likely,  darmg  their  decom- 

Sosition,  to  evolve  any  gaseous  matters,  auch  as  carbonic  acid  or  chlorine,  as,  by  their 
evelopment  and  expansion  in  the  fibrous  tubes,  the  flax,  or  any  similar  material,  would 
be  rendered  not  so  ht  for  spinning  with  the  ordinary  fios  spinning  machinery;  but  in 
bleachiog  flax,  or  any  similar  material  which  is  to  De  combined  with  other  materials 
f^n  ^^:w,w.^^  «->  J  f„u«»^  n^^^^^^^^  t«  ™y  invention,  compounds  ■"."^■i^:"''  "'■'•  ™-><'  i-^ 
J  speoifj  aud  explain. 

_^__. „  _j   ..le  method  of  double  dt ^ , 

confine  myself  to  the  compounds  already  mentioned  as  examples,  nor  to  any  particulat 
salts  or  class  of  salts ;  but  I  claim  a  right  to  ase  salts,  which,  when  placed  under  the  like 
circumstances,  as  bef<  re  exemplified  in  the  case  of  goods  treated  by  the  hypochlorite  of 
lime  and  tbe  sulphate  of  magnesia,  will  be  anbject  to  the  same  chemical  law  of  decom- 
position, and  wiU  produce  the  same  result,  However,  Imay  particularise  asamong  the 
sallf  suitable  for  decomposing  the  chloro-compounds,  or  assisting  themselves  in  tbe 
pmcess  of  bleaching^  the  carbonates  (such  as  (be  carbonate  or  bicarbonate  of  soda]^ 
sulpiiates  (as  sulphate  of  magnesia,  &c.),  nitrates  (aa  nitrate  of  soda,  <fcc]^  e 
(as  acetates  of  potash  and  of  lead,  Ac),  pmasii  '      '  '  '        "      '    ' 

ehromatcs  (as  ohromate  and  bichromate  of  potai 
bitartrate  of  potash,  <tc.);  hut  I  repeat  that  I  doni 
merely  given  as  examplcfi. 

".Ajiother  mode  of  bleaching  which  I  sometimes  employ,  and  ■which  is  espo;  cillj 
applicable  to  goods  composed  ot  both  animal  and  vegetable  £bre,  isasfolloivs: — I  take 
the  goods,  after  -they  have  been  steeped  in  any  of  the  ordinary  bleaching  liquors,  such 
as  the  solution  of  hypochlorite  of  lime  (chloride  of  limei  and  while  they  are  still  wet, 
e:roose  them  t«  the  fumes  of  sulphur,  slowly  bm'ning  m  a  suitable  chamber  or  stove, 
iti  this  ease,  I  have  two  powerful  bleaching  agents  at  work,  viz,,  the  hypochlorite  com- 
pound, and  the  sulphurous  acid  produced  tiy  the  combustion  of  the  sulphur.  A 
portion  of  the  snlphurous  acid  combines  with  ue  base  of  the  chloro.compound  salt,  to 
lorm  a  sulphate  of  lime  or  magnesia,  aa  the  case  may  be,  and  a  sm^l  portion  of 
sulphuiic  acid  may  also  in  this  case  be  formed,  which,  with  the  earth  or  base,  would 
form  a  sulphate.  In  this  way  the  chlorine,  or  chloroeompoond,  remaining  in  the 
wetted  goods  is  liberated,  and  allowed  to  act  freely  upon  the  articles  to  be  bleached. 
In  tbis  last  method  of  bleaching  I  have  ascertained  fliat  there  may  be  occasionally 
substituted  for  the  ordinary  and  known  bleaching  liquids  certain  chromates,  man- 
ganates,  and  hypermanganates,  &<!. 

"Secondly.  My  improvements  in  the  preparation  of  materials  for  spinning  and  felting 
have  special  relation  to  flas  and  hemp,  and  other  plants,  to  which  Uie  same  may  be 
applicable  r  and  the  processes  I  use  to  prepare  the  same,  thoagh  possessed  of  some 
features  common  to  flie  whole,  vary  according  to  the  parposes  to  which  the  fibi-e 
obtained  from  tlie  said  materials  is  to  be  applied,  that  is  to  say,  according  as  the  fibre  Is 
required  to  be  long  or  shorty  fine  or  coarse,  and  the  machinery  in  which  it  is  to  be  spun 
is  adapted  to  the  spinning  of  one  or  other  sort  of  fibre.  By  the  term  '  fibre,'  as  used 
throughout  the  specification,  I  mean  that  portion  of  each  plant  which  is  capable  of 
being  spun  or  felted ;  and  my  invention  applies  to  the  '  fibre '  surrounding  the  sterna 
of  dicotyledonous  plants,  and  to  that  existing  in  the  stems  and  leaves  of  monoeotyle 
donous  planle. 

"In  tlie  following  exemplifications  of  my  improved  modes  of  preparation,  I  sliall 
throughout  suppose  fiax  or  hemp  to  be  the  material  operated  upon. 

"HI  liave  to  deal  witli  the  plant  from  the  time  of  its  being  first  cut  down  or  pulled 
for  UBC^  I  take  it  in  the  state  of  straw  (after  the  seed  had  been  stripped  from  it),  and 
eubjeet  it  to  the  following  which  I  call  my  '  primary  process' : — 

"  I  first  steep  the  straw  in  a  solution  of  a  caustio  alkali  of  about  1°  of  Twaddle's 
hydrometer,  and  for  such  a  lengtji  of  time  as  may  ba  most  convenient.  If  despatch  is 
required,  I  use  the  solution  in  a  boiling  state  ;  in  which  case  an  immersion  of  about  six 
hours  is  sufficient  If  more  time  can  be  conveniently  allowed,  I  employ  a  solution  of  a 
temperature  of  about  150°  Fahr.,  and  prolong  the  immersion  for  about  twelve  hours ; 
and  HO  in  proportion  to  the  degree  of  temperature.  The  solution  may  be  even  used  at  a 
lower  temperature,  with  a  corresponding  prolongation  of  time,  but  in  no  ease  need  the 
immersion  exceed  a  couple  of  days  at  the  utmost. 

"Theobject  of  the  preceding  treatment  is  two-fold: — first  to  decompose,  dissolve,  or 
remove  (more  or  less,  as  reqnu^d),  the  glutmous,  gummy,  or  other  matters,  wMefa 
connect  the  fibre  with  tbe  woody  portions  of  the  plaJits;  and  second,  to  discharge  or 
decompose  any  oleaginous,  colouring,  or  extraneous  matter  contained  in  the  straw,  with 
out  allowing  the  matters  so  dischaiged  to  stain  the  fibre ;  and  these  results  are  obtainei* 


by  the  action  of  t!ie  alkaline  solution.  In  the  preceding  mode  of  propariiig  Tegetable 
materialE,  1  generally  use  a  solution  of  caustic  soda;  but  other  alkaline  Uqaors  will 
answer  the  pnrpose, — such  as  a  solution  of  caustic  potash,  or  of  lime  dissolved  in  or 
diffused  in  water,  or,  indeed,  any  substance  haTiog  the  like  power  of  removing-,  dis- 
charging, or  decomposing  the  colouring,  glutinous,  giimtny,  or  otiier  foreign  matters 
contained  in  the  straw,  and  which  would  interfere  with  the  whiteness  of  the  fibre,  or 
with  its  rendy  separation  and  manufacture. 

"  If  the  fibre  is  required  to  be  long,  lite  that  now  commonly  spun  in  flax  machinery, 
I  subject  the  straw  to  a  second  process,  for  the  purpose  of  getting  rid  of  any  of  the 
alkali  still  adhering  to  the  straw  or  fibre,  and  for  the  purpose  of  completing  (if  neces- 
sary) the  removal  of  any  glutinous,  gummy  colouring,  or  estraneous  matters. 

"To  this  end  I  will  take  tjie  straw  from  the  alkaline  solution,  and  steep  it  for  about 
two  hours  in  water  acidulated  by  enlphnoe  acid,  in  the  proportion  of  about  one  part 
of  the  acid  to  from  two  to  five  hundred  pacta  of  water.  Some  other  dilate  acids  will 
also  answer  this  purpose,  such  as  dilute  mmiatio  acid,  &c. ;  but  sulphuric  acid  is  to  be 
preferred.  Or,  I  transfer  the  straw,  while  yet  wet  with  the  alkahne  solution,  to 
a  suitable  chamber  or  st^ve,  where  I  subject  it  to  the  action  of  sulphurous  acid,  or  the 
fumes  produced  by  the  slow  combustion  of  sulphur.  In  bofji  oases,  the  aeid  combines 
with  any  free  alkali  remaining  on  the  straw  or  fibre,  to  form  a  sulphite  or  sulphate, 
according  to  the  aeid  employed ;  while  an.  excess  of  either  satphuric  or  of  sulphurous 
acid  will  complete  the  decomposition,  discharge,  or  removal  of  the  giutinoos,  colouring, 
and  other  matters. 

"  I  nest  remove  the  straw  from  the  acid  bath,  or  sulphur  chamber  or  stove,  and  wash 
or  otherwise  treat  it  with  water,  ifll  alt  soluble  matters  are  removed. 

"Kthe  fibre  is  required  to  be  discolorised,  the  straw  may  now  be  exposed  to  one  of 
the  bleaching  processes  which  I  have  already  described,  or  to  any  of  the  other  known 
bleaching  processes.  It  may  then  be  dried,  and  made  ready  for  breaking  and  emshiug, 
by  the  means  ordinarily  followed  in  the  manufacture  of  long  Ras. 

"X  would  mention  here  that^  in  some  cases  it  will  be  found  advantageoos  to  pass  the 
straw  between  rollers,  or  to  break  it  rougUy  or  partially,  before  subjecting  it  tc  "- 
- IS  above  described,  for  the  purpose  oi  facilitating  the  action  of  the  e"-  — 


ir  alone  can  discharge.  The  fibre  thus  prepared  is  also  freer  to  heckle,  and 
the  straw  more  easy  to  scutch,  than  fibre  and  straw  treated  in  the  ordinary  way. 
Much  time  and  much  material  ara  also  saved ;  while  the  noxious  exhalations  attendant 
upon  the  water-rotting  system  are  wholly  prevented. 

"  If  the  fibre  is  required  f«  be  short,  so  that  it  may  be  felted  or  carded,  and  adapted  for 
spinning  on  cotton,  silk,  wool,  worsted  or  tow-spinnine  machinery,  eitlier  alone  or  in 
combination  with  cotton,  hair,  fur,  sili,  or  shoddy,  I  taie  the  fibre,  after  treating  it  by 
the  processes  just  described,  and  divide  it  in  proper  lengthy  by  some  suitable  mstru- 
ment  or  machine.  I  then  transfer  the  stiaw  or  fibre  to  a  bath  containing  a  strong 
solution  of  bicarbonatf^  or  even  carbonate  of  soda,  or  any  other  simihir  com- 
pound ;  but  the  first  two  of  these  are  to  be  preferred,  as  most  abounding  in  carbonic 
acid.  In  this  bath  I  allow  it  to  remain  for  about  three  or  four  hours,  during  whieli 
lime  the  fibre  becomes  well  saturated  with  the  salt.  I  then  immerse  the  materials, 
impregnated  with  the  solution  of  tlie  carbonates  before  named,  for  about  a  couple  of 
hours  in  water  acidulated  by  sulphuric  acid,  of  about  the  strength  of  one  part  of  acid 
to  two  liundred  parts  of  water.  Or,  instead  thereof  I  expose  the  saturated  materials, 
while  wet,  to  the  action  of  burning  sulphur  in  a  suitable  chamber  or  steve. 

"In  this  operation  it  appears  that  a  certain  portion  of  gas  being  developed  In  the 
fibrous  tabes,  splits  and  mvidesthemby  its  expansive  power  into  figments,  having  the 
character  and  appearance  ot  fine  cotton  wool;  in  which  state  they  may  be  dyed  and 
manufactured  lite  cotton  or  wool. 

"The  same  means  of  effecting  the  splitting  of  the  flbremay  of  course  be  employed  in 
the  preparation  of  Jong  fibre,  and  I  do  not  limit  myself  to  its  v  fie  for  the  prepai'ation  of 
short  fibres  alone,  but  when  the  fibre  is  ot  its  original  length,  the  solution  employed 
takes  a  longer  time  to  penetrate  the  interior. 

"The  decomposition  of  the  bicarbonate  of  soda  or  other  suitable  compound,  with 
which  the  fibre  is  saturated,  may  be  also  effected  by  means  of  electric  agency,  when  a 
like  evolution  of  gas  and  splitting  up  of  the  fibre  will  take  place. 

"After  the  fibre  has  been  subjected  to  the  splitting  procc^  it  must  be  carefully 
washed  to  remove  all  soluble  matters,  and  then  dried. 

"The  splitting  precess  maybe  applied  to  the  plants  either  in  the  straw  (the  wood  of 
which  is  to  be  afterwards  removed  by  proper  means  and  maehuiery),  or  in  the  state  of 
long  fibre,  whether  prepared  by  my  before-described  process,  or  by  any  of  the  usual 
and  known  processes. 

"Thirdly,  my  mventjon,  in  so        as  it  relates  U>  improvements  in  yams  and  felt^ 
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consists  in.  composing  the  same  of  tlie  following  new  combination,  of  materials.  1 
manufaotiire  a  yarn  wbioh  I  call  'flas  cotton  yarn,'  composed  partly  of  flax  fibra 
prepared  and  out  into  short  lengths,  as  a.foresaid  and  partly  of  cotton,  varying  the  pro- 
portions at  pleasure.  This  yarn  is  much  stranger  than  yam  composed  of  cotton  alone, 
and  also  much  whiter  and  more  glossy,  while  it  is  equally  capable  of  being  spun  ia  the 
ordinary  cotton  spinnmg  mashinery. 

"I  also  mannfacture  yams  composed  in  like  manner,  portly  of  hemp  fibre  or  of  jnte, 
or  oS phormiutn  len<a,  or  of  other  like  vegetable  fibre  (china  grass  excepted),  prepared 
and  cut  into  short  lengthy  as  aforesaid,  and  partly  of  cotton,  'which  yarns  each  possess 
the  same  properties  {more  or  less)  as  the  flas-cotton  yarn. 

"I  manufacture  also  a  yarn,  which  I  call  'flax-wool  yam,'  composed  partly  of  flax 
prepared  and  cut  into  short  lengths  as  aforesaid.  Or  of  any  other  like  vegetable  fibre 
(cotton  and  ehina  grass  excepted)  and  partly  of  wool,  or  of  that  description  of  it  called 
'  tsehudy,'  or  partly  of  fur  or  hair,  or  partly  of  any  two  or  mora  of  the  said  materials ; 
which  yam  ia  stronger  than  any  yarn  composed  of  wool  alone.  Some  wools  also, 
which  are  too  short  to  be  spun  by  themselves,  may,  by  being  mixed  with  flax  fibre,  cut 
into  short  lengths,  form  a  materia]  very  smtable  ior  spinning. 

"I  manofccture  also  a  yam,  composed  partly  of  flax  or  other  like  vegetable  fibre 
(china  erass  ezeepted),  prej>ared  and  cut  into  short  lengths,  as  aforesaid,  and  partly  of 
waste  silk,  that  is,  silk  of  the  short  lengths  in  which  it  exists  before  reeling,  or  silk 
lags  cut  into  short  lengths  and  carded. 

"  Lastly,  flax-feits,  ofa  fineness  and  softness  equal  to  the  best  felfa  composed  whoUy 
of  wool,  and  superior  to  them  in  point  of  durability,  are  also  produced  by  a  mixture 
of  flax  fibre,  prepared  and  out  into  sliort  lengths,  as  aforesaid,  with  wool,  fvu-,  hair  or 
any  other  feltable  material. 

"Aud  I  declare  that  what  I  claim,  as  secured  to  me  by  the  said  lettera  patent,  is  as 
follows : — 

"Firsts — I  olaim  the  method  of  bleaebing  by  double  deeompositioD,  before  described, 
whereby  the  various  bleaching  agents  and  compoxmds  used  may  be  recovered  and 
economised. 

"Second, — I  olaim  the  method  of  bleaching  by  the  combined  action  of  chlorides,  or 
carbonates,  or  chromatea,  or  any  other  bleaehmg  agents  with  fumes  of  snlphur,  as 
before  described. 

"Third,— I  dail 
of  being  spun  or  fe       , 

plant  from  which  the  fibre  is  derived,  while  ii  ,         ,        .  , 

first  iu  a  solution  of  caustic  soda,  or  other  solution  of  lite  properties,  and  then  in  a 
bath  of  dilate  sulphuric  or  other  acid,  as  before  exemplified  and  described. 

"Fourth, — I  olaim  the  preparing  of  the  said  vegetable  fibre  for  spinning  in  cotton 
and  silk  machinery,  and  for  being  confined  wim  cotton,  wool,  raw  ail^  or  other 
materials  of  short  staple,  by  firstly  steeping  the  same  in  a  solution  of  caustic  soda,  or 
other  solution  of  like  properties.  Secondly,  steeping  them  iu  a  bath  of  dilute  sulphuric 
or  other  suitable  acid,  or  esposing  Uiem  to  the  fumes  of  sulphnr.  Thirdly,  saturating 
them  with  a  solution  of  bicarbonate  of  soda  or  any  other  like  agents  and  then  de- 
composing such  salt^  however  such  decomposition  may  be  eflect^d;  and,  fourthly, 
cutting  them  up  into  short  lengths,  all  as  before  exempBfied  and  described. 

"Fiilli, — I  claim  the  employment  generally  ia  the  preparation  of  Say,  liemp,  and 
other  sorts  of  vegetable  fibre,  of  the  mode  of  splitting  by  gaseous  expansion,  as  before 
described,  whether  t!ie  fibre  is  long  or  shorty  and  whatever  may  be  tlie  purpose  to 
which  the  same  is  to  be  applied. 

"Sixth, — I  claim  the  manufacture  of  yams  and  fells  from  a  combination  of  flaxi  or 
like  vegetable  fibre  (china  grass  excepted),  prepared  and  mixed,  as  aforesaid,  with 
cotton  wool,  '  tsehudy,'  silk  waste,  fur,  and  hair,  al!  or  any  of  them  as  before  exempli- 
fied and  described." 

Another  process  for  treating  flax  is  shortly  to  be  introduced,  which  ia  sajd  to  surpass 
that  of  11.  Claussen  in  it«  results.  Tliis  is  the  patented  invention  of  Mr.  Bower,  of 
Ilunslet,  but  na  his  specification  is  not  yet  enrolled,  we  withhold,  for  obvious  reasons, 
llie  details  of  his  plan,  and  forbear  fo  express  any  opinion  of  its  practicability.  The  treat- 
ment of  flax,  in  its  early  stages,  is  a  matter  of  vast  importance  to  this  conntry;  and  per- 
haps there  is  no  one  problem  throughoat  our  manufactures  whose  solation  would  better 
repay  the  successful  experimenter,  than  how  Uie  facilities  for  working  cotton  and  wool 
are  to  be  communicated- to  flax. — Ifeuiion's  Journal,  October,  1861. 

Mr.  D.  F.  Bower  obtained  in  March,  18d1,  a  patent  for  retting  and  preparing  flax, 
in  which  he  submits  the  flax,  after  steeping  it  for  six  days  in  cold  or  hot  water,  to  the 
pre^ure  of  rollers  once  and  again,  with  steeping,  in  order  to  expel  the  glutinous  matter, 
and  then  dries  if.  line  is  treated  with  dilute  water  of  ammonia,  or  alkaline  saline 
solution.  He  also  avails  himself  of  the  air-pump,  along  with  the  above  solvents,  tor 
the  extraction  of  the  gluten  by  means  of  hot  water. 
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With  tho  objetit  of  giving  the  flax  grower  the  means  of  rendering  his  produce  fit 
for  the  market^  Mr.  MTiierson,  of  Edinburgli,  has  construeted  a  portable  breaking  and 
Btutcliing  machine,  suitable  for  a  famiBtead.  It  consists  of  two  rectangular  wooden 
cases,  of  unequal  size,  oonueoted  together  side  by  aide,  the  smaller  containing  the 
bi-eakiiJK  apparatus,  and  the  larger  tlie  parte  for  soutchiog  the  flax.  The  small  ease  is 
provided  with  a  horizontal  table,  having  a  fluted  surface,  whereon  the  flax  is  laid;  und 
over  the  table  a  Anted  roller  is  caused  to  travel,  for  the  purpose  of  cracking  the  boon, 
or  woodj  portion  of  the  flai  plant.  Tlie  asea  or  pivots  of  the  roller  move  in  horizontal 
guides,  ivhieh  can  be  lifted  by  depreseii^  a  treadle,  for  the  purpose  of  raising  the  roUei-, 
and  the  traverse  of  tlie  roller  is  effected  by  its  conneetion,  through  a  rod,  with  a  crank 
on  the  end  of  a  short  horizontal  shaft,  which  is  caused  to  revolve  by  horse  or  other 
power.  The  shaft  also  carries  a  spur  wheel,  gearing  into  a  pinion  upoa  another  hori- 
zontal shaft,  that  extends  through  the  large  case.  Upon  this  second  shaft  (withia  tliu 
large  case)  are  fixed  two  discs  or  bosses,  to  which  four  pairs  of  long  radial  arms  are 
bolted;  and  to  the  outer  ends  of  each  pair  of  arms  is  fastened  a  wooden  beater,  of  a 
/.  sliape,  in  the  transverse  sectioa  At  the  top  of  the  larre  case  two  channels  are 
made  to  receive  the  clamps,  in  which  the  stricks  of  flas  to  be  scutched  are  held  to 
receive  the  Wows  of  the  beatera.  The  flax  is  first  laid  upon  the  fluted  table,  and  sub- 
mitted to  the  action  of  tlie  traversing  roller  nntjl  the  boon  is  broken  up  and  suEciently 
loosened  from  tie  fibre ;  it  ia  then  removed,  and  secured  in  given  qivantities  between 
a  pair  of  damps,  in  such  a  manner  that  one-half  the  length  of  the  ^-»ut  is  pendent 
therefrom.  Clamps  or  holders  thus  filled  are  successively  passed  into  one  of  tlie 
channels  in  the  large  case,  and  as  they  are  pushed  forwards  towards  the  other  end  of 
tlie  machine,  the  Btrieks  of  flas  are  brought  under  the  action  of  the  rotating  beater, 
whereby  the  pendent  portion  of  the  flas  is  cleared  of  its  boon.  When  this  is  effected, 
the  holders  are  removed  from  tJie  channels  and  opened,  to  turn  the  end  of  the  flax; 
the  clamps  are  then  again  tightened  and  introduced  into  the  other  chamie!,  to  bring 
the  other  end,  in  like  manner,  under  the  action  of  the  beaters.  Wlien  the  apparatus 
is  in  full  operation,  both  channels  will  be  foil  of  holders ;  and  the  introduction  of  a 
fresh  holder  at  one  end  is  the  means  whereby  a  holder,  containing  a  stricfc  of  scutched 
flax,  is  dischai^ed  at  the  opposite  end.  Tins  macliine,  according  to  the  statement  of 
the  inventor,  is  calculated,  Dy  the  application  of  fi'om  three  to  four  horse  power,  to 
clean  half  an  acre  of  flax  per  diem, 

Mr.  Plummer,  of  Newcasfle-upon/Tyne,  has  exhibited  machinery,  and  of  a  new  con 
struction,  for  breaking  and  scutching  flax,  and  foe  heeUing  what  is  technically  known 
as  "cut  line."  The  breaker  consists  of  a  cast-iron  framing,  carrying  five  fluted  rolleee 
of  similar  diameters,  and  connected  together  by  geering  wheels,  so  that  the  driving 
of  the  asle  of  one  by  a  band  and  pulley  will  cause  the  other  to  rotate  at  the  same 
speed.  This  machine  is  provided  with  two  platforms,  the  one  for  oondaoting  the 
flax  to  the  rollers,  and  the  other  for  guiding  it  out  of  the  machine.  The  rollers  are  so 
arranged  as  to  bite  the  flax  three  times  during  its  passage  through  the  machine;  and 
the  top  rollers  are  weighted,  for  insuring  a  proper  amount  of  pressure  being  put  upon 
the  flax. 

Tiie  scutching  machine  consists  of  a  rotary  vertical  disc  inclosed  in  a  casing,  and 
carried  by  an  axle  working  in  suitable  bearing  supported  by  flie  frame  of  the  machine. 
On  each  side  of  the  disc  radial  beaters,  or  wooden  knives,  having  a  bevelled  edge  on 
their  inner  face,  are  fixed;  but  on  one  side  of  the  disc  tie  beaters  are  alternated  by 
radial  brashes,  the  object  being  to  submit  tbe  flax,  first  to  the  action  of  the  beatera 
only,  and  then  to  effect  ti  a  more  thorough  separation  of  the  boon  from  the  fibre  by 
the  combined  action  of  brushes  and  a  second  set  of  beaters.  An  opening  is  formed  in 
the  front  of  the  case  through  which  the  flax  is  introduced  by  hand  to  the  action  of 
the  beatera.  When  one  end  ia  cleaned,  the  operator  turns  ends,  and  again  submits 
the  flax  to  the  scutching  operation.  By  tho  use  of  a  solid  disc  in  place  of  radial  arms 
(as  hithert«  used)  for  carrying  the  beatera,  it  would  seem  that  greater  apeed  Hian 
hitherto  applied  may  be  used  without  the  risk  of  breaking  the  staple,  as  the  objection 
presented  by  tka  arms,  of  causing  the  flax  to  lash  round  them,  and  thereby  get  broken 
when  working  at  great  speed,  is  necessarily  avoided. 

The  next  stage  of  tteatmg  flax  is  to  suWect  it  to  the  action  of  the  heckling  machine, 
whereby  the  flax  is  combed  out,  and  its  fibres  are  subdivided  to  the  extent  required ; 
tho  abort  entangled  fibres  being  at  the  same  time  removed  from  the  more  valuable 
staple.  Tlie  extent  to  which  the  separation  is  carried  is  ta  produce  a  yield  of  only 
from  SO  to  80  Iba.  of  "dressed  line,  as  the  more  valuable  staple  is  termed,  out  of 
112  lbs.  of  scutched  flax,  the  remainder  constituting  the  raw  material  fenown  as  tow, 
which  in  general  goes  to  form  an  inferior  description  of  yarn.  If  the  flax  is  intended 
to  bo  spun  to  a  fine  quality  of  yarn,  or  a  "high  number, '  it  is  cut  into  two,  three,  or 
moie  lengths,  before  oemg  submitted  to  the  heckling  roaehine ;  the  coarser  parts  of  the 
atsple,  that  is.  the  extremities,  being  separated  from  tho  others,  t'l  form  a  medium 
51 
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quantity  of  yarn,  while  the  middle  portions  are  selected  for  conversion  into  fine  yara. 
The  aOMOn  of  the  heeMing  maoliine,  as  far  as  the  operation  itself  is  ooneemed,  is  ths 
same  whether  the  long  or  short  staple  be  beekled ;  but,  U>  effect  the  operation  econo' 
mieally,  thit  ia,  without  making  an  undue  amount  of  tow,  different  coustruotions  of 
maohines  are  preferred  for  dressing  the  long  and  the  cut  lihe.  For  beclilittg  the  latter 
kind  of  staple,  Mr.  Plammer  exhibited  a  machine  embracina;  some  novel  points  deservbg 
of  notice.  It  isof  that  classof  maehinea  whicbbave  two  heckle  cjlindecs  revolving  in 
opposite  directions,  and  dressing  both  sides  of  the  stiiek  of  flas  simultaneously,  but 
which  have  hithertfl  met  with  very  partial  success,  as  the  cost  with  which  tbey  work 
scarcely  compensates  for  the  waste  of  material  they  occasion,  from  the  fact  of  two  sets 
of  heckles  entering  the  striefc  siraultaneoosly,  and  tearing  through  it  without  the  power 
of  yielding  to  the  entangled  or  interlocked  fibres.    Now,in  order  to  remedytbisevilin 

Krt,  oua  of  the  cylinders  ts  mounted  on  sliding  bearings ;  so  that  each  strict  of  fla^  on 
ing  first  presented  to  the  heotle-pins,  will  be  partially  combed  by  the  cylinder,  which 
is  mounted  in  stationary  bearings,  before  the  traversing  cylinder  approaches  to  act  upon 
the  sti'ict  These  cylinders  are  furnished  with  three  grades  of  hectle-pins,  and  the 
rows  on  the  first^  or  coarsest  set,  are  alternated  by  rows  of  brashes.  The  motion  for 
traversmg  ^e  holders,  oontfuning  the  stricta  of  flax  through  the  machine,  is  somewhat 
novel  and  ingenious.  Mounted  near  one  end  of  the  holder  trough  (which  receives  its 
up-and-down  motion  for  bringing  the  length  of  stricks  gradually  under  the  operation 
of  the  heckle  cylinders  by  tlie  ordinary  arrangements  of  mechianiBm)  n  a  short  axle, 
which  carries  three  pinions,  two  of  which  take  iixto  vertical  racks,  attached  to  the  end 
framing]  and  the  central  piuion  geers  into  a  rack  formed  on  a  horizontal  I'eciproeating 
bar,  carried  by  the  trough,  and  provided  with  loose  penc«nt  fingers.  As  the  trough 
ascends  to  take  in  a  IrcBU  holder,  the  pinions,  working  on  the  fixed  vertical  racks,  are 
rotated,  and  thus  tlie  central  pinion  is  made  to  draw  forward  its  rack  with  the  sliding  rod ; 
by  which  means  the  pendent  fingers  are  brought  in  contact  with  the  holders,  and  caused 
to  propel  them  forward.  On  the  descent  of  the  ti-ough,  the  reverse  action  takes  place ; 
and  the  reciprocating  bar  being  slidden  back,  the  hngenv  which  are  hinged  so  as  to 
pass  bock  over  the  holders,  are  brought  tu  a  proper  position  for  propelling  them  for- 
ward on  the  next  ascent  of  the  trough ;  this  reciprocating  bar  is  common  to  many  heck- 
ling machines,  but  (ie  mode  of  actuating  it  appears  to  us  to  be  both  new  and  simple. 
On  the  ascent  of  the  trough  to  receive  another  holder,  and  diachaige  at  the  same  time  a 
holder  of  heckled  flax,  the  traversing  cylinder  is  caused  to  retire  by  a  simple  raeehanioal 
contrivance,  and  thus  allow  of  the  stnck  of  flax  just  received  into  the  machine,  as  well 
as  those,  wbioh,  in  consequence,  have  been  shifted  forward  to  a  finer  set  of  heckle  pin^ 
to  be  brought,  first  under  the  action  of  tlie  heckle  cylinder,  which  works  in  stationary 
bearings,  and  then  rnider  the  action  of  the  pins  of  the  traversing  cylinder,  as  befoi-e 
explained ;  the  asoeot  of  the  trough  being  made  the  means  of  driving  back  the  cylinder, 
and  ita  descent  allowing  of  its  moving  forward  to  operate  upon  the  fias.  The  heckle 
cylinders  are  cleaned  as  usual  by  rotating  brushes ;  and  an  endless  band  of  lattice-work 
is  provided  for  gathering  the  tow  into  a  proper  receptacle.  Whether  or  no  this  ma- 
chine is  destined  to  take  a  permanent  place  in  onr  flax  manufactories,  a  mere  inspec- 
tion of  it  in  ita  quiescent  state  is  not  sufficient  to  enable  us  to  judge :  as  regards  com- 
pactness, it  has  greatly  the  advantage  of  tlie  double  cylinder  _  luaohinea  of  Messrs. 
Lawson  &  Sons,  of  Leeds,  whose  contribution  we  sliall  next  notice ;  but  we  can  give 
no  opinion  of  their  relative  merits  in  oiher  respects. 

This  firm  has  made  by  far  the  laigest  display  of  flax  machinery ;  and,  indeed,  the 
credit  is  mainly  due  to  tJiem  that  the  Great  Exhibition  has  represented  this  important 
branch  of  our  manufactures.  Their  contribution  may  be  briefly  stated  to  have  included 
a  complete  set  of  machinery  for  heoklingi  spreading,  drawing,  and  roving  long  and  cut 
flax ;  also  for  carding,  drawioft  and  roving  tow ;  for  spinning  coarse  and  tme  flax  yam ; 
and  likewise  for  manufactunng  thread.  For  treating  short  ilai^  a  pair  of  cjlmder 
heckling  macliines  were  exhibited.  The  cylindcis,  instead  of  being  set  abreast  of  each 
other,  and  acting  siraultaneonslv  on  tlic  flax,  are  mountedln  a  lin^  and  revolve  in 
opposite  direotions,  so  that  the  ffax  is  dressed,  firat  on  one  side  by  one  cylinder,  and 
then  on  the  opposite  aide  by  the  other  cylinder.  The  objection  to  this  arrangement  is, 
as  before  indicated,  the  want  of  compactness;  as  machines  working  on  this  principle 
are  required  to  be  double  the  length  of  those  which  turn  the  striekajja  heckle  botbaicies 
on  the  same  heckle-pins,  or  heckle  it  simultaneously  on  both  aides.  To  remedy  this  ob- 
jection, however,  Messrs.  Lawson  apply  two  trouglis  to  the  machine,  and  are  thus  enabled 
to  submit  two  rows  of  atricks  to  the  aotion'of  the  same  rotating  heckle  cylinder.  The 
mode  of  traversing  tjfe  flax  holders  through  the  machine  is  analogous  to  that  described 
in  reference  to  Mr.  Plummer's  machine,  and  therefore  need  not  to  be  repeated.  The 
eylinders  are  furnislied  with  two  grades  of  heckle-pins;  and  between  each  row,  rising 
ind  faUing  plates  (which  take  their  motion  from  excentricsj  are  fitted  for  the  purpose 
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Df  determiniDg  tlie  depth  that  the  heckle-pins  shall  ent^r  the  strieks.  Belwersn  the 
rows  of  the  Sner  grade  of  heckles,  email  flat  brushes  beiog  set  in  one  edge  of  the  rising 
and  falling  plates  form  a  sort  of  bed  for  the  flfis  to  lio  on  while  under  tlie  action  of  the 
heckles.  The  stricka,  in  passing;  over  one  cylinder,  are  heckled  on  one  side ;  they  ere 
then  brought  Under  the  action  of  the  seoond  cylinder,  which,  revolving  in  -iii  opposite 
direction,  will  finish  the  other  side  of  the  strick.  The  machine  exhibited  by  this  firm 
for  operating  upon  long  fibres  is  provided  with  two  endless  bands  of  heckles,  set  side  by 
side,  and  arranged  so  as  to  present  an  inclined  surface  to  the  flax.  These  bands  are  set 
at  opposite  inclines,  and  revolve  in  different  directions,  for  the  purpose  of  operating 
upon  different  sides  of  thestrieks  of  flax.  Thtise  are  theonly  arrangements  of  heckling 
and  machinery  which  the  Bshibition  contained.  It  must,  Uierefore,  be  considered  as 
very  deficient  in  this  respect^  as  the  rival  inventions  of  Messrs.  Marsden.  of  Manchester, 
and  Messrs.  Combe,  of  Belfast,  for  turning  the  stiicks  of  flai^  and  causing  them  to  be 
operated  upon  on  both  sides  by  the  same  cylinder  (which  have  recently  been  the  cause 
of  so  much  litigation)  are  unrepresented.  So  also  is  a  still  more  recent  improvement 
of  Messi's.  Combe,  for  heckling  both  sides  of  the  atrtck  without  turning,  by  the  use  of 
but  one  cylinder.  In  this  machine  (which  we  have  had  recently  an  oppoitnnity  of  seeing 
in  action  at  Belfast)  the  means  of  operating  on  both  sides  of  the  strick  is  obtdn^d  by 
merely  reversing  the  direction  of  rotation  of  the  cylinder,  while  the  trough  is  ascending 
to  take  in  a  fresh  bolder.  Another  arrangement  of  a  promising  character,  for  passing 
once  through  the  machine,  has  recently  been  devised  by  Messrs.  Harding,  Cocker,  & 
Co.,  of  Lille;  but  as  this  machine  was  not  included  m  their  conttibntion  to  the 
Extiibition,  we  couclnde  that  it  is  not  yet  brouglit  into  the  market.  The  &as,  after 
leaving  the  heckling  machine,  is  slightly  combed  by  hand,  and  sorted  into  parcels, 
according  to  tlie  quality  of  the  staple ;  it  is  then  packed  away  in  a  cool,  dry,  dark  room, 
and  by  lying  there  for  a  few  monUis  its  quality  is  said  to  improve.  When  the  Bips  is 
taken  from  the  "dressed  line  store,"  it  is  subjected  to  the  action  of  the  following 
machines,  for  the  purpose  of  converting  it  into  yam,  viz. ;  1,  The  first  drawing  frame, 
or  spreader,  the  nse  of  which  is  to  convert  (he  flas,  a*  delivered  from  the  heckling 
machine,  into  a  continuous  sliver  or  bafld  of  filaments ;  2.  The  second  drawing  frame, 
by  which  the  sliver  is  attenuated;  S-  The  third  drawing  frame,  whereby  sevetS  slivers 
from  the  second  drawing  frame  are  united  together  and  redrawn,  to  obtain  a  finer  sliver, 
with  greater  regularity  of  fibre;  4.  The  roving  frame,  which  further  elongates  the 
sliver,  and  converts  it  into  a  spongy  cord  or  roving;  6.  The  throstle  frame,  which 
extends  the  spongy  op  loose  roving,  and  spins  it  into  yarn.  The  flax  drawing  frame  is 
very  different  in  consfruetion  to  that  formerly  described  as  employed  for  drawing  cotton, 
although  the  action  is  precisely  onalogous.  Its  constructions  and  mode  of  operation 
maybe  thus  briefly  described  ;  at  the  back  of  the  machine  is  an  endless  traveling  feed- 
cloth,  on  which  tho  striiiB  ot  flax  are  laid,  so  as  to  overlap  each  other,  and  which  carries 
the  flax  to  what  are  termed  the  back  holding  rollers.  In  front  ot  these  roller^  and 
irranged  parallel  thereto,  is  a  series  ot  "  ^lls  '  or  straight  bars  furnished  with  heckle- 
pins,  whose  office  is  to  receive  the  flax  as  it  is  delivered  from  between  the  holding- 
rollers,  and  cany  it  forward  to  the  drawing-rollers.  These  gills  are  supported  and 
traversed  by  Ibeir  extremities,  taken  int«  the  threads  of  two  screw  shafts,  set  at  right 
angles  to  the  holding  rollers,  which  shafts,  as  they  rotate,  carrv  the  gills  forward. 
When  they  have  arrived  at  the  end  of  the  shaft  they  severally  fall,  and  are  received  by 


w  shafts  below,  having  a  quicker  thread,  whieh"carry  them  back  ti 
s,  and  a  sweep,  on  the  end  ot  these  shafts,  lifto  the  gills  up  again  info  geer 
with  t£e  upper  screw  shafts.    Thus  on  endless  chain,  as  it  were,  ot  gills  is  provided, 


olding  rollers,  and  a 


which,  iiaving  a  somewhat  greater  speed  than  the  holding  rollers,  combs  the  flax  straight 
and  delivers  it  with  perfectly  parallel  fibres  to  the  drawing  roilera.  By  these  the  shver 
is  drawn  to  the  requisite  fineness,  and  then,  passing  between  a  pair  of  calendering 
rollers,  it  is  delivered  to  a  can.  The  cans  of^  sliver,  thus  produced,  are  now  set  up 
behind  the  second  drawing  frame,  to  undet^  the  second  operation.  Tliis  frame,  and 
also  the  third,  are  amilar  m  eoiistmctJon  to  the  firet;  the  only  difference  being,  that 
they  are  fed  from  cans  instead  of  by  a  cloth ;  and  as  the  progress  of  drawing  out  the  sliver 
advances,  the  size  of  the  working  parts  are  required  to  be  les^  and  the  fineness  of  the 
gills  to  be  increased.  The  operation  of  drawing  is  tho  same  in  all  cases  ;  but  in  the 
second  and  third  frames,  the  sKver  is  doubled,  to  give  it  an  evenness,  or  structural 
equality,  as  it  is  elongated. 

Messrs.  Lawson  have  eshibited  screw  gili  spreaderE  (as  the  first  drawing  Irame  is 
termed)  for  both  long  and  cut  flax ;  also  giil  frames  for  completing  the  drawing  of  the 
long  and  short  fibre,  but  further  than  being  well  made  machines,  they  present  no  points 
for  comment. 

MesBre,  Higgins  A  Sons  have  also  exhibited  a  sirew  gill  spreader  mid  a  second 
drawing  frame  for  long  lines.  In  tlie  former  of  these  machines  the  front  top  rollers  are 
weighted  by  an  arrangement  of  compound  levers,  wliith  is  said  to  have  the  advantage 
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of  convenie/.ce  over  the  ordinary  pitui ;  and  in  the  lattar,  the  roller  and  gills  are  driven 
at  the  middle  instead  of  the  side  of  tlie  maehiae;  thus  relieving  the  roUerB  of  a  great 
portion  of  the  strain  to  which  tliey  are  ordinarih'  exposed,  and  permitting  of  the  i:sa 
of  sraaller  rollers,  which,  foe  some  desoriptioDS  of'^work,  is  considered  of  importance. 

The  sliver,  as  it  is  delivered  iut«  cans  from  the  third  dravdng  fi-anie,  is  taken  to  tlie 
roving  frame  to  be  still  further  reduced  and  wrought  into  a  loose  thread;  but  as  this 
operation  is  preeiaely  similar,  whether  for  long  line,  cut  line,  or  tow,  it  mav  be  well  to 
explain  briefly  the  means  of  brining  tow  to  a  proper  state  for  nndei^oing  the  first 
spinning  process  before  speaking  of  the  roving  frame.  Thefow,  which  wehave  said  is 
the  short  and  irregular  fibres  combed  out  of  the  sfrick  of  flax  by  the  hecHing  machine, 
is  subjected  to  the  action  of  a  carding  engine,  somewhat  similar  in  construction  to  that 
used  for  liarding  cotton.  It  consists  principally  of  a  large  central  cylinder,  covered  with 
wires,  cards,  and  surrounded  by  card  rollers  terqied  "  workers  "  and  "  strippers,"  revol- 
ving in  contact  therewitli.  The  tow  is  carried  into  the  machine  by  an  endless  travelling 
cloth,  which  delivers  it  to  a  pair  of  teed  rollers,  situate  below  the  main  cylinder,  where- 
' ""  "'  is  transferred  to  the  large  cylinder.    By  this  it  is  brought  mider  the  a  ' ' 


the  workers,  when  combed  or  carded ;  and  it  is  then  stripped  or  "  doflTed  "  from  the 
cylinder  by  card  rollers,  which  in  their  return  are  relieved  of  the  staple  by  doffer  combs ; 
these  take  it  off  in  the  formof  a  sliver,  and  it  is  eventually  deliver^  from  Hie  machine 
by  delivering  rollers  into  cans.  In  order  to  prevent  the  liability  of  the  sliver  breaking 
by  being  pressed  down  into  the  cans,  and  also  to  avoid  the  necessity  of  using  a  separate 
machine  for  performing  the  first  drawing  operation,  it  has  lately  been  tlie  practice  to 
apply  one  or  more  gilMrawiag  heads  to  the  carding  engine,  according  to  the  number 
of  sii^ippei's  employed  and  slivers  produced,  and  carry  on  the  carding  and  the  fii'st 
drawing  processes  simultaneously.  This  arrangement  patented  by  Messrs.  Fairbaim 
&  Co.,  was  applied  to  Messrs.  Jjawson  &  Son's  carding  engine.  It  is  provided  with 
three  strippers,  which  arc  capable  (by  being  set  at  different  distances  from  the  main  cy- 
linder) ot  taking  off  different  lengths  of  staple  from  the  card  surface,  and  thereby 
sorting  out  or  dividing  tJie  qualities  of  the  low.  In  this  machine,  however,  there  u 
'  but  one  gill-head ;  all  the  shvers,  therefore,  are  united  in  the  first  drawing  process,  and 
form  together  a  continuous  sliver ;  the  completion  of  the  operation  ot  drawing  tow  is 
precisely  similar  to  that  already  described  with  reference  to  long  and  cut  line. 

To  obtain  a  flax  roving,  it  is  uaual,.tttter  drawing  the  sliver  to  the  required  amount, 
to  put  in  its  ^isht  twist.  Messrs.  Hlggina  exhibited  a  roving  frame  with  six  heads  and 
sLxty  spindles,  for  producing  roving  of  this  kind.  This  roving  frame  is,  in  fact,  to  de 
scribe  it  shortly,  a  drawing  frame,  witii  the  addition  of  spindles ;  the  ^Is  and  roller? 
being  driven  according  to  their  improved  plan,  before  noticed. 

The  roving  frame  for  cut  flax  exhibited  bv  Messrs.  Lawson,  is  intended  to  produce  a 
roving  without  twist,  which,  for  obtaining  fine  qualities  of  yarn,  is  very  desirable  ;  the 
gummy  matter  in  the  flax  is  here  taken  advantage  of  to  give  the  roving  the  n< 
cohesive  property.     A  corre  ■      ■'        '  ■'  ■   -  ''        '"' 

best  conveyed  by  tracing  H  „ 

passes  from  the  can  over  a  puUey  through  fixed  guides 

pair  of  drawing  rollers,  then  into  a  trough  containing  hi  .    ,.  .    .^ 

solving  the  gnmuiy  matter  in  the  flax),  then  over  a  heated  cylinder  which  dries  tha 
staple,  and  finally  it  is  wound  on  to  a  bobhb,  which  rests  upon  and  turns  in  contact 
with  a  horizontal  fluted  roller.  Kovii^s  thus  produced  are  capable,  it  is  said,  of  being 
drawn  to  almost  any  degree  of  fineness,  with  little  reference  to  the  material ;  because 
one  fibre  can  be  glued  to  another  ;  at  any  portion  of  its  length  a  roving  can  be  made. 
Messrs.  Lawson  also  contributed  machinery  for  wet  and  dry  spinning,  viz.,  a  dry  tow 
spinning  frame,  irith  100  spindles ;  a  fine  spinning  frame  for  spinning  the  roving  through 
cold  water;  a  double  water  frame,  with  186  spindles;  and  a  double  twisting  frame  with 
98  spindles.  The  only  noticeable  novelty  in  these  machmes  (the  construction  of  which 
will  be  understood  from  the  description  already  given  of  cotton  spinning  machinery^  is 
a  new  tape  motion  tor  driving  the  spindles.  A  spinning  frame,  by  Atessrs.  Hiegins, 
containinc  144  spindles  was  also  exhibited ;  but  further  Sian  being  a  specimen  ofgood 
design  and  workmanship,  it  calls  for  no  special  remark. 

Betting  of  Max. — Mr.  Watt's  system  of  flas  retting  may  be  briefly  described  as  fol- 
lows:— The  flax  straw  is  delivered  at  the  works  by  the  grower,  in  a  dry  state,  with  the 
seed  on.  The  seed  is  separated  by  metal  rollers,  and  afterwards  cleaned  by  fanners. 
Tlie  straw  is  then  placed  in  close  chambers,  with  the  exception  of  two  doors,  which 
serve  the  purpose  of  putting  in  and  discharging  the  straw.  The  top,  which  is  of  east 
iron,  serves  the  double  purpose  of  a  top  and  condenser.  Tlia  straw  is  then  laid  on  a 
perforated  false  bottom  of  iron,  and  the  doors  being  closed,  and  made  tight  by  means 
of  screws,  steam  is  driven  in  by  a  pipe  round  the  cliambers,  and  between  the  bottoms ; 
and,  penetrating  tlie  mass,  at  fii'st  removes  certain  volatile  oils  contained  in  the  plant, 
and  afterwards  is  condensed  on  the  bottom  of  the  iron  tank,  and  descends  as  a  con- 
tinuous shower  of  condensed  water,  saturating  the  straw.  Tliis  water  is  a  deooetion 
of  extractive  matter,  to  which  attach  theiibrous  and  more  porous  portions.  Tiiis  liquoi 
id  run  off  from  time  to  time,  the  more  concentrated  portions  being  used  for  feeding. 
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Tho  process  is  shortened  by  using  a  pump,  or  sueli  an  airangement  as  rapidly  washes 
the  mass,  witli  the  water  aJIowed  to  necuuralate.  In  about  eight  or  twelve  hours, 
varying  with  the  nature  of  the  atraw,  it  is  removed  from  the  chambers,  and,  having 
been  robbed  of  its  extraetive  matter,  it  is  then  passed  through  Oia  rollers  for  the  pur- 
pose of  lemoTing  the  epidermis,  or  sliin  of  the  plant,  and  of  discharging  tlie  greater 
pai-t  of  the  water  contained  in  the  saturated  straw,  and  while  in  the  wet  and  Bwollen 
state,  splitting  it  up  longitudinally.  The  straw  then  (being  free  of  all  products  of 
decomposition)  is  easily  dried,  and  in  a  few  hours  ready  for  scutching. 

In  the  experimental  trial,  personally  superintended,  throughout  all  its  details,  by 
the  Committee,  a  quantity  of  flax  straw,  of  ordinary  quality,  was  laken  from  the  bulk 
of  the  stock  atthe  works^  weighing  ISJ  owts.  with  the  seea  on.  After  the  removal  of 
tlie  seed,  whicli,  on  being  cleaned  thoroughly  from  the  ohal?  measured  3f  Imperial 
bush,,  the  straw  was  reduced  in  weight  to  10  cwt.  1  qr.  21  lbs.  It  was  tlien  placed  in 
the  vat^  where  it  was  subjected  to  the  steaming  process  for  about  eleven  hours.  After 
steeping,  wet-rolling,  and  drying,  itweighed  T  owt.  0  qrs.  11  lbs. ;  and,  on  being  soutehcd, 
the  yield  was  187  lbs.  of  flax;  and  of  scutching  tow,  12  lbs.  6^  ozs.  fine,  and  S5  lbs.  S 
0!H.  coarse.  The  yield  of  fibre,  in  the  state  of  good  flax,  was,  therefore,  at  the  rote  of 
18i  lbs.  from  the  cwt.  of  straw  with  seed  on ;  IB  lbs.  from  the  cwt-  of  stiaw  without 
seed ;  26i  lbs.  from  the  cwt  of  steeped  and  dried  straw. 

The  time  occupied  in  actual  labour,  in  the  processes,  from  the  seeding  of  the  flax  to 
the  commencement  of  the  scutching,  was  ISJ  hours,  io  which,  if  11  hours  be  added  for 
the  time  the  flax  was  in  the  vat,  24Tionrs  would  be  the  time  required  up  to  this  point. 
The  soulcLing,  by  four  stands,  occupied  six  bom's  dxteen  minutes.  But,  in  tliis  state- 
ment, the  time  required  for  drying  is  not  included,  as,  owing  to  some  derangement  in 
the  appai-atus,  no  certain  estimate  could  be  made  of  the  actual  time  required  in  that 
process.  It  would  appear,  however,  that  about  thirty-six  hours  would  include  the 
time  necessary,  in  a  well-oi^anized  establishment,  to  convert  flax  straw  into  fibre  for 
the  spinner. 

The  cost  of  all  these  operntjons,  in  this  experiment^  leaving  out  the  drying  for  the 
reasons  noted,  appeared  to  be  under  10/.  per  ton  of  clean  fibre,  for  labour,  excluBive  of 
general  expenses. 

'  — '"  n  of  the  fibre  was  sent  to  two  spinning-mills  to  be  hackled,  and  to  have  a 


value  put  upon  it.  The  valuation  of  tlie  samples  varied  from  5BL  to  101.  pc 
cording  to  the  qoality  of  the  strioks  of  fibre  sent^  and  the  yield  on  the  hackle 
eidered  quite  satisfactory. 


On  the  results  of  tliis  experiment,  which  was  necessarily  of  a  limited  nature,  the 
Committee  think  it  best  to  offer  no  general  remarks.  They  are  sufficiently  favourable 
to  speak  for  themselves.  It  remains  to  be  ascertained  whether  the  qualities  of  flax  fibre 
prepared  by  this  method  are  such  as  to  suit  the  spinner  and  manufacturer.  They  have 
been  informed,  by  a  spinner  who  has  been  trying  some  flax  prepared  by  Mr.  Watt's 
system,  tliat  tlie  yarn  made  from  it  appears  eqoal  in  all  respects  to  what  is  ordinarily 
spun  fcom  good  Msh  flai^  of  the  finer  sorts.  They  believe  that,  before  long,  informa-. 
tion  will  be  given  by  several  individuals  who  are  about  to  carry  out  move  extended 
trials  on  the  spinning  and  manufacturing  departments. 

The  Committee  conceive  that  the  most  prominent  and  novel  feature  of  this  plan 
consists  in  the  substitution  of  maceration,  or  softening  for  fermentation.  In  the  steep 
iog  of  flax,  Ijoth  by  cold  and  hot  water,  the  fibre  is  freed  from  the  substance  termed 
gum,  by  the  decomposition  of  the  latter,  while  in  Watt's  system  the  maceration  of  the 
stems  loosens  the  cuticle  and  gum,  which  are  further  separated  mechanically  in  the 
crushinc  operation,  and,  after  the  drying  of  the  straw,  readily  part  with  the  wood, 
under  the  action  of  the  scutch-mill 

Before  concluding  this  statement,  the  Committee  wish  to  caB  attention  to  a  very 
"     s  feature  in  Mr.  Watt's  invention.    The  water  from  the  vats,  in  place  of  being 


offensive  and  noxious,  as  is  the  case  with  ordinary  steep  water,  contains  a  certain 
.™„..„.  „P  „.,».!!.: ....     T]jjg  j,.jg^3  ffom  its  being  an  infusion  of  the  flax  stems. 


in  place  of  holding  in  suspension  Or  solutjoa  the  products  of  the  decomposition  of  the 
gum,  and  other  substances  contained  in  the  stems.  The  inventor  is  now  employing 
this  water,  along  with  the  oliaff  of  the  seed-bolls,  for  feeding  pigs.  It  is  of  much  in- 
terest, therefoi-e,  to  note  in  how  far  this  may  be  found  practically  to  answer,  as,  be- 
tween the  seed,  the  chaff,  and  tlie  water,  by  far  the  greatest  portion  of  what  the  fiax 
plant  abstracts  from  the  soil,  would'  thus  be  returned  in  the  shape  of  manure.  How- 
ever this  may  turn  out,  the  avoidance  of  all  nuisance  in  smell,  and  of  the  poisonous 
liquid  which  causes  some  damage  among  fish  when  let  off  into  rivers,  is  a  matter  of 
some  consequence. 

Appended  to  this  report  is  a  note  of  the  time  occupied  in  the  different  processes 
during  the  experiment,  and  of  the  number  of  persons  employed  in  each. 

It  is  to  be  hoped  that  so  promising  a  plan  may,  on  more  extended  experience,  be 
found  fully  to  warrant  the  high  anticipations  formed  from  what  is  already  knowi 
concerning  it.  (Signed  on  behalf  of  the  Committee), 

Rtchaed  Kivhn,  Chairmar, 

HpIIkkU  Sd  Nov.  1852 
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Note  of  tiio  t!m(.'  jeenpied,  and  of  the  number  of  persons  employed  in  each  of  tbu 
processes  witnessed  bj  tLe  Committee,  t-n  the  experimental  trial  of  Mr.  "Watt's  system 
of  preparing  Rax  fibre: — 

Seeding,          -----  4  8             '         1  "  15 

Placing  in  Vnt.      -        -        ■        -  a  4  0  15 

Cieaniug  Seed,       .         -         -         .  1  0  3  0 

Taking  out  of  Vat.         -         -         -  2  it  0  30 
"Wet-rolling  and  putting  in  Drying 

Room, 1  IG  y  20 

Eolling  for  Sontohing,    -         -         -  0  II  IS 

Strioking  for  do.,            -        -        -  0  ^  4  47 

Total,  11  48  13         15 

Sontohing,  ....        4  0  6        l(i 

Cultiiiaiion  of  Flax  iiiFlander». — There  is  a  very  file  Io"g  variety  of  flax  which  u 
cultivated  in  the 'neighbourhood  of  Courtray,  in  Flanders ;  it  rec[uireB  a  very  good  soil 
to  grow  in,  and  the  stem  is  so  long  and  slender,  that,  if  it  were  not  supported,  the 
least  wiad  would  break  it  andlay  it  flnt^inwWcli  case,  tJie  quality  of  the  flax  would  be 
much  impaired  and  the  quantity  reduced.  To  prevent  this,  fliort  states  are  driven  into 
the  ground  in  a  straight  Rne,  at  8  or  10  feet  from  each  other,  and  long  slender  rods  are 
tied  to  them  with  ozteis,  about  1  foot  or  IS  inches  from  the  ground,  forming  a  slight 
railing  to  support  the  flax ;  a  nitmbei  of  these  are  placed  in  the  same  manner  at  a  shoH 
distance  from  each  other  in  parallel  lines  all  over  the  field,  and  the  Sax  is  thus  pre- 
vented from  being  beat  down.  A  better  method,  which  is  not  commonly  adopted,  is 
to  have  stakes  in  regular  rows,  and  thin  ropes  tied  to  them,  instead  of  rods;  by  having 
these  lengthwise  and  others  across  them  at  right  angles,  a  kind  of  large  net  is  spread 
oyer  the  whole  field,  and  none  of  the  flax  can  possibly  be  laid  flat.  By  using  cheap 
rope,  or  strong  tar-twine  from  old  cables,  tlie  expense  is  not  very  great,  and  much  less 
room  is  taken  up  than  by  the  rods.  "When  the  flax  is  pulled,  the  stakes  are  taken  up, 
and  removed  to  a  dry  place  till  they  are  wanted  again. 

The  moat  common  variety  of  flax  is  of  a  moderate  lengt^i,  with  a  stronger  stem ;  if 
it  is  not  sown  very  thick  it  will  throw  out  branches  at  top  and  produce  much  seed ;  it 
is  therefore  a  matter  of  calculation  whether  it  will  be  most  prohtable  to  have  finer  flax 
with  less  seed,  or  an  inferior  quality  with  an  abundance  of  seed. 

There  ia  a  small  variety  which  does  not  rise  above  a  fool,  grows  fast,  and  ripens  its 
seed  sooner.  When  linseed  is  the  principal  object^  this  variety  ia  preferred ;  but  the 
fiax  is  shorter,  and  also  coarser. 

Another  variety  of  flax  has  a  perennial  root,  and  shoots  out  stems  to  a  considerable 
height.  It  came  originally  from  Siberia,  am^was  much  recommended  at  one  time,  but 
its  cultivation  did  not  spread.  If  it  were  sown  in  wide  rows,  and  kept  free  from  weeds 
by  hoeing,  it  migh^  perhaps,  he  profitably  cultivated  for  the  seed;  and  if  the  flax  is 
interior  in  quality,  it  might  still  be  of  some  value  for  coarse  manufactures ;  it  re- 
quires, however,  to  be  renewed  every  thi'ee  or  four  years  and  sown  in  fi'esh  gi'ound. 

The  soil  best  adapted  to  the  growth  of  flax  is  a  deep  rich  loam,  in  which  there  is 
much  liumua,  or  vegetable  mould.  It  should  be  mellow  and  loose  to  a  considerable 
depth,  with  a  sound  bottom,  neither  too  dry  nor  too  moiat;  either  extreme  infallibly 
destroya  the  fl<iv ;  it  is  therefore  not  suited  either  to  hot  gravelly  soils  or  cold  wet  clays, 
but  any  other  soil  may  be  so  tilled  and  prepared  as  to  produce  good  flax.  It  thrives 
well  in  the  rich  alluvial  laud  of  Zealand  and  thsPoldera.  but  it  is  also  raised  withgreat 
success  in  the  light  sat  Is  of  Flauders,  but  much  more  careful  tillage  and  manuring  are 
required.  The  land  on  which  flax  is  sown  must  be  very  free  from  weeds,  tiie  weeding 
of  this  crop  being  a  very  important  part  of  the  expense  of  cultivation.  These  circum- 
stances suggest  the  best  mode  of  preparing  the  land.  A  long  fallow,  such  as  is  some 
(imcs  given  t«  the  land  ii:  Essex,  including  two  winters  and  a  summer,  may  be  a  good 
preparation  on  the  heavier  loams,  which  should  be  trenched,  ploughed,  and  worked  ifeep ; 
the  manm'e  should  be  dung  fully  rotten,  or  a  compost  of  earth  and  dung;  it  siiouldbe 
put  on  the  land  in  autumn,  and  well  incorporated  befoi-e  the  seed  is  sown.  If  the  land 
lasufficiently  clean,  a  crop  of  potatoes  well  manured  may  be  substituted  with  advantage 
for  the  fallow ;  but  at  least  double  the  usual  quantity  of  dung  should  be  given  to  this 
crop,  that  enough  may  remain  in  the  groimd  for  the  flax.  Lime  maybe  used  if  the  aoil 
contains  a  great  portion  of  clay ;  but  in  the  lighter  loams  there  is  some  doubt  of  its 
advantage  Sir  flax.  At  all  events  it  should  not  be  used  immediately  before  the  flax  is 
sown,  bot  for  some  previous  crop.  Peat-ashes  are  excellent ;  they  improve  the  soil  and 
keep  off  insects.  wMch  are  apt  to  injure  the  roots  of  the  flax.  For  want  of  peat-ashes, 
those  made  by  the  burning  of  weeds  and  earth  in  a  smothered  fire  are  a  good  subsiitute. 
But  the  moat  effective  manure  is  the  sweepings  of  tte  streets  in  towns,  mixed  wifJi  the 
emptying  ot  privies,  and  the  cleaning  out  of  the  butchers'  stalls  and  shambles.  On 
'lirht  si>iin  niuoli  manure  i?  "'liiired ;   and  where  night-soil  cannot  be  obtained  in 
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suffieitiQt  quantitica,  rap«-catea,  fi'oni  which  the  oil  lias  been  espreased,  dissolved  in 
cow's  uriu^  form  the  best  manure.  lu  many  jiaits  uf  PiaDders,  500  rape-eakcs  are 
used  for  every  acre  of  flas,  besides  the  usual  quantity  of  Dutch  oahes  and  of  liquid 
maDur^  which  is  the  drMuiuga  of  dungbilb,  aud  tJie  urine  of  eattio  collected  in  a 
(detecn,  and  allowed  to  become  pntrid, 

lu  Eouthern  eliniatea  flux  is  sown  before  winter,  because  too  great  heat  would 
destroy  it.  It  ia  then  pulled  before  the  heat  of  summer.  In  northern  climates  the 
froBt,  and  especially  the  alternations  of  frost  and  thaw,  in  the  earfy  part  of  spring, 
wonld  cause  the  flax  to  perish ;  it  is,  coosequently,  sown  as  eiu-Iy  in  spring  as  may  be, 
BO  aa  to  avoid  the  eifect  of  hard  frost  This  is  in  March  or  April,  in  Gi'eat  Britain  and 
Ireland,  and  in  Holland  and  Flanders.  In  no  country  is  the  ground  better  prepared 
for  the  growth  of  fiax  than  in  Flanders;  and  it  may,  therefore,  be  interesting  to  lollow 
the  whole  proeeea  of  Flemish  cultivation  for  several  orope,  preparatory  to  that  of  flax, 
which  is  the  most  important  produce  in  that  country,  and  that  which,  when  well 
managed,  gives  the  greatest  profit  to  fJie  farmer.  The  "best  flax  grows  near  Courtray, 
Tlie  soil  is  a  good  deep  loam,  rather  light  than  heavy.  It  ia  not  naturally  Eo  rieh  aa 
the  soil  of  the  Polders  in  Flanders  aad  Zealand,  but  the  tillage  and  cultivation  ere  for 
more  perfecfi  and  the  produce,  if  not  more  abundant,  is  of  a  finer  quality.  Every 
preceiliug  crop  has  a  reference  to  the  fla;^  and  is  so  cultivated  as  to  improve  the 
texture  of  the  soil,  which  is  abundantly  manured,  in  order  t«  leave  a  considerable 
surplus  in  the  ground.  If  the  land  has  not  been  trenched  all  over  with  the  spade,  to 
the  depth  of  IS  or  ^0  inches,  it  has  been  equally  well  stirred  by  the  narrow  open 
drains,  whieh  are  dug  ont  13  or  IS  inches  deep  every  year,  between  tlie  stitches,  in 
which  it  is  laid  by  tlie  plough.  These  drains  or  water  furi'ows  are  a  foot  wide,  and 
from  a  foot  to  18  inches  deep.  The  earth  taten  ont  of  them  is  spread  evenly  ever  the 
land  after  the  com  is  sown.  When  the  ground  is  ploughed  again,  care  is  taken  that 
the  place  of  these  water-furrows  shall  be  shifted  a  foot  on  each  side.    Thus,  in  six 

J  ears,  the  whole  soil  is  deepened  and  thoroughly  minted  with  whatever  manure  has 
coo  put  on.  This  produces  the  same  efteet  as  trenching,  and  even  more  perfectly. 
The  whole  of  tlie  land  in  which  the  best  flajt  gi'ows  has  been  so  treated  for  several 
ceneratioilsi  and  may  be  looked  upon  as  a  species  of  compost  18  inches  deep. 
Potatoes  or  colza  are  usually  planted  witli  a  double  poition  of  manure,  after  which 
wheat  is  sown,  slightly  manured;  then  rye  with  tai-nipssown  the  same  year,  after  the 
rye.  These  are  taken  up  in  September  or  October,  and  stored  for  winter  use.  Tho 
land  has  been  well  weeded  while  the  turnips  were  growing  and  all  the  manure  is  de- 
composed and  mixed  with  the  soil  It  is  ploughed  in  stitches  before  winter,  some 
manure  having  being  previously  spread  over  it  if  necessary:  and  it  is  left  to  the 
mellowing  effects  of  frost  and  snow.  As  soon  as  the  winter  is  over,  and  the  snow  ia 
melted,  tfie  final  preparation  goes  on.  Deep  ploughing  and  harrowing  further  divide 
and  pulverize  it;  the  surface  is  laid  as  level  and  as  smoothes  possible;  and  if  there  is  no 
fear  of  too  much  wet^  which  in  this  light  loam  soon  disappears,  the  whole  is  kid  fiat 
and  level  as  a  bowling-green,  or  else  divided  into  beds,  with  water-furrows  between 
them.  On  this  the  liquid  manure  is  poured  out,  and  the  Dutch  ashes  spread,  if  any 
are  used,  or  tbe  rape-cakes,  as  mentioned  before.  The  haiTows  are  drawn  over  the 
land,  and  it  is  left  so  a  few  days,  that  the  manure  may  sink  in.  It  is  then  again 
harrowed,  and  the  linseed  is  sown  broadcast  by  hand,  veiy  thid^  and  even  about 
IJ-  cwt  to  the  acre.  A  bush  harrow  or  a  hurdle  is  di-awn  o'ver,  merely  to  cover  the 
seed,  wliich  would  not  vegetate  wore  it  buried  haJf  an  inch  deep.  According  to  the 
state  of  the  land,  it  is  rolled  or  not  or  the  seed  is  ti-oddeii  in  by  men,  as  is  done  with 
tine  seeds  in  gardens.  This  is  only  in  tbe  lightest  soils.  Most  commonly  the  tralneau 
is  drawn  over  the  iac  5.  This  is  a  wooden  irame  with  boards  nailed  closely  over  it, 
which  ia  drawn  flat  over  the  grounci,  to  level  and  gently  press  it.  In  a  short  time  the 
plants  of  flax  come  iip  Ihiet  and  evenly,  and  with  them  also  some  weeds.  As  soon  as 
tliB  flax  is  a  few  inches  high,  the  weeds  are  carefully  taken  out  by  women  and  children, 
who  do  this  work  on  their  hands  and  knees,  both  to  see  the  weeds  better,  aud  not  to 
hurt  the  flax  with  their  feet.  They  tie  pieces  of  coarse  flax  round  their  knees,  and 
creep  on  with  their  face  to  the  wind  if  possible.  This  is  done  that  the  fender  flax 
which  has  been  bent  down  by  creeping  over  it,  may  be  assisted  by  the  wind  in  rising. 
Tliis  shows  what  minute  circumstances  are  attended  to  by  this  industrious  people.  The 
weeding  is  repeated  till  the  fla^  is  too  high  to  allow  of  it. 

The  seed  which  is  used  is  generally  obtained  from  Kiga,  it  being  found  that  the  fiax 
raised  from  home-grown  seed  is  inferior  ailerthe  first  year.  But  many  intelligent  nien 
maintain  that  if  a  piece  of  ground  were  sown  thin  with  linseed,  so  that  the  flax  could 
rise  with  a  strong  stem  and  branch  out,  and  if  the  seed  were  allowed  to  ripen,  the 
Hemish  seed  would  be  as  good  as  that  fram  Riga  ;  but  it  still  remains  to  be  proved 
wliether  it  would  be  ciieaper  to  raise  it  or  to  import  it. 

When  the  flax  begins  to  get  yellow  at  the  bottom  of  the  stem,  it  is  time  to  pull  it,  if 
very  flne  fiax  is  desired,  such  as  is  made  into  thread  for  lace  or  flue  cambric ;  but  then 
the  seed  will  be  of  little  or  no  value.  It  is  therefore  geiierally  left  standing  until  the 
•^pau)<«  which  contain  the  seed  are  fully  grown,  and  the  seed  formed.    Gvery  '■n's- 
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grower  judges  for  himself  wliat  is  most  profitable  on.  the  whole.  The  pulling  then  begins, 
which  !3  done  carefully  by  small  handfiils  at  a  time.  These  are  laid  upon  the  ground  tc 
dry,  two  and  two  obliqaely  a«roaB  each  other.  Fine  weatlier  ia  essential  to  this  part 
of  the  operation.  Soon  after  this  they  are  eolJeoted  in  the  larger  bundles,  and  placed 
with  the  root  end  to  the  ground,  the  bundles  being  slightly  tieanear  the  seed  end;  tlie 
other  end  is  spread  out  that  the  air  may  not  liave  access,  and  the  rain  may  not  damage 
the  flax.  When  sufficiently  dry  tbey  are  tied  more  firmly  in  the  middle,  and  staekod 
in  long  narrow  stacks  on  the  ground.  These  stacks  are  built  as  wide  as  the  bundles 
are  !oag,  and  about  8  or  9  feet  high.  The  length  depends  on  the  crop  r  they  are 
seldom  made  above  20  or  80  feet  long.  If  the  field  ia  extensive,  several  of  these  stacks 
are  formed  at  regular  distances ;  they  are  carefully  thatehed  at  top,  and  the  ends,  which 
are  qaite  perpendicular,  are  tepi  up  by  means  of  two  strong  poles  driven  perpendicularly 
into  the  ground.  These  stacks  look  from  a  distance  like  short  mud  walls,  such  as  are 
seen  in  Devonshire.  This  is  the  method  adopted  by  those  who  defer  the  steeping  tilt 
another  season.  Some  carry  the  Has  as  sooa  aa  it  is  dry  under  a  shed,  and  take  off  the 
capsules  'with  the  seed  by  rippling  which  is  drawing  uie  fiax  through  an  iron  comb 
flsed  in  a  bloek.of  wood;  the  capsules  which  are  too  hu^e  to  pass  between  the  teeth  of 
the  comb  are  thus  broken  off  and  fall  into  a  basket  or  cloth  below.  Sometimes,  if  the 
capsules  are  brittle,  the  seed  is  beaten  out  by  means  of  a  flat  wooden  bat,  like  a  small 
cricket  bat  The  bundles  are  held  by  tbe  toot  end,  and  the  other  end  is  laid  on  a  board 
and  turned  round  with  the  left  hand  while  the  right  witli  the  bat  breaks  the  capsules, 
and  the  linseed  falls  on  a  cloth  below.  The  flax  may  then  be  immediately  steeped;  but 
the  most  esperieneed  flax-steepers  defer  this  operation  till  the  next  seasott.  In  this  ease 
it  is  put  in  barns,  and  tlie  seed  is  beat  out  at  leisure  in  winter.  When  flax  is  housed,  care 
must  be  taken  that  it  be  thoroughly  dry ;  and  if  the  seed  is  left  on,  which  is  an  advan- 
tage to  it,  mice  must  be  Kuarded  against,  for  they  are  very  fond  of  hnaeed,  and  would 
soon  take  away  a  good  share  of  the  profits  by  their  depredations. 

Steeping  the  flax  is  a  very  important  process  which  req^uires  experience  and  skill  to 
do  it  properly.  The  quantity  aad  colour  depend  much  on  the  mode  of  steeping,  and 
the  strength  of  the  flbre  may  be  injured  by  an  injurious  mode  of  performing  this  opera- 
tion. Tlie  object  of  steeping  is  to  separate  the  bark  from  the  woody  part  of  tlie  stem,  by 
dissolving  a  glutinous  matter  which  causes  it  to  adhere,  and  also  destroying  some  minute 
vessels  wliich  are  interwoven  with  the  longitudinal  flbres,  and  keep  them  ti^ether  in  a 
kind  of  web.  A  certain  fermentation  or  incipient  putrefaction  is  excited  by  the  steeping, 
which  must  be  carefully  watched  and  stopped  at  the  right  time.  The  usual  mode  of 
steeping  is  to  place  tlie  bundles  of  flax  horizontally  in  the  shallow  pool  or  ditches  of 
stagnant  water,  keeping  them  under  water  by  means  of  poles  or  boards  with  stones  or 
weights  laid  upou  them.  Water  nearly  putrid  was  supposed  the  most  efficacious ;  and 
the  mud  is  often  laid  over  the  Box  to  accelerate  the  decomposition,  but  this  has  been 
found  to  stain  the  flai^  so  thatitwas  very  difficult  to  bleach  itor  thelinen  made  from  it 
afterwards.  The  method  adopted  by  the  sleepers  of  Courtray,  where  steeping  flax  is  a 
distinct  trade,  is  different.  The  bundlesof  flax  are  placed  alternately  with  the  seeed  end 
of  the  one  to  the  root  end  of  the  other,  the  latter  projecting  a  few  inches ;  as  many  of 
these  are  tied  together  near  both  ends  as  form  a  thick  bundle  about  a  foot  in  diameter. 
A  frame  made  of  oak-rails  nailed  to  strong  upright  pieces  in  the  form  of  a  Ikix  10  feet 
>Dd  4  deep,  is  fllled  with  these  bundles  set  upright  and  closely  packed.  The 
then  immersed  in  the  river,  boards  loaded  with  stones  being  placed  upon  the 
flax  till  the  whole  is  sunk  a  litde  under  the  surface  of  the  water.  The  bottom  does  not 
reach  the  ground,  so  that  the  water  flows  over  and  under  it.  Tliere  are  posts  driven  in 
the  river,  to  keep  th4  box  in  its  place,  and  each  steeper  has  a  certain  portion  of  the  bank, 
which  is  a  valuable  Property.  The  flax  takes  somewhat  longer  tune  in  steeping  in 
this  manner  that,!!  does  in  stagnant  or  putrid  water,  and  it  is  asserted  by  those  who 
adhere  to  the  old  method  that^the  fiax  loses  more  weight;  but  the  colour  is  so  much 
finer,  that  flax  is  sent  to  be  steeped  in  the  lya  Seoai  every  part  of  Flanders.  When  it  a 
supposed  that  the  flax  is  nearly  steeped  euflioiently,  which  depends  on  the  temperature 
of  the  air,  the  flax  being  sooner  steeped  In  warm  weather  than  in  cold,  it  is  examined 
oarefnlly  everyday,  and  towards  the  latterpart  of  the  time  several  times  in  the  day,  in 
order  to  ascertain  whether  the  fibres  really  separate  from  the  wood  the  whole  lengUi  of 
the  stem.  As  soon  as  this  is  the  case  the  flax  is  taken  out  of  the  water:  even  a  few 
hours  more  or  less  than  is  necessary  will  make  a  difference  in  the  valae  of  the  flax.  If 
it  is  not  steeped  enough,  it  willnotbeeasityscutched,andlhe  wood  will  adhere  t«  it.  If 
it  has  been  too  long  in  the  water,  its  strength  is  diminished  and  mote  of  it  breaks  into  tow. 
The  bundles  are  now  untied,  and  the  flax  ia  spread  evenly  in  rows  sliehHy  overlapping 
each  other  on  a  piece  of  clean  smooth  grass  which  has  been  mown  or  fed  off  close,  fine 
weather  is  essential  to  this  part  of  the  process,  as  rain  would  now  much  injure  the  flax. 
It  is  Oucaaionally  turned  over,  which  is  done  dexterously  by  pushing  a  long  slender  rod 
under  the  rews,  and  taking  up  the  flax  near  the  end  which  overlaps  the  next  row  and 
turning  it  qaite  over.  Thus,  when  it  is  all  turned,  it  overiaps  as  before,  but  in  the 
contrary  direction.  It  remains  spread  out  upon  the  grass  for  a  fortniglil,  more  or  less 
according  to  the  seasor,  till  the  woody  part  becomes  brittle,  and  some  of  the  finest  fibre* 
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aoparate  from  :t  of  tLair  own  accord.  It  is  then  taken  up,  and  as  Boon  as  it  is  quite  dry 
it  13  tied  up  again,  in  bundles,  and  carried  iuto  a  barn  Ut  be  brolien  oud  hecMed  al 
leisure  during  tho  winter. 

The  total  annual  production  of  flax  in  Belgium  amounts,  by  a  recent  estimation,  to 
about  forty  millions  ofpounds.  Its  total  yalue  is  calculated  at  about  two  millions  and 
a  iialf  sterling.  This  flax  is  of  very  superior  quality,  and  ia  priucipally  employed  in 
the  manufacture  of  the  finest. class  of  fabrics.  Attempts  are  being  now  made  on  a  large 
ieale  to  cultivate  this  important  plant  in  England  and  Ireland  Belgium  exports  about 
five  millions  of  pounds  of  flax  to  England.  That  flax  grown  ia  the  Courtray  district  ia 
univerBBllv  considered  to  be  of  the  iiest  quality 

Flax  Weaving  Look  — a  a  a,  M^  648 ,  frame  of  loom ,  n,  beam  on  -which  the  yarn 
for  wacp  is  wound ;  c  cloth  receiving  beam ,  d  drivrng  pulleys  and  fly-wheel;  b  hand 


rail  for  supportioff  tbe  reed  ;  F  swords  of  supports  of  going  part ;  o  picking  sticks  loi 
driving  the  shutue;  n  leatlier  straps  for  connecting  the  picking  sticks  with  their 
actuatmg  levers  l;  m,  n,  jaws  of  a  clamp  to  cause  the  retaining  fnotion  on  the  collars 
of  the  beam  n,  by  which  friction  the  quantity  of  weft  is  regmated ;  o  end  of  lever, 
bearing  the  weight  by  which  the  jaws  are  brought  ti^ether ;  p,  lever,  keyed  at  one  end 
to  the  upright  ^aft  ij,  and  connected  with  the  other  to  the  fulcrum  of  the  weighted 
lever  o;  b  lever,  one  eod  of  which  is  also  keyed  to  the  upright  shaft  ij,  and  tJieoMieris 
provided  wiUi  a  wood  sole,  and  is  pressed  by  a  strong  spring  against  the  yarn  wound 
upon  tlie  beam  b.  It  will  be  seen  that,  as  the  yam  is  taken  off  the  beam  b,  and  ite 
diameter  consequently  reduced,  the  lever  p  moves  the  fulcrum  of  the  weighted  lever  o, 
and  thus  regulates  the  pressure  upon  the  clamps  h  and  n,  causing  an  equal  tension 
upon  the  yarn  from  the  full  to  the  empty  beam ;  a  treddles,  actuated  by  the  cams  b, 
driven  bv  the  wheels  e,  d,  e,  from  the  pieaing  shaft/;  g,  g  shuttle  hoses  at  each  end 
of  the  going  part;  h,  h  arrangement  of  levers  to  conduct  equally  each  end  of  the  gcers 
t,  i.  This  loom  has  also,  in  addition  to  the  ordinary  stoppmg  arrangement  connected 
with  the  shuttle,  one  also  for  relaxing  the  reed  in  ease  the  shuttle  should  be  arrested 
in  its  course  across  the  warp,  whereby  the  d^ger,  ordinarily  incurred  by  that  accident, 
of  breaking  many  threads  in  ihe  warp,  is  avoided ;  it  will  also  be  seen  that  the  bands 
called  picking  bands  are  superseded  by  the  ends  of  the  picking  levers  sfriking  the  shuttle 
direct;  thus,  by  (iese  irapvoTcments,  drills  ate  currently  woven  in  this  loom  at  the  rate 
of  120  to  ISO  picks  per  minute. 
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FLIKT.  {Pierre  it  fiml.  Fr. ;  Feuerslein,  Germ.}  Tlie  fracture  of  this  fossil  !■ 
perfectly  conehoidal,  Boroetimes  glossy,  and  sometimes  dull  on  tJie  surface.  It  ia  veiy 
Lard,  but  treats  easily,  and  affoi-oa  veryeharp-edged  uplintery  fragments;  whence  it  u 
a  atono  which  strikes  most  copious  Bpatts  with  steeL  It  ia  feebly  traneluoid,  has  so  fine 
and  homogeneona  a  textare  aa  to  bear  poliahine,  but  poaseases  little  luatre.  Its  colours 
are  very  variona,  but  nayer  Tirid.  The  blaekifli-browu  flint  ia  that  usually  found  in 
the  wliite  chalk.  It  ia  nearly  blaot  and  opaque,  loses  its  colour  in  the  fire,  and  hecomea 
ErayiBh-white,  and  perfectly  opaque.  Flints  occur  almoat  always  in  nodules  or  tuber- 
cular concretions  of  various  and  very  irregular  forms.  Theae  nodules,  distributed  in 
strata  among  the  chalk,  alongside  of  one  another  and  ahnost  in  contacli  form  extensive 
beds ;  intetruptad,  indeed,  by  a  multitude  of  void  spaces,  so  as  to  present,  if  freed  from 
the  earthy  matter  in  which  they  are  imbedded,  a  apeciesof  network  with  meshes,  very 
irregular  both  in  form  and  dimension. 

iSc  nodnles  of  silex,  especially  thoae  found  in  the  chalk,  are  not  alwaya  hom«i;eneoca 
and  solid.  Sometimes  there  is  remarked  an  oiganic  form  towards  their  centre,  as  a 
madrepore  or  a  shell,  which  eeems  to  hava  served  aa  tlieir  nucleus ;  oecaaionally  the 
centre  is  hollow,  and  ita  sides  are  studded  over  with  crj-atals  of  qunrt^  carbonate  of 
iron,  pyrites,  concretionary  silex  or  calcedony,  fillad  with  pulverulent  silica  nearly  pure, 
or  silex  mixed  with  Bulphnr;  a  very  singular  circumstance.  „     ,    . 

Flints  are  observed  to  be  generaflyhumid  when  broken  immediately  after  being  dug 
out  of  the  gi'onnd ;  a  property  which  disappears  after  a  short  exposure  to  the  air. 
When  dried  they  become  moreVittla  and  more  splintery,  and  sometimes  their  surfaces 
get  covered  at  old  fractures  with  a  thin  fihn  or  crust  of  opaqne  silex. 

Flints  calcined  and  ground  to  a  powder  enter  into  the  composition  of  aU  scrls  of  fine 
pottery  ware.  ■   ■     i    ^  ■       c 

The  nest  important  application  of  this  siliceous  substance  is  in  the  formation  ol  gun- 
flints,  for  which  purpose  it  must  be  cut  in  a  peculiar  manner.  The  following  charact«^ 
distinguish  good  flint  nodules  from  such  as  are  less  fit  for  bemg  manufactured.  Iha 
best  are  somewhat  convex,  approaching  to  globular;  those  which  are  very  iweOTlar, 
knobbed,  branched  and  tuberose,  are  generally  full  of  imperfection.  Good  nodnles 
icldom  weigh  more  than  20  pounds ;  when  less  than  2,  they  are  not  worth  the  'forking. 
Thev  should  have  a  greaay  lustre,  and  be  particularly  smooth  and  fine  Rrained.  The 
colour  may  vary  from  honoy-yellow  to  blackiah-brown,  but  it  should  be  uniform 
throughout  the  lump,  and  the  translucency  should  be  ao  great  as  to  render  lettera  legale 
through  a  slice  about  one-fiftieth  of  an  inch  thick,  laid  down  upon  the  paper.    Th« 
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fracture  should  be  perfectly  smooth,  uniform,  and  slightly  conehoidnl;  the  last  property 
being  CBBential  to  the  cutting  out  of  perfect  gun  flinta. 

Four  tools  are  employed  bythe  gim-fllnt  maters. 

Firsl^  a  hammer  or  mace  of  iron  with  a  Batia,re  head,  from  I  to  2  pounds  weight,  with 
a  handle  'I  or  8  inches  long.  The  tool  is  not  made  of  steel,  because  so  hard  a  metal 
would  render  the  strokes  too  harsh,  or  dry,  as  the  workmen  aaj,  and  would  shatter  the 
nodules  irre^larly,  instead  of  cutting  them  with  a  cleau  coneholdal  fracture. 

Second,  a  hammer  with  2  points,  made  of  good  steel  well  hardened,  and  weighing 
from  10  to  ]6  onocea,  with  a  handle  7  inches  long  pausing  through  it  in  such  a  way 
that  the  points  of  the  hammer  are  neater  the  hand  of  the  workman  than  the  centre  of 
gravity  of  the  mass. 

Third,  the  disc  hammer  or  roller,  a  small  solid  wheel  or  flat  segment  of  a  cylinder, 
parallel  to  its  base,  only  two  inches  and  a  fliird  in  diameter,  and  not  more  than  12 
ounces  in  weight*  It  la  formed  of  steel  not  hardened,  and  is  &ied  upon  a  handle  6 
inches  long,  which  passes  through  a  square  hole  in  its  centre. 

Fourth,  a  chisel  tapering  aad  bevelled  at  botli  extremities,  7  or  8  inches  long,  and  2 
inches  broad,  made  of  sted  not  hardened  ;  this  is  set  on  a  block  of  wood,  which  served 
also  for  a  bench  to  the  workmen.  ,  To  these  i  tools  a  file  must  be  added,  for  the  pur- 
pose of  restoring  the  edge  of  the  chisel  from  time  to  time. 

After  selecting  a  good  mass  of  fiint^  the  workman  executes  the  four  following  opei-- 

1.  Se  bleaks  tite  bloeh.  Beingseated  upon  the  ground,  he  places  the  nodule  of  flint  on 
his  left  thigh,  and  applies  slight  strokes  with  the  square  hammer  to  divide  it  into  smaller 
pieces  of  about  a  pound  and  a  half  each,  with  broad  surfi^oes  and  almost  even  fractures. 
The  blows  should  be  moderate,  lest  the  lump  crack  and  split  in  the  wrong  direction. 

2.  He  cleaves  of  chips  Ihejlhtt.  The  principal  point  is  to  split  the  flint  well,  or  to 
ahip  off  scales  of  the  length,  thickness,  and  shape  adapted  for  the  subsequent  formation 
of  gun-flints.  Here  the  greatest  dexterity  and  steadiness  of  manipulation  are  necessary ; 
but  the  fracture  of  the  flint  is  not  restricted  to  any  particular  direction,  tor  it  may  be 
chipped  in  all  parts  with  equal  fiicilitj. 

The  workman  holds  the  lump  of  flint  in  his  left  hand,  and  strikes  with  the  pointed 
hammer  upon  the  edges  of  the  great  planes  produced  by  the  first  breabing,  whereby  the 
white  coating  of  the  flint  is  removed  iu  small  scales,  and  the  interior  body  of  the  flint 
is  laid  bare ;  after  which  he  continues  to  detach  similar  scaly  portions  from  the  clean 

These  scaly  portions  are  nearly  an  inch  and  a  half  broad,  two  inches  and  a  half 
long,  and  about  one-sixth  of  an  inch  thick  in  the  middle,  lltey  are  slightly  convex 
below,  and  consequently  leave  in  the  part  of  the  lump  from  which  they  were  separated 
a  space  slightly  concave,  longitudinally  bordered  by  two  somewhat  projecting  straight 
lines  or  ri^es.  The  ridges  produced  by  the  separation  of  the  first  scales  must  naturdly 
constitute  nearly  the  middle  of  the  subsequent  pieces;  and  such  scales  alone  as  have 
their  ridges  thus  placed  in  the  middle  are  fit  to  be  made  into  gun-flints.  In  this  nian- 
ner  the  workman  continues  to  split  or  chip  the  mass  of  flint  in  varioos  directions,  until 
tlie  defects  usually  found  in  ^e  interior  render  it  impossible  to  make  the  requisite  frac- 
tures, or  until  the  piece  is  tiKi  much  reduced  to  sustain  the  smart  blows  by  which  the 
flint  is  divided. 

3.  Hefoihiom  ihs  giin-jiinta.  Five  different  parts  may  be  distinguished  in  a  gun- 
flint.  1.  The  sloping  facet  or  bevel  pai-t,  whieh-is  impelled  against  the  hammer  of  tlie 
look.  Its  thickness  should  be  from  two  to  three  twelfths  of  an  inch ;  for  if  it  were 
thicker  it  would  be  too  liable  to  break;  andif  more  obtuse,  the  scintillations  would  be 
less  Tivid.  2.  The  sides,  or  latoral  edges,  which  are  always  somewhat  irregular. 
S.  The  back  or  tliiok  part  oppowte  the  tapering  edge.  4.  The  under  surface^  which  is 
smooth  and  rather  concave.  And  6.  The  upper  face,  which  has  a  small  square  plane 
between  the  tapering  edge  and  the  bac^  for  entering  into  the  upper  claw  of  the  cock. 

In  order  to  fashion  the  flint,  those  scales  are  selected  which  have  at  least  one  of  the 
above-mentioned  longitudinal  ridges ;  the  workman  fisos  on  one  of  the  two  tapering 
boi-ders  to  tonn  the  striking  edge,  after  which  the  two  sides  of  the  stone  that  are  to  form 
the  lateral  edges,  as  well  as  the  part  that  is  to  form  the  back,  are  successively  placed  on 
the  edge  of  tlie  ohiael  in  such  a  manner  that  the  conges  surface  of  the  flint  which  rrata 
on  the  forefinger  of  the  left  hand,  is  turned  towards  that  tool  Then  with  the  disc  ham- 
n.er  he  applies  some  shght  strokes  to  the  fiiut  just  opposite  the  edge  of  the  chisel  under- 
neath, and  thereby  breaks  it  exactly  along  the  edge  of  the  chisel. 

4.  The  finishing  operation  is  the  (rimminjf,  or  the  process  of  giving  the  flint  a  smooth 
and  equal  edge;  this  is  done  by  turning  uj>  the  stone  and  placing  the  edge  of  its 
tapering  end  upon  the  chisel,  in  which  position  it  is  completed  by  five  or  six  eligiit  strokes 
of  the  disc  hammer.  The  whole  operation  of  making  a  gun-fiint^  which  I  have  used  so 
many  wcrds  to  describe,  is  performed  in  less  than  one  minute.  A  good  workman  is  able 
to  manufacture  1,000  good  chips  or  scales  in  a  day  (if  the  fiint-balTs  be  of  good  qualityji 
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or  500  gun-flints.  Hence,  in  the  epaea  of  tliree  days^  lie  cai  enaily  cleavo  auil  finislt 
1,000  gun-£int5  without  any  nssiBtance. 

A  gi'eat  quantity  of  refuse  matter  is  left,  for  scarcely  more  than  half  the  scales  art 
good,  and  nearly  half  the  mass  in  the  best  flints  is  incapable  of  being  chipped  out;  ec 
that  it  Beldom  happens  that  fJie  largest  Dodul*8  fumiah  more  than  60  giin-flinfa. 

Flints  form  exceUent  building  mateiials;  because  tliey  give  afirmh^d  to  the  mortal 
by  their  irregularly  rough  surtaces,  and  resist,  by  their  nature,  every  iicissitnde  of 
weather.  The  comities  of  Kent^  Essex,  Suftollt,  and  Norfolk,  contaiu  man)  subctintia 
specimens  of  flint-masonry. 

FLOOKAN.  The  name  given  by  the  Cornish  minei-s  to  a  vein  of  claj  =tone  often 
nearly  vertical 

FLOOR  CLOTH  MANUFACTURE  has  become  of  late  years  a  \ery  lat^e 
branch  of  trade.  Tiie  eloth  is  a  strong  somewhat  open  canvaa,  woven  of  flax  with  a 
little  hemp,  and  from  6  to  8  yards  wide,  being  manufactured  in  appropriate  looms, 
chiefly  at  Dundee.  A  piece  of  this  canvas,  from  60  to  100  feat  in  langtb,  is  secured 
tight  in  an  upright  open  frame  of  oaken  bajs,  in  which  position  it  receives  the  founda- 
tion coats  of  paint,  2  or  3  in  number,  first  on  the  backside,  and  then  on  the  front;  but  it 
19  previously  brushed  over  with  glue-siie,  and  rubbed  smooth  with  pnmioe  stones. 
The  foundation  paint  made  with  linseed  oil  and  oelire,  or  any  cheap  coKiuring  matter, 
is  too  thick  to  be  applied  by  the  brush,  and  is  therefore  spread  evenly  by  a  long  narrow 
trowel,  held  in  the  light  hand,  fi^m  a  patch  ofit  laid  on  just  before  with  a  brushin  the 
left  hand  of  the  workman.  Each  foundatioQ  coat  of  ths  front  surface  is  smoothed  by 
pumice  whenever  it  ia  hard  enough  to  bear  tbe  operation.  When  both  sides  are  diy,  tbe 
painted  cloth  ia  detached  frosi  me  frame,  coiledroundaroUer,  in  this  state  transftned 
t»  the  proper  printing  room,  where  it  is  spread  flat  on  a  table,  and  variously  figured 
and  coloured  devices  are  given  to  it  by  wooden  blocks,  exacfily  as  in  the  blodi  printing 
of  calicoes,  and  in  the  wood  printing  of  hooka.  The  blocks  ofthe  floor  cloth  manufac- 
ture are  formed  of  two  layers  of  white  deal  and  one  of  pear  tree  iamber,  placed  with 
tlieir  grain  crossing  one  another  alternately.  There  is  of  course  a  block  for  each  colour 
in  the  pattern,  and  in  each  block  those  parts  are  cut  away  that  correspond  to  the  im- 
preesion  given  by  flie  others ;  a  practice  now  well  understood  in  the  printing  ot  two  or 
more  colours  by  the  press.  The  (aces  of  the  blocks  are  so  indented  with  fine  lines, 
that  they  do  not  take  up  the  paint  in  a  heavy  daub  from  the  flat  cushion  on  which  it 
is  spread  with  a  brush,  but  in  minute  dots,  so  as  to  lay  on  the  paint  (somewhat  thicker 
than  that  of  the  house  painter)  in  a  congeries  of  little  dots  or  teeth,  with  minute  inter- 
stices  between.  Applied  in  this  way,  the  vai'ious  pigments  lie  more  evenly,  are  more 
sightly,  and  diy  much  sooner  than  if  the  prominent  part  of  the  block  which  takes  up 
the  colour  were  a  smooth  surface.  The  best  kinds  of  floor  cloth  require  from  two  to 
three  montiis  for  their  prodnction. 

FLOSS,  of  the  puddling  furnace,  is  the  fluid  glass  floating  npon  the  iron  produced 
by  the  vitrification  of  the  oxides  and  earths  which  are  present. 

FLOSS^SILK  {Moselle,  Bourre  de  toie,  or  /«*rrf,  Fr.),  is  the  name  given  to  the 
portions  of  ravelled  silk  broken  off  in  the  filature  of  the  cocoon^  which  is  carded  like 
cotton  or  wool,  and  spun  into  a  soft  coarse  yam  or  thread,  for  making  bands,  shawls, 
socks,  and  other  common  alk  fabrics.  Tlie  floss  or  fleuret,  as  first  obtained,  must  bo 
steeped  in  water,  and  then  suWected  to  pressure,  in  order  to  extract  the  gummy  matter, 
which  rendei'E  it  too  harsh  and  short  for  the  spinning  wheel  After  being  dried  it  is 
made  still  more  pliant  by  working  a  little  oil  mto  it  with  the  hands.  It  is  now  ready 
to  be  submitted  to  the  carding  engine.  (See  Cotton  Makufaotuee.)  It  is  spun  npon 
the  flai  wheel 

The  female  peasants  of  Lombardy  generally  wear  clothes  of  homespun  floss  silk.  Of 
late  years,  by  improved  processes,  pretty  fine  fabrics  of  this  material  have  been  pro- 
duced, both  in  Knglond  and  France.  M.  Aiac,  of  Lyons,  presented  at  one  of  the 
French  national  exubitions  of  the  objects  of  industiy,  a  great  variety  of  scarfs  and 
square  shawls,  of  bovrre  dc  sole,  closely  reaambline  those  of  cachemtTe. 

FLOUR;  the  finely  ground  meal  of  wheat,  and  of  any  other  corns  or  cerealia.  See 
Bread. 

FLOUR  OF  WHEAT,  AdulUrationt  of,  to  Meet— The  first  method  is  by  specific 
gravity.  If  potato  flour  be  added,  which  is  frequently  done  in  Fi'anoe,  since  a  vessel 
which  containsonepound  of  wheat  flour  will  contain  one  pound  and  ahalf  of  the  fecula, 
the  pwpottion  of  this  adulteration  may  he  easily  estimated.  If  gypsum  or  ground 
bones  be  mixed  with  the  flour,  they  wifl  not  only  increase  its  density  still  more ;  but 
they  will  remain  after  burning  away  the  meal 

ITie  second  method  is  by  ascertaining  the  quantity  of  gluten  which  the  suspected 
•ample  will  afford,  by  the  process  prescribed  under  the  article  BitEAn.  Tlie  two  fol 
lowing  chemical  criteria  may  also  be  employed. 

1st  Nitric  acid  has  the  property  of  colouring  wheat  flour  of  a  fine  orange  yellow 
nhcrcas  it  affects  the  colour  neither  of  fecula  nor  starch 
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2ni  Pare  muriatic  acid  colours  good  wheat  flour  of  a  deep  violet,  but  dissolves 
feoula  or  starch,  and  forms  with  it  a  light,  colourless,  viscous  fluid,  deeompoeable  by 
alkalis.  It  may  also  be  obeetved,  that  as  feeula  absorjbs  less  water  thau  flour,  tiiin 
afiords  a  rsftdj  means  of  detection. 

The  adulteration  with  bean  or  pea  flour  may  be  detected  by  pooling  boiling  water 
upon  it^  which  developas  the  peculiar  email  of  these  two  substances. 

FLOWEES  {Fleurs,  IV.;  Slwnen,  Germ.)  of  benzoin,  of  su'-phur,  of  zinc,  Ac,  is  the 
appellatiaa  given  by  the  older  chemists  to  such  substances  as  were  obtained  in  a  pul- 
terulent  or  rather  miuutaly  crystalline  form  by  the  proeeBS  of  sublimation. 

FLOWEES,  ARTIFICIAL,  MANUFACTUEE  OF.  The  art  of  representing  by 
flowers,  leaves,  plants,  <tc,  vegetable  nature  in  her  ornamental  productions,  consti- 
tutes the  business  of  the  artifleia]  florist  The  Italians  appear  to  have  been  the  first 
people  in  Europe  who  excelled  in  the  art  of  matins;  avtifieial  flowers;  butof  lateyesrs 
the  French  have  been  most  ingenious  in  this  branch  o(  industry. 

Ribbons  folded  in  diffarent  forms  and  of  different  colours  were  originally  employed 
for  imitafino;  flowers,  bybeing  attached  to  wire  stems.  This  imitation  soon  gave  way 
to  that  by  fiafliere,  which  are  more  delicate  in  testure,  and  more  capable  of  assuming 
a  variety  of  fiower-lite  figui'cs.  But  a  great  difficulty  was  encountered  in  dyeing  them 
with  due  vivacity.  The  savages  of  South  America  mannfaoture  parfact  feather  flowers, 
derived  from' the  brilliant  plumage  of  their  birds,  which  closely  resemble  the  products 
of  vegetaijon.    The  blossoms  and  leaves  are  admirable,  while  the  colours  never  fade. 

The  Italians  employ  frequently  the  eocoona  of  the  silk-worm  for  this  purpose ;  these 
take  a  brilliant  dye,  preserve  their  eotour,  and  possess  a  transparent  velvety  appear- 
ance, suitable  for  petals.  Of  late  yearn  t^e  French  have  adopted  the  finest  cambric  for 
making  petals,  and  the  taffeta  of  Florence  for  the  leaves.  IL  de  Beraardiere  employs 
whalebone  in  very  thin  leaves  for  artificial  flowers ;  and  by  bleaching  and  dyeing  them  of 
various  hncs,  he  has  succeeded  in  making  hia  imitations  ot  nature  to  be  very  reiiiarliable. 

The  colouring  matters  used  in  flower  dyeing  are  the  following:  — 


!  coloured  merely  by  the  application  of  the 


la  dissolved  ir 

Foi-blua:  indigo  dissolved  in  snlphui 
Spanish  whitening. 

For  bright  yellow ;   a  solution  of  ti; 
brightens  all  these  colours. 

For  violet ;  archil,  and  a  blue  batli. 

For  lilac;  archil 

Some  petals  are  made  of  velvety  and  ai 
finger  dipped  in  the  dye. 

FLUATES,  more  properly  Jliiorids)  (Eng.  and  Fr. ;  Flussaure.  Germ.);  compounds 
of  fluorine  and  tlie  metals;  as  flnor  spar,  for  eicample,  which  consists  of  fluorine  and 
calcium. 

FLUOR  SPAE.  {OhaHx  fiuatU,  Fr.;  Spath  fimr,  Gei-m.)  This  mineral  often 
exhibits  a  variety  of  vivid  colours.  It  crystallizea  in  tha  oubie  system ;  with  regular 
octahedral  and  tetrahedral  cleavages;  spec  grav,  8'1  to  53;  scratches  calo  spar,  but 
b  scratched  by  a  steel  point ;  usuflly  phosphorescent  with  hoat ;  fusible  at  the  blow- 
pipe into  an  opaqne  head ;  acted  on  by  the  acids,  with  disengagement  of  a  vapour 
which  corrodes  glass;  its  solution  affords  precipitates  with  the  osalates,  but  nut  with 
ammonia.    Its  eonstitnents  are,  fluorine,  4S'13;  calcium,  5187  in  100. 

Fluor  spar  ocenrs  subordinate  to  metallic  veins;  as  to  tbose  of  lead,  in  Derbyshire; 
of  tin,  in  Saxony  and  Bohemia;  but  it  is  ftiund  also  in  masses  of  vein%  either  in  crys- 
talline rocks,  associated  with  quartz,  heavy  spar,  ■&&.,  as  in  Auvergne,  Forei,  Vosges, 
Norbei^  in  Sweden ;  Korwny ;  Petersburg ;  near  Hall ;  Gonroofc,  in  Seotland,  <tc  ;  or 
among  secondaiy  limestones,  slates,  and  sandstones,  in  Derbyshire,  Cumberland,  Corn- 
wait,  and  Hew  Jersey.  It  exists  also  in  the  amygdaloitU  of  Scotland,  and  in  the  Tol- 
cnnio  products  of  Mount  Somma  at  Vesuvine.  The  variously  coloured  specimens, 
called  Derbyshire  spar,  are  worked  upon  the  turning  lathe  into  vases  and  other  orna- 
mental objects. 

FLUX,  (Eng.  and  Fr.;  Ihiss,  Gci-ra.)  agnifies  any  substance  cajMible  of  promoting 
the  fusion  of  earUis  or  metallic  ores  by  heat  White  flux  is  the  residumn  of  the  defla- 
gration in  a  red  hot  crucible,  of  a  mixture  of  two  parts  of  nitre,  and  ona  of  cream  of 
tatta".  It  is  in  filct  merely  a  carbonate  of  potash.  BlaiJc  flux  b  obtained  when  equal 
parts  of  nitre  and  tartar  are  deflagrated.  It  owesifacolourtolhe  carbonaceous  matter 
of  the  tai-tario  acid,  which  remains  unoonsnmed;  the  quantity  of  nitre  being  too  small 
for  that  purpose.  The  presence  of  the  charcoal  renders  this  preparation  a  convenient 
flux  for  reducbg  calcined  or  oxidized  ores  to  the  metallic  state.  Limestone,  fluor-spar, 
boi-ax.  and  several  earthy  or  metallic  oxides  are  employed  as  fluxes  in  metallurgy, 

FLY  POWDEE;  the  black  coloured  powder  obtained  by  the  spontaneona  oxidize- 
ment  of  mitallie  arsenic  in  the  air. 
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FODDER ;  is  the  name  ot  n  weight  by  wliieh  lead  and  some  other  metala  are  eol  J 
in  this  eovintry.  Its  varies  in  its  amount  in  different  paria  of  ths  kingdom ;  Ijeini;  in 
Northumberland  eatimatttd  at  21  cwts.,  and  in  other  counties  22,  23  or  even  more  owta. 

F0NDIj3;  is  the  name  given  bj  the  French  to  a  partieolai  style  of  ealieo  printing 
resembling  ibe  rainbow,  in  which  the  coloura  are  gradaaf^d  or  melted  (fondua)  intJi 
one  anotlier,  as  in  the  prismatic  epootrnm.  See  Paphb  Hahoing,  tor  a  description  of 
the  process. 

FORGE;  (Eng.  andFr.;  Fea^,  Germ.)  ia  the  name  either  of  the  furnace,  where 
WTonght  iron  ia  hammered  and  fashioned  with  the  aid  of  heat;  or  the  great  workshop 
where  iron  is  made  malleable.  The  former  is  called  a  smith's  forge,  the  latter  a 
eliingling  mill     See  iRoy. 

Mff.  649.  represents  a  portalile 
truck  forge  of  a  very  commodious 
construction.  A  is  the  oy];— '-i- 
leather  bellows,  pressed  Ao 
a  helical  spring,  and  worked  by 
means  of  the  handle  at  b,  which 
moves  the  horizontal  shaft  c,  witii 
its  two  attached  eemi-eircular 
levers  and  chaius.  i>,  is  the  pipe 
which  conducts  the  blast  to  the 
nozzle  at  e.  The  hearth  may  be 
covered  with  a  iliiu  fire-tile  or 
with  cinders.  F,  is  a  vice  fixed  to 
the  strong  rectangular  trame. 
Tills  apparatus  answers  all  the  or- 
dinary purposes  of  aemith's  foi^e ; 
and  is  peculiarly  adapteo  to  ships, 
and  to  the  execution  of  engineer- 
ing jobs  upon  railwaya^  or  in  the 
country.  The  he^ht  is  2  feet  6 
iiichea;  the  le  "'     "   '    '    " 

inches ;  the  wic 
about  2  cwt 

FOKGERT,  PREVENTION.— Forgeries  of  Bank  cheques  and  other  cash  documents 
are  proposed  to  be  prevented  under  the  patent  recently  granted  to  Meaars.  Henry 
Glynn  and  Rudolph  Appel.  They  prepare  paper  by  mixing  its  pulp  with  solution  of 
nitrate  or  sulphate  of  copper,  to  which  mixture  alkaline  saline  matter  is  added,  to 
produce  a  cupreous  precipitate  (phosphate  of  sode  being  preferred)^  so  that  reddened 
litJmna  paper  will  be  rendered  blue  by  it  One  ounce  of  nitrate  of  copper  ia  sufficient 
for  two  gallons  of  the  pnlp,  or  even  more  if  the  cupreous  colour  is  olgeclionable. 
The  pulp  is  to  be  then  washed  with  water.  A  mixture  of  equal  parts  of  white 
soft  soap  and  old  palm  oil  is  to  be  dissolved  in  boiling  water,  using  hdf  a  pound  of 
soap  to  one  gallon  df  water.  Int«  this  saponaceous  solution,  the  paper  impregnated 
with  the  said  pulp  ia  to  be  dipped,  and  then  sized.  They  also  prevent  a  transfer 
being  taken  with  paper,  by  waahing  it  with  solution  of  sulphate  of  copper,  drying 
■>'■-!      !'  ^    - 1    apjiate  of  soda  strong  ei    "  '  ^      -.-....         ■  .    .     ■  . 


,  and  dipping  it 
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e  compounds  of  formic  acid,  with  the  salifiable  bases.  Many  of 
ujitiii  »re  susceptible  of  crystallization. 

FORMIC  ACID,  {A(^  Formique,  Fr.;  Ara^aanaatire,  Gerni,)eKi3ts  in  the  bodies 
of  wood  ants,  associated  with  the  malic  or  aeld  of  apples.  The  artificial  formation 
of  thia  animal  secretion,  is  one  of  the  most  remarkable  triumphs  of  modem  chemistry. 
If  10  parts  of  taH^ric  acid,  14  of  black  oxide  of  manganese,  15  of  concentrated  sul- 
phuric acid,  and  from  20  to  30  of  wftt<r  be  wised  and  distilled  in  a  retor^  formic  acid 
will  be  the  liquid  product;  while  carbonic  acid  will  be  disengaged.  It  may  also  be 
generated  Irom  other  mixtures.  This  acid  ia  tranaparent  and  eolourleaa,  of  a  pungent 
soursmell,  a  strongly  acid  taste,  of  specific  gravity  1-1188  at  60°  F.,  and  may  be 
re-distilled  without  suffering  any  changei  It  contains  in  its  most  concentrated  form 
ISl  per  cent  of  water.  The  dry  acid,  as  it  exiafs  in  the  formi/iles,  is  composed  of 
32-54  carbon,  2'fi8  hydrogen,  and  64'78  oxygen;  or  of  two  volumes  carbonic  oxide 
gas,  and  one  volume  of  vapour  of  water.  It  reduces  the  oxides  of  mercury  and  silver 
to  the  metallic  state.    It  has  not  liitherto  been  applied  to  anj-  use  in  the  arts. 

FORMULAE,  CHEMICAL,  are  symbols  representing  the  different  substances,  simple 
ftnd  compound. 
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801 

1 

O»>«en=100. 

Hy>lr^5sn=l. 

Osy^eii 

0 

iOO-000 

16-026 

Hydrogen 

H 

6'2398 

l-OOO 

2H 

12-4736 

2-OO0 

Nitrogen 

N 

88-518 

14-186 

2N 

177'086 

28-372 

PhospboruE       . 

P 

196-155 

31-436 

2P 

392-310 

63-872 

Chlorine 

CI 

221-325 

33-470 

2C1 

442-630 

70-940 

Iodine  .... 

I 

768-781 

123-206 

21 

1537-562 

246-412 

Carljon 

C 

76-437 

12-250 

2C 

152-875 

24-500 

Boron  . 

B 

135-983 

21-793 

£B 

271-968 

43-586 

Silicon  .... 

Si 

277-478 

44-469 

Selenium 

Se 

494-582 

79-263 

As 

470-042 

75-329 

2.\3 

940-084 

150-659 

Chromium        . 

Cc 

351-819 

56-383 

2Cr 

703-638 

112-766 

Molybdenum    . 

Mo 

598-525 

96-920 

TuorW 

nss-a'-o 

189-621 

Antimony 

Sb 

806-452 

129-243 

asb 

1612-904 

258-486 

Tellurium 

Te 

806-452 

129-243 

Tanlalum 

Ta 

1133-715 

184-896 

2Ta 

2307-430 

369  792 

Titaninm 

Ti 

389-092 

62-356 

Gold  (aurum)  . 

Au 

1243-013 

199-207 

2Aa 

2486-026 

398-415 

Plalina 

Pi 

1215-220 

194-753 

Rhodium 

R 

750-680 

120-305 

2R 

1501-360 

240-610 

Palladium 

PJ 

714-618 

114-526 

Silver  (ar-entum) 

M 

1351-607 

216-611 

Mercury  (hyjrargyrus) 

H? 

1265-822 

202-863 

2H- 

2531-645 

405-725 

Copper  (cuprum) 

Cu 

395-695 

63-415 

2Cu 

791-390 

126-829 

Uranium 

U 

2711-360 

434-527 

21T 

3422-720 

869-154 

Bismuth 

Bi 

1330-376 

213-208 

2Bi 

2660-752 

426-416 

Tin  (stannum) 

Sn 

735-294 

117-839 

LcEul  (plumbum) 

Pb 

1294-498 

207-458 

2Pb 

2588-996 

414-917 

Cadmium 

Cd 

696-767 

111-665 

Zinc    .... 

Zn 

403-226 

64-621 

Nickel 

Ni 

369-675 

59-245 

Cobalt 

Co 

368-991 

59-135 

eco 

737-982 

118-270 

Iron(ferrum)  . 

Fe 

339-213 

54-363 

2Fe 

678-426 

108-725 

Manganese       , 

Mn 

355-787 

57-019 

2Mn 

711-675 

114-038 

Ceri'm 

Ce 

574-718 

92-105 

2Ce 

1149-436 

184-210 

Zr 

420-238 

67-348 

2Zr 

840-476 

134-696 

yilrinm 

Y 

401-840 

64-395 

Beryllium  (•■lucinmo) 

Be 

331-479 

53-123 

2Be 

662-958 

106-247 

,  L.oogic 
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Nam.. 

F«m»l>. 

L)v8«n=lllO 

HydraB=n=l. 

Alum  n   d-                      .             . 

M-5gne=iam 
C  alcmra 
Slronlium 

L  I     m                       .            . 
^■lL     m<Wium)       . 

Kaliiim  (pptassium)     . 

Ammonia 

Cyanogen 

Al 
2A1 
Mg 

Ca 

Sr 

L 

Ka 
2\a 
K 
2S  2H3 
2NC 

171-167 
342-234 
]58'353 
256-019 
547-285 
856-88 
127-757 
290-897 
58 1 '794 
489-916 
214-474 
329-911 

27-431 
54-863 
25-378 
41-030 
87-709 
137-325 
20-474 
46-620 

78-515 
34-372 
52-872 

S-.lphiireted  hydrogen . 

2HS 

213-644 

34-239 

Hj-drocblorie  acid 

2HC1 

455-129 

72-940 

Hydrocyanic  acid          . 

eHKC 

342-390 

54-872 

Wattr 

2H 

112-479 

18-026 

Proloj;!deofnilro«eik  , 

arj 

277-036 

44-398 

DeiKosyde  of  nitrogen 

N 

188-518 

30-212 

Nilrous  aci.;    . 

2N 

477-036 

7,6-449 

Nilricacid       . 

2X 

677-036 

108-503 

S 

301-165 

48-265 

Sulphurous  acid 

S 

401-165 

64-291 

Hyposulphuric  acid     . 

2S 

902-330 

144-609 

Sulphuric  acid 

S 

50M65 

80-317 

Phosphoric  acid 

ep 

892-310 

143-003 

Chloric  acid    . 

2CI 

942-650 

151-071 

Perchloric  acid 

2CJ 

1042-650 

167-097 

,    Iodic  acid 

21 

2037-562 

326-543 

Carbonic  acid  . 

C 

■276-4.37. 

44-303 

Oxalic  acid      . 

ec 

452-875 

72-578 

Boracic  acid    . 

2B 

871-966 

139-743 

Silicic  acid       . 

si 

577-478 

92-548 

Seleiiio  acid     . 

Se 

694-582 

111-315 

Arsenic  acid    . 

2As 

1440-084 

230-790 

Proloxjde  of  chrome   . 

2Cr 

J0O3-638 

160-840 

Chromic  acid  . 

Cr 

631-819 

104-462 

Molyhdic  acid 

Mo 

898-525 

143-999 

Tunslic,  or  woifram  aciJ 

IV 

1483-200 

237-700 

Oiydeofnnlimony       . 

2Sb 

1912-904 

306-565 

Antimonioos  acid 

Sb 
2Sb 

1006-452 
2012-904 

161-296 
322-591 

Antimonic  acid 

2Sb 

2112-904 

338-617 

- 
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NiniB. 

rormnla.                    1 

Oiys*n=100. 

lydmiisii^l 

Oxydc  of  [ellurium      . 

1 

Te 

1006-452 

161-296 

rontalic  acid  . 

2T3 

2607'430 

417-871 

Titanic  acid    . 

Ti 

589-092 

94-409 

Proloxyde  of  gold 

2Au 

2586-026 

414-441 

Peroxyde  of  gold 

2Aa 

2786-026 

446-493 

Oxyde  of  plaUna 

Pt 

1415-220 

226-086 

Oxj-dc  of  rliodium      -, 

m 

1801-3130 

228-689 

Oxyile  of  palladium    . 

Pd 

814-618 

130-552 

Osyde  of  silver 

Ag 

1451-607 

232-637 

Proloxyde  of  mercury 

2Hs 

2631-645 

421-752 

Pctoxyde  of  mercury  . 

Hg 

1365-822 

218-889 

Protoxyde  of  copper    . 

2Ctt 

801-390 

142-856 

Peroxyde  of  copper     . 

Cu 

495-695 

79-441 

Protgiyde  of  uranium. 

U 

2811-360 

450-553 

Perosyde  of  uranium  . 

2IJ 

5722-T30 

917-132 

Oxyde  ofbismmh 

2Bi 

2960752 

474-19 

Proloxyde  of  tin          . 

Sn 

835-294 

133-866 

Peroxyde  of  tin 

Sn 

935-294 

149-892 

Oxyde  of  lead. 

Pb 

1394-498 

223-484 

Minium 

2Pb 

2888-996 

462-993 

Brown  oxyde  of  lead  - 

Pb 

1494-498 

239-5iI 

Oxyde  of  cadmium      . 

Cd 

796-767 

127-691 

Oxyde  of  zine 

Zn 

503-226 

80-649 

Osyde  of  nickel 

Ni 

469-675 

75-271 

Oxyde  of  eoWl 

Co 

468-991 

75-161 

Peroxyde  of  cobalt 

2Co 

1037 -982 

166-349 

Proloxyde  of  iron 

Fe 

439-213 

70-389 

Peroxyde  of  icon 

2F 

978-426 

156-804 

Proloxyde  of  manganese 

Mn 

455-787 

73-045 

Oxyde  of  manganese    . 

2Mn 

1011-575 

162-11.7 

Pernxyde  of  manganese 

Mn 

555-787 

89-071 

2Mn 

1211-575 

194-169 

Proloxyde  of  cerium    . 

Ce 

'  674-718 

108-132 

Oxyde  ef  cerium 

2Ce 

1449-436 

232-289 

Zirconia 

2Zf 

1140-476 

182-775 

Yttria 

Y 

501-840 

80-425 

Glucina,  or  herryllia    . 

[                  2Be 

969-958 

154-325 
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Oi!jsen=100 

Alumina 

2AJ 

642'334 

lOn-942    : 

Magnesia 

Mg 

2S8-353 

4! -404 

Lime    .... 

Cn 

356-019 

67-056 

Slrontia 

Sr 

647-285 

103-735 

Baryta 

Ba 

956-880 

153-351 

Lilhla 

L 

227-757 

36-601 

KatroDj  or  soda 

Ni 

300-897 

62-646 

Peroxj-de  of  solium     , 

aria 

8BI-794 

141-318 

Kali,  or  polassa 

K 

589-916 

94-541 

Peroxj-ilc  of  potassium 

K 

789-916 

126-593 

Sulphate  of  polassa      . 

ks 

1091081 

174-859 

Ptotosulplialeof  iron  . 

FeS 

940-378 

150-706 

Persulphate  of  iron      . 

2FeS3 

3481-906 

397-754 

Prolochloride  ofiron   , 

FeeCl 

781-863 

125-303 

Perchloi-irte  of  iron      . 

2re  2C15 

2006-376 

'321-545 

Prolocliloride  of  tnerctiry 

2H»  2C1 

2974-295 

476-666 

Perchloride  of  mercury 

H=2C1 

J  708-472 

273-803 

Perrocyamde  ofiron    . 

Fe2NC+2K2NC 

2308-778 

370-008 

Alom  .... 

KS4-2A1S3-J-24SH 

5936-406 

951-378 

FeWspar 

ksi+2AlSi3 

3542-162 

667-673 

FOUNDING  ofmetaU,  cUefly  oflroa.  The  operations  of  an  iron  foundry  consist  in 
re-melting  the  pig-iron  of  the  blast  furnaces,  and  giving  it  an  endless  Tariety  of  forms, 
by  casting  it  in  moulds  of  different  kinds,  prepared  ifi  appropriate  mancers.  Coke  is  the 
only  hind  of  fuel  emp'cyed  to  effect  the  fusion  of  the  cast-iron. 

The  essential  pans  of  a  well-moanted  iron  foundry  are, 

1.  Magazines  for  pig-irons  of  iifferent  qualities,  which  are  to  be  mijed  in  certain  pro- 
portions, for  producing  castings  cf  peculiar  qualities ;  as  also  for  coal,  coke,  sands,  clay, 
powdered  charcoal,  and  cow-hair  for  giring  tenacity  to  the  loam  mouldings. 

2.  One  or  more  colte  ovens. 

3.  A  workshop  for  prepariuE  the  patterns  and  materials  ol  the  moulds.  It  shoald 
contain  small  edge  millslones  for  grinding  and  miiing  the  loam,  and  another  mill  for 
grinding  coaj  and  charcoal. 

4.  A  vast  area,  called  properly  Ihe  foundry,  in  which  the  moulds  are  made  and  filled 
with  the  meiled  metal.  These  moulds  are  in  general  very  heavy,  consisting  of  two  parts 
at  least,  which  must  be  separated,  turned  upside  down  several  limes,  and  replaced  yery 
exactly  upon  one  another.  The  castine  is  generally  effected  by  means  of  lai^e  ladles 
or  pots,  in  which  (he  melted  iron  is  transported  from  the  cupola,  where  it  is  fused. 
Hence,  the  foundry  ought  to  be  provided  with  cranes,  having  jibs  moveable  in  every 
direction. 

5.  A  stove  in  which  such  moulds  may  be  readilj  introduced  as  require  to  be  entirely 
deprived  of  humidity,  and  where  a  strong  heat  may  be  uniformly  maintained. 

6.  Both  blast  and  air  furnaces,  capable  of  melting  speedily  Ihe  quantity  of  cast-iron  to 
be  employed  each  day. 

7.  A  blowing  machine  to  urge  the  ftision  in  the  furnaces. 

Fig.  650  represents  the  general  plan  of  a  w«ll-mounted  foundry, 
a  is  a  cupola  flirnace,  of  which  the  section  and  view  will  he  allerwards  given ;  it  a 
:apable  of  containing  5  tons  of  cast-iron, 
d  is  a  similar  fiiroace,  but  of  smaller  dimensions,  for  bringing  down  l\  tons. 
01"  is  a  furnace  like  the  first,  in  reserve  for  great  castings. 
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b,  b,  b,  b,  a  vast  foundry  apartment,  whose  floor,  to  a  yard  in  depth,  is  Tcnned  of  gftti- 
anil  charcoal  powder,  which  have  already  been  used  for  castings,  and  are  ready  for  heap- 

650  ing  up  into  a  Eubstralum,  or  to  be  scooped  out 

when  deptli  is  wanted  for  (he  moulds.  There  are 
besides  several  cylindrical  pits,  from  five  to  seven 
yards  in  deplh,  placed  near  the  farnaces.  Tliey 
are  Hned  with  brick  work,  and  are  usually  left  fuL 
of  moulding  sand.  They  are  emptied  in  order  to 
receive  laKje  moulds,  care  being  had  that  their  top 
is  always  below  the  orifice  from  which  the  melted 
metal  is  tapped. 

These  moulds,  and  the  ladles  full  of  melted 
metal,  are  lifted  and  transported  by  the  arm  of  one 
or  more  men,  when  their  weight  is  moderate ;  but 
if  it  be  considerable,  thef  are  moved  about  by 
cranes  whose  vertical  shafts  are  placed  at  c,  d,  c, 
in  correspondence,  so  that  they  may  upon  occasion 
transfer  the  load  from  one  to  another.  Each  crane 
IB  compos^  principally  of  an-  upright  shaft,  embraced  at  top  by  a  collet,  and  turning 
below  upon  a  pivot  in  a  step;  nest  of  a  horizontal  beam,  stretched  out  from  nearly  the 
top  of  the  former,  wilh  an  oblique  stay  running  downwards,  like  that  of  a  gallows.  The 
horiiionlal  beam  supports  a  moveable  carriage,  to  which  the  tackle  is  suspended  for 
raising  the  weights.  This  carriage  is  made  lo  glide  backwards  or  forwards  along  the 
beam  by  means  of  a  simple  rack  and  pinion  mechanism,  nbose  long  handle  descends 
within  reach  of  the  workman's  hand. 

By  these  arrangements  in  the  play  of  the  three  cranes,  masses  weighing  five  tons  may 
be  transported  and  laid  down  with  the  greatest  precision  upon  any  point  whatever  In  Iho 
interior  of  tlie  three  circles  traced  upon  Jig.  660  with  the  points  c,  d,  e,  as  centres. 

c,  d,  c,  are  the  steps,  upon  which  the  upright  shafts  of  the  three  cranes  rest  and  turn. 
Each  shaft  is  16  feet  high. 

/,  /,  is  the  drying  stove,  having  its  floor  upon  a  level  wilh  that  of  the  foundry. 
/',/',  is  a  supplementary  slove  for  small  articles. 

g,  g,  g,  are  the  coking  ovens. 

A,  is  the  blowing  machine  or  fan. 

i,  is  the  Bleam-engine,  for  driving  the  fan,  the  loam-cJge  stone.', 

k,  and  the  chaixnal  icill. 

i",  are  the  boiler  and  the  furnace  of  the  engine, 

ft',  workshop  for  preparing  ihe  loam  and  ether  materials  of  moulding. 

1,  is  Ihe  apartment  for  the  patterns. 

The  pig-iron,  coals,  &c.  are  placed  either  under  sheds  or  in  the  open  air,  round  the 
above  bnildings;  where  arc  also  a  smith's  forge,  a  carpenter's  shop,  and  an  apartment 
mounted  wilh  vices  for  chipping  and  rough  cleaning  Ihe  castings  by  chisels  and  files. 

Such  a  foundry  may  be  erected  upon  a  square  surface  of  about  80  yards  in  each  side, 
and  will  be  capable,  by  casting  in  the  afternoon  and  evening  of  each  day,  partly  in  large 
and  partly  in  small  pieces,  of  turning  out  from  700  lo  800  tons  per  annum,  wilh  an  estab- 
lishment of  100  operatives,  including  some  moulding  bojs. 

0/  jnofeiMg  the  moulds. — I.  Each  mould  ought  to  present  the  exact  form  of  its  object. 

2,  It  should  have  such  solidity  that  the  melted  metal  may  be  pouted  into  it,  and  fill  it 
enlirely  without  altering  its  shape  in  any  point. 

3,  The  air  which  occupies, the  vacant  spaces  in  il,  as  well  as  the  carbureted  gases 
generated  by  the  heal,  must  have  a  ready  vent;  for  if  Ihey  are  but  partially  confined, 
they  expand  by  the  heal,  and  may  crack,  even  blow  up  Ihe  moulds,  or  at  any  rate  become 
dispersed  through  the  metli!,  making  it  vesicular  and  unsound. 

There  are  three  distinct  methods  of  making  the  moulds  : — 

I,  In  green  sand;  2.  In  baked  sand;  3.  In  loam. 

To  enumerate  the  different  means  employed  to  make  every  sort  of  mould  exceeds  Ihe 
limits  prescribed  to  this  work.  I  shall  merely  indicate  for  each  species  of  moulding, 
what  is  common  to  all  the  operations  ;  and  I  shall  then  describe  the  fabrication  of  a  few 
snch  moulds  as  appear  most  proper  lo  give  general  views  of  this  peculiar  art. 

Mottldiug  in  gmn  sand, — The  name  green  is  given  to  a  mixture  of  the  sand  as  it  comes 
from  its  native  bed,  with  about  one  twelfth  ils  bulk  of  coal  reduced  to  powder,  and  damp- 
ed in  such  a  manner  as  to  Ibrm  a  porous  compound,  capable  of  preserving  Ihe  forms  of 
Ihe  objects  impressed  upon  it.  This  sand  ooght  to  be  sligblly  argaSaceous,  with  particles 
not  exceeding  a  pin's  head  in  size.  When  this  mixture  has  once  served  for  a  mould,  and 
been  filled  with  melal,  it  cannot  be  employed  again  except  for  the  coarsest  castings,  and 
is  generally  used  far  filling  up  the  boltoms  of  fresh  moulds. 

For  moulding  any  piece  in  Rieen  sand,  an  exact  pattern  of  the  object  must  he  pre- 
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pared  in  wood  or  melal ;  llip  laller  being  preferable,  as  not  liable  1o  wnipjis,  STVcUing^ 

A  couple  of  iron  frames  form  a  case  or  boir,  which  serves  as  an  er.veiope  lo  the  mould 
Such  hoies  constitute  an  essenlinl  and  very  expensive  part  of  the  furniture  of  a  foundry 
It  is  a  rectangular  frame,  wilhout  bottom  or  lid,  whose  two  largest  sides  are  united  b;  a 
series  of  cross  bars,  parallel  to  each  other,  and  placed  from  6  lo  8  incites  apart. 

The  two  halves  of  ihe  box  carry  ears  corresponding  exactly  wilh  one  another;  of 
which  one  set  is  pierced  with  holes,  but  the  other  has  points  which  enter  truly  into  these 
holes,  and  may  be  made  fast  in  them  hy  cross  pins  or  wedges,  so  that  the  pnir  becomes 
one  solid  body.  Within  this  frame  there  is  abundance  of  rooin  for  containing  the  pallern 
of  the  piece  to  be  moulded  wilh  its  incasing  sand,  which  being  rammed  into  the  frame, 
is  retained  by  friction  against  the  lateral  faces  and  cross  bars  of  the  mould. 

When  a  monld  is  to  be  formed,  a  box  of  eniiable  dimensions  is  taken  asunder,  and 
each  half.  No,  1  and  No.  2,  is  laid  upon  the  floor  of  the  foundry.  Green  sand  is  thrown 
wiLh  a  shovel  into  No.  1,  so  as  to  fill  it,'  when  it  is  geatly  pressed  in  wilh  a  rammer. 
The  object  of  Ibis  operallon  is  to  form  a  plain  surface  upon  which  lo  lay  in  (he  pattern 
with  a  slight  degree  of  pressure,  varying  with  its  shape.  No.  1  being  covered  with  sand, 
the  frame  No.  2  is  laid  upon  it,  so  as  lo  form  the  box.  No.  2  being  now  filled  care- 
fully wilh  the  green  sand,  the  box  is  inverted,  so  as  lo  place  No.  1  uppermos*,  which  is 
Ihen  detached  and  lifted  off  in  a  trnly  vertical  position;  carrying  with  it  Ibe  body  ol 
sand  formed  at  the  commencement  of  the  operation.  The  pattern  remains  imbedded  in 
the  Eand  of  No.  3,  which  has  been  exactly  moulded  upon  a  great  portion  of  its  surface. 
The  moulder  condenses  the  sand  in  the  parts  nearest  lo  the  pattern,  by  sprinkling  a  little 
water  upon  il,  and  trimming  the  ill-shaped  parts  with  small  iron  trowels  of  different 
kinds.  He  Ihen  dusts  a  little  well-dried  finely-slAed  sand  over  all  the  visible  surface  ol 
the  pallern,  and  of  the  sand  surroanding  it;  this  is  done  lo  prevent  adhesion  when  he 
replaces  the  frame  Ko.  1. 

He  next  destroys  the  preparatory  smooth  bed  or  area  formed  in  this  frame,  covers  the 
pattern  with  green  sand,  replaces  Ihe  frame  1  upon  2,  to  reproduce  the  box,  and  proceeds 
to  fill  and  ram  No.  I,  as  he  bad  previously  done  No.  2.  The  object  of  this  operation  is 
10  obtain  very  exactly  a  concavity  in  the  frame  No.  1,  having  the  shape  of  the  part 
of  the  model  impressed  coarsely  upon  the  surface  formed  at  tlie  beginning,  and  which 
was  meant  merely  to  support  the  pattern  and  (he  sand  sprinkled  over  it,  till  it  got 
imbedded  in  No.  2. 

The  two  frames  in  their  last  position,  along  with  their  sand,  may  be  compared  toa  boi 
of  which  No.  I  is  the  lid,  and  whose  interior  is  adjusted  exactly  upon  the  eii.osed 
petteru. 

If  we  open  this  box,  and  after  taking  out  the  pattern,  close  its  two  halves  again,  then 
pour  in  melted  metal  till  it  fill  every  void  space,  and  become  solid,  we  shall  obviously 
attain  the  wished-for  end,  and  produce  a  piece  of  cast  iron  similar  lo  the  pattern.  But 
miiny  piecaulions  must  still  be  taken  before  we  can  hit  this  point.  We  must  first  lead 
Ihraugt  the  mass  of  sand  in  the  frame  No.  1  one  or  more  channels  for  the  introduction 
of  the  Ci'jited  metal;  and  though  one  may  snflice  for  this  purpose,  another  must  be  made 
for  letting  ihe  air  escape.  Tlie  melal  is  run  in  hy  several  orifices  at  once,  when  the 
piece  has  considerable  surface,  but  little  thickness,  so  that  it  may  reach  the  remotest 
piiints  sulEciently  hot  and  liquid. 

The  parts  of  the  mould  near  the  pattern  must  liliewise  be  pierced  with  small  holes,  by 
means  of  wires  traversing  the  whole  body  of  the  sand,  in  order  lo  render  the  mould  more 
porous,  and  to  facilitate  the  escape  of  the  air  and  Ibe  gases.  Then,  befon  lilling  off 
the  frame  No,  1,  we  must  tap  Ibe  pattern  slightly,  otherwise  the  sand  enclosmg  it  would 
slick  lo  it  in  several  points,  and  the  operation  would  not  succeed.  These  gentle  jolts 
are  given  by  means  of  one  or  more  pieces  of  iron  wire  which  have  been  screwed  vertically 
into  Ihe  pattern  before  finally  ramming  the  sand  into  the  frame  No.  1,  or  which  enter 
merely  into  holes  in  the  pattern.  These  pieces  are  sufficiently  long  to  pass  out  through 
the  sand  when  the  box  is  filled ;  and  it  is  npon  their  upper  ends  that  the  horizontal 
blows  of  the  hammer  are  given ;  their  force  being  regulated  by  the  weight  and  magni- 
tude of  the  pattern.  These  rods  are  then  removed  by  drawing  them  straight  out ;  after 
which  the  frame  No,  1  may  he  lifted  off  smoothly  from  Ibe  pattern. 

The  pallern  itself  is  taken  out,  by  lifting  it  in  all  its  parts  at  once,  by  means  of  screw 
pins  adjusted  at  the  moment.  This  manceuvre  is  executed,  for  large  pieces,  almost 
always  by  several  men,  who,  while  they  lift  the  pallern  with  one  hand,  strike  it  with  the 
ather  with  small  repeated  blows  lo  detach  the  sand  entirely,  in  which  it  is  generally  more 
engaged  than  il  was  in  that  of  Ibe  frame  No.  I.  But  in  spite  of  all  these  precautions, 
there  are  always  some  degradations  in  one  or  other  of  the  two  parts  of  the  monld;  which 
are  immediately  repaired  by  the  workman  wilh  damp  sand,  which  he  applies  and  presses 
gently  wilh  his  trowel,  so  as  to  restore  the  injured  forms. 

Hitherto  I  have  supposed  all  Ihe  sand  rammed  into  the  box  to  be  of  one  kind;  bul 
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"lom  economy,  the  green  sand  is  used  only  Co  fqrip  the  portioa  of  the  mould  nest  Ihe 
pollera,  in  a  stratum  of  about  an  inch  thick ;  llie  rest  of  the  surtouuding  space  is  filled 
with  the  sand  of  the  Hoor  wliich  has  been  nsed  in  former  castings.  The  interior  layer 
round  the  pattern  >s  called,  in  Ibis  case,  neiu  sand. 

It  may  happen  that  the  pattern  is  loo  complei  to  be  taken  out  without  damaging  the 
mould,  by  two  frames  aloae ;  then  3  or  more  are  muloally  adjusted  to  focm  the  bo"c 
.  When  the  mould,  taken  asunder  into  two  or  more  parts,  hash       p    pe  ly     p     ed    t 
interior  surface  mast  be  dusted  over  wilb  wood  charcoal  red      d  t  y  fi      p  wi 

and  tied  up  in  a  small  !inen  bag,  which  is  shaken  by  baud.  Th  h  1  th  iH  J 
at  the  moment  of  application,  and  sticks  to  the  whole  snrfac  h  h  his  be  p  vi  1 
damped  a  little.    It  is  aftecwards  polished  with  a  fine  trow  1      S  m  t  m  d      t 

avoid  nsinf  loo  much  charcoal,  the  surfaces  are  finally  dusted  lb  sa  d      ry  fi    Ij 

palverized,  from  a  bag  like  the  charcoal.    The  two  frames  pi    ed      th  g 

exactness,  made  fast  together  by  the  ears,  with  wedged  bolt    1   d  1    i)  1      I  t    h 

requisite  slope,  and  loaded  with  considerable  weights.    Wh      th         t    g       I  II 

charcoal  dusting,  as  well  as  that  of  fine  sand,  is  suppressed      E      j  th    g  ij 

for  the  introduction  of  the  fused  metal. 

SfoaUitig  in  baked  or  used  sand. — The  mechanical  part  of  tl     p  oc      as  lb 
of  the  preceding.    But  when  the  castinijs  are  lar^e,  and  e  pec   lly  il  th  y         tall  th 
hydrostatic  pressure  of  the  melled  metal  upon  the  sides  of  tb   m    Id  t  b  I 

acted  by  the  force  of  cohesion  which  the  sand  aeqaires  by  r  mmi  g     \V    m    t         h  t 
case  adapt  lo  each  of  these  frames  a  solid  side,  pierced  with  nm      ussmllllesle 
issue  to  the  gases.   This  does  not  form"one  body  with  the  rest   flh   f   m    b  t       tt    bed 
extern poraneously  to  it  by  bars  and  wedged  bolts.    In  general         g        d  co  I       mi  ed 
with  this  sand.    Whenever  the  mould  is  finished,  it  is  Iran  f      d  t     Ih    d  j 


t,  till  il 


d    fall    I 


d  m    Id 


__,  „.a  from  12  to  24  hours  at  m     , 

.  I  is  then  said  lo  be  baked  or  annealed.    The  eipe 
to  mix  the  different  sands  placed  at  his  disposal,  so  that   h 
comes  oui  of  the  stove  may  preserve  its  form,  and  be  sufB       lly  p  Shi 

alloir  the  gases  lo  pass  through  them  much  more  readily  th  th  se  m  d  t 
sand  ;  and  in  general  the  castings  they  turn  oat  are  less  ie>     I  d    m    th 

the  surface.     Sometimes  in  a  large  piece,  the  three  kmd      f  m    Id        th  t 
sand,  in  baked  sand,  and  in  loam,  are  combined  to  produce  lb   b    t   es  It 

Moulding  in  loam. — This  bind  of  work  is  executed  from  d  a     f  Ih    p 

moulded,  without  being  at  the  expense  of  making  patterns.     Th  M       f   m 

pasty  mixture  of  clay,  water,  sand,  and  eow's-hair,  or  othe  heap  fil  m  t  i 
kneaded  together  in  what  is  called  the  loam  mill.  The  proportions  of  the  mgiediei 
varied  lo  suit  the  nalnre  of  the  casting.  When  the  paste  requires  to  be  made  verj 
horse  duns  or  chopped  straw  is  added  to  it. 

I  ebftll  jtlustrate  the  mode  of  fabricating  loam  moulds,  by  a  simple  case,  such  as  Ibat 
of  a  sugar  pan.  Fig.  651  is  the  pan.  There  is  laid  upon  the  floor  of  the  foundry  an 
annular  platform  of  cast-iron,  ab,fig.  652;  and  upon  its  centre  e,  rests  the  lower  extrem- 
ity of  a  vertical  shaft,  adjusted  so  as  lo  turn  freely  npon  itself,  while  it  makes  a  wooden 
pattern,  e  /,  fig.  653,  describe  a  surface  of  revoluiion  identical  with  the  internal  surface 
reversed  of  Ibe  boiler  intended  to  be  made.  The  outline,  e  g,  of  the  pattern  ia  fashioned 
so  as  lo  describe  the  surface  of  the  edge  of  the  vessel.  Upon  the  part  a  db  d,fig.  652, 
of  th '  flat  cast-iron  ring,  Ihere  must  next  be  constructed,  with  bricks  laid  either 
on  their  edge,  and  clay,  a  kind  of  dome,  h  i  k,  fig.  653,  from  two  to  four  iache 


light, 


s  thick, 
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according  lo  the  size  and  weight  of  the  piece  to  he  moulJcd.    The  

the  bricK  dome  ought  to  be  everywhere  two  inches  distant,  at  least,  from  the  surface  de- 
scribed by  the  arc  e  f.  Before  building  up  the  dome  to  the  point  i,  coals  ; 
m  its  inside  upon  the  floor,  which  may  be  afterwards  kindled  for  drj'ing  II 
lop  is  then  formed,  leaving  at  i,  round  the  upright  shaft  of  revolution,  oi 
outlet.  This  aperture,  as  also  some  others  left  under  the  edges  of  the  ir 
the  moulder  to  light  the  fire  when  it  becomes  necessary,  and  to  graduate 
it  last  long  enough  without  needing  more  fuel,  till  the  mould  be  quite  fi 
The  combustion  should  bo  always  extremely  slow. 
Over  Ihe  brick  dome  a  pasty  layer  of  loam  is  applied, 
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g  «/;  Ihis  sniface  ia  Ihen  coated  nith  a  much  smoother  loam,  by  means  of  the  coneave 
edge  of  the  same  mould.  Upon  the  latter  Burface,  the  inside  of  the  sugar  pan  is  cast  j 
the  line  «  g  having  traced,  in  its  revolution,  a  ledge  m.  The  fire  is  now  kindleiJ,  and  a« 
the  surface  of  the  mould  becomes  dty,  it  is  painted  over  by  a  brush,  wilh  a  mixture  of 
water,  charcoal  powder,  and  a  little  clay,  in  order  to  prevent  adhesion  between  the  snc 
face  already  dried  and  the  coats  of  clay  about  to  be  applied  to  it.  The  hoard  gtf'n 
now  removed,  and  replaced  by  another,  g'  ^  ftfig.  654,  whose  edge  e'  f  describea  the 
outer  surface  of  the  pan.  Over  the  snrface  e,  /,  a  layer  of  loam  a  applied,  which  is 
turned  and  polished  so  as  to  produce  the  surface  of  revolution  e'/',  as  ivas  done  for  th» 
surface  ef;  only  in  the  latter  case,  the  Lnee'g' of  the  board  does  not  form  a  new  shoulder, 
but  rubs  lighlly  against  m. 

The  layer  of  loam  included  between  the  two  surfaces  e  f,  e'  f,  is  an  exact  representa- 
tion of  the  sugar  pan.  When  this  layer  is  well  dried  by  the  heat  of  the  interior  fire,  it 
must  be  painted  like  the  former.  The  upright  shaft  is  now  removed,  leaving  the  small 
vent  hole  through  which  it  passed  la  promote  the  complete  combustion  of  the  coal. 
There  must  be  now  laid  horizontally  upon  the  ears  of  (he  platform  d  ■'.  fig.  6B2,  an- 
other annular  platform  y  g,  like  the  former,  but  a  little  larger,  and  wilhcc    any  cross-bar. 


The     lal've  position  of  these  two  platforms  is  shown  in  fig.  65b     Li       II  f 

Jig  655,  a  new  layer  of  loam  is  laid,  two  inches  thick     f  wh   I   th        rf 
smo    h  d  by  hand.    Then  npon  the  platform  p  g,  fig.  656,  a  br   k        It  t      t  d 

w      e  nner  surface  is  appUed  to  the  layer  of  loam.    This  cont      t        t  dh 

w  h  h    bricks  which  absorb  a  part  of  its  moisture,  while  the       t    f  p      t   p      d 
h      urfa  e  £■  /■,  prevents  it  ftom  slicking  to  the  preceding  laj         f  1    m      Tt     b     k 
d  m    0     ht  to  be  built  solidly. 

The  whole  mass  is  now  to  be  thoroughly  dried  by  the  co  t  f  Ih    fi      ih 

d  a  gh  f  which  is  supported  bya  small  vent  left  inthe  upper  p  t  f  b  wd  m  d 
wh  n  a  s  properly  dry,  the  two  iron  platforms  are  adjusted  lo  each  other  by  pin  points, 
and  p  q  lilted  oS,  taking  care  to  keep  it  in  a  horizontal  position.  Uprn  Ihis  platfono 
a  e  m  ed  the  last  brick  dome,  and  the  layer  of  loam  which  had  been  applied  next  to 
h  alter  of  which  represents  e:taclly  by  its  inside  the  monid  of  the  snrface  e'J',  that 
IS,  of  Ihe  outside  of  the  pan.  The  crust  contained  between  e  /  and  e"  f  is  broken  away, 
an  operalion  easily  done  without  injury  to  the  surface  e  /,  which  represents  exactly  the 
inner  surface  of  the  pan ;  or  only  to  the  shoulder  m,  corresponding  to  the  edge  of  Ihe 
\essel.  The  top  aperlure  through  which  the  upruihl  shaft  passed  must  be  now  closed; 
only  the  one  is  kept  open  inlheportionof  the  mould  lifted  off  upon  p  5;  because  through 
tills  opening  the  melted  metal  is  to  be  poured  in  the  process  of  casting.  The  two  plat- 
forms being  replaced  above  each  other  very  eiaclly,  by  means  of  the  adjusting  pin  points, 
the  mould  is  completely  formed,  and  ready  for  the  reception  of  the  metal, 

When  Ihe  otgect  to  be  moulded  presents  mote  complicated  forms  than  the  one  now 
chosen  for  the  sake  of  illostration,  it  is  always  by  anali^ons  processes  that  the  workman 
construeli  his  loam  moulds,  but  his  sagacity  must  hit  upon  modes  of  executing  many 
things  which  at  first  sight  appear  lo  be  scarcely  possible.  Thus,  when  the  forms  of  the 
interior  and  exterior  do  not  permit  the  mould  to  be  separated  in  two  pieces,  it  is  divided 
inlo  several,  which  are  nicely  filled  with  adjusting  pins.  More  than  two  cast-iron 
rings  or  platforms  are  sometimes  necessary.  When  jvals  or  angular  surfaces  must  be 
traced  instead  of  those  of  revolution,  no  upright  shat^  is  used,  but  wooden  or  cast-iron 
guides  made  on  purpose,  along  which  the  patlern  cut-out  board  is  slid  according  to  the 
drawing  of  the  piece.  Iron  wires  and  claws  are  oflen  interspersed  through  the  brick 
work  lo  give  it  cohesion.  The  core,  kernel,  or  inner  mould  of  a  hollow  casting  is  fre- 
quently filled  in  when  Ihe  outer  shell  is  moulded.  I  shall  illijislrate  this  mailer  in  the 
case  of  a  gas-light  retotl,yjg.  657.  The  core  of  the  retort  traght  to  have  the  forme  eee, 
and  be  very  Eolid,  since  it  cannot  be  fixed  in  the  outer  mould,  for  the  casting,  except  in 
;h;  part  standing  out  of  the  retort  towards  m  ni.  It  must  be  modelled  in  loam,  upon 
a  piece  of  cast-iron  called  a  iaideni,  made  expressly  for  this  purpose.  The  lantern  is  a 
cylinder  or  e  tnincated  hollow  tone  of  cast-iron,  about  half  an  inch  thick;  and  differ- 
ently shaped  for  every  difl^erenl  Core.  The  surface  is  perforated  wilh  holes  of  aboul 
half  an  inch  in  diameter.     It  ia  mounted  by  means  of  iron  cross-bars,  upon  an  iron  axis, 
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ki  ;  0  ii  0  is  a  kinti  of  disc  or  dish,  perpenjicukr  U  ihe  axis,  opeji  at  i  i,  fgrinin?  one 
piece  with  Ihe  lanlern,  whose  circumference  o  o  presenW  a  curve  similar  to  the  section 
of  the  core,  made  at  righl  angles  -to  its  axis.  We  shall  see  presently  the  two  uses  for 
which  this  disti  is  intended.  The  axis  g  A  is  laid  upon  two  gudgeons,  and  handles  are 
placed  at  eacit  of  its  extremities,  to  facilitate  the  operation  in  making  the  core.  Up?-a 
the  whole  surface  of  the  lantern,  from  the  point  h  to  the  collet  formed  by  the  dist  •  hij 
cord  as  thick  as  the  finger  is  wound.  Even  two  or  more  coils  may  be  applied,  as  ccoa- 
sion  requires,  over  which  loam  is  spread  to  Ihe  exact  form  of  the  core,  by  applying  with 
the  hand  a  board,  against  the  dish  o  o,  with  its  edge  cut  out  to  the  desired  shape  ;  as  also 
against  another  dish,  adjusted  at  the  lime  towards  k;  while  by  means  of  the  handles  a 
rotatory  movement  is  given  to  the  whole  apparatus. 

The  hay  interposed  between  the  lantern  and  the  loam,  which  reprgsents  the  crust  of 
the  core,  aids  the  adhesion  of  the  clay  with  the  cast-iron  of  the  lanlern,  and  gives  passage 
lo  the  holes  in  ils  surface,  for  the  air  to  escape  through  in  the  casting. 

When  the  core  is  finished,  and  has  been  put  into  thedrjing  stove,  the  axis  g  A  is  taken 


!  small  ope  nil 
done  hj  suppottmg  the  ci 
ready  to  be  mtroduced  in 


g  which  it  leaves  at  the  point 
}re  by  the  edges  oJ  the  dish,  in  a 
j>  the  hollow  mould  of  the  piece. 

a  baked  sand  consiuls  of  three  pieces,  two  of  which,  absolutely 
similar  are  represented.  Jig,  659,  at  p  g,  the  third  is 
>;hown  at  i  a  The  two  similar  parts  /i  9,  present  each 
thp  longiludinal  half  of  the  nearly  cylindrical  portion 
tf  the  outer  surface  of  the  gas  retort;  so  that  when 
they  are  brought  together,  the  cylinder  is  formed;  r  s 
contains  m  its  cavity  the  kind  of  hemisphere  which 
f  )rm=  the  bottom  of  the  retort.  Hence,  by  adding  this 
part  (f  the  mould  to  the  end  of  the  two  others,  the 
reeuhing  apparatus  presents  in  ils  interior,  the  exact 
mould  of  the  outside  of  the  retort;  an  empty  cylin- 
drical portion  1 1,  whose  axis  is  the  same  as  that  of  the 
cylmderuu  and  whose  surface,if  prolonged,  would  be 
everj  where  distant  from  the  surface  u  «,  byac(nan- 

titj  equal  to  the  desired  thickness  of  the  retort.    The 

diameter  of  the  cylinder  t  t  is  precisely  equal  to  that  of  the  core,  which  is  slightly  conical, 
in  order  that  it  may  enter  easily  into  this  aperture  I  I,  and  close  it  very  exactly  when  it 
is  introduced  to  the  collet  or  necU. 

The  three  parts  of  the  mould  and  the  core  being  prepared,  the  two  pieces  p  g,  must 
first  be  uniled,  and  supported  in  an  upright  position ;  (hen  the  core  must  be  let  down 
into  the  opening  1 1,  fig.  660.  When  the  plate  or  disc  0  0  of  the  core  is  supported  upon 
the  mould,  we  must  see  that  the  end  of  the  core  is  everywhere  equally  distant  from  the 
edge  of  the  external  surface  u  «,  and  that  it  docs  not  go  too  far  beyond  Ihe  line  q  q. 
Should  there  be  an  inaccuracy,  we  must  correct  it  by  slender  iron  slips  placed  under  the 
edge  of  the  disc  0  0  j  then  by  means  of  a  cast-iron  cross,  and  screw  bolts  «  v,  we  fix  the 
core  imraoveably.  The  whole  apparatus  is  now  set  down  upon  r  s,  and  we  fix  with  screw 
bolts  the  plane  sarface  5  5  upon  r  r;  then  introduce  the  melted  metal  by  an  aperture:, 
which  has  been  left  at  the  upper  part  of  the  mould. 

When,  instead  of  the  example  now  selected,  the  core  of  Ihe  piece  to  he  cast  must  go 
beyond  the  mould  of  the  external  surface,  as  is  the  case  with  a  pipe  open  at  each  end, 
the  thing'  is  more  simple,  because  we  may  easily  adjust  and  fix  the  core  by  its  two  ends. 
In  casting  a  retort,  the  metal  is  poured  into  the  mould  set  upright.  It  is  important  to 
maintain  this  position  in  the  two  last  examples  of  casting;  for  all  the  foreign  matters 
which  may  soil  the  metal  during  its  Sow,  as  Ihe  sand,  the  charcoal,  gases,  scoriae,  being 
ess  dense  than  it,  rise  constantly  to  the  surface.  The  hydrostatic  pressure  produced  by 
a  high  gate,  or  filling-in  aperture,  contributes  mucn  to  secure  the  soundness  and  solidity 
of  the  cs£linf[.    This  gale-piece  being  superfluous,  is  knocked  olT  almost  immediateij 
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alter,  or  even  before  the  casting  cools.  Very  long,  somewhat  slender  pieces,  are  usually 
cast  in  monlds  set  up  obliquely  to  the  horizon.  As  the  melal  shrinks  in  cooling,  the 
mnutd  should  always  be  somewliat  Iar£;pr  than  tlie  object  intended  to  be  cast.  The  iron 
founder  reckons  in  geoeritt  upon  a  linear  shrinkage  of  a  ninety-sixth  part ;  that  is,  one  eightli 
of  an  inch  per  foot. 

Mdling  of  the  cast  iron.  —  The  metal  is  Hsually  melted  in  a  cupola  furnace,  of  which 
(he  dimensions  are  rery  various.  Fi^.  661  represents  in  plan,  section,  and  elevation, 
one  of  these  furnaces  of  Che  largest  size;  being  capable  of  founding  5  Ions  of  cast  iron  at 
a  time.  It  is  kindled  by  laying  a  few  chips  of  wood  upon  ils  bottom,  leaving  the  orifice 
c  open,  and  it  is  then  filled  up  to  the  throat  with  coke.  The  fire  is  lit  at  c,  ftnd  in  a 
quarter  or  half  an  hour,  when  the  body  of  fuel  is  sullieienlly  kindled,  Ihe  tuyure  blast  is 
set  in  action.  The  Same  issues  then  by  the  mouth  as  well  as  Ihe  orifice  c,  which  has 
been  left  open  on  purpose  to  consolidate  it  by  the  heal.  Wilhoul  Ibis  precaution,  the 
sides,  which  are  made  up  in  ai^illaceous  sand  after  each  day's  work,  would  not  present 
the  necessary  resistance.  A  quarter  of  an  hoar  afterwards,  the  orifice  c  is  closed  with  a 
tump  of  moist  clay,  and  sometimes,  when  the  furnace  is  to  contain  a  great  body  of  melted 
melal,  the  clay  is  supported  by  means  of  a  small  plate  of  cast  iron  fixed  against  the 
furnace.  Before  the  blowing  machine  is  set  a  going,  the  openings  g  g  g  had  been  kept 
shut.  Those  of  them  wanted  for  the  tuyeres  are  opened  in  succession,  beginning  at  the 
lowest,  the  tuydres  being  raised  according  as  the  level  of  the  fused  iron  ststds  higher  in 
the  furnace.  The  same  cupola  may  receive  at  a  time  from  one  to  six  tuyfires,  through 
which  the  wind  is  propelled  by  the  centrifugal  action  of  an  eccentric  fan  ot  ventilator. 
It  does  not  appear  to  be  ascertained  whether  there' be  apy  advantage  in  placing  mote 
than  two  tuyiires- facing  each  other  upon  opposite  sides  of  the  furnace.  Their  diameter 
at  Ihe  nozzle  varies  from  3  to  5  inches.  They  are  either  ej'liodrical  er  slightly  conical. 
A  few  minutes  after  the  tuySres  have  begun  to  blow,  when  the  coke  sinks  in  the  furnace, 
alternate  charges  of  coke  and  pig  iron  must  be  thrown  in.  The  metal  begins  lo  melt  in 
about  20  minutes  after  ils  introduction;  and  successive  charges  are  then  made  every 
10  minutes  nearly;  each  charge  containing  from  2  cwls.  lo  5  cwls.  of  iron,  and  a  quantity 
proportional  to  the  estimate  given  below.  The  amount  of  the  charges  varies  of  course 
with  the  size  of  the  furnace,  and  the  speed  required  for  the  operation.  The  pigs  must 
be  previously  broken  into  pieces  weighing  at  most  14  or  16  pounds.  The  vanes  of  the 
blowing  fan  make  from  625  to  650  turns  per  minute.  The  two  cupolas  represented 
fig-  661,  and  another  alongside  in  the  plan,  may  easily  melt  6|  loaa  of  metal  in  2J  hours; 
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formerly  obtained  in  similar  uupolas,  when  llie  blast  was  thrown  in  from  en^l  nozzles 
with  cylinder  bellowSj  moved  by  a  steam  engine  of  10  horse  power. 

In  the  course  of  a  year,  a  considerable  foundry  like  that  represented  in  the  plan, 
fig.  6E0,  will  consumeaboutSOO  tons  of  coke  in  melting  1240  tons  of  cast  iron;  consisting 
of  940  Ions  of  pigs  of  diiferont  qualities,  and  300  tons  of  broken  castings,  gate-pieces, 
fee.  Thus,  it  appears  thai  48  pounds  of  coke  are  consumed  for  melting  every  2  cwt. 
of  [netaJ. 

Somewhat  less  coke  is  consumed  when  the  fusion  is  pushed  more  rapidly  lo  collect  a 
great  body  of  melted  metal,  for  casting  heavy  articles;  and  more  is  consumed  when,  as  in 
making  many  small  castings;  the  progress  of  the  founding  has  lo  be  slackened  from  time 
to  time  ;  otherwise,  the  iiielal  would  remain  too  long  in  a  stale  of  fusion,  and  probaHy 
become  too  cold  to  afford  sharp  impressions  of  the  moalils. 

It  sometimes  happens  thai  in  the  same  day,  with  the  same  furnace,  pieces  are  to  be 
cast  containing  several  proportions  of  different  kinds  of  iron ;  in  which  case,  to  prevent 
an  intermixture  with  the  preceding  or  following  charges,  a  considerable  bed  of  coke  's 
interposed.  Though  there  be  Ihas  a  little  waste  of  fuel,  it  is  compensated  by  the 
improved  adaptation  of  the  castings  to  theii  specific  objects.  Tlie  founding  generally  begins 
bI  about  3  o'clock,  p.  m.,  and  goes  on  till  6  or  8  o'clock.  One  founder,  aided  by  foo] 
laimrera  for  chai^n?,  Sic,  can  manage  two  furnaces. 

The  following  is  the  work  of  a  well-managed  foundry  in  Derby. 

200  lbs.  of  coke  arc  requisite  to  melt,  or  bring  down  (in  the  language  if  the  founders), 
1  ton  of  easl-iron,  after  the  cupola  has  been  brought  to  its  proper  heat,  by  the  combustion 
in  il  of  9  baskelsof  coke,  weighing,  by  my  trials,  40  pounds  each,  —360  lbs. 

The  chief  talent  of  [he  founder  consists  in  discovering  the  most  eeonomical  mixtures, 
and  so  compounding  ibem  as  to  produce  the  desired  propertied  in  the  castings.  One 
piece,  for  example,  may  be  required  lo  have  great  strength  and  tenacity  to  bear  heai'y 
weights  or  strains;  another  must  yield  readily  to  the  chisel  or  the  file;  a  third  must  resist 
sudden  alternations  of  temperature ;  and  a  fourth  must  be  pretty  hard. 

The  filling  in  of  the  melted  metal  is  managed  in  two  ways.  For  strong  pieces,  whose 
moulds  can  be  buried  in  the  ground  at  7  or  8  yards  distance  from  the  furnace,  the  metal 
may  be  run  in  gutters,  formed  in  the  sand  of  the  floor,  sustained  by  plates  or  stones.  The 
clay  pli^  is  pierced  with  an  iron  tod,  when  all  is  ready. 

When  from  the  smaller  size,  or  greater  distance  of  the  moulds,  the  melted  mclal 
cannot  be  run  along  the  floor  from  the  furnace,  it  is  received  in  cast-iron  pots  or  ladies, 
lined  with  a  coat  of  loam.  These  are  either  carried  by  the  hands  of  two  or  more  men, 
or  transported  by  the  crane.  Between  the  successive  castings,  the  discharge  hole  of  the 
furnace  is  closed  with  a  lamp  of  clay,  applied  by  means  of  a  stick,  having  a  small  disc  of 
iron  fixed  at  its  &nd. 

After  the  metal  is  somewhat  cooled,  the  moulds  are  taken  asunder,  and  the  eicres- 
cences  upon  the  edges  of  the  castings  are  broken  off  with  a  hammer.  They  are  afterwards 
more  carefully  trimmed  or  chipped  by  a  chisel  when  quile  cold.  The  loss  of  weight  ia 
founding  is  abont  6}  per 'cent,  upon  the  pig  iron  employed.  Each  casting  always  requirES 
the  melting  of  considerably  more  than  ils  own  weight  of  iron.  This  excess  forms  the 
gates,  false  seams,  fee.  ;  the  whole  of  which  being  deducted,  shows  that  1  cwt,  of  coke 
is  consumed  for  every  3  cwts.  of  iron  put  into  the  furnace ;  for  every  138  cwls.  of  crude 
metal,  there  will  he  100  cwts.  of  castings,  32  of  refuse  pieces,  and  6  cf  waste. 

Explanation  of  the  plates. 
Manner  of  constructing  the  Mould  of  a  Sugar-paa. 
Fig.  651.  View  of  the  pan. 

—  653.  Flat  ring  of  cast-iron  for  supporting  the  inner  mould. 

—  653.  Constrnclion  of  the  inner  mould. 

—  654.  Formation  of  the  outer  surface  of  the  pan. 

—  655.  Finished  mould. 

—  656.  Position  of  the  two  fiat  cast-iroa  rings,  destined  to  sustain  the  moulds  t^  the 
inner  and  the  outer  surface. 

Gas-retort  Moutding. 

—  657.  Vertical  projection,  perpendicular  lo  the  aiis  of  the  retort ;  aad  two  sectwu 
the  one  upright,  the  other  horizontal. 

~  653.  Construction  of  Ihe  core  of  the  retort, 

—  659,  Disposition  of  the  outer  mould. 

—  660.  Adjustment  of  the  core  in  the  mould. 

—  661.  Cnpola  f'lraace.     Il  is  3  feet  wide  within,  and  ISihigtt, 
m  m,  solid  bo  'y  of  masonry,  as  a  basis  to  Ihe  furnace. 
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b  b,  octagonal  platTorm  of  cast  iron,  with  a  ledge  in  which  the  ^'atcs  a  a  a  a  are  en 
gaged. 

a  a,  eight  plates  of  cast  iron,  I  inch  Ihick,  ahsolulely  similar;  only  one  of  Ihem  il 
nolohed  at  its  lower  part  in  c,  to  allow  the  melleil  metal  to  run  out,  anil  two  of  Llie  othcri. 
have  sis  apertures  g  g  g,  &c.  to  admit  the  tuyeres. 

f,  orifice  for  letting  the  metal  flow  out,  A  kind  of  cast  iron  gutter,  e,  lined  with  loam, 
is  fitted  to  the  orifice. 

d,  hoops  of  hammered  iron,  4J  inches  hroad ;  one  half  of  an  inch  thick  for  the  botlom 
ones,  and  a  quarter  of  an  inch  for  the  upper  ones.  The  intermediate  hoops  decrease  in 
thickness  from  helow  upwards  between  these  limilB. 

e,  cast  iron  gutter  or  spout,  lined  with  loam,  for  running  off  the  nielal. 

/  f,  cylindrical  piece  of  cast  iron,  for  increasing  the  height  and  draught  of  the 
furnace. 

g,  side  openings  for  receiving  the  tuyeres,  of  which  there  are  six  upon  each  side  of  the 
furnace.  Each  of  them  may  he  shut  at  pleasure,  hy  means  of  a  small  cast  iron  plate  ft, 
made  to  slide  horizontally  in  grooTCS  sunk  in  the  main  plale,  pierced  with  the  holes 


the  hotloni  of  the  I 
bed  of  sand  a  few  mohes  thick 
sh^htly  sloped  towards  the 
orifice  of  discharge,  there  is 
s^t  apright,  in  Ihe  axis  of  the 
cupola  a  wooden  cylinder  of 
Its  whole  height  and  cf  a 
diameter  a  little  less  than  that 
of  the  vacant  noace  belonaing 
to  the  top  of  the  furnace 
Sand  IS  to  he  then  rammed  in 
'0  as  10  fill  the  whole  of  the 
Aimace  aCler  whicli  \he 
wooden  cjlinder  is  with 
drawn,  and  the  lining  of  «ind 
13  cnt  or  haved  away  till  it  has 
received  the  proper  form 

This  Imuig  lasts  generally 
fi  or  6  weeks,  when  there  are 
6  meltings  weekly. 

i  i,  casl  iron  circular  plate, 
through  which  the  month  of 
the  furnace  passes,  for  protect- 
ing the  lining  in  k  during  the 
introdaction  of  the  charges. 

M  N,  level  of  the  floor  of  the 
foundry.  The  portion  of  il 
below  the  running  out  orifice 
consists  of  snnd,  so  that  it  may 
be  readily  suntt  when  it  is  wish- 
ed to  receire  the  melted  metal 
in  ladles  or  pots  of  lai^e  di- 


The  fan  distributes  the  blast 
from  the  mliin  pipe  to  three 
principal  points,  by  three 
branch  tubes  of  distribution. 
A  rejislsr,  consisting  of  a 
eastiroa  plate  sliding  wilt 
friction  in  s  frame,  serves  to 
intercept  the  blast  at  any  mo- 
mon!,  when  it  is  not  desirable 
to  stop  Ihe  moving  power. 
A  large  main  pipe  of  zinc  or 
sheet  iron  is  fitted  to  the  ori- 
fice of  the  slide  valve.  It  is 
square  at  the  beginning,  or 
only  rounded  at  the   angles 
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but  al  a  liltle  dislance  it  becomes  cylindrica],  and  conducts  Ibe  blast  to  the  diraricatin^ 
paints.  There,  each  of  the  branches  turns  up  vertically,  and  terminates  al  bb,  fig.  662, 
where  it  presents  a  circular  orifice  of  7J  inches.  Upon  each  of  the  upright  pipes  b,  tlie 
jne  end  of  an  elbow-tube  of  zinc  c  c  c  c,  fig.  863,  is  adjusted  rather  loosely,  and  the 
other  end  receives  a  toyBre  of  wrought  iron  d  d,  through  ihe  intervention  of  a  shifting 
hose  01  collar  of  leather  cc  d,  hooped  with  iron  wire  to  Dolh  the  lube  and  the  tuyJre. 
The  portion  c  c  c  c  may  be  raised  or  lowered,  by  sliding  upon  the  pipp  b,  in  order  lo 
bring  the  nozzle  of  the  tuyere  d  d,  to  the  requisite  point  of  the  furnace.  The  porlioi' 
c  r;  c  c  mny  be  made  also  of  wrought  iron.  Apower  of  4  horses  js  adequate  to  drive  !hii 
fan,  for  supplying  blast  to  3  furnaces. 

The  founders  have  observed  the  efflux  of  air  was  not  the  same  when  blown  into  the 
atmosphere,  as  it  was  when  blown  into  the  furnaces ;  the  velocity  of  the  fan,  with  the 
same  impulsive  power,  being  considerably  increased  in  thelalte:  case.  They  imagine  thai 
this  circumstance  ansesfrom  the  blast  being  sucked  in,  so  lo  speak,  by  the  draugh. .  ""ihe 
furnace,  and  (hat  (he  fa:i  tlien  supplied  a  greater  quantity  of  air. 

The  following  experimental  researches  show  the  fallacy  of  this  opinion.  Two  water 
syphonE,eeB,///,  made  of  glass  tabes,  one  fifth  of  an  inch  in  the  bore,  were  inserted 
inlo  the  tuyere,  containing  water  in  Ihe  portions,  g  g  g,hkh.  The  one  of  these  mino- 
mdertfoT  measuring  the  pressure  of  the  air  was  inserted  at  fe,  the  other  in  the  cenlreof 
the  nozzle.  The  size  of  this  glass  tube  was  loo  small  lo  obstruct  in  any  sensible  lieeree 
the  outlet  of  .he  air.  It  Was  found  thai  when  Ihe  tnyferes  of  Ihe  fan  diechHrged  into" Ihe 
open  air,  the  ejpenditure  by  a  nozzle  of  a  constant  diameter  was  proportional  to  the 
number  of  Ihe  revolutions  of  the  vanes.  It  was  further  found,  that  when  the  speed  of  (he 
vanes  was  constanl,  the  expenditure  by  one  or  by  two  nozzles  was  proportional  lo  the  total 
area  of  these  nozzles.  The  following  formolte  give  the  volume  of  air  furnished  by  the 
fan,  when  Ihe  number  of  turns  and  the  area  of  Ihe  nozzles  are  known, 

25-32  S  n 

Volume  = —         fl) 

] -000,000 


The  volun 


3f  29-6  inches  harom. 


ired  at  32°  Fabr.,  under  a  i 
is  the  total  area  of  the  orifices  of  the  tuyiri 

n  =  Ihe  number  of  turns  of  the  vanes  in  a  minute. 

After  measuring  the  speed  of  Ihe  vanes  blowing  into  Ihe  atmosphere,  if  we  introduce 
the  nozzle  of  discharge  into  the  orifice  of  the  furnace,  we  shall  find  that  their  speed  im- 
mediately angmenls  in  a  notable  degree.  We  mieht,  therefore,  naturally  suppose  that 
the  fan  furnishes  more  air  in  the  second  case  than  in  llie  first ;  but  a  little  reflection  will 
show  that  il  is  not  so.  In  fact,  the  air  which  issues  in  a  cold  stale  from  ihe  tuySre 
encounters  instantly  in  the  furnace  a  very  h^h  temperature,  which  expands  il,  and 
conlribiitcs,  along  with  the  solid  mailers  wilh  which  the  furnace  is  filled,  lo  diminish 
the  facility  of  the  discharge,  and  consequently  lo  retard  the  efBnx  by  the  nozzles.  The 
oxygen  gas  consuiaed  is  replaced  by  a  like  volume  of  carbonic  acid  gas,  equally  cspan. 
sible  by  heal.  Reason  leads  us  to  conclude  that  less  air  flows  from  the  nozzles  into  the 
furnace  than  into  Ihe  open  atmosphere. 

The  increase  in  the  velocity  of  the  vanes  lalies  place  precisely  In  the  same  manner, 
when  after  having  made  the  nozzles  blow  into  (he  atmosphere,  we  suhstilule  for  these 
nozzles  others  of  a  smaller  diameter,  instead  of  directing  the  larger  ones  into  the  furnace. 
Hence  we  may  conceive  that  the  proximity  of  the  charged  furnace  acls  upon  the  blast 
like  the  contraction  of  the  nozzles.  When  the  moving  power  is  uniform,  and  the  Telocity 
of  the  vanes  remains  the  same,  the  quantity  of  air  discharged  must  also  be  (he  same  in  the 

Two  tuytrcs,  one  5  inches  in  diameter,  the  other  4J,  and  which,  consequently,  pre- 
sented a  total  area  of  35^  square  inches,  discharged  air  into  one  of  the  furnaces,  from  a 
fan  whose  vanes  performed  654  turns  in  the  minute.  These  two  nozzles  being  briskly 
withdrawn  from  the  furnace,  and  turned  round  to  the  free  air,  while  a  truncated  paste- 
board cone  of  3J  inches  diameter  was  suhstiluled  for  the  nozzle  of  4i  inches,  whereby 
the  area  of  efflux  was  reduced  lo  29-3  square  inches,  the  velocity  of  the  vanes  continued 
esacll;  the  same.  The  inverse  operation  having  been  performed,  that  is  to  say,  the  two 
original  nozzles  having  been  smartly  replaced  in  Ihe  furnace,  to  discover  whether  or  not 
ihe  moving  power  had  changed  in  the  interval  of  the  experiment,  they  betrayed  no  pef- 
eeplible  alteration  of  speed.  From  the  measures  taken  to  count  the  speed,  the  error 
could  not  exceed  3  revolutions  per  minute,  which  is  altogether  unimportant  upon  the 
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It  follows,  therefore,  lha.1  when  the  vanes  of  the  fan  hare  the  velocity  of  634  lums  pei 
minule,  the  expenditure  by  two  nozzles,  whose  joint  area  is  35^  square  inches,  both 
blowing  inlo  a  furnace,  is  to  the  expenditure  which  lakes  place,  when  the  some  nozzler 
blow  into  the  air,  as  35-5  Is  to  29-3  ;  that  is,  a  little  more  than  four  fifihs. 

If  this  be,  as  is  prohahle,  a  general  rule  for  areas  and  speeds  considerably  differen 
froni  (he  above,  to  find  (he  quanlily  of  air  blown  into  one  or  more  furnaces  by  the  fan, 
we  should  calculate  the  volume  by  one  of  the  above  formulte  (1)  or  (2),  and  take  four  fillhs 
of  the  result  as  the  true  quantity. 

The  fan  *  c  here  represented  is  of  the  best  eccentric  form,  as  constructed  by  Messrs. 
Brnilhwaite  and  Ericsson,  o  is  the  circular  oritice  ronod  the  axis  by  which  the  air  is 
admilled ;  and  c  c  B  is  the  eccentric  channel  through  which  the  air  is  wafted  towards 
the  main  discharge  pipe  e, 

FOUNTAIN!  a  stream  of  water  rising  up  through  (he  superGcia!  strata  of  the  earth. 
See  Artesian  Wells. 

rOXIRG  is  a  term  employed  by  hrewerg  to  characterize  the  souring  of  beei  in  the 
process  of  its  fermentation  or  ripening. 

FEANKFOET  BLACK  is  mnde  by  calcining  vine  branches,  and  Ihe  other  refuse 
lees  of  the  vinegar  v,ats  in  Germany.    They  must  be  previously  washed. 

FEEEZING.  (Congc/aiion,  Fr. ;  Ge/ricrBng,  Germ.)  The  three  general  forms,  solid, 
liquid,  and  gaseous,  under  one  or  other  of  which  all  kinds  of  matte;"  exist,  seem  to  be 
immediately  referable  to  the  influence  of  heals  modifying,  balancing,  or  subdninj:  Ihe 
attraction  of  cohesion.  Every  solid  may  be  liquefied,  and  every  liquid  may  be  vaporized, 
by  a  certain  infusion  of  caloric,  whether  this  be  regarded  as  a  moving  power  or  an  elas- 
tic essence.  The  converse  of  this  proposition  is  equally  true ;  for  many  gases,  (ill  lately 
Billed  permanent,  may  be  liquefied,  nay,  even  solidified,  by  diminution  of  their  lempera- 
luie,  either  alone,  or  aided  by  a  condensing  force,  to  bring  Iheir  particles  williin  the 
sphere  of  aggregative  attntction.  When  a  solid  is  transformed  into  a  liquid,  and  a  liquid 
into  a  COS  or  vapor,  a  quantity  more  or  less  considerable  of  heat  Is  absorbed,  or  becomes 
latent,  to  use  the  term  of  Dr.  Black,  the  celebrated  discoverer  of  this  great  law  of  nature. 
Vt  hen  the  opposite  transformation  takes  place,  the  heat  absorbed  is  again  emitted,  or 
wh-it  was  lateiit  becomes  sensible  caloric.  Upon  the  first  principle,  or  the  absorption  of 
heat,  are  founded  the  various  actilicial  methods  of  producing  cold  and  congelation. 
Tibles  exhibiting  a  collective  view  of  all  the  Frigorific  Mixtures  contained  in 
Mr.  Walker's  publication,  1808. 

I  —Table  consistine  of  Frigorific  Mixtures,  composed  of  ice,  with  chemical  salts  and 
ac;ds. 


,„xTm.>, 

Th.n„..«.r.^. 

priilucell. 

Snow,  or  pounded  ice 
Muriate  of  soda 

2  parts 

e 

to-5= 

Snow,  or  pounded  icE 
Muriate  ol  soda 
Muriate  of  ammonia - 

5  parts 

to -.12= 

Snow,  or  pounded  ice 
Muriate  of  soda 
Muriate  of  ammonia 
Nitrate  of  potash 

24  parts 
10 

5 

5 

to  — IS= 

Snow,  or  pounded  ice 
Muriate  of  soda 
Nitrate  of  ammonia  - 

12  parts 
5 

lo  —  25= 

Snow 

Diluted  sulphuric  acid 

3  parts 
2 

From +  32=  (0-23- 

65 

Know 
Muriatic  acid 

8  parts 
5 

From  +  32°  to  —  27= 

59 

Snow 

Diluted  nitric  acid    - 

7  parts 

From  +  32=  to  —  30= 

62 

Snow 

Muriate  of  lime 

4  parts 

From  +  3S=  to  -  W 

72 

Snow 

Crysl.  muriate  of  lime 

l^^'\       From -[-32=  to -50= 

82 

Snow 
Potash 

^P="''|        From +  32=10 -51" 

83 

,  Cuugic 


N.  B.~The  reason  for  ihe 
Ihennamcter  sinkiag  ia  these  m 
and  never  lower,  whalever  may 


the  last  CDluuin  of  the  preceding  talle  is,  the 
ires  to  the  degree  mentioned  in  the  preceding  column, 
the  temperalnre  of  Ihe  materials  at  mixing. 


MIXTURES, 

Thnmodieto  Bfnks, 

Desrfsnfcold 

Muriate  ui  Btnmonia 
Nitrate  of  potash 
Water 

-  5  parts 

-  5 

-  16 

Froic  +  50° 

0  +  10° 

40° 

Muriate  of  ammonia 
miralenfpotB.h 
Sulphate  of  soda 
Waler 

-  5 

-  16 

From  -\-  50° 

0  +  4= 

46 

Nitrate  of  ammoma 
Wate- 

-    i 

From  +  5CP  l 

.  +  4- 

46 

NitTEile  of  ammonia 
Carbonate  of  soda 
Waler 

-    1  part 

From  -[-  60° 

0-7° 

57          1 

Sulphate  of  soda 
■  Diluled  nitric  acid 

:  I'"' 

From  +  50" 

53 

Solpbate  of  soda 
Mnriate  of  ammonia 
Nitrate  of  potash 
Diluted  nitric  aeiii 

-    U  parts 

From  +  50°  t 

3—10° 

Sulphate  of  soda 
Nitrate  of  ammonia 
Diluted  nitric  acid 

-  (i  parts 

-  5 

-  4 

From  +  50=  I 

-H. 

61 

Phosphate  of  soda 
Dilmed  nitric  acid 

-     9  parts 

From  +  50°  1 

-1!» 

62 

Phosphate  of  soda 
Nitrate  of  ammonia 
Diluted  nitric  acid 

-  9  pans 

-  6 

-  4 

From  +  50°  t 

71 

Snlphaieofsoda 
MurialiCBcid    - 

-  8  parts 

-  5 

From  +  50°  to  0° 

50 

47 

Sulphate  of  soda 
Dilated  i^ulphuric  DCJr 

-  5  parts 

-  4 

From  -f  50  to 

+  >• 

N.  B.— If  the  materials  ai 
table,  the  effect  will  he  pi 
mixtures  be  msjle  when  the 


e  mixed  at  a  warmer  temperature  than  that  expressed  in  the 
■oportionably  greater;  tlius,  if  the  most  powerful  of  thes* 
lir  iB  +  85°,  it  will  sink  the  Ihermgmetei  lo  +  2°. 


MIXTHRES. 

Phosphate  of  soda     ■ 
Nitrate  of  ammonia  - 
Diluted  nitric  acid     - 

-    i 

From  0°  to  —  34° 

S4» 

Phosphate  of  soda     - 
Nitrate  of  amm.onia- 
Diluled  mixed  acids  - 

-  3  parts 

-  2 

-  4 

From  —  34'  to  —  50> 

16 

Diluted  nitric  acid     - 

:!-"■ 

From  0=  to  —  4G° 

46  ■ 

,  Guo'l'lc 


FUEL. 
TABLE  m.—conti!tvtd. 


MIXTURES 

Th.™..r..U. 

JKidllced. 

Snow 

Diluted  sulphuric  acid 

DiluKd  nitric  acid 

-  8  pans 

-  3 

-  3 

From  -  10- 

o-Sff- 

46 

Diluted  sulphuric  acid.- 

-     ipart 

From  —  2(P 

0  —  60= 

40 

Snow  -         -         -         - 
-  Muriate  nf  lime   - 

-  3  parts 

-  4 

From  +  2(P 

0  —  48=- 

68 

.     3  pan. 

From  +  10= 

to  —  51° 

64 

Muriate  of  lime   - 

-  2  parts 

-  3 

From  —  15= 

10  —  63° 

53 

Snow  -         -         -         - 
Crrst,  muriate  of  lime  - 

-    1  part 

FroiQ  {P  to  - 

-66" 

66      . 

Snow 1  part 

Crrst.  muriate  of  W-         -     3 

From  —  40= 

to  — 73° 

33 

Diluted  sulphuric  acid  - 

-  8  parts 

-  10 

From  —  C8=' 

to— 91" 

. 

N.  B. — The  materials  in  the  first  column  are  to  be  cooled,  preriously  to  miiiug,  to  the 
temperature  required,  by  mixtures  taken  from  either  of  the  precedins  tables. 

Water  absorbs  JOOO  degrees  of  heat  in  becoming  vapor;  whence,  if  placed  in  a  Saucer 
within  an  eihansled  receiver,  over  a  basin  containing  strong  sulphuric  acid,  it  will  freeze 
by  the  rapid  absorption  of  its  heat  into  the  I'apor  so  copiously  formed  under  these  circum- 

But  the  most  powerful  means  of  artificial  refrigeration  is  afforded  by  the  evaporation 
of  liquefied  carbonic  acid  gas ;  for  the  frozen  carbonic  acid  thus  obtained  has  prolrably  a 
temperature  100°  under  zero ;  so  that  when  a  piece  of  it  is  laid  upon  quictsilver,  it  in- 
stantly congeals  this  metal.  The  more  copious  discnssion  of  this  subject  belongs  to 
(hemical  science. 

FRENCH  BERRIES;  Berries  of  Avignon. 

FRICTION,  counteraction  of;  see  Ltjebication. 

FRIT;  see  Enamel  and  Glass. 

FUEL  {Combualibk,  Fr.;  Breansloff,  Germ.) 

Such  combustibles  as  are  used  for  fires  or  furnaces  are  called  fuel,  as  wood,  turf,  pit- 
coal.    These  differ  in  their  nature  and  in  their  power  of  giving  heal. 

I.  Wood,  which  is  divided  into  hard  and  soft.  To  the  former  belong  the  oak,  the 
beech,  the  alder,  the  birch,  and  the  elm  ;  to  the  latter,  the  fir,  the  pine  of  different  sorts, 
tlie  larch,  the  linden,  the  willow,  and  the  poplar. 

Under  like  dryness  and  weight  different  woods  are  found  to  afford  equal  degrees  of^ 
heat  in  combustion.  Moisture  diminishes  the  heating  power  in  three  ways  i  by  diminish- 
ing the  relative  weight  of  Ihe  ligneons  matter,  by  wasting  heat  in  its  evaporation,  and 
by  causing  slonr  and  imperfect  combustion.  If  a  piece  of  wood  contain,  for  example,  25 
per  cent,  of  water,  then  it  contains  only  75  per  cent,  of  fuel,  and  the  evaporation  of  that 
water  will  require  ^  part  of  the  weight  of  the  wood.  Hence  the  damp  wood  is  of  less 
value. in  combustion  by  -fj  °'  ^  '''^"  '■^^  ^'y-  "^^^  quantity  of  moisture  in  newly  felled 
mood  amounts  to  from  20  to  50'  per  cent.  ;  birch  contains  30,  oak  35,  beech  and  pine  39, 
alder  41,  lir  45.  According  to  their  different  natures,  woods  which  have  been  felled  end 
cleft  for  12  months  contain  slill  from  20  to  25  per  cent,  of  water.  There  is  never  less 
than  10  per  cent,  present,  even  when  it  has  been  kept  long  in  a  dry  place,  and  thongb  it 
be  dried  in  a  strong  heat,  it  wiU  afterwards  absorb  10  or  12  per  cent,  of  water.  If  it  be 
too  strongly  kiln  dried,  its  heatii^  powers  are  impaired  by  the  commencement  of  carbon 
ization,  as  if  some  of  il3  hydrogen  were  destroyed.  It  may  be  assumed  as  a  mean  of 
many  experimental  results,  that  1  pound  of  artificially  dried  wood  will  heat  35  pounds 
of  water  from  the  freezing  to  the  boiling  point;  and  that  a  pound  of  such  wood  as  con- 
tains from  20  to  25  per  cent,  of  water  will  heat  26  pounds  of  ice-cold  water  to  the  same 
■Jegree.  It  is  better  to  bay  wood  by  measure  than  by  weight,  as  the  bulk:  is  very  litSp 
increased  by  moisture.  The  value  of  diflerent  woods  for  fuel  is  inversely  as  their  mois- 
ture, and  this  may  easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat 
of  !40°  F.,  and  seeing  how  much  weight  they  lose. 

From  every  combustible  the  beat  is  diffused  either  by  radiation  or  by  direct  commnni. 
ration  to  bodies  in  contact  with  Ihe  flame.  In  a  wood  fire  the  quantity  of  radiating  heal 
if  to  that  diffused  by  the  air  as  1  to  3  ;  or  it  is  one  fourth  of  the  whole  heating  powel 
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n.  Charcoal.  The  different  charcoaU  afford,  under  equal  weights,  equa  quantities  o' 
heat.  We  may  reckon,  upon  an  average,  thai  a  pound  of  dry  charcoal  is  capable  ol 
heilling  73  pounds  of  walec  from  Ihe  freezing  to  the  hoiling  point;  but  when  it  has  been 
for  some  time  esposed  to  the  air,  it  contains  at  least  10  per  cent,  of  water,  which  is  par- 
tially decomposed  in  the  combustion  into  carbureted  hydrogen,  which  causes  flame, 
whereas  pure  dry  charcoal  emits  none. 

A  cubic  fool  of  charcOBi  from  soft  wood,  weighs,  upon  B.n  average,  from  8  to  9  pounds, 
and  from  hard  wood  12  to  13  pounds  ;  and  hence  the  latter  are  best  adapted  to  maintain 
s  high  heat  in  a  small  compass.  The  radiating  heat  fiom  charcoal  tires  constitutes  one 
[hird  of  Ihe  whole  emitted. 

III.  Pitcoal,  The  varieties  of  this  coal  are  almost  indefinite,  and  give  out  very  va- 
rious quantities  of  heat  in  their  combustion.  The  carbon  is  the  heat^iving  constituent, 
and  it  amonnt?,  in  different  coats,  to  from  75  to  95  per  cent.  One  pound  of  good  pitcoal 
will,  upon  an  average,  heat  60  pounds  of  water  from  the  freezing  to  the  boiling  point, 
Smijl  coal  gives  out  three  fourths  of  the  heat  of  the  larger  lumps.  The  radiating  heat 
emitted  by  burning  pitcoal  is  greater  than  that  by  charcoal. 

IV.  The  coke  of  pitcoal. — The  heating  power  of  good  coke  is  to  that  of  pitcoal  os  75 
to  69.  Onepoundoftheformerwillheat  65  pounds  of  water  from  32?  10  212?!  so  that 
its  power  Is  equal  to  nine  teaths  of  that  of  wood  charcoal. 

V.  Turf  or  peal. — One  pound  of  this  fuel  will  heat  from  25  to  30  pounds  of  water 
from  freezing  to  boiling.  Its  value  depends  upon  its  compactness  and  freedom  from 
earthy  particles ;  and  its  radiating  power  is  to  the  whole  heat  it  emits  in  burning  as  1  to  3, 

VI.  Carbiireled  hydrogen  or  coal  gas. — One  pound  of  this  gas,  equal  to  about  24  cubic 
feet  disengages,  tn  burninK  as  much  heat  as  w  U  laise  76  pounds  of  water  from  the 
Ireezing  to  It  e  boiling  temperature 

In  11  e  following  table  the  fourth  column  conta  ns  the  weight  of  atmospherical  air, 
wbn'e  oifgen  is  requ  red  for  the  complete  comhuslion  of  a  pound  of  each  particular 


P  u    J8  of  V  ler 

l„j  (ig    [!,„ g 

1  pnund. 

limind. 

Perfectly  dry  wood 

3500 

6-36 

5-90 

Wood  in  Its  ordinary  slate 

26-00 

4-72 

4-47 

Wood  charcoal     - 

73-00 

13-27 

11-46 

Pitcoal     . 

6000 

10-90 

9-26 

Coke        - 

6500 

11-8 1 

ii'-ie 

Turf 

30-00 

5-45 

4-60 

Turf  charcoal 

64-00 

11-63 

76-00 

13-81 

14-58 

Oil            )      '       " 

]5-0(f 

W^^        i 

78-00 

1418 

Tallow    ) 

Alcohol  of  the  shops 

52-60 

9-56 

li-60 

The  quantity  of  air  stated  in  the  lourth  column  is  the  smallest  possible  required  to 
bura  the  combustible,  and  IS  greatly  less  than  would  be  necessary  in  practice,  where 
much  of  the  air  never  comes  into  contact  with  Ihe  burning  body,  and  where  li  conse- 
quently never  has  its  whole  oxygen  consumed.  The  heating  power  stated  In  Ihe  second 
column  is  also  the  m'lximum  eHecl,  and  can  seldom  be  realized  with  ordinary  boilers. 
The  draught  of  air  usually  carries  off  at  least  1  of  the  heal,  and  more  if  its  tempera- 
ture be  very  high  when  it  leaves  the  vessel.  In  this  case  it  may  amonnt  to  one  half 
of  the  whole  heat  or  more,  without  reckoning  the  loss  by  radiation  and  conduction, 
which,  however,  may  be  rendered  tffry  small  by  enclosing  the  fire  and  flues  within  pro- 
per non-conducting  and  non-radialing  materials. 

It  appeors  that,  in  practice,  the  quantity  of  heat  which  may  be  obtained  from  any  com- 
bustible in  a  properly  mounted  apparatus  must  vary  wllh  the  nature  of  the  object  to  be 
heated.  In  healing  chambers  by  stoves,  and  water  hollers  by  furnaces,  Ihe  effluent  heat 
in  the  chimney  which  constitutes  the  principal  waste  may  be  reduced  to  a  very  moderate 
quantity,  in  comparison  of  that  which  escapes  from  the  best  constructed  reverberatory 
hearth.  In  heating  the  boilers  of  steam  engines,  one  pound  of  coal  is  reckoned  adequate 
to  convert  7|  pounds  of  boiling  waler  into  vapor;  or  to  heat  41i  pounds  of  water  from 
the  freezing  to  the  boiling  point.  One  pound  of  fir  of  the  usual  diyness  will  evaporate 
i  pounds  of  water,  or  heal  22  pounds  to  the  boiling  temperature ;  which.is  about  two 
thirds  of  the  maximum  effect  of  this  combustible.  According  to  Watt's  experiments  upon 
the  great  scale,  one  pound  of  coal  can  boil  off,  with  the  best  built  boiler,  9  pounds  ot 
water ;  the  deficiency  from  the  maximum  effect  being  here  J2,  or  nearly  one  sixth. 

In  nian^'  casea,  the  hoi  air  which  passes  into  the  flues  or  chimneys  may  be  beo» 
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ficinlly  applied  to  the  heating,  drjing,  or  roasting  ul'  otjeets ;  but  omre  ought  lo  be  lakeu 
that  ihe  draught  of  the  lire  be  not  thereby  impaired,  anil  an  imperrecl  comhustion  of  1h« 
fuel  prodnced.  For  al  a  low  smothering  temperature  both  carbonic  oxyde  and  carburet- 
ed hydrogen  may  be  generated  from  coal,  without  the  production  of  much  heat  in  llie 
fire-place. 

To  determine  exactly  the  quantity  of  heal  disengaged  by  any  combustible  in  the  aet 
of  burning,  three  different  systems  of  apparatus  have  been  employed;  1.  the  ealorimeter 
of  Lavoisier  and  Laplace,  in  which  the  substance  is  burned  in  the  cenlreof  aressel,  whose 
walls  are  lined  with  ice  i  and  the  amount  of  ice  melted,  measures  the  heat  evolved  ;  2.  the 
calorimeter  of  Watt  and  Rumford,  in  which  the  degree  of  heat  communicated  to  a  given 
body  of  water  affords  the  measure  of  temperature;  and  3.  by  the  quantity  of  water  evap. 
orated  by  different  kinds  of  fu^l  in  similar  circnmslances. 

If  our  object  be  to  ascertain 'the  relative  heating  powers  of  different  kinds  of  fuel,  we 
need  not  care  so  much  about  the  total  waste  of  heat  in  the  esperimenls,  provided  it  be 
nali;  and  therefore  they  should  be  burned  in  Ihe  same  furnace,  and  in  the 
~      ■  lically  the  heat  is  applied,  li^e  greater  certainty  will 

there  be  in  the  results.  The  apparatus^g'.  GG3, 
is  simple  and  well  adanted  to  make  sach  com- 
parative trials  of  fuel,'  The  Utile  fnmace  is 
covered  at  top,  and  transmits  its  burned  a'r  by  e, 
through  a  spiral  lube  immersed  in  a  cislern  of 
■  r,  having  a  "  .      -       .   , 


top,  and  another  near  its  boitom,  into  little  side 
orifices  a  a,  white  (he  effluent  air  escapes  from  the 
upright  end  of  the  tube  6,  Here  also  a  ther- 
mometer bulb  may  be  placed.  The  average  in- 
dication of  the  two  Iherniomelers  gives  (he  mean 
temperature  of  Ihe  water.  As  the  water  evapo- 
rates from  the  cistern,  it  is  supplied  from  a  vessel 
placed  alongside  of  it.  The  experiment  should  be 
be«un  when  the  furnace  has  acquired  an  eqna- 
oilily  of  leinpcralure.  A  Ibiottle  valve  at  c  serves  to  regulate  the  draught,  and  lo 
equalize  it  in  the  different  eiperjmeals  by  means  of  the  temperature  of  the  effluent 
air.  When  the  water  has  been  heated  ihe  given  number  of  degrees,  which  should  he 
(he  same  in  the  different  experiments,  the  fire  may  be  extinguished,  (he  remaining  fuel 
weiijhed,  and  compared  with  ihe  original  quantity.  Care  should  be  taken  to  make  the 
combustion  as  vivid  and  free  from  smolie  as  possible. 

On  the  measurement  of  heat,  and  the  qualities  of  different  kinds  of  coal,  I  made  an 
plahirate  series  of  esperiinenla.  a  few  years  aeo.  of  which  the  following  ia  an  outline. 

The  first  and  most  celebrated,  though  probably  not  the  most  accniate  apparatus  for 
measuring  the  quantity  of  heat  transferable  from  a  hotter  to  a  colder  body,  was  the 
cilorimeter  of  Lavoisier  and  Laplace.  It  consisted  of  thtee  concentric  cylinders  of  tin 
plate,  placed  at  certain  distances  astmder ;  the  two  outer  interstitial  spaces  being  fiUed 
with  ice,  while  the  innermost  cylinder  received  the  hot  body,  the  subject  of  experiment. 
The  quantity  of  water  dischai^ed  JVom  the  middle  space  by  the  melting  of  the  ice  in  it, 
sen  ed  to  measure  the  quantity  of  heat  given  out  by  the  body  in  the  central  cj-linder. 
^  simpler  and  better  instrument  on  this  principle  would  be  a  hollow  cylinder  ofice  of 
proppr  thickness,  into  whose  interior  the  hot  body  would  be  introduced,  and  which 
would  indicate  by  the  quantity  of  water  found  melted  within  it  the  quantity  of  heat 
absorbed  by  the  ice.  In  this  case,  the  errors  occasioned  bythe  retention  of  water  among 
the  fngmenls  of  ice  packed  into  the  cylindric  cell  of  the  tin  calorimeter,  would  be 
aiouled  One  pound  of  water  at  172'  F.,  introduced  into  the  hollow  cylinder  above 
described,  will  melt  exactly  one  pound  of  ice;  and  one  pound  of  oil  healed  lo  172°  will 
melt  hall  a  pound. 

The  mdkod  of  refrigcralionf  contrived  at  first  by  Meyer,  has  been  in  modern  times 
brought  to  great  perfection  by  Dulong  and  Petit.  It  rests  on  the  principle,  that  two 
■urfaces  of  like  size,  and  of  equal  radiating  force,  lose  in  like  times  the  same  quantity 
cf  heat  when  they  ate  at  tie  same  temperature.  Suppose  for  example,  that  a  vessel  of 
polished  silver,  of  small  size,  and  very  tliin  in  Ihe  melal,  is  successively  filled  with  dif- 
lerent  pulverized  substances,  and  that  it  is  allowed  to  cool  from  the  same  elevation  of 
temperature;  the  quantities  of  heat  lost  in  the  first  instant  of  cooling  will  be  always 
equal  lo  each  other;  and  if  for  one  of  the  substances,  the  velocity  of  cooling  is  double 
of  that  for  another,  we  may  conclude  that  its  capacity  for  heat  is  one  half,  when  its 
weight  IS  the  same  ;  since  by  losing  the  same  quantity  of  heat,  it  sinks  in  temperature 
double  the  number  of  degrees. 

Tke  method  of  mirtiirea. — In  this  method,  two  bodies  are  nlways  employed ;  a  hut 
body  which  becomes  cool,  and  a  cold  body,  which  becomes  hot,  in  such  manner  ihat  all 


,  Google — ' 


ffJEL. 


S19 


tlie  caloric  which  goes  out  of  the  rormer  is  expended  in  heftlint;  the  latter.  Suppose 
for  example,  that  we  pour  a  pound  uf  quiiksilrer  al  212°  F.,  into  n  pound  of  water  at 
32°;  the  quicksilver  will  coo]  anlJ  llie  water  will  heat,  till  the  mixture  by  stirring  kc- 
quires  a  common  temperature.  If  this  lemperature  was  12^,  the  wa'er  nnd  mercuri 
would  have  equal  capacities,  since  ttie  siune  quantity  of  heal  would  prodace  in  an  enuiJ 
mass  ul  these  two  substances  equal  chaoses  of  temperature,  viz.,  an  elevation  of  90°  in 
the  water  and  a  depression  of  90°  in  the  mercury.  Bui  in  reality,  the  mixture  is  found 
lu  have  a  temperature  of  only  37i°,  showing  that  while  the  mercury  loses  17-1|°  the 
water  gains  only  5^° ;  two  numbers  in  the  ratio  of  aboot  32  lo  I ;  whence  it  is  concluded, 
that  the  CE^«city  of  mercury  is  Jj.  of  that  of  water.  Corrections  mast  be  made  for  ihe 
influence  of  the  vessel  and  for  the  heat  dissipated  during  the  lime  o   the  experiment. 

The  following  calorimeter,  founded  upon  the  same  principle  as  11.  it  of  Count  Kum- 
forii,  but  with  certain  improvements,  may  be  considered  as  an  ei,'illy  correct  instrument 
for  measuring  Leal,  with  any  of  the  preceding,  but  one  of  much  more  general  applica- 
tion, since  it  can  determine  the  quantity  of  heat  disengaged  in  combustion,  as  well  as 
the  latent  heat  of  steam  and  other  vapors. 


11  consists  of  a  large  copper  bath,  e,/(^g.B64), capable  of  holding  100  gallons  of 
Kaler.  It  is  traversed  four  times,  backward  and  forward,  in  four  diiferenl  levels,  by 
a  zig-aag  horizontal  Hue,  or  flat  pipe  d,  c,  nine  inches  broad  and  one  deep,  ending  below 
in  a  round  pipe  at  c,  which  passes  through  the  bottom  of  the  copper  bath  e,  f,  and 
receives  there  into  it  the  top  of  a  small  black  lead  furnace  h.  The  innermost  crucible 
contains  the  fuel.  It  is  surrounded  at  the  distance  of  one  inch  by  a  second  crucible, 
which  is  enclosed  al  the  same  time  by  the  sides  of  the  outermost  furnace  j  the  strata 
of  stagnant  air  between  the  crucibles  serving  to  prevent  the  heat  from  being  dissipated 
into  the  atmosphere  roand  the  body  of  the  furnace.  A  pipe  «,  from  a  pair  of  cylinder 
double  bellows,  enters  the  ash-pit  of  the  furnace  at  one  side,  and  supplies  a  steady  but 
gentle  blast,  to  carry  on  the  combustion,  kindled  at  first  by  half  an  ounce  of  red-hot 
charcoal.  So  completely  is  the  heat  which  is  disengaged  by  the  burning  fuel  absorbed 
by  the  waicr  in  the  bath,  that  the  air  dischai^ed  at  the  top  orifice  g,  has  usually  Ihe 
same  temperature  as  the  atmosphere. 

The  vessel  is  made  of  copper,  weighing  two  pounds  per  square  foot  %  it  is  5|  feet  Ion?, 
IJwide,  2  deep,  with  a  bottom  5J  feet  long,  and  Ij  broad,  upon  an  average.  Including 
tbe  zig-zag  tin  plate  flue,  and  a  rim  of  wrought  iron,  it  weighs  altogether  S5  pounds. 
Since  the  speeiilc  heat  of  copper  is  to  that  of  water  as  94  lo  1,000;  the  specific  bent  of 
the  vessel  is  equal  to  that  of  8  pounds  of  water,  for  which,  therefore,  the  exact  correc- 
tion is  made  by  leaving  8  pounds  of  water  out  of  the  600,  or  1,000  pounds  used  in  each 
esp  crime  nt. 

In  the  experiments  made  with  former  calorimeters  of  this  kind,  the  combustion  was 
maintained  by  the  current  or  draft  of  a  chimney,  open  at  bottom,  which  carried  oil'  at 
Ike  top  orifice  of  the  Hue  a  variable  quantity  of  heat,  very  difficult  to  estimate. 
_,  When  the  object  is  to  determine  the  latent  beat  of  steam  and  other  vapors,  they  mav 
bn  introduced  through  a  lube  into  the  orifice  g,  the  latent  heat  bting  deduced  from  the 
elevation  of  temperature  in  the  water  of  the  bath,  and  the  volume  of  vapor  expended 
53 
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froTn  the  quantity  of  liquid  di?chnrged  into  a  measure  gloss  from  Ihe  bottom  outlet  c 
111  tliis  case,  the  furnfice  is  of  tjurse  removeci. 

Tiie  healing  power  of  the  fuel  ii  measured  by  the  r.atnber  of  degrees  of  temparalitrs 
vhlch  (he  comhusliDii  of  oue  pound  of  it,  rabes  600  or  1,000  pounds  of  water  in  Ihl 
bath,  the  copper  subslaacc  of  the  vessel  being  taken  into  aeeount.  One  pound  o/  dry 
nooJ  cliarcoal  by  its  combustion  causes  b,U<ll)  pounds  of  water  to  hei.-ouie  20°  hullei. 
For  tlie  salie  of  bcei-ity,  we  shall  call  this  caloritie  energy  12,000  onities.  In  like  eir- 
cumstances,  one  pound  of  Llangennoek  coal  will  yield  by  combustion  i  1,500  uuilies  of 
caloric.  One  pound  of  charcoal  after  exposure  to  Ihe  air  gives  out  in  burning  only 
10,500  unities ;  but  when  previously  deprived  of  (he  moisture  which  it  so  greedily  im- 
bibes from  the  atmosphere,  it  aflords  the  above  quantity.  One  pound  of  Lamblon's 
Wall's-end  coals,  aH'ords  8,500  unities;  and  one  of  anthracite  11,000. 

It  must  he  borne  in  mind  that  a  coal  which  gives  olf  mncb  nnbnrat  carburetled  hy- 
drogen gas,  does  not  afl'ord  so  much  heat,  since  in  the  production  of  the  gas  a  great 
deal  of  heat  is  carried  olf  in  the  latent  state.  I  have  no  doubt,  that  by  this  distDktory 
prot^ss,  from  one  third  to  one  fourth  of  the  total  calorific  etfect  of  many  coals  is  dissi- 
pated in  the  air.  But  by  means  of  such  a  furnace  as  the  patent  Argand  invention  of 
Mr.  0.  W.  Williams,  the  whole  heat  produceahleby  the  hydrogen  as  well  as  the  carbon 
is  obtained;  and  it  should  be  borne  in  mind  that  a  pouudof  hydrogen  in  burning  gener 
ates  as  much  heat  as  three  pounds  of  carbon. 

Mr.  Berthier  proposes  to  determine  the  proportion  of  carbon  in  coals  an;  other  kinds 
of  fuel,  by  igniting  in  a  crucible  a  mixture  of  the  carbonnceDus  kilter  w  Jh  lithaice, 
both  finely  comminuted,  and  observing  (he  quantity  of  lead  which  is  reduced,  loi 
every  34  parts  of  lead,  he  estimates  1  part  of  carbon,  apparently  on  the  principle,  that 
when  carbon  is  ignited  in  contact  with  abnndance  of  litharge,  it  Is  convened  into  car- 
bonic acid.  Each  atom  of  the  carbon  is  therefore  supposed  to  seize  two  atoms  of 
oxygen,  for  which  il  must  decompose  (wo  atoms  of  litharge,  and  revive  two  atoms  ol 
lead.  Calling  the  atom  of  carbon  S,  and  that  of  lead  104,  we  shall  have  the  following 
ratio :— 6  r  104X2  i :  1 ;  34.66,  being  Berlhier'a  proportion,  very  nearly. 

On  subjecting  this  theory  to  the  touchstone  of  experiment,  I  have  found  it  to  be  en 
tirely  fallacious.  Having  mixed  very  intimately  10  grains  of  recently  calcined  <-''ar- 
coal  with  1,000  grains  of  litharge,  both  in  fine  powder,  I  placed  the  mixture  in  a  cruc,„.e 
whicb  was  so  carefully  covered,  as  to  be  protected  from  all  fuliginotis  fnmes,  and  ex- 
posed it  to  distinct  ignition.  No  less  than  603  grains  of  lead  were  obtained ;  whereas 
by  Berthier's  rule,  only  340  or  346.6  were  possible.  Onignilinga  mixture  of  10  grains 
of  pulverized  anthracite  from  Merlhyr  Tydfil,  with  500  grains  of  pure  litharge  (pre- 
viously fused  and  pulverized),  I  obtained  380  grains  of  metallic  lead.  In  a  second 
similar  experiment  with  the  same  anthracite  and  litharge,  I  obtained  450  grains  of  lead ; 
and  in  a  third  only  350  grains.  It  is  therefore  obvious  thai  this  method  of  Berthier  is 
altogether  nugatory  for  ascertaining  the  quantity  of  carbon  in  coals,  and  is  worse  than 
useless  for  judging  of  the  calorific  qualities  of  dificrent  kinds  of  fuel 

In  my  researches  npon  coals,  I  have  also  made  it  one  of  mj  principal  objecls  to  de- 
termine the  quantity  of  sulphur  which  they  may  contain ;  a  point  which  ha=  been 
hitherto  very  little  investigated  in  this  country  at  least,  hut  which  is  of  great  conse- 
quence, not  only  in  reference  to  their  domestic  combustion,  but  to  their  emplojment 
by  manufacturers  of  iron  and  gas.  That  good  iron  can  not  be  produced  with  a  sul- 
phureous coal,  however  well  coked,  has  been  proved  in  France  by  a  *er)  coitlj  expeii- 
enee.  The  presence  of  a  notable  proportion  of  sulphur  in  a  gas  coal  is  most  injurious 
to  (he  gaseous  products,  because  so  much  sulphuretted  hydrogen  is  generated  as  to  re- 
quire an  operose  process  of  washing  or  purification,  which  improverishes  the  gas.  and 
impairs  its  illuminating  powers  by  the  abstraction  of  its  defiant  pas,  or  bicarburelted 
hydrogen.  In  proof  of  this  proposition,  I  have  only  lo  state  the  fact,  that  I  found  in 
a  specimen  of  coal  gas  as  delivered  from  the  relorts  of  one  of  the  metropolitan  compa- 
nies, no  less  than  18  percent,  of  olefiant  gas,  while  in  the  same  gas,  after  being  passed 
throueh  the  purifiers,  there  remained  only  II  per  cent,  of  that  richly- illuminating  gas. 
By  using  a  gas-coal,  neatly  free  from  sulphur,  such  as  Ko,  4,  in  the  subjoined  list,  I 
think  it  probable  that  10  percent,  of  more  light  may  be  realized  than  with  the  common 
more  sulphureous  Coal,  This  is  an  important  circumstance  which  the  directors  of  gas- 
works have  hit..erto  neglected  to  investigate  with  analytical  precision,  though  it  is  one 
u]>an  which  tl.eir  success  and  profits  mainly  depend. 

How  little  attention  indeed  has  been  bestowed  upon  the  sulphureous  impregnatioB 
of  pit-coal  may  he  inferred  from  the  fact  that  one  of  our  professional  chemists  of  note, 
in  a  public  report,  upon  a  greol  commercial  enterprise,  stated  that  a  certain  coal  analyzeij 
by  him  was  free  from  sulphur,  which  coal  I  found  by  infallible  chemical  evidence  lo 
contain  no  less  than  7  per  cent,  of  sulphur,  being  about  the  double  of  what  is  contained 
in  English  coals  of  average  quality.  The  proportion  of  sulphur  may  in  general  he  in- 
ferred from  the  appearance  and  quantity  of  the  ashes.  If  these  be  of  a  red  or  ochrej 
lolor,  and  amount  to  above  10  per  cent.,  we  may  be  sure  that  the  coal  is  eminently 
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iiilpl'ureous,  T'he  coal  nliove  referred  to  afforded  Tron  15  lo  16  per  cent,  of  fTruein 
oils  flfhea.  I  believe  Ihiil  sulphur  esit'.s  in  coal  general!)-,  IhouEh  not  alwBVM  in  tliesiate 
ol  pyrites,  either  in  manifest  purlicles,  or  invisibly  disaeni in Bted  through  their  substance. 
Tlie  readiest  method  of  iletermining  rigidly  the  quantity  of  sulphur  in  anv  compound, 
IB  to  mix  a  given  weight  of  it  with  a  proper  irei^tit  of  carbonate  of  polassa,  nitre,  aad 
common  salt,  each  chemically  pure,  and  to  ignite  the  mixture  in  a  platinum  ciuciblc, 
A  whiEish  muss  ia  obtaiaeil,  in  which  all  the  sulphur  bas  beea  converted  into  sulphate 
of  polaasa.     By  determininlt  with  nilrale  of  baryta  the  ai 


19  of  this 


3  applied  lo  dil- 


No.  1,  hard  foliated  or  splent  coal,  specific  gravity 


4,  cubical  and  rather  soft 


i-aer 


3-10 
0-80 


Thi  ijsi  coal  heing  rich  in  bitumen,  would  prove  an  excellent  one  for  the  production 
of  a  pure  coat  gas.    See  Pitcoal. 

FUEL,  ECONOMY  OF,  In  the  report  of  the  Transactions  of  the  Insiilution  of 
Civil  Engineers  for  February,  1838, the  resuhsof  exact  comparisons  between  the  per- 
formance of  different  stcnni-eainnea  exhibit  this  economy  in  a  remarkable  manner.  I( 
is  there  ahown  (hat  a  condensing  engine  of  the  most  perfect  construction,  and  in  perfect 
coniUtion,  ot  the  common  low  pressure  craak-kind,  not  working  expansively,  performs 
a  duly  of  not  more  than  20  or  21  millions  of  lbs.  raised  one  fool  high,  by  90  or  ^4  lbs, 
of  coal ;  or  ten  Ib3.  of  coal  per  horse  power  per  head . 

The  foQowing;  table  exhibits  the  relative  value  of  liifferenl  engines  in  lbs.  of  coal  per 
horse  power  per  hour  i — 

Cornish  Pumping  Engine       -..,.-      1-57 

Bolton  and  Watt's  Single  Engine 4-82 

Cornish  Double  Engine 3-25 

Bollon  and  Watt's  Double  Engine         ....     10-5 

The  greatest  duly  performed  by  the  measured  bushel  of  84  lbs.  was  SG\  millions  of 
lbs.  There  was  raised  by  the  Huel  Towan  engine  in  Cornwall  1,085  tons  (of  water) 
oae  fjotliigh  for  one  farthiag.  Hence  the  weight  of  a  man  (IJ  cwt.J  would  be  raised 
ten  mites  for  one  penny  1 

In  order  to  raise  st^am  with  economy,  the  suWace  of  water  in  the  trailer,  expoaed  to 
(he  tire,  ought  not  lo  be  leas  Ihon  10  square  feet  per  horse  power  (  but  the  usual  allow- 
ance in  Lancashire  is  only  7J ;  and  by  Messrs.  Bonllon  and  Watt,  5  aqunre  feel. 

The  values  of  the  mean  of  the  Cornish,  Warwick,  London,  Lancashire,  and  loco- 
motive experiments,  as  reporteJ  by  Mr.  Josiah  Parkes,  were  re8pentive!y21,  18,  13|, 
anil  10  cubic  feet  of  water  evaporated  by  112  iba.  of  coals,  from  water  heateJ  to 
212=  F. 

FUEL,  GRANT'S  PATE.TT.  This  fuel  is  composed  of  coal-dust  and  coal-tar 
pitch  ;  these  materiala  are  mixed  together,  under  the  induence  of  heal,  in  the  following 
proportions ; — 20  lbs.  of  pilch  to  1  cwt.  of  coalJust,  by  appropriate  machinery 
consisting  of  cruahing-rollers  for  breaking  the  coal  in  the  first  instance  sufficiently 
small,  so  that  it  may  pass  through  a  screen  the  meshes  of  which  do  not  exceed  a  quarter 
of  an  inch  asunder ;  2[|ly,  of  mixias.pans  or  cylinders,  heated  to  the  temperature  of 
220°,  either  by  steam  or  healed  air;  and,  3dly,  of  mouldiag  machines,  by  which  llic 
fuel  is  compressed,  under  a  pressure  equal  lo  live  Ions,  iolo  the  size  of  a  common  biicki 
the  fuel  bricks  are  then  whitewashed,  which  prevents  their  sticking  together,  either  ir. 
the  coal  bankers  or  .n  hot  climates.  The  advantages  of  Grant's  fuel  over  even  Uiu 
btst  coal  may  be  stated  lo  consist,  first,  in  its  superior  efficacy  in  generating  stearri, 
which  may  be  thus  stated— 200  tons  of  this  fuel  will  perform  the  same  work  as  30i 
tms  of  coal,  atich  as  are  i^cnerally  used;  secondly,  it  occupies  less  apace;  that  is  to  say, 
"iOO  lona  of  it  may  be  stowed  in  an  area  which  will  contain  only  4C0  tons  of  coal ; 
.hirdly,  it  is  used  with  much  greater  ease  by  Ihe  stokers  or  firemen  than  coal,  and  it 
creates  little  or  no  dirt  or  dust,  considerations  of  some  importance  when  the  deiicale 
machinery  of  a  steam-engine  ia  conaidered^  fourthly,  it  produces  a  very  small  propor 
lion  of  clinkers,  and  thus  it  is  far  less  liable  to  choke  and  destroy  Ihe  furnace  bais  and 
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boilers  ths.li  cual;  fifthly,  the  ignition  is  so  complete  that  coraparatirely  little  smoke,  &nd 
only  a  Email  quantity  of  ushes,  are  proilnctnl  by  it;  sixthly,  from  the  mixture  of  the  piitenl 
fuel,  and  the  nianner  of  its  maonfacture,  it  ia  not  liable  to  enter  into  spontaneous  ignition. 
Fuel  cuieflt  Pit  Coai;.  "  Ginaidering  the  vast  importance  of  the  subject,  it  is 
somewhat  remarkable  that  no  exact  moiieuf  determining  the  true  value  of  coal  as  a  fuel 
hiis  ever  yet  been  invented.  Of  the  methods  liitherto  in  uati  there  is  not  one  -which 
deserves  the  title  even  of  an  approximatiiin  to  the  truth.  The  plan  of  Berthier,  as  has 
been  well  shown  by  Dr.  Ure,  is  beyond  all  things  falhicions,  though  this  very  plnn  is  that 
most  relied  on  by  the  experimenters  connected  with  t)ie  late  Admiralty  investigation  re- 
specting the  coals  best  suited  for  die  steam  navy.  It  needs,  hnvrever,  but  a  moment's 
reflection  to  see  that  this  process  of  Berthier  can  never  afford  a  correct  result,  for  the  agent 
employed  is  litharge,  a  substance  not  acted  on  at  all  until  exposed  to  heat  more  than 
Builicient  for  Che  expulsion  of  the  volatile  constituents  of  coal,  and  moreover  a  substance 
capable  of  being  reduced  at  high  tempunitures  by  (he  carbonic  oxide  gas  of  the  fire 
employed  to  elfect  (he  assay.  Here  then  are  two  enormons  sources  of  error ;  for  m  the 
first  place  the  hydrogenous  constituents  of  the  coal  can  never  be  estimated  at  all,  and  in 
the  second  the  litharge  by  mere  exposure  in  a  crudble  to  the  action  of  the  fire  will  give 
metallic  lead  exactly  the  same  as  if  coal  existed  in  il,  so  that  not  the  least  dependence  in 
the  world  can  be  placed  in  this  method.  !Kumerous  and  carefully  conducted  ezperinieiita 
have  fully  oontirmed  the  original  observalaons  of  Dr.  Tiro  upon  this  matter,  and,  in  fact, 
the  results  from  four  crucibles,  each  charged  with  the  same  quantities  of  coal  and  litharge, 
taken  from  the  same  massive  powder,  and  placed  side  by  side  in  the  same  furnace,  and 
treated  in  all  respects  exactly  alike,  hare  shown  a  discordance  equal  tj>  the  numbers 
in,  U2,  laa,  and  188.  To  think  of  attaching  any  value  to  any  of  these,  or  to  the 
average  which  tiiey  present,  is  to  lose  sight  of  the  most  important  province  of  chemistry 
in  its  relation  to  the  arts. 

"Another,  and  certainly  a  preferable  method,  is  to  consume  a  given  amount  of  each 
coal  in  a  calorimeter,  so  a^  to  measure  the'total  heat  disengaged  during  combustion. 
But  here,  again,  we  meet  with  difficulties  more  than  enough  to  destroy  all  confidence  in 
the  results.  Thus  it  is  not  possible  thoroughly  to  consume  the  irhole  of  the  fuel  in  this 
^ay.  Of  the  volatile  constituents  of  the  coal,  a  portion  always  passes  off  unburnt  in  (he 
shape  of  catburetted  hydrogen,  tar,  anil  soot,  whilst  of  the  carbon  or  fixed  constituents, 
p    t  '      '7  ^"^^  '"  ^^^  ^"''^  "^  carbonic  oxide  gaa,    So  that  no  real  estimate 

f   h    cal     h        lue  of  a  coal  can  be  arrived  at  in  tliis  way,  and  even  comparative 
p  n       t  worthless  from  the  great  inequalities  which  prevail  in  the   ratio 

t  th        1  1 1        d  fixed  ingredients  in  different  coals,  as  well  as  from  the  changes 
d      d  by    cc  d    tal  variations  of  draught  through  the  body  of  the  fuel    Of  course 
tl        m     bj  apply  to  what  are  called  practical  experiments,  conducted  with  any 

on    p    t     lar  f        of  furnace  or  setting  of  a  boiler,    Tlie  fbrm  of  furnace,  as  is  well 
b    w        q  t    be  adapted  to  the  fuel,  and  not  the  fuel  to  the  furnace :  nevei'theless, 

tl     Ad        Itj    xperiments  already  alluded  to,  the  only  ferra  of  furnace  and  builer 

mpl  y   I  was  tliat  called  the  Cornish  setting,  though  this  particular  form  was  eroressly 

t  d  f         d  will,  as  ia  notoriou-i,  do  justice  lo  no  other  lilnd  <jf  cnal  than  anthracite. 

H        th   p    1        ntary  reports  which  chronicles  the  results  of  the  Procrustean  theorem, 

(h    gh  y  t    1       t  wet  from  the  press,  is  even  now  rapidly  on  its  road  to  the  butter- 

h  p    h       t        I    t     by  the  humblest  of  services,  its  previous  utter  inutility  to  the 

{bl        T    t     w  th    p        e  amoont  of  heat  evolved  from  coals  during  their  com- 
I        m    t         h      be       before  remarked,  be  a  subject  of  the  greatest  possible 
tc     t  f         1 1  th    1      I  calorific  power  be  taken  into  account,  it  is  irapossihle  for  us 
t      pp        to  th    loss  wl    h  ensues  under  the  existing  modes  of  consuming  fuel.    At 
p         t   t       m    ge    rally  agreed,  that  ordinary  Newcastle  coal  will  evaporate  about 
8(  t   w   ^ht    fw  t  in  other  words,  that  a  ton  of  such  cool  will  boil  oft  or  con 

tt  t  190  lbs  f  water.  If^  however,  we  proceed  to  a  practical  analysis  of 
th  y       1    Ip"  examining,  the  heating  power  of  its  gaseous  anil  fixed  constituents, 

ft  th  se  1  be  n  separated  from  eadi  otlier,  we  shall  find  that  the  above  is  very  tal 
h    t    f  tl  t     moderate  estimate  that  can  be  formed  of  the  heat  which  must  be  dis- 

til 1  d  wh  (her  the  difference  be  lost  by  imperfect  combustion,  or  by  the  action 
f  th  h  m  y  □  what  other  way,  remains  still  to  be  decided  by  those  who  seek  to 
improve  our  piesent  modes  of  consuming  fuel.  The  following  table  represents  the  actual 
heat  evolved,  and  of  water  evaporated,  by  the  different  constituents  of  one  ton  of  the 
Newcastle  coal  called  Pelton ;  and  it  must  i>e  remembered,  that  so  far  as  chemical 
researiA  has  yet  gone,  the  heat  evolved  from  a  combustible  is  in  proportion  to  the 
amount  of  oxygen  consumed,  and  has  no  connection  with  the  particular  mechanical  state 
of  the  combustible.  For  instance,  there  is  no  reason  to  EUppo(e  that  gaseous  carbon, 
if  we  possessed  such  a  substance,  would  evolve  either  more  or  less  heat  than  its 
equivalent  weight  of  solid  carbon,  in  combiping  with  the  same  quantity  of  oxygen  gas. 
Whether,  therefore,  we  regard  the  constituents  of  coal  as  existing  in  the  solid  or  gase.iui 
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1   does  n  t  a    o  d    ^  t    our  present  Iniowlpdge,  alter  the  prnporti 
' '"  -'-  1   uld  g  ve   out   during   thdr   perfect  osiJatioo. 


1   It  D        1  afr   d 

10,000  cubic  feet  of  gaseous  matters, 
10  gallons  or  about  125  lbs.  of  tar, 
and  41  bushels  or  16S0  lbs.  of  coke  ; 
and,  by  experiment,  it  has  been  fimnd  that  the  above  gas  before  purification  will  boil  off 
for  every  cubic  f.iot  consumed  lOJ  ounces  of  water;  that  3  gallons  of  tar  are  equal  to 
nhoiit  one  busliel  of  coke ;  and  that  the  coke  will  boil  off  10  times  its  weigljt  of  water 
Hence  we  have  the  total  amount  of  water  evaporated  as  under : 

10.000  cubic  feet  of  gas  at  lOJ  ounces  per  foot  =  6587  lbs. 
10  gallons  of  tar  eqvial  to  3-33  bushels  of  coke  ^  1368  lbs. 
1680  lbs.  of  coke  nt  10  lbs.  cer  lb.         ■         -    =  168U0  lbs. 

Total  84702 
or  upwards  of  11  lbs.  of  water  for  every  lb.  of  coal.  It  happens,  however,  that  even  this 
estimate  is  too  low,  and  tliat  actual  experimer.s  on  this  very  coal  allows  its  true  lieating 
power  to  bo  not  less  tlian  12.  To  elucidate  this  it  becomes  necessary,  however,  to  enter 
into  an  explanation  of  the  means  employed  for  ascertaining  the  precise  amount  of  heat 
evolved  by  any  combustible  during  its  complete  oxidation,  and  which  is  perhaps  the  only 
approacli  to  accuracy  that  has  yet  been  proposed  with  this  view.  A  copper  vessel 
Ehaoed  !ike  a  parallelogram,  ajid  having  in  its  ends  two  small  openings  provided 
witli  stop  cocks,  lias  also  in  its  lower  surface  a  larM  opening  of  two  mehes  in  diameter 
terminating  in  a  tube  or  neck  of  about  two  inches  m  leuglh  and  fitted  with  an  earthen- 
ware plug  or  stopper.  This  parallelogram  is  enclosed  in  another  and  larger  one,  capable 
of  holiiing  in  addition  20  lbs.  of  water.  The  siualier  vessel  should  liave  an  internal 
capadty  of  about  half  a  cubic  foot,  or  800  cubic  inches,  and  the  different  openings  must 
p^  out  of  and  through  the  larger  yesseL  The  earthenware  stopper  is  to  be  provided 
with  two  small  openings,  in  which  pass  two  insulated  copper  wires,  and  on  the  top  of  the 
stopper  is  a  eavity  capable  of  holding  50  ^ms  of  coal  in  coarse  powder,  through  which 
a  fioG  platinum  wire  passes  connected  with  the  terminal  ends  of  tlie  two  copper  wires, 
and  over  the  whole  a  cage  of  stout  platinum  wire  is  placed  so  as  to  prevent  the  coal  from 
being  thrown  out  during  the  experiment,  and  also  to  insure  the  complete  combustion  of 
all  tlie  volatile  and  fuliginous  matter.  To  use  this  apparatus,  50  grains  of  the  coal  in 
question  are  placed  in  tbe  cavity  of  the  stopper,  and  the  necessary  connections  being 
made  by  means  of  a  fine  platinum  wire,  the  cage  is  applied,  and  the  whole  inserted  in 
the  neck  or  opening  left  for  it,  and  wliich  it  hermetically  closes;  as  soon  as  this  is  com- 
pleted, a  current  of  oxygen  gas  is  made  to  traverse  the  smafler  vessel  by  means  of  the 
Btop-cocEs  in  the  sides,  and  this  is  continued  until  the  atmospheric  air  being  almost 
wholly  expelled,  the  vessel  remains  full  of  oiygen  gas ;  when  this  is  the  case  water  must 
be  poured  into  the  larger  veasei,  ajid  a  piece  of  ice  introduced  into  it  until  the  tempera- 


n  about  5°  below  thai 
and  the  coal  lighted  by  means  of  i 
applied  but  fur  a  moment  to  the 
stopper.  Ignition  instantly  ensues, 
of  the  water  in  the  lai^r  vessel  i 
proper  agitati         ''  ' 


of  the  apartment,  when  tbe  ice  must  be  withdrawn, 
,  email  galvanic  battery,  the  poles  of  which  need  be 

cypor  wires  which  pass  through  the  earthenware 
ind  is  finished  in  two  or  three  seconds,  when  the  heat 
mat  be  ascertained  by  a  delicate  thermometer,  after 
-J  t„  ^),g  (jjg  nsual  precautions  followed  ii 


experiments  of  this  kind,  and  to  surround  the  whole  of  the  lai-ger  vessel  by  i 
dnotors  of  caloric,  having  carefully  determined  beforehand  the  absorption  of  heat  due  to 
the  apparatus,  so  that  this  may  bo  added  ta  that  of  the  water;  the  water  itself  should 
either  be  actually  weiglied  or  measured  with  great  accuracy  at  a  mean  temperature,  and 
tlie  ice  must  also  be  weighed  before  and  after  immersion.  The  accompanying  sketch  in 
lection  will  perhaps  laciliEate  the  comprehension  of  this  instrument 

^   ,.i=a  *  *>  cover  made  of  wood  ■  b    larger 

vessel  of  copper     o  smaller    e=8e      f 

r     T,    entrance  for  ox  gen  t  s 

t  for  atmospheric  a       f    ;  1 
cage      a    earll  en  wire    stopper 


lelesa    I    y   embrace     ub 
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stBtifkllf  many  of  the  beat  esteblislied  amis,  and  as  might  d  prion  be  imaguiei!   tt\ej 

moreover  demiinstrnte  in  ao  undeniable  nmnner  the  euperiuricy  ol  bltumini 

cilio  coals  and  » '"  '""       '*     "' "  ''  "  "    ' 

foregone  conclusin 

Dr.  Flajfair.     Th 

tbe  eva|)oralive  power  of  eacli,  deduced  by  assuming  9B0  as  the  latent  heat  of  ateain. 


MijijioiuiLrniB  JTI  uu  unoc»iauiu  iiiiuintrr  ijjti  enperiuriiy  oj  DicumiQOU^  o\  ti  aiilitra^ 
8  and  coke, — a  portion  direelly  the  reverse  of  the  abauri  asaumpfions  and 
conclusions  containeJ  in  tlie  pai'liamentary  report  of  Sir  H,  de  la  Beche  nnd 
fair.     The  following  is  a  tabular  view  of  these  reauks    with  a  column  eh  wing 
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Comparing  these  resulta  with  tlie  actual  working  of  most  of  tiie  above  bituminous 
coals,  it  Appears  that  very  nearly  one  half  of  nil  the  heat  eiolved  is  lost  in  practice,  and 
either  (laaaes  oflF  in  the  shape  of  uiicnnsumed  fuel,  or  is  wasted  in  the  chimney.  With  a 
view  to  a.'certain  how  much  of  the  losa  ia  due  to  this  Utter  circumstance,  Mr.  F.  J.  Evans, 
the  eminent  engineer  of  the  Weatminsler  station  of  the  Chartered  Gas  Company,  made 
some  time  ago  an  experiment  bearing  upon  this  subject,  am!  in  which  the  !oas  of  heat  is 
nccesF>&  ily  very  hi;:!],  from  the  fact  that  the  substance  heated  by  the  furnace  was  almost 
wliite  hot,  whe'reaa  in  a  steam  boiler  the  temperature  never  exceeds  800"  of  Fahr.  Mr. 
Evans's  experiment,  which  shows  no  trifling  amount  of  ingenuity,  nevertheless  demon- 
strat*a  that  not  more  than  3  per  cent,  of  the  fuel  passes  off  by  the  heat  of  the  chimney  ; 
eonseqnenfly  at  least  16  times  thia  amount  must  be  lost  by  imperfect  combustion,  and  fly 
away  m  the'  shape  of  earburetted  liy Jnigen,  tarry  vapour,  or  carbonic  oside ;  thua  leav- 
ing a  wide  field  for  improvement  inhuming  and  applying  fuel.  We  give  the  follownw; 
in  Mr.  Evans's  own  words. 
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"■Eiperinienta  on  waste  heat:  to  determina  the  quantity  of  beat  going  away  to  liie 
cbimncv  fn>[n  a  setting  of  8  retorts  A  deal  box  was  conatructed  of  tlie  futluwiag  iliinen- 
eiijTis;  Ini^tli  5  feet  6  inches,  width  11  inches,  and  deptli  7  inches,  and  quite  watei'-ti|;]it, 
W  itliin  this  box,  and  running  through  it,  waa  placed  an  iron  tube  of  the  foUorfing  dimifi- 
sions  ;  length  81  inchea.  width  9  inches,  depth  3  inches.  This  tube  formed  by  subsequent 
arrniigemeut  a  porlion  of  the  tlue  through  ivhirh  the  air  from  the  furnace  passed  to  tlie 
chiinney,  as  is  shown  in  the  sketch  balow,  where  a  represents  an  iran  plnle  closing  the 
mpelling  the  hot  air  to  paEjs  through  the  imn  lube  contamed  in  iht 
'"  be  explained. 


U 


"'Mailers  being  thus  arranged,  and  the  iron  plate  at  A  securely  fixed,  it  r"«Bsarily 
fallowed  that  all  the  heat  fi'om  the  setting  of  8  retorts  passed  ll-rough  the  81  inehe.n  of 
iion  tube  contained  in  the  box,  and  would  tlierefiire  impart  heat  to  the  water  placed  in 
lliat  box,  wliich  was  filled  with  this  fluid  at  71°  Fahr.  to  the  e;  tent  of  113  lU  This 
water  Iwing  kept  in  eonstant  motion  afforded  the  annexed  thermoi  -etric  indications. 

Commenced  experiment  at  6'45         .  .  .  .  .         "l" 


71)7 


150 


LIS  showing  that  1 
i  lbs.  of  water  a 
;88  lbs.  of  such  \ 
>  stenni  in  the  sam 
e  than  10  ti 


9  lbs.  of  water  were  raised  89°  in  22  luiuutes,  which  is  equal  to 
82°  made  to  boil  in  each  minute.  Consequeltly  in  24  hours 
ater  might  be  made  to  boil,  or  6041  Ibe.  of  water  be  converted 
:  period  of  time,  and  as  coke  will  evaporate,  according  to  Lavoisier, 
1  weiglit  of  water,  this  implies  the  Consumption  oE  nearly  6(H  Iba. 
of  coke,  the  heat  of  which  is  entirely  lost  in  the  chimney.  And  if  this  be  compared 
with  tbe  total  coke  consumed  for  24  hours  in  the  same  setting  of  retorts,  it  amounts  ts 
abimt  3  per  cent,  only,  and  is  therefore  under  the  circumstances  remivkably  trifling.' 
Hence  it  would  appear,  as  has  been  before  remarked,  that  some  very  considerable 
improvements  are  needed  in  the  present  mode  of  consuming  bituminous  coals.  The  pro- 
bability is,  that  d  flat  boiler  surfece  exposed  freely  t*  a  single  sheet  of  flame  from  sudi 
I    ■   tl  e  beat  f   m  f      t  ■   c    1  ■     tf   1 1  w  fl  t  Ik    tl        e-1        f     ' 

"      "  d     ool  th  n     "  "    "  " 
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FULGTJRATION ;  designates  (he  »udden  briglitemna  of  the  melted  gold  Jind  silver 
in  ttie  cupel  of  tiie  assayer,  when  the  last  film  of  vitreous  lead  and  copp'ir  leav^ 
their  sutfiice. 

FULLER'S  EARTH,  (Ifrre  d  foalan,  Arqik  Swechgwe,  Fr.;  Walkererde,  Germ.) 
is  a  soft,  friable,  coarse  or  fine  gramefl  mass  of  hthomaige  clay.  Its  colour  is  freenish, 
ar  yellowish  gray ;  it  is  dull,  but  assumes  a  fatty  lustre  upon  pressure  with  the  fingers, 
feels  unctnons,  does  not  adhere  to  the  tongue,  and  has  a  specific  gravity  varyii'^  from 
132  to  219.  It  fella  down  readily  in  water,  into  a  fine  powder,  with  extrication  of  air 
bubbles,  and  fijrms  a  non-plastic  paste.  It  melts  at  a  high  heat  into  a  brown  slag  Its 
constituents  are  63'0  silica;  100  alumina;  975  red  oside  of  iron;  125  magnesia;  0*5 
li'ne;  24  water,  widi  a  trace  of  potanh.  Its  cleansing  action  upon  woollen  stufR 
depends  upon  its  ptiwer  of  absorbing  greasy  matters.  It  should  be  neither  tenad  ua 
tot  sandy  ;   for   in   tlie   first  case,   it  would  not   diffuse   itself  well   through  wa  t. 
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suit  in  the  secont!  il  would  abrade  the  clolh  too  much.  The  finely  divided  silica  is  one 
ufflsiisrfulinsrediFnIs. 

FuUer'f  earlh  is  found  in  several  connties  of  England  j  but  in  greatest  abnndance  in 
Eeilfordshire,  Berksliire,  Hampshire,  and  Siirry. 

In  Ihe  county  of  Surry  lliere  are  greal  quantities  of  fuller's  earth  found  about  Nut- 
fiplil,  RyegBte,  and  Blechinffley,  10  the  south  of  the  Downs,  and  socje,  b'>t  of  inferior 
quality,  near  Suiton  and  Croydon,  lo  Ihe  north  of  thorn.  The  most  considerable  pits 
nre  near  NulGeld,  between  which  place  and  Rye^ate,  pnrticularly  on  Redhill,  about  a 
mile  lo  the  east  of  Ryegele,  it  lies  so  near  the  surface  as  freqiienlly  lo  he  turned  up  by 
the  wheels  of  the  wagons,  The  fuU-^r^s  earth  lo  the  north  of  Ihe  road  between  Ketl- 
hiU  and  Nutfielrl,  and  about  a  quarter  i.f  a  mile  from  Ihe  latter  place,  is  very  thin;  the 
senm  in  !;eneral  is  Ihicliest  on  the  snell  of  the  hill  to  the  soulb  of  the  road.  I(  is  not 
known  how  lone  (his  earth  has  been  dui;  in  Sorry;  the  oldest  pit  now  wrought  is  said 
lo  have  lasted  between  50  and  60  years,  but  it  is  fas',  wealing  out.    The  seam" of  fuller's 

4'ith  a  considerable  ansle.  There  are  (wo  kinds  of  ii,  the  bine  and  the  yellow;  the 
former,  on  the  eastern  side  of  the  pit.  is  frequently  within  a  vlird  of  the  surface,  being 
covered  merely  with  (he  soil — a  tough,  wet,  clayey  loam.  A  few  yards  'o  (he  west, 
the  blue  liind  apiieai-s  with  an  irony  sand-srone,  of  nearly  two  yards  in  thickness,  beiweea 
it  and  (he  soil.  Theiilne  eailb  in  this  pit  is  nearly  16  feet  deep.  In  some  places  the 
yellow  kind  a  fonnd  lying  upon  the  blue  ]  (here  seems,  indeed,  to  be  no  regularity  either 
in  the  position  or  inclination  of  the  strata  where  the  fuller's  earlh  is  Ibund,  nor  any  maik 
by  which  its  presence  could  be  delected.  Il  seems  rather  thiown  in  patches  (ban  laid  in 
any  continued  or  regular  vein.  In  (be  midst  of  the  fuller's  earth  are  often  foimd  large 
pieces  of  stone  of  a  yellow  color,  translucent  and  remarkably  heavy,  which  have  been 
found  lo  he  sulphate  nf  bary(es,  encrusted  with  qnartzose  cryslals.  These  are  carefully 
removed  from  the  fuller's  caith,  as  the  workmen  say  they  often  spoil  many  tons  of  il 
which  lie  about  them.  There  is  also  found  with  the  yelkiw  fuller's  ear(h  a  daik  brown 
crust,  which  the  Wiirkmen  consider  as  injurious  alto.  In  Sinrrythe  price  of  fuller's  eailh 
seems  to  have  varied  very  little,  at  least  fur  these  losl  80  years.  In  1T30,  (he  price  at 
the  pit  was  6d  a  sack,  and  6a,  per  load  or  (on.  In  IT44,  it  was  nearly  the  same.  It  is 
carried  in  wasons,  ench  drawins  fi-otn  three  lo  four  (ons,  (o  the  beginning  of  (he  iron 
railway  near  Weslbom,  along  which  it  is  taken  (o  the  banks  of  the  Thames,  where  it  a 
sold  at  Ihe  diflerent  wharves  for  abont  26s.  or  26s.  per  ton.  It  is  then  shipped  off  either 
to  the  north  or  west  of  England. 

The  next  characlerislic  slralum,  owing  to  its  fomiinji  a.  tidee  of  ccnspicuons  hills  ihrongh 
the  country,  is  the  Wobuvn  land,  a  thick  ferruainoas  stratum,  which  below  its  middle  con- 
tains a  slralum  of  fuller's  earth.  This  is  thicker  and  more  pure  in  Aspley  and  Hogstye- 
end,  (wo  miles  norlb  west  of  Woburn,  than  in  any  known  place. 

Fuller's  earlh  is  found  at  Tillinglon,  and  consumed  m  the  neighboring  fulling  mills. 

Mode  of  preparing  fuller's  earth; — 

After  baking  it  is  Ihtown  inio  cold  water,  where  il  falls  into  powder,  and  (he  separ- 
ation of  the  coarse  fram  Ihe  fine  is  effectoally  accomplished,  by  a  simple  method  used  in 
the  dry  color  manufactories,  called  washing  over.  It  is  done  in  ihe  following  mnnner : 
Three  or  four  tubs  are  connected  on  a  line  by  BpOHlS  from  (heir  tops;  in  ihe  first  the 
earlh  is  beat  and  sliried,  and  the  water,  which  is  continually  running  from  Ihe  firsl  lo 
the  last  through  inlerme.;;ile  ones,  carries  with  it  and  deposites  the  fine  whilst  the  coarse 
settles  in  the  Jiisl.  The  advantages  to  be  derived  fram  ibis  operation  are,  (hat  Ihe  Iwo 
ilinds  will  be  much  fitter  for  their  respective  purposes  of  cleansing  coarse  or  fine  elolh  ; 
for  without  baking  (he  earlh  they  Would  be  unfil,  as  before  noticed,  to  incorporate  so 
minulely  with  the  water  in  il?  native  stale ;  it  would  neilher  so  readily  fnll  down,  nor  so 
easily  be  divided  mlo  different  qua! ilies,  without  the  process  of  washing  over.  When  fuel 
is  scarre  for  baking  ihe  earth,  il  is  broken  into  pieces  of  the  same  siie,  as  mentioned 
above,  and  then  exposed  to  tlie  heat  qf  the  sun. 

The  various  uses  of  fuller's  earth  may  be  shortly  explained.  According  lo  the  above 
melbcKi,  the  coarse  and  fine  of  one  pit  being  separated,  the  first  is  used  for  clolhs  of 
an  inferior,  and  the  second  for  (hose  of  a  superior  qualily.  The  yellow  and  the  blue 
earths  of  Surry  are  of  differenl  qualities  naturally,  and  are,  like  the  above,  obtained  arli- 
fitially,  and  used  for  diflrrenl  purposes.  The  former,  which  is  deemed  the  besl,  is 
employed  in  fulling  Ihe  kersejmeres  and  finer  cloths  of  Wiltshire  and  GloucesterEhiie, 
whilst  Ihe  blue  is  jirincipolly  sent  ipio  Yorkshire  for  the  coarser  cloths.  Its  effect  on 
Ihese  cloths  is  owing  lo  the  affinity  which  alumine  has  for  greasy  substances ;  it  unilei 
readily  with  them,  and  forms  combinations  which  easily  allach  themselves  lo  difierenl 
etuffs,Bnd  thereby  serve  the  purpose  of  mordants  in  Some  measure.  The  fullers  generally 
apply  il  before  ibey  use  the  soap. 

FULLING;  for  the  'Jieory  of  the  process,  see  Felting  and  Wool, 

FULLING  MILL.    Willan  and  Ogle  obtained  a  patent  in   1825  for  improved  ful- 
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machinerj-,  designed  lo  net  in  tt  sim- 
way  lo  the  ordinary  slorksj  in  wliich 
IS  are  beaten,  for  the  purpose  of  wash 
and  ihielienin*  them;  but  the  standard 
the  bed  of  the  stoclis  are  made  of  iron 
-ml  of  wood  as  heretofore ;  and  a  stesn; 
i  is  placed  utider  the  bed,  for  bealins 
bllis  dnrine;  the  operation  of  fulUn^ ; 
hereby  their  appearance  ia  Eaidtobe  great- 


"  Fig.  667  is  a  section  of  the  fttlling 
i-hine  or  slocks  j  a  is  a  casl-inm  pillar, 
4e  hutlow  for  the  sake  of  lillhtness ;  b 
Ihe  bef)  of  the  stocks,  made  also  of  iion, 
<  polished  smooth,  the  side  of  the  stock 
ns  removed  to  Show  the  interior ;  c  is 
■  lever  that  carries  (he  beater  d.  The 
nliillis  are  to  be  placed  on  Ihe  bed  b,  at 
:r  allowed  to  pass  throuah  Ihe  slock,  when  by  the  repealed  blows  of  the 
tealer  rf,  which  is  raised  and  let  fall  in  the  usual  -.ay,  Ihe  cloths  are  beatenj  and  become 
cleansed  and  fulled. 

A  part  of  Ihe  bed  at  e,  is  mEide  hollow,  for  Ihe  purpose  of  forming  a  steam  box,  into 
which  stea:n  from  a  boilr-r  is  inlrodiiced  by  a  pipe  with  a  slop-cock.  This  steam  heals 
Ihe  bed  of  the  stock,  and  f  reatly  facilitates,  as  well  as  improves  the  process  of  cleansing 
and  fulling  ihe  clolhs. 

The  smoothness  of  the  surface  of  the  pnlisl:H  mela!,  of  which  the  bed  of  Ihe  stock  k 
constituted,  is  said  to  be  very  much  preferahle  lo  the  roughness  of  the  surface  of  wood 
of  which  ordinary  fullins  stocks  are  male,  as  by  these  iron  stocks  less  of  the  nap  or  feit 
of  Ihe  cloth  is  removed,  and  its  appearance  when  hnished  is  T°ry  much  superior  to  cloths 
fiilleil  in  ordinary  stacks. 

In  the  operalion  of  fulling,  the  cloths  are  Inrned  over  on  Ihe  bed,  by  tUe  faliini;  of  the 
beaters,  but  this  turnin|:  over  of  the  clolhs  will  depend  in  a  great  measure  upon  the  forcn 
of  the  front  or  breast  of  the  stock.  In  these  improved  slocks,  therefore,  there  is  a  con- 
trivance by  which  the  form  of  Ihe  front  may  be  vaiied  ftt  pleasure,  in  order  to  suit  cloths 
of  dilferent  qualities;  y,  is  a  moveable  curved  plate,  eonstilulin;  the  front  of  the  stock; 
its  lower  part  is  a  cylindrical  rod,  extending  along  the  entire  width  of  the  bed,  and  being 
fitted  into  a  recess,  forms  a  hin^e  joint  upon  which  the  curved  plate  moves ;  g,  is  a  rod 
attached  to  the  back  of  Ihe  cnrved  plate  /,  with  a  screw  thread  upon  it ;  this  rod  passes 
throagh  a  nut  ft,  and  by  t':;r"ing  this  nut,  the  rod  is  moved  backward  or  forward,  and  con- 
sequently the  position  ot  the  curved  plate  altered. 

The  nut  k,  is  a  wheel  with  teeth,  taking  into  two  other  similar  toothed  wheels,  one  on 
each  side  of  il,  which  are  likewise  the  nuts  of  similar  rods  jointed  lo  the  back  of  tlia 
curved  plate/,-  by  turning  the  central  wheel,  therelbre,  which  may  he  done  by  a  winch, 
Ihe  other  two  wheels  are  turned  also,  and  the  cnrved  plate  moved  backward  or  forward. 
At  the  upper  part  of  Ihe  plate  there  are  pins  passing  through  curved  slots,  mhicli  act  as 
guides  when  the  plate  is  moved. 

The  patentees  state  in  conclusion,  that  steam  has  been  employed  before  for  heatin; 
cloths  while  fulling  them,  they  therefore  do  not  exclusively  claim  its  use,  except  in  the 
particular  way  described ;  the  advantages  arising  from  the  construction  of  iron  stocks, 
with  polished  surfaces  in  place  of  wooden  ones,  together  with  the  moveable  cnrved  plaies 
described,  are  jn  Iheir  opinion  "sufficiently  important  to  constitute  a  patent  ri^bi.'' 

FULMINATES,  or  JidmiuaUng  powiiert.  Of  these  explosive  compounds  there  are 
several  species;  Such  as  fulminating  gold,  mercury,  platinum,  silver;  besides  the  old 
fusible  mixture  of  nitre,  sulphur,  and  potash.  The  only  kind  at  all  interesting  in  a  man- 
ufacturing point  of  view  is  the  fulminate  of  mercury,  now  so  extensively  used  as  a  pri- 
ming to  the  caps  of  percussion  locks.  Harini:  published  a  paper  in  the  Journal  of  the 
Royal  Instil ulion  for  183 1,  upon  gunpowder  (see  Gunpowder),  the  result  of  an  elaborate 
Eiiile  of  experiments,  I  was  soon  afterwards  requested  by  the  Hon,  the  Board  of  Ordnance 
to  make  such  researches  as  would  enable  me  to  answer,  in  a  satisfactory  practical  manner, 
a  series  of  questions  upon  fulminating  powders,  subservient  to  the  future  introduction  of 
percussion  muskets  into  the  British  anny.  The  foilowing  is  a  verbatim  copy  of  my  re- 
port upon  the  subject : — 

To  the  Secretary  of  ihe  Board  of  Ordnance. 

"  Sib,— I  have  the  honor  of  informing  you,  for  the  instruction  of  the  Honorable  the 

IVIastcr  General  and  the  Boai-d  of  Onlnance,  tiiat  the  researches  on  fulminating  Liercury, 

»hicli  I  undertook  by  their  desire,  have  been  brought  to  a  satisfactory  conclusion,  after 
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R  numerons,  diversified,  and  somewhat  hazardona  series  of  exptriments.  The  folIowi..j 
are  ihe  questions  sLiboiilted  to  me,  with  their  respective  answers:^ 

Qu,eiHo-i  I.  What  proportions  of  merciirlf,  wilh  nitric  aoiJ  and  alcohol  of  ceriaiw 
strengths,  will  yield  the  greatest  quantity  o(  pure  fulminate  of  miircury  ? 

^jiswfy.  One  hundred  parts,  by  weisht,  ut  mercury,  mosl  be  dissolved  with  a  aenlk 
heal,  in  1000  parts  (also  by  weisht)  of  nitric  acid,  spec.  er.  I'4i  and  this  snlulion,  al 
Ihe  temperaiure  of  tfbout  130°  Fahr.,  must  be  poared  into  830  parta  by  weight  of  alcoliol 
spec.  St.  0-330. — Note.  830  parts  of  such  alcohol,  by  weight,  constitute  1000  by  measure  , 
and  1000  parts  of  such  nitric  acid,  by  wei^hl,  consliliite  740  by  measure.  Kenee,  ip 
round  numbers,  one  ounce  weighl  of  qaicksilver  must  be  dissolved  in  TJ  oz.  measures  of 
the  above  desisnated  nitric  acid,  and  the  resulting  solution  must  be  poured  into  10  oz 
measurps  of  Ihe  said  alcohol. 

Qi«!(ion  2.  What  is  the  most  elonomiial  and  safe  process  for  condocting  the  tnsnipa 
lation,  either  as  regards  the  loss  of  nilious  gas  and  residuum,  or  as  respects  danger  to 
the  operator  ;  also,  what  is  the  readiest  and  safest  mode  of  mixing  the  fulminate  inti- 
mately wilh  its  due  proportions  of  common  gunpowder. 

A'isater,  The  mercury  should  be  dissolved  in  the  acid  in  a  glass  report,  the  beak  of 
which  ia  loosely  inserted  into  a  large  balloon  or  bottle  of  glass  or  earthenware,  whereby 
the  ofTensive  fumes  of  the  nitrous  gas  diseneated  durint;  the  solution,  aic.  In  a  consider 
able  measure,  condensed  into  liquid  acid,  which  should  be  returned  into  the  retort.  Ai 
Eoiin  as  the  mercury  is  all  dissolved,  and  the  aolu lion  has  acqulied  Ihe  prescribed  tem- 
perature of  about  130°,  it  shoulil  be  slowly  poured,  through  a  glass  or  porcelain  funnp'., 
into  the  alcohol  contained  in  a  glass  matrass  or  hollle  capable  of  holding  fully  6  limes 
the  bulk  of  the  milled  liquids.  In  a  few  minutes  bubbles  of  gas  will  proceed  from  the 
butliim  of  the  liquid;  these  will  gradually  increase  in  number  and  magnitude  till  a  gen- 
eral fermenlRlive  commotion,  of  a  very  active  kind,  is  generated,  and  the  mixture  assumes 
a  somewhat  frothy  appearance.  A  white  voluminous  gas  now  issues  from  the  orilice  of 
the  matrass,  which  is  very  combustible,  and  mnsi  be  suffered  to  escape  freelj  into  the 
air,  at  a  distance  from  hny  flame.  These  fumes  consist  of  an  ethereous  gas,  holding 
mercury  in  suspension  or  combination.  I  have  made  many  experiments  with  the  view 
of  condensing  tliis  gas,  or,  al  least,  the  mercury,  but  with  manifest  disadvantase  to  the 
perfection  of  the  process  of  producing  fnlminale.  When  the  said  gas  is  transmitted, 
through  a  ^tass  tube,  into  a  watery  solution  of  carbonate  of  soda,  a  little  oxyde  of 
mercDry  is,  no  doubt,  recovered ;  but  the  pressure  on  the  fermentative  mixture,  ihouch 
slight,  necessary  to  the  displacement  of  the  soda  solution,  seems  to  obstruct  or  impair 
the  generation  of  the  fulminate;  this  effect  is  chiefly  injurious  towards  the  end  of  iha 
operation,  when  the  gaseous  fumes  ate  strongly  imprei;nated  with  nitrous  gas.  When 
this  is  not  allowed  freely  to  come  ofl;  a  portion  of  subnilrate  or  nitrate  of  mercury  is  apt 
lo  be  formed,  10  the  injury  of  the  general  process  and  Ihe  product. 

As  soon  as  the  effervescence  and  concomitant  emission  of  gas  are  observed  lo  cease, 
the  contents  of  the  matrass  should  be  turned  out  upon  a  paper  double  fllter,  fitted  into  a 
^lass  or  porcelain  funoel,  and  washed  by  the  affusion  of  cold  water  till  the  drainings  no 
lonKrr  redden  litmus  paper.  The  powder  adhering  to  the  maliass  should  be  washed  oul 
and  thrown  on  the  filter  by  the  help  of  a  liille  water.  Whenever  the  filter  i*  Ihorouahlj 
drained,  jt  is  to  be  liAed  out  of  the  funnel,  and  opened  out  on  plated  copper  or  stona 
ware,  heated  to  212^  Fahr.  by  steam  or  hot  water.  The  fulminate,  being  thus  dried,  is  to 
be  put  up  in  paper  parcels  of  about  100  Grains  each  ;  the  whole  of  which  may  he  afler- 
wards  packed  away  in  a  tisht  box,  or  a  bolile  with  a  co^k  stepper.  The  excellence  of 
the  fulminate  may  be  ascertained  by  the  following  charsclers.  It  consists  of  brownish- 
gray  small  crystals  which  sparltte  in  the  sun,  are  transparent  when  applied  to  a  slip  of 
glass  wilh  a  drop  of  water,  add  viewed  by  tiansmiiled  light.  These  minute  siwngles 
are  entirely  soluble  in  130  limes  Iheir  weight  of  boiling  water  ;  that  is  lo  say,  an  imperial 
pint  of  boiling  water  will  dissolve  67  srs.  of  pure  fulminate.  Whatever  remains  indicates 
impurity.  From  tliat  solution  beauliful  pearly  spangles  of  fulnjinate  fall  down  as  the 
liquid  cools. 

It  may  now  he  proper  lo  show  within  what  nice  and  narrow  limits  the  best  proportions 
of  the  ingredients  used  in  making  the  futminate  of  mercory  lie.  The  foltowiiig  are 
selected  from  among  many  experimenis  instituted  to  determine  that  point,  as  well  as  the 
most  economical  process. 

1.  According  to  the  formula  given  by  the  celebrated  chemist  Serzetins,  in  Ihe  4lh 
vol.  of  his  "Traill  de  Chimie,"  recently  published  (p,  383),  the  mercury  should  be 
dissolved  in  12  limes  its  weight  of  niiric  acid,  sp.  gr.  1-375;  and  alcohol  of  sp.  gr. 
3'850,  amounting  to  16-3  limes  the  weight  of  the  mercury,  should  be  poured  al  inler- 
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nearly  than  whnl  is  necessan',  »ncl  almosl  foiir  limes  the  weight  of  alcohol  which  is 
bi^TifficLiil.  or  alcohol  al  O'HS,  8-3  paru  tiy  nrpizhi  are  snflicienl ;  whereas  IIerzeliu» 
prescribes  nearly  4  limes  (his  quantity  in  weight,  though  the  aicoliol  is  somewhat  weaker 
beiuE  of  sji.  gr.  0-850.  By  using  such  an  excess  of  alcohoi,  much  of  the  fulminate  is 
i|il  la  be  reviled  into  globules  of  quiclisilver  at  the  end  of  the  process,  as  I  shcxed 
in  my  nancr  on  Itiis  snhjecl  pabiished  in  the  Joarnal  of  the  Royal  Instil-lion  two  years 
Aso.  There  is  no  lillle  hazard  in  pouring  the  alcoho)  inlo  Ihe  nitric  solution ;  for  at 
each  aflusion  an  explosive  blast  tabes  place,  whereas  by  pouring  Ihe  solution  into  the 
alcohol,  as  oiiijinally  enjoined  by  the  Hon.  Mr.  Howard,  the  inventor  of  the  process,  no 
dnncer  whatever  is  incurred.  100  parts  of  mercury  treated  in  the  way  recommended 
by  Berzflius  aflbrded  me  only  112  pans  of  falminafi.  instead  of  the  130  obtained  by  my 
much  more  economical  and  safe  proportions  and  prooesa  (lom  the  same  weight  of  juick- 
iilver. 

2.  If  10  ports  of  nitric  acid  of  sp.  cr.  1'375  be  used  for  dissolving  1  of  quioltsilver, 
and  if  14  parls  of  alcohol  of  sp.  f-r,  0-85  be  ihereal^er  mixed  with  the  solution,  Ihe  pro- 
duct of  such  proportions  will  either  be  not  Branular,  and  therefore  not  fulminating,  or 
It  will  be  partially  granular  and  partially  pulvtrulent,  beinx  a  mixture  of  falminale  and 
snbiiilrate  of  mercury  ill  adDpLed  fur  priming  delonating  caps.  Instead  of  130  parts  of 
genuine  fulminate,  as  I  do  obtain,  probably  not  more  than  10  parls  of  powder  will  be 
produced,  and  that  of  indiflerenl  quality.  In  fact,  whenever  the  elhereiius  'ermenialion 
is  drffclive,  or  not  vigorous,  little  true  fulminate  is  generated  j  but  much  of  .lie  inercuiy 
remains  in  the  acidulated  alcoholic  liquid. 

3.  If  the  alcohol  bepouied  in  successlveportions,  and  of  proper  strength  (sp.  fir.  0-83), 
inlo  a  proper  nitric  solution  of  mercury,  the  rifdosive  action  which  accompanies  each 
affusion  dissipates  much  of  the  alcohol,  and  probably  im|isirs  the  acid,  so  that  the  sub- 
sequent elhereous  fermentation  is  defective,  and  lillle  good  flilmlnale  is  formed.  Piom 
100  i  arts  of  mercnry  submitted  to  this  Ireatmenl,  I  obtained  in  one  experiment,  carefoily 
made,  only  51  parls  of  a  powder,  which  was  impalpable,  had  a  cream  color,  and  was  not 
explosive  either  by  heat  or  percussion. 

4.  When,  with  100  parts  of  mercury,  800  of  nitric  acid  of  sp.  gr.  1-375,  are  employed 
with  650  of  alcohol  of  sp.  gr.  -846.  no  fulminate  whatever  is  generated. 

5.  When,  with  the  proper  proprirtiuns  of  mercury,  acid,  and  alcohol,  Ihe  process  is 
advanced  inlo  a  proper  energy  of  fermenlalive  commotion,  if  the  malrass  be  immersed  ii 
cold  water  so  as  materially  to  repress  that  action,  the  process  will  be  impaired,  and  ivil! 
turn  out  ultimately  defective  both  as  to  the  quantity  and  quality  of  the  fulminate.  It  is 
therefore  evident  that  a  certain  enerey  or  vivacity  of  elheiization  is  essential  to  the  full 
success  of  this  curious  process,  and  that  anytbin;  which  checks  it,  or  obstructs  its  taking 
place,  is  injurious  and  to  be  avoided. 

When  my  proportions  are  observed  in  making  fulminating  mercury,  somewhat  less 
than  one  fourlh  of  the  nitric  acid  used  in  making  Ihe  soluli.m  remains  in  the  alcoholic 
mixture  alona  with  the  fulminnte.  When  other  proportions  are  taken,  much  more  acid 
remains.  This  acid  is  not  recoverable  to  any  useful  or  economical  purpose,  nor  is  the 
alcohol  that  is  associated  with  it.  Many  distillations,  with  various  reagents,  have  led  me 
to  this  practical  conclusion.  In  fact,  when  Ihe  process  is  most  complete,  as  described  in 
the  first  paragraph,  the  alcohol  is  entirely  and  profitably  employed  in  etherization,  an 
generating  ralminic  acid. 

I  have  made  a  Series  of  analytical  experiments  on  the  pure  fulminate  of  mercury,  with 
the  view  of  determining  its  composition,  the  quantity  uf  quicksilver  present  in  it,  and 
consequently  the  loss  of  mercnrv  in  the  operation.  I  have  staled  that  my  maximum  pro- 
duet  of  fulminate  from  100  grs.  of  quicksilver  is  130  grs.  Occasionally,  from  slight  dif- 
ferences in  the  temperature  of  the  mixture,  or  the  ambient  atmosphere,  2  grs.  less  may 
be  obtained. 

A.  1  dissolved  130  grs.  with  a  gentle  heat  In  mnriatic  acid  contained  in  a  small  malrass, 
adding  a  few  drops  of  the  nitric  to  quicken  the  solution.  On  evaporating  it  to  dryness, 
with  much  care  to  avoid  volatilization  of  the  sail,  I  obtained  125  grs.  of  corrosive  sub- 
limate or  bl-chioride  of  mercury.  But  125  grs.  of  this  bi-chloride  contain  only  9M 
grs.  of  quicksilver.  Therefore,  by  this  experiment,  130  grs.  of  fulminate  contain  nu 
more  than  91-1  of  mercury,  indicating  an  exhalation  of  8-9  parts  in  the  form  of  fume^, 
or  a  retention  in  ihe  residaaij  liquid  of  some  of  these  8'9  parts,  out  of  the  100  originally 
employed. 

B.  In  another  experiment  for  analysis,  130  grs.  dissolved  as  above,  were  thrown 
3own  by  carbonate  of  soda.  95  prs.  of  black  isyde  of  mercury  were  obtained,  which 
are  equivalent  to  91'2  grs.  of  quicksilver;  affording  a  confirmation  of  the  preceding 
'esult. 

C.  130  ars.  of  folmioale  were  dissolved  in  strong  muriatic  acid,  and  the  solution  was 
Jccor)[ioscd  by  crystals  of  prolo-muriale  of  tin  a*,  a  boiling  temperature.  The  mercnry 
WHS   precipitated   in  gJobnles   to  such  amour.t  as  to  verify  the  two  preceding  exper- 

Kegnrding  fulminate  of  mercury  as  ft  hi  cyacate,  thai  is,  as  ft  compound  of  one  alom 
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arone  equivalent  prime  of  deutuxydu  of  mercury,  dnd  two  primes  of  cyanic  tici  J,  we  dudl 
Snd  il9  theoretical  iMuipasition  lo  be  as  follows,  liydrogen  being  tlie  radix,  (ir  1. 
3  primes  of  Cyanic  or  Fulininic  Acid  =  34  X  3  =  6B  24 

Deutoxyde  of  Mercuvy=  216  76 

284  "100 

Aa  tliei<e  284  parts  of  fulminate  contain  200  of  qgicksilver,  bo  142  parts  of  fulmiiiata 
will  contain  100  of  quicksilver.  Whence  it  appeiirs,  that  when  only  130  parta  of  ful- 
minate can  bo  obtained  in  practice  from  100  of  quichdlver,  8^  parts  of  quickailver  out 
of  tlie  100  are  unproductive,  that  is,  are  espended  in  ilia  etherized  gas,  or  left  in  tha 
residyary  acidulous  liquid.    By  the  above  experimental  and  theoretical  analysis  Ol'S 

fiirls  of  quicksilver  enter  into  the  composition  of  IGO  parts  of  true  cryetalline  fulminate, 
he  complete  acconianee  here  exhibited  between  theory  and  practice  removes  every 
shadow  of  doubt  as  to  Ihe  accuracy  of  Ihe  fitalemenls.  100  parts  of  fulmmale  eon- 
sisl  of— 

Mercury  )  704  (p  J 


^tnuier.  I  have  sug^esled  to  Mr.  Lovell,  of  Waliham  Abbey  works,  thai  the  fui- 
minnle  may  be  probably  diluted  most  jiLivantagpouslj  with  spirit  varnish  made  of  a 
proper  consistence  by  dissolving  sandarach  in  alcohol.  When  well  mixed  with  this 
varnish,  a  small  drop  of  ihe  mixture  will  saflice  for  priming  each  copper  cap  or  disc; 
and  ns  the  spirit  evaporates  immedialcly,  (he  fidminate  will  b«  fi<ied  to  Ihe  copper 
beyond  the  risk  of  shakin?  or  washing  away.  On  ihe  Continent,  lineture  of  benjamin 
is  used  for  the  same  purpose;  but  as  that  balsamic  resin  leaves  in  combuslion  a  vidu- 
minnus  coal,  which  sandarach  does  not,  the  latter,  which  is  the  main  constituent  of 
spii  it  varnisii,  seems  better  eitapled  for  this  purpose.  It  is  sufficienlly  combustible,  and 
may  be  jet  maile,  by  a  due  pioporliun,  to  soflen  Ihe  viutence  of  Ihe  explosive  mercury 
on  Ihe  nipple  of  the  tonch-iiole.  Fulminate  prepared  bj  my  formula  has  no  corrosive 
influence  whatsoever  on  iron  or  steel ;  and,  therefore,  if  such  a  medium  of  applying;  il,  as 
I  have  now  taken  leave  to  suKgesl,  should  be  found  to  answer,  all  fears  on  ihe  score  of 
coirosion  may  for  ever  be  set  at  rest. 

Ques/iaa  4.  How  far  is  the  mixlure  (of  fulminate  and  gunpowder)  liable  to  be  affected 
by  the  moisture  of  the  atmosphere,  or  by  the  intrusion  of  water;  and  will  such  an  acci- 
dent affect  its  inflammabiliiy  when  dried  again  J 

jftiswtr.  Well  made  fulminate,  mixed  with  aunpowder  and  moistened,  undergoes  no 
change,  nor  is  it  apt  to  get  delerioralett  by  keeping  any  length  of  time  in  a  damp  climate 
or  a  hazy  atmosphere.  Jmmer^ion  in  water  would  be  apt  lo  wash  the  nllre  out  of  the 
pulverine;  but  tiiis  result  would  be  prevented  if  Ihe  match  or  priming  mixture  were 
liquefied  or  brought  to  the  pasty  consistence,  not  with  water,  but  spirit  varnish.  Such 
detonating  caps  would  be  indestructible,  and  might  be  alternalely  moistened  and  dried 

Qneslion  5.  Is  it  at  alt  probable  that  the  composition  would  he  rendered  more  inflam- 
mable or  dangerous  of  use  by  the  heal  of  tropical  climates  i 

Valuer.  No  elevation  of  Icmperaliire  of  an  atmospheric  kind,  compatible  with  hu- 
man existence,  could  cause  sponianeous  combuslion  of  Ihe  fiilminntlng  mercury,  or  the 
delonaling  matches  made  with  it.  In  fact,  its  explosive  temperature  is  so  high  as  36T° 
of  Fahrenheit's  scale,  and  no  inferior  heat  will  cause  its  detonation, 

Qtiealioa  6.  Is  Ihe  mercurial  vapor  or  gas  arising  from  Ihe  ignition  of  a  great  number 
of  piimers,  and  combined  with  the  smoke  of  gunpowder  in  a  confined  space  (as  in  the 
ease  of  troops  in  close  bodies,  squares,  casemates,  Sk.),  likely  jn  its  nature  to  be  found 
prejuiliciat  to  human  healtli  i 

■inauier.  I  have  exptoiled  in  rapid  succession  of  portions,  100  grains  of  fulminate  ol 
mercury  (equivalent  to  300  or  400  primers),  in  a  close  chamber  of  small  dimensions, 
without  experiencing  the  slightest  inconvenience  at  the  period,  or  afterwards,  though  my 
head  was  surrounded  by  the  vapors  all  the  time  of  the  operation.  These  vapors. are.  in 
fact,  so  heavy  that  ihey  subside  almost  immediately.  When  the  fulminate  mixed  with 
pulverine  is  exploded  in  the  primers  by  condensed  masses  of  troops,  the  mercury  will 
cause  no  injury  to  their  health,  nor  lOOth  part  of  the  deleterious  impression  on  weak 
lungs  which  the  gases  of  exploded  gunpowder  might  by  |)OBsibility  iuBict.  These  gases 
»re  all,  Iheorettcally  speaking,  noxious  10  respiration  ;  Such  ns  citr:>onic  acid  gas,  azole, 
carbureted  hjdrogen,  and  sulphureled  hydrosen,  a  deadly  gas.  Yet  the  soldier  who 
ihoiild  betray  any  feat  of  gunpowder  smoke  would  be  an  object  of  just  ridicule." 
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In  the  following  September,  I  executed  fur  the  Boaril  of  Onlnanee  a  set  of  eiperi- 
ments,  ccini|)lKinentary  lo  iho^e  of  Ihe  memoir,  wilh  the  view  of  ascertainiti?  tiie  besl 
mannpr  of  protecting  Ihe  fulminale  when  applied  to  the  copper  caps,  fioni  being 
detached  by  carriage,  or  allered  by  keeping.  The  foflowing  were  my  results  and  con- 
ciusiojjs. 

"1.  Pulminafe  of  mercury  moistened  upon  copper  is  speedily  decomposed  by  the 
superior  allinily  of  Ihe  Copper  over  njerciiry,  fur  oxygen  and  fulniinic  acid.  Dryness 
is,  Iherefure,  essential  to  (he  preservation  of  the  fulminate;  and  hence  charcoal,  which 
is  apt  to  bcci.me  moist,  should  not  be  introduced  into  peicussion  caps  destined  for  distant 

a.  An  alcoholic  solution  of  sandarach,  commonly  called  spirit  varnish,  acls  power, 
fully  on  copper,  wilh  the  prodnction  of  a  sreen  efflorescence,  which  decomfCEcs  fu! 
niinate  of  mercuiy.  Indeed,  sandnrach  can  decompose  the  Balls  it  cojiper.  It  is  thete- 
l"ore  ill  adapted  for  attaching  the  falminate  lo  copper  caps. 

M.  An  alcoholic  solution  of  shellac  acls  on  copper,  though  more  feebly  Ihan  thn 
tandarach. 

4.  A  solution  of  maelic  in  spirits  of  turpentine,  whether  alone  or  mixed  with  fulnii- 
Bale,  has  no  action  whatever  on  bri»hl  cop]wr,bul  protects  il  from  being  lamished.  Such 
a  varnish  is  very  cheap, dries  readily,  adheres  strongly,  screens  the  fulminate  from  damp, 
and  does  not  impair  or  counteract  its  d,e1onatin3  powers.  This,  therefore,  is,  in  my  opin- 
ion, the  fittest  medium  for  attaching  the  fulminale,  and  for  softening  the  force  of  its  im- 
pulsion in  any  degree  preporlional  to  the  thickness  of  Ihe  varnish." 

Fulminale  of  mercury  is  obtained  in  while  grains,  or  short  needles,  of  a  silliy  lustre, 
which  become  gray  upon  exposure  lo  lirbt,  and  delonale  either  by  a  blow  or  at  a  heal  un- 
der 370°  F. ;  wilh  the  disengagement  of  azi>le,  carbonic  acid,  as  also  of  aqueous  and  mer. 
cufial  vapors;  lo  Ihe  sudden  fojmation  of  which  gaseous  products  the  report  is  due.  It 
detonates  even  in  a  moislcondiiion;  and  when  dry  it  explodea  readily  when  struck  bel ween 
two  pieces  of  iron,  less  so  between  iron  and  bronze,  with  more  dilBculty  beliveen  marble 
and  glass,  or  between  two  snrfaces  of  marble  or  glass.  It  is  hardly  possible  to  explode 
it  by  a  blow  with  iron  upon  lead ;  and  impossible  by  striking  il  wilh  iron  upon  wood.  It 
fuliniuEtes  easily  when  rubbed  between  two  wooden  surfaces ;  less  so  between  two  of 
marble,  two  of  iron,  or  one  of  iron  against  one  of  wood  or  marble.  The  larger  its  crys- 
tals, the  more  apt  they  are  lo  ejiplode.  By  damping  it  wilh  S  per  cent,  of  water,  it  be- 
comes less  fulminating;  the  pari  of  it  struck  siill  explodes  with  a  proper  blow,  but  will 
not  liindle  the  adjoining  portion.  Though  moistened  wilh  30  per  cenl.  of  water,  it  will 
occasionally  explode  by  trituration  between  a  wooden  muller  and  a  marble  slab,  but  only 
to  a  small  extent,  and  never  with  any  danger  to  the  operator.  When  an  ounce  of  it,  laid 
upon  the  bottom  of  a  cask,  is  kindled,  it  strikes  a  round  hole  down  through  it,  as  if  it 
had  been  exposed  lo  a  four-pound  shol,  without  splintering  the  wood.  If  a  train  of  ful- 
minale of  mercury  be  spread  upon  a  piece  of  paper,  covered  with  some  loose  gunpowder, 
in  exploding  the  former  the  tatter  will  not  be  kindled,  but  merely  scallered.  When  gun- 
pnwiler,  however,  is  packed  in  a  cartridge,  or  otherwise,  il  may  be  certainly  kindled  by  a 
percussion  cap  of  Ihe  fulminate,  and  more  completely  than  by  a  priming  of  gunpowder, 
8|  parts  of  gunpowder  exploded  by  a  percussion  cap,  have  an  equal  projectile  force  as  10 
exploded  by  a  flint  lock.  If  we  adJ  lo  this  economy  in  Ihe  charge  of  the  barrel,  the 
saving  of  the  powder  for  priming,  ihe  advantage  tn'  military  service  of  the  percussiou 
system  will  become  conspicuous. 

The  French  calculate  that  1  kilogramme  of  mercury  will  furnish  1}  kU.  (2^  lbs.  nearly) 
of  fulminate,  which  will  be  sufficient  to  charge  40,000  percussion  caps.  For  this  pur- 
pnse  they  grind  the  crystalline  sail  ahng  wilh  30  per  cenl.  of  water  upon  a  marble  lablis 
with  a  wooden  muller;  mixing  wilh  every  10  parts  of  the  filminale  6  of  gunpowder.  A 
consistent  dough  is  thus  obtained,  which,  being  dried  in  the  air,  is  ready  for  introducing 
into  the  bottoms  of  the  copper  caps.  One  quarter  of  a  grain  of  the  fulminate  is  said  to 
be  fully  sufficient  for  one  priming. 

Mr.  Lovell,  of  the  Royal  Manufactory  01*  Arms,  has  lately  executed  a  series  of  expeii- 
nients  upon  priming  powders.  His  trials,  which  occupied  nearly  18  months,  were  made 
for  Ihe  purpose  of  ascertaining  what  is  the  advaniase  in  point  of  force  obtained  by  using 
percussion  primes.  He  had  anticipated  some  extra  enerny  would  be  imparled  to  I'ne 
charge  of  powder  in  the  barrel,  because  he  had  rejieatedly  proved  that  a  good  strong  cap, 
exploded  by  ilself  on  the  nipple  of  Ihe  musket  (without  an;  charse  of  gunpowder),  will 
exerl  sufficient  force  upon  the  air  within  the  barrel  to  blow  a  candle  out  at  a  distance  of 
12  feel  from  the  muzzle.  He  concluded  also  that  slopping  the  escape  of  ilttid  from  the 
vent,  as  is  done  by  the  cap,  would  have  some  effect,  bat  he  atlribulal  most  to  the  quick- 
ness and  energy  with  which  the  powder  of  the  charje  is  igniled  by  the  vivid  stream  of 
flame,  aeneraled  by  Ihe  percussion  prime.  The  Irials  were  made  from  one  and  the  ^me 
barrel,  having  a  percussion  lock  on  one  side  and  a  flint  lock  on  the  other.  The  balls  were 
fired  against  Austen's  recoiling  tars  el,  a  very  delicate  p/egoujf/er,  beginning  with  a  charge 
of  150  grains  (the  present  musket  charge),  and  descending  by  iO  grains  at  a  time  (firing 
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desreiicling  by  ]0  grains  at  a  time  (firing  30  ronnds  with  each  weight),  down  (o  6C 
grains.  The  machine  marked  the  decraase  of  force  at  ciicli  reduclion  in  the  charge  very 
eatisfactorily,  and  Ihe  result  nf  the  whule  average  was  that  884  parla  of  guiipon-iief 
fired  by  percussion  are  equal  to  10  parts  fired  bj  ilie  flint. 

To  tinj  out  what  sort  of  liberties  might  be  lakeii  with  fulminate  of  mercury  in 
hapilliiig  it,  he  placed  S  grain*  on  an  anvil,  putting  tlie  end  of  a  steel  punch  genijy  on 
the  top  of  it,  and  while  so  placed  he  covered  the  fulminate  over  with  a  drachm  of  dry 
gunpowder.  He  then  ipiiled  the  fulminate  by  a  blow  on  the  pnncL  with  the  hammer, 
but  not  a  grain  of  the  gnnpowder  was  lighted,  thuugh  it  was  blown  about  in  all 
directions.  He  then  placed  a  train  of  fulminate  ae  thick  aaaqniil,antl  about  S  feet  l<ing, 
on  a  table,  and  covered  it  over  raitiiely  with  gunpowder  except  about  an  inch  at  one 
onri ;  liiia  he  lighted  with  hot  iron,  when  tlie  whole  train  went  off  without  blazing  a 
grain  of  the  gunpowder,  wliicb  he  swept  l<^(her  and  blew  up  afterwards  with  a 
match.  He  then  took  a  tin  box  containing  fiOO  copper  caps,  made  a  hole  in  the  tup  of 
tha  b-ix,  and  through  this  hole  ignited  one  of  the  caps  in  the  middle,  by  means  of  ihe 
punch  and  hammer  on  the  outside ;  only  two  other  caps  besides  liie  one  struck  exploded ; 
*o  injury  was  sustained  by  the  remainder,  except  being  discoloured.  This  he  tried 
repeatedly,  and  always  with  tha  same  kinil  of  resnlt,  never  more  than  3  or  4  caps  ex- 

E'.oding.  He  then  made  a  steel  rammer  red  hot,  and  passed  it  ihroogh  the  hole  iii  the 
IX  right  in  amongst  the  caps,  but  it  only  ignited  them  where  tbe  iron  cnuie  in  actual 
contact  with  the  piiming  composition;  when,  however,  he  placed  a  few  grains  of  gun- 
powder loose  among  the  caps,  the  hot  ifon  lighted  tliis,  and  produced  a  flame  that  blew 
off  the  whole  of  them. 

The  same  tiling  has  been  tried  at  Woolwich,  where  large  packages  of  percussion  caps 
(some  thou»and5)have  been  fired  at  with  musquet  balls.  aiiJ  only  a  few  of  tiie  raps  actually 
hit  by  tlie  liall  exploded;  but  when  any  cartridges  were  connected  witli  the  packages, 


the 


'le,  caps  and  all,  were  blown  np.    Tlie  Same  of  the  fulminate  is  theiefiTi 
raouB.  but  being  so  very  ethereal,  it  requires  for  making  primes  an  admixture  of  sume 
mbiistibie  matter,  as  a  little  gunpowder,  to  condense  or  modify  the  fiame. 
FULMINIG  ACID;   {Acid  fJminique,   Fr.;   Knallsanrt.  Germ)   h  the  explosive 
_  constituent  of  the  fulminating  mercury  of 

Howard,  and  the  fulminating  silver  of 
Brugnatelli,  being  generated  by  the  re- 
action of  alcohol  and  the  acid  nitrates  of 
these  metaK  It  is  a  remarkable  chemical 
fact,  that  fulminic  add  has  exactly  the 
same  composition  as  cyanic  acid;  though 
the  salts  of  the  latter  possess  no  detonat- 
ing property,  and  afford,  in  their  decom- 
position by  an  oxygen  acid,  ammonia  with 
carbonic  acid;  while  those  of  the  former 
afford  ammonia  and  prossic  acid.  All 
attempts  to  insulate  fulminic  acid  have 
proved  unsuccessful,  as  it  explodes  with 
the  slightest  decomposing  force.  It  con- 
sists, by  weight,  of  2  primes  of  carbon, 
1  of  azote,  and  1  of  oxygen ;  or  of  two 
volumes  of  carbonic  acid,  and  one  of  azote^ 
When  two  different  bottles,  like  the  above, 
have  the  same  composition,  they  are  said 

FUMIGATION,  is  the  employment  of 
fumes  or  vapours  to  purify  articles  of  ap- 
parel, and  goiids  or  apartments  suppfised 
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tapous  poison  or  fumes.  The  vapours  of 
vine^r,  the  fumes  of  burning  aulpiiur,  ex- 
plosion of  gunpowder,  have  been  long  pre- 
scribed and  practised,  bat  they  liave  in  all 
probability  little  or  no  efficacy.  The  ilif' 
fusion  of  such  powerful  agents  as  chlorine 
gas.  muriatic  acid  gas,  or  nitric  arid  va> 
pour,  should  alone  be  trusted  to  fur  l)>] 
destruction  of  morbific  effluvia. 

FUK;  see  I'eltrv. 

PUKNAOE  OF  ASSAY.  Under 
Absat.  J  have  referred  to  a  furnace  con 
Btructed   by   Messrs.  Anfrye  and   d'Arcel 
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which  gives  some  peculiai  ticilifies  and  economy  to  the  ancient  process  by  fire.  It  liid 
orii^iniilly  a  amall  naXe  of  bulloiFa  attackea  to  it,  for  rai^n<;  the  best  rapidW  to  the  pri>pur 
vinifying  pil«h.  The  furnace,  IH  inches  high,  and  7i  inches  wide,  maiie  of  pottery  or 
fine  clay,  is  rppreseiited  fy.  668..  supported  opon  a  table,  havhig  %  pnir  uf  Iwllows 
bcnenlh  it.  The  laboratory  is  at  b.  the  blow-pipe  of  the  l>e11oiva  at  d.  with  a  stop-cwk, 
and  the  dome  is  auruioiinted  by  a  chin  ney  o  c  in  whose  lower  part  tliere  is  an  ojieiiiiig 
with  a  sliding  door,  fur  the  introduction  of  the  charcoal  fuel.  Ibe  furnace  h  formed  in 
tliree  pieces ;  a  dome,  a  b  hIv  and  an  ash  p  t  A  pnir  of  tongs,  a  Bt^ikini^-hixik,  and 
cupel,  are  seen  lo  the  riglit  hand  and  the  p'an  of  Ihe  stoneware  grate,  pierced  wilb 
conical  holes,  and  a  poller,  are  seen  to  the  Iclt.  This  grate  suite  the  furnace  rcpre- 
scnied  under  Assay.  The  full  w  ng  are  comp.arative  experiments  made  by  meanit  uF 
this  fumiice: 


K  umbers. 

Silver  employed. 

Lead  employed. 

ClioriuBl  ufl»l 

I 

1  Gfiiin 

1    '    1    f. 

II                      950 

10                      84B 

173  Grains 
Sfi 

Each  assay  was  therefore  performed  at  an  average  in  llj  minutes,  and  not  much  morn 
Ihiin  a  quarter  of  a  pound  of  clinrcoal  wa.a  used.  An  experiment  of  verification  in  llie 
ordinnry  assay  furnace  showed  tlie  standard  to  be  9i9  tjiousandths. 

Tliis  furnace  becomes  a  very  convenient  one  for  melting  smtil  quantities  of  rnptaU  iu 
anjilyeea,  by  removing  themume.  and  closing  the  several  apertn  res  with  their  appropriate 
stoppers.  A  small  pedestal  may  be  ther.  set  in  the  middle  of  the  grate,  to  suppoi't 
a  crucible,  which  may  be  introduced  through  the  opening  h.  Coke  may  also  be  used 
as  fuel,  eitlier  by  itself  or  mixed  with  cliarcoal.  For  descriptions  of  various  fnrnnce!%  se« 
Assay;  Bkkr;  Copfeb;  Evafokation ;  Iitos;  METALLnRGi;  OaEs;  Silver;  Tim.  <bx 

FUR-SKIS  DRESSING.  Fur-skins  are  usually  dressed  by  placing  ihem  in  their 
dried  ftate  in  tubs,  where  they  undergo  a  treadinj^  operation  with  men's  feet,  until  they 
ftie  sufficiently  soft  and  bend  easily.  The  skins  if  iat^  are  seivn  up,  the  fur  being  tuined 
inwards ;  but  if  aniall  skins,  such  as  ermine,  are  being  dressed,  they  require  no  sewing. 
This  sewing  is  preparatory  to  Che  greasing  with  butter  ot  laril,  and  is  intended  to  protect 
tlie  fur  from  the  grease,  and  to  promote  the  softening  in  the  succeeding  treading  opera- 
tion. The  skins  are  next  'Lvetted,  and  their  flesh  is  removed;  or  they  are  fle^^lied  and 
(hen  hung  up  to  dry.  Tliey  are  again  subjected  to  treading  in  tuba  containing  sawdust; 
and  afterwards  in  tubs  containing  plaster  of  Paris,  or  whitening,  sprinhled  between  the 
skins.  They  are  then  buaten  with  a  stick,  and  oumbed ;  when  the  dressing  is  completed, 
M.  Pierre  Thirion  proposes,  in  bis  patent  of  June,  1345.  to  soften  the  skinn,  not  by  tread- 
ing, but  by  beating  stocks,  of  a  construction  like  the  fulling  mill.  They  are  next  sewn  up. 
ami  again  fulled  in  a  strong  vessel,  where  they  are  forced  upwards  by  the  heaters,  turned 
over  nnd  over,  and  tims  speedily  softened.  They  are  now  fleshed,  and  then  returned 
to  the  beating  stocks,  and  mahogany  or  other  sawdust  is  sprinkled  upon  the  fur,  befurs 
the  beating  is  renewed.  They  are  next  placed  in  a  heated  barrel,  furnished  within  with 
railial  pins  for  turning  Ihe  goods  over  and  over,  in  onler  that  they  may  be  acted  upon  by 
vnrious  dry  substances,  which  are  thrown  into  the  barrel,  and  absorb  the  fat  frinn  tlii> 
skins.  Through  the  hollow  shaft  of  the  barrel,  steam  is  introduced,  whicii  heats  the 
"'"""'.  softening  tlie  fat,  which  is  then  absorbed  by  sand,  flour,  or  any  other  dosiccative 
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m  oifensive   smelling  oil  which  exists  in 

of  malt,  and  corn  meal  of  all  hinds,  as 
a     oe       nd  of  beets,  ic.      A  like  oil  occurs  in 
ed  n    at    f  grapes,  and  the  juices  of  many  pweet 
fruits.    Th  h  w  dam  tiiese  several  sources:  as  may  indeed  be 

inferred  from  tlie  diversity  in  the  flavours  of  the  different  liquors.  Bui  they  all  ^(ree  in 
being  somewhat  less  volatile  than  water,  and  therefore  make  tlieir  appearance  chiefly  in 
the  spirits  towards  the  end  of  the  distillation  process.  It  is  to  the  presence  of  Ihin  oil  that 
the  milkiness  of  the  last,  and  also  sometbnes  of  the  first,  portions  of  the  spirit  that  come 
over,  called  feints,  owe  their  opalescence  and  their  penetrating  odour.  When  the  milky 
fluid  is  reilistilled,  alcohol  end  water  first  pass  over  with  very  little  oil.  but  if  the  heat 
of  the  sdll  be  moderate,  the  oil  may  be  made  a  residoum,  and  obtained  in  a  tolerably 
ooncentrated  state.  Tiie  ojl  from  potatoes  was  first  analyzed  by  Dumas,  and  was  shown 
by  him  to  be  composed  of  682  per  cent,  of  carbon,  18-6  of  hydrogen,  and  182  of 
oxygen ;  according  to  the  formula  CioHi.O.  UO.     It  belongs  therefore  to  the  class  of 
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alcohife,  one  whoso  radical  ia  C,oH||,  or  omy/e,  and  is  an  amjl  oijhyilrate;  just  aa 
cumiuon  alcohol  is  an  oxyhydrate  of  etliyle  1  lie  potato  amj  lu  spirit  is  a  culoarless  fluid 
of  an  acrid  burning  taste,  and  of  a  insist  oSVn-'iie  penetrating,  durable  smell.  When 
the  TBpDur  of  it>is  inhaled  it  proiluces  an  i>ppressive  nausea,  headache,  giddiness,  and 
retching.  It  has  a  poisonous  action  i>n  the  animal  system  By  oxydizing  agents  it  ia 
converted  into  valerianic  (Galdrian)  acid.  According  to  Balard  the  Hmyle  spirit  occurs 
along  Trith  the  snautiiic  ether  in  the  oil.  which  coutaiumates  braudy,  and  ia  probably 
derived  from  the  husks  of  the  grajKis.  This  noxious  ''pint  exists  most  abundantly  in 
tlie  whisky  of  malt,  and  especially  iii  that  from  raw  gram  ,  and  h  now  an  article  of  con- 
siderable sale,  being  used  to  bum  in  lamps,  to  dissolve  copal  and  other  resioa  for  varnish 
making  and  other  purposes. 

Besides  this  liquid  anlyle  spirit  com  sjiirits  cmilain  a  concrete  fetty  matter,  of  a  brown 
colour,  an  acid  reaction,  and  an  ofTeii^ive  smell  and  taste.  It  has  a  green  tinge,  which 
I  believe  is  derived  from  the  copper  worm  of  the  still.  Mulder  has  shown  that  this  fatty 
product  consists  of  an  easily  fusible  imd  a  difficiiltly  fusible  portion.  The  former  he 
regards  as  tbe  ether  of  lenanthic  acid ;  consisting  of  85  carbon,  lO'S  liydrogen,  and  4'S 
oxygen,  and  is  tliereforo  ^uite  different  from  the  amyle  spirii  Margario  acid  is  mixed 
with  tbe  less  fusible  portion.  He  eays  that  one  million  partn  of  malt  whisky  contain 
30  of  lenanthlc  acid,  9  of  mnanthic  ether,  and  5  of  corn  oil  (amyle  spirit).  There  are 
probably  many  varieties  of  these  oils  of  crude  alcohol. 

FUSIBILITY.    That  property  by  which  solids  assume  (he  fluid  stale. 

Some  chtmisls  have  asserted  that  fusion  is  simply  a<ioIulion  in  caloric;  but  this  opinion 
includes  too  many  yet  undecided  que^tiuiis,  10  be  haeiiiy  adopted. 

Fnsibilily  of  JHetels,  os  giien  by  M,  Thenard. 


Gay  Lussac  and  I'henard. 


I    n 

N   kel 
Pallad  urn 
Moljbd  n  n 
Uian  um 
Tong     n 
Ch    m    m 


370=        Bronsniarl. 
A  little  helow  a.  read  heat. 
Slromeyer. 
or  Wed|.v.oo.l. 

20         Kennedy. 
I2   I     Wedgewood. 
A  little  less  diflicnlt  to  melt  than  ir 
(  130         Wedicwood. 
\  158         Sir  G.  M'Kenzie. 
160         Guyion. 

As  manganese. — Eichter. 


lie;  end  to  be  obtained  a 
only  in  small  buttons. 
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FUSIBLE  METAL.    See  Allov. 

FUSTET.     {Fustec,  Fr.)    The  wm^d  o 

FUSTIAN  is  a  species  of  coarse  thii'l. 

olive,  leaden,  or  other  dark  color.    Bpslrlc 

name  of  pillow  (probably  pilaw),  the  coll. 

ihickselt,  used  for  men's  wearing  apparel 

kind  is  merely  a  tweel  of  four,  or  Enini-iii 

■and  very  narrow,  seldom  eiceeding  ]7  or 

in  half  pieces,  or  ends,  as  Ihey  aiP  U'unlly 

going   the   subsequent  operations  of  dje 


'  ihe  rhv,a  coiiitus,  a  faBilive  yellow  dye. 

Iweeled  collon,  and  is  generally  dyed  of  an 
'  the  common  fuslian,  which  is  known  by  the 
in  sluffa  called  corduroy,  velveretl,  velveteen, 

hetons  to  the  same  fabric.  The  commonest 
les  five  leaves,  of  a  very  close  slont  texture, 
8  inches  fn  breadth.  It  is  cut  from  the  loom 
termed,  abont  35  yards  long,  end  after  under- 
ng,  dressing,   and  folding,  is  ready  for  the 


.,  Cuogic 
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The  drauohl  and  cording  of  common  fusliau  i: 
or  iinbroken  tweel  of  four  or  five  leaves.  Beluw 
seli'Cled  fiom  Ihose  niosl  Reneral  in  Lancashire. 

The  number  of  leaves  of  hedilles  are  represented  by  the  lines  across  !_he  paper,  and  ihe 
cording  by  the  ciphers  in  the  little  squares,  those  which  raise  every  leaf  heins  distin- 
eui^hed  by  these  marks,  and  those  which  sink  them  lefl  blank,  as  more  parlicntarly 
es|ilained  in  the  article  TesTILE  FiBBic. 

or  velvet,  there  are  properly  only  two  kinds,  that  with  a  plain,  and  that  with  a  tweeleil, 
iir,  as  it  is  here  called,  a  Genoa  ground,  or  back.  When  the  material  Ls  silk,  it  is  called 
velvet,  when  cotton,  veiveteeni  and  this  is  the  sole  dilferenee.  In  the  same  way  a  com- 
mon twceled  cloth,  when  composed  of  silk  is  called  satin ;  when  of  cotton,  fustian  iii 
]pan  '  of  woollen,  plaidin°,  serge,  or  kerseymere ;  and  in  the  linen  trade  is  dialinguished 
by  a  variety  of  names  according  to  the  quality  or  fineness,  or  the  place  where  the  article 
is  manufactured. 


No. 

.—Pillow  Fustian. 

No 

2.— Plain  Vclveret. 

1     ID|     1 

4        |0I     1     1 

Ofthe  above,  each  contaiTis  four  leaves  of  heddles  or  healds ;  thai  represented  by  No.  1 
is  wrought  by  four  iVeddles,  and  (hat  which  is  distinguished  by  No.  2  by  five !  the  suc- 
cession of  inserting  (he  threads  of  warp  into  the  heddles  will  be  discovered  by  the  figures 
between  the  lines,  and  the  order  in  which  (he  treddles  are  to  be  successively  pressed 
down  by  the  figures  below. 


No 

3.— Double  Jean. 

No. 

.-Pla 

n  Thickset. 

0   r 

Ci               1                                    5        1     10       1     1     1            « 

0|0 

1          3                                                 *          1      1           |0|      1                       =      B 

These,  like  (he  former,  are  wrought  with  leaves.  No.  3  requires  four,  and  No.  4  five 
treiMles.  The  succession  of  inserting  the  threads  of  warp,  and  of  woikjna  the  trefldles, 
are  marked  by  the  respective  numbers  between  and  under  the  lines,  as  in  the  former 
esnmple.    Both  are  fabrics  of  cloth  in  very  general  usfi 


No 

5.— Best  Tliicliset. 

No. 

.—Velvet  Toft. 

1    1 

0|     1 

These  are  further  specimens  of  what  may  be,  and  is,  executed  with  four  leaves,  and 
both  examples  five  treddles  are  used.  With  two  other  specimens  we  shall  conclude  oi 
esamples  of  ibis  description  of  work,  and  shnll  then  add  a  very  few  specimens  of  tl 


No. 

7— Cord  and  Velveret, 

No. 

.—Thickset  Cord. 

f      10        1            1              3       1                      3       .«          101      1      10,01       ■                          *      3      1 

In  these  the  succession  of  drawing  and  working  are  marked  like  the  fcrmer.  The  next 
ore  examples  of  patterns  wrought  with  sil  leaves.  No,  9  has  eight,  and  No.  10  fivi 
1;  eddies 


o.MbjCooQlc 


FL'STIAM. 
No.  9.— Double  Cori  irD)r,  Ho.  1(1.— Genoa  Thickset. 


i";o;p|oi"i  III  3        t     i»i    oju  __!__ 

I     I'M     l"i     I     I     I     I  "  1         I     in       l"l  p  ~ 


In  bolh  these  Ihe  warp  is  iiiferled  into  (he  lieddies  tlie  same  way.  The  diiierence  is 
enliiely  in  Ihe  application  of  Ihe  cords,  and  in  the  succession  of  pressing  ujwn  Ihe 
liediiles.  We  now  give  four  specimens  of  the  flushed  and  cot  work,  known  by  the  name 
of  velveteen.  They  are  also  upon  six.  leaves,  and  Ihe  diflerence  is  solely  in  the  cotiiing 
tnd  in  (lie  treading. 


No.  11. 

Qoee 

n's  Velvele 

ens. 

No.  13. 

0!      o|0      1                           14 

» 

* 

» 

No 

J3.-. 

-Pis 

n  Velv 

teen. 

No 

14.- 

-GJenoa  Velveteen. 

1     |0|0| 

II 

1                5 

The  adiiilional  varieties  of  figure  which  might  he  given  are  almost  endless,  hot  the 
limits  of  Ihis  article  will  not  admit  a  farther  detail.  Those  already  given  are  the  articles 
in  most  general  use.  The  varieties  of  fancy  may  be  induJseJ  to  a  creat  extent ;  but  it  is 
aniversally  found,  that  Ihe  most  simple  patterns  in  every  department  of  ornamental 
weaving  are  those  which  Btlracl  attention  and  command  purchasers.  We  shall  therefore 
only  add  two  examples  of  kind's  cord  or  corduroy,  two  of  Genoa  and  common  velvet,  Had 
[wo  more  of  jean.     These  will  be  found  below. 

No.  15.— King's  Cord.  No.  16.— Dutch  Cord. 


10     0 

^ 

0 

1" 

" 

No,  17.— Genoa  Velvet.                                     No.  IR.— Plain  Velvet. 

MM                       >               «       1    1 

Oil                           3                       til 

0 

3                           »         1      1 

III                     3 
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__ 
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After  the  fustian  cloth  is  taken  from  Ihe  loom  beam,  it  is  carried  to  the  cutter,  who 
(ips  up  Ihe  surface-threads  of  well,  and  prodoces  thereby  a  Jiairy -looking  eIuIT, 
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Prsparalory  to  ils  beins  cut,  Ihe  clolh  is  spread  fvcnly  upon  a  lable  abont  six  Teel  long, 
upon  each  end  of  which  a  ioIIt  mounled  wilh  a  raichel-wheel  is  6\td;  the  one  to  give 
off,  anil  the  other  lo  wind  iip  liie  piece,  in  the  above  sis-fret  lenelbs. 

The  linife  ia  a  steel  rod  aboul  two  leet  long,  snd  three  eighths  uf  an  inch  square,  hav- 
inc  a  Er|nare  handle  at  the  one  end  ;  the  other  end  i^  Ispcred  away  lo  a  blnde,  as  thin  as 
pa|ier.  To  prevent  this  pciini  from  tuinine  downwaids  and  injming  the  cloth,  ils  tinder 
side  is  covered  by  a  guide  whicli  serves  to  sliflen  it,  as  well  as  lo  pt'vent  its  lower  edgw 
from  cutting  Ibe  fnstiiin. 

The  operalive  (male  nr  ffinnle)  grasps  the  handle  in  the  right  hand,  and  insinnating 
the  priijecting  point  of  theeuide  under  the  well,  pushes  the  knife  smaillyToi  ward  through 
tile  whole  iengtli  of  six  feet,  with  a  certain  dexleriius  moveuienl  of  the  shoulder  and 
r'i»h[  side,  balancing  the  hiKly  meanwhile,  like  a  rencer,  upon  the  led  foot.  This  process 
is  ie|ipated  a|ion  every  adhfsivp  line  of  the  weft. 

The  next  process  lo  which  fustians  are  exposed  is  steeping  in  hot  water,  to  lake  out 
the  dressing  paste.  They  are  Ihen  dried,  reeled,  snd  brushed  by  a  machine,  &c. 
I'Voni  twenty  to  Ihirtj  pieces,  each  eiihly  yards  Ions,  may  be  biushrd  in  an  hour.  Tlie 
breadth  of  the  cloth  is  Iweniy  inches.  The  macerBliim  is  perfTmed  by  immersina  the 
bundled  pieces  in  tanks  of  water,  healed  by  wasie  steam  ;  and  the  washing  by  means  of 
H  r^el  or  winch,  kepi  revolvins  rapidly  under  thp  acliun  of  a  stream  <if  cold  water,  for 
an  Jiour  or  longer. 

Afier  being  thus  ripped  up,  it  is  taken  to  the  brushing  or  teazling  machine,  to  make  it 

This  consists  of  a  series  of  wooden  rollei-s,  Inrnins  fieely  upon  iron  ajles,  and  covered 
with  tin-plale,  rongh  with  llie  burs  of  pimcbed  holes ;  and  blocks  of  wood,  whose  con- 
cave  under  sorfaces  are  covered  wilh  card-cloth  or  card-brusht*,  and  wliicli  are  made  to 
traverse  backwards  and  fiirwaids  in  the  direction  of  the  ales  of  Ibe  revolving  rollerB, 
during  the  passage  of  the  chith  over  them. 

Alier  they  are  brushed  in  the  machine,  the  goods  are  singed  by  passing  their  cut  surface 
over  a  cylinder  of  iron,  laid  in  a  horizontal  direction,  and  kept  red  hot  by  a  flue.  See 
SiNOKiNO.  They  are  now  brushed  again  by  the  macliine,  and  once  more  passed  over  Ihe 
sinseing  surface.  The  bi  iishing  and  singeing  are  repeated  a  third,  or  even  occasionally 
a  foui-lh  lime,  till  the  cord  acquires  a  smooih  polished  appearance. 

The  goods  are  next  steeped,  washed,  and  bleached,  by  immersion  in  dilution  of  chloride 
uf  lime,  'I'hey  are  llien  dyed  by  appropriate  chemical  means.  After  which  they  are 
padded  (imbued  by  the  padding  machine  of  the  calico  printers)  with  a  solution  of  glue, 
And  passed  over  steam  cjlinrlers  to  slift'en  them. 

Smodlh  fustians,  when  crO|>ped  or  shorn  before  dyeing,  are  called  moleskins  ;  but  when 
)^horn  aller  being  dyed,  are  called  beaverleen  :  ihi-y  are  both  tweeled  fabrics.  Canloon  is 
a  fusiian  wilh  a  fine  cord  visible  upon  the  one  side,  and  a  saliny  suiface  of  yarns  running 
al  riahl  angles  to  Ihe  cords  n|kin  Ihe  olher  side.  The  satiny  side  ' 
by  singeing.     The  stuff  is  strong,  and  has  a  very  line  aspect. 

Common  plain  fustian,  of  a  brown  or  drab  color,  with  satin 

A  fusiian,  with  a  small  cord  running  in  an  oblique  direction,  h 
pearance.     II  is  called  diaironal.      Moleskin  shorn, 
dyed  lint,  is  sold  at  20d.  |>er  yard. 

The  weight  of  90  yarrls  of  ihe  narrow  velveteen,  in  the  green  or  undressed  state,  is 
ahniit  24  ponnds.  The  gooils  made  for  the  German,  Italian,  and  Russian  markets  are 
lighter,  on  account  of  the  peculiarity  in  the  mode  of  levying  Ihe  import  duty  in  these 

Velveteens  as  they  come  from  the  loom,  are  sold  whplesale  by  weight,  and  average  a 
price  of  20rf.  per  pound.  They  are  usually  woven  with  yarns  of  Upland  and  Brazil  cotton 
wool,  spun  together  for  the  warpj  or,  sometimes.  New  Orleans  alone.  The  weft  is  usu- 
aliy  Upland,  sometimes  mixed  with  East  India  cotton  wools. 

Tronser  velveteens  are  woven  19  inches  wide,  if  they  are  to  be  cut  up;  if  not,  they 
aie  woven  30  inches,  and  called  beaverteen. 

Culling  or  cropping  fuslians  by  hand  is  a  very  laborious  and  delicale  operation. 
The  invention  of  an  improved  apparatus  for  effecting  Ihe  same  end  with  automatic  pre- 
cision and  despatch,  was  therefore  an  object  of  no  iillle  interest  lo  this  peculiar  manufac 
lure  of  Manchester.  An  ingenious  machine,  apparently  well  calculated  for  this  purpose, 
was  made  the  subject  of  a  |>atent  by  Messrs.  William  Wells  and  George  ScholeGeld,  of 
Salfonl,  in  November,  1K34. 

FUSTIC.  (Soil  ja««e,  Fr. ;  GplMote,  Germ.)  The  old  fustic  of  the  English  dyer, 
as  the  article  fustet  is  llieir  yelloic  fustic.  It  is  the  wood  of  the  Morns  tinctoria.  It  is 
lishl,  not  hard,  and  pale  yellow  with  orange  veins  ;  it  contains  two  coloring  matters,  one 
resinous,  and  another  soluble  in  water.     The  latter  resembles  weld,  bai  it  has  more  of 


Its  decoctions  in  water  are  brightened  bjthe  addition  of  a  little  glue,  and  more  by  cui 
died  millt.  Thi$  wood  is  rich  in  color,  and  imparts  permanent  dyes  to  woollen  stuffs, 
when  aided  by  proper  mordants.  It  unites  well  with  the  blue  of  the  indigo  vat,  anil 
Saxon  blue,  in  producing  green  of  Tarious  shades.  Alum,  larlar,  and  siilulion  of  tin, 
render  its  culur  more  vivid  ;  sea  salt  and  sul|ihale  of  iron  deepen  its  hue.  From  5  to  6 
parts  of  old  fustic  are  sufficient  to  give  a  lemon  color  lo  16  parts  of  cloth.  The  color  of 
weld  is  however  purer  and  less  inelinini;  10  orange  i  bat  that  of  fuslic  is  less  affected  by 
acids  than  any  other  yellow  Jye.  Tiiis  wood  is  often  employed  with  sulphate  of  iron  in 
pnidiicing  olive  and  brownish  tints,  which  agree  well  with  its  dull  yellow.  For  the  same 
reajon  it  is  much  used  for  dark  greens. 

G. 

GABRO?fITE  is  a  yelloivish  stony  substance,  of  a  greasy  lustre  and  spec.  gr.=a'74  ; 
affording  no  water  by  calcioalion  i  fusible  at  the  blowpipe  into  an  opaque  glass  i  soluble 
in  muriatic  acid  j  solution  aSurds  hardly  any  precipitale  by  oxalate  of  ammonia.  This 
mineral  is  distinguished  by  the  large  qaantily  of  soda  which  il  contains;  its  conslilneats 
being— silica,  54;  alumina,  24;  soda,  17-25;  magnesia,  l-a;cxyde  of  irun,  125j  water, 
3.    It  belongs  to  Ihe  species  Nepheline. 

GADOLINITE,  called  also  Yttrite  and  Ylterhite,  is  a  mineral  of  a  black,  brownish, 
or  yellowish  color,  granular,  or  compactly  vitreous,  and  concholdal  fracture;  of  spec, 
grav.  4-2J  ;  readily  scratching  glass ;  fusible  at  the  blowpipe  into  an  opaque  glass,  some- 
times with  intumescence.  It  affords,  with  acids,  a  solulioa  that  lets  fall,  with  caustic 
soda,  a  precipitate  partly  re-soluble  in  carbonate  of  ammonia.  It  is  remarkable  for  con- 
taining from  45  to  55  per  cent,  of  the  earth  Yltria;  its  remaining  constituents  being  sili- 
ca, 25'8  ;  oxyde  of  cerium,  n-92;  oxydeof  iron,  11-43.  This  mineral  is  very  rare,  hav- 
ing been  hitherto  found  only  in  the  neighborhood  of  Fahlon  and  Ytterby,  in  Sweden;  its 
peculiar  constituent  was  discovered  by  Professor  Gadolin. 

GALACTOMCTER,  or  LACTOMETER,  is  an  instrument  lo  ascertain  the  quality 
of  milk ;  an  article  often  sophisticated  in  various  ways.  Fresh  milit,  rich  in  cream,  has  a 
less  specific  gravity  than  the  same  milk  after  it  has  been  skimmed  ;  and  milk  diluted  with 
water  becomes  proporlionably  lighter.  Hence,  when  our  purpose  is  lo  determine  the 
quantity  of  cream,  the  galactometer  may  consist  merely  of  a  long  graduated  glass  tube 
standing  upright  upon  a  sole.  Having  filled  100  measures  with  the  recent  milk,  we  shall 
see,  by  the  measures  of  cream  thrown  up,  its  value  in  this  respect.  A  delicate  long- 
rangej  glass  hydrometer,  eraduated  from  I-OOO  up  lo  I'060,  affords  the  most  convenient 
means  of  detecting  the  degree  of  watery  dilution,  provided  the  absence  of  thickening  ma- 
terials has  been  previously  ascertained  by  Sllration.  Good  fresh  milk  indicates  from  1-030 
to  1-032-,  when  the  cream  is  removed,  1-035  to  1-037.  When  its  density  ia  less  than  lOiS, 
we  may  infer  it  has  been  thinned  wilh  water. 

GALBANDM  is  a  gum-resin,  which  occurs  sometimes  in  yellow,  shining  tears,  easily 
agiflutinaled  ;  of  a  strong  durable  Smell ;  an  acrid  and  bitter  taste;  at  other  times  in  lumps. 
It  exudes  either  spontaneously  or  from  incisions  madeinlo  the  stem  o[  Ihe  buian  galbanam, 
a  plant  of  the  family  of  MmbeUiftra,  which  grows  in  Africa,  particularly  in  Ethiopia.  Il 
contains  67  of  resin ;  19-3  of  gnni ;  6-4  of  volatile  oil  and  water ;  7-5  of  woody  fihres  and 
other  impurities ;  wilh  traces  of  acid  matfite  of  lime. 

GALENA,  (Plomb  ml/kre,'Fr. ;  Bfc^iaiu,  Germ. ;)  is  a  metallic  looking  substance  of 
n  lead-gray  color,  which  crystallizes  in  the  cubical  system,  and  is  susceptible  of  cleavages 
parallel  to  the  faces  of  the  cube;  spec.  gr.  7-7592;  cannot  be  cut;  fusible  at  the  blow- 
pipe with  exbalaliiin  of  sulphureous  vapors;  is  easily  reduced  to  metallic  lead.  Nitric 
acid  first  dissolves  it,  and  then  throws  down  sulphate  of  lead  in  a  while  precipilatei  the 
solution  affording,  with  plates  of  zinc,  brilliant  laminas  of  lead  (arbor  Salurni.)  It  con- 
sists of  sulphur,  13  ;  lead,  85;  witha  little  iron,  and  sometimes  a  minute  quantity  of  silver. 
This  is  the  richest  ore  of  lead,  and  it  occurs  in  almost  every  geolt^ical  formation,  in 
veins,  in  masses,  or  in  beds.  It  is  almost  always  accompanied  by  sulphurel  of  zinc,  dil- 
ferent  sails  of  lead,  heavy  spar,  liuor  spar,  &c.  Galena  in  powder,  called  Alquifoux,  is 
employed  as  a  glaze  for  coarse  stoneware. 

GALIPOT  is  a  name  of  a  white  semi-solid  viscid  rosin  foond  on  fir-trees  ;  or  an  infe- 
rior sort  of  turpentine,  poor  in  oil. 

GALLATES ;  salts  consisting  of  gallic  acid  combined  wilh  bases ;  the  most  important 
hein?  that  wilh  oxyde  of  iron,  constituting  a  principal  part  of  the  black  dye. 

GALLIC  ACID  is  the  peculiar  acid  extracled  from  gall-nuts;  which  see. 

GALLIPOLI  OIL  is  a  coarse  olive  oil,  containing  more  or  less  mucilage;  imporledfrom 

seaport  so  named,  of  the  province  of  Otranlo  in  the  Ii  nlrdom  of  Naples. 

GALL-NUTS,  or  GALLS,  {ffoix  de  Galle  Fr  Gt^Uapfel  Germ  1  are  excrescences 
found  upon  the  leaves  and  lenf-slalks  of  a  species  of  oak  cal  ed  Querciu  .in/ecfo- 
ria,  which  grows  in  Ihe  Levant.  They  are  produced  m  con>e(iience  of  the  puncture 
?f  the  female  of  the  gall  wasp  (Cynips  folii  quercu  )    n  ade  in  order  lo  deposite   her 
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BSgs;  ronnd  which  (he  juice  of  the  tree  eludes,  and  dries  in  coneenlrie  portions.    When 
the  insecl  gets  fiiltf  rormeil,  it  eats  ihrouzh  the  nut,  and  flies  off. 

The  Levant  galls  are  of  two  diSerenl  appea.'ances  and  qualities;  the  first  aic  heavjr 
eumpacl,  imperforaled,  tlie  insect  not  having  been  snfficienlly  advanced  to  Eat  its  way 
through  the  shell ;  pricltlf  on  (he  surfaee  ;  of  a  blachish  or  bluish  ereen  hue  ;  about  the 
size  of  a  mnsket-biill.  These  are  called  black,  blue,  or  Aleppo  ^alls.  The  second  are 
li°ht,  spongf ,  pierced  with  one  or  inore  holes ;  smooth  upon  the  surface,  of  a  pale  grayish 
or  reddish  yellow  color,  generally  larger  than  the  first,  and  are  called  while  galls.  Be- 
sides the  gnlls  of  the  Levant,  others  come  from  Dalmatia,  lilyria,  Calabria,  &c. ;  but  they 
are  of  inferior  qualily,  being  found  upon  ttteQuercvs  Cerrii ;  they  are  smaller,  of  a  brown- 
ish color,  and  of  inferior  value.    The  furl  be  r  south  the  galls  are  grown,  ihey  are  reckoned 

Galls  consist  principally  of  three  sobslances;  tannin  or  tannic  acidj  yellow  extractive  j 
and  gallic  acid.  Their  decoction  hasa  very  astringent  and  unpleasant  bitter  taste.  The 
following  are  their  habitudes  with  various  reagents  : — 

Litmus  paper  is  powerfully  reddened. 

Stannous  chloride  {proiomariale  of  tin)  produces  an  Isabel  yellow  precipitale. 

Alunji  a  yellowish  gray  precipitate. 

Acetate  of  lead  i  a  thick  yellowish  white  precipitate. 

Acetate  of  copper;  a  chocolate  brown  precipitale. 

Ferric  sulphate  (red  sulphate  of  iron);  a  blue  precipitate. 

Sulphuric  ncid  \  a  dirly  yellowish  precipitate. 

Acetic  acid  bris:hlens  the  muddy  decoction. 

The  galls  of  the  QMrcm  Cerris  and  common  oak  {Gailes  a  repine,  Fr.  i  Kvoppem, 
Germ.)  are  of  a  dark  brown  color,  prickly  on  the  surface,  and  irregular  in  shape  and  size. 
They  are  used  chiefly  for  tanning  in  Hungary,  Balmalia,  and  the  southern  provinces  of 
the  Austrian  stales,  where  Ihey  abound. 

Tannin  or  tannic  neid  is  prepared  as  follows  :  Into  a  long  narrow  glass  adopter  tube, 
shut  at  its  lower  oriQce  with  a  cotton  wick,  a  qnantity  of  pounded  galls  are  put,  and 
slishlly  pressed  down.  The  tapering  end  of  the  tube  being  inserted  into  a  matrass  cr 
bottle,  the  vacant  upper  half  of  the  tube  is  filled  with  sniphutic  ether,  and  then  closed  with 
a  f;round-glass  stopper.  Next  day  there  will  be  found  in  the  bottle  a  liquid  in  Wo  dis- 
tinct strata ;  of  which  the  more  limpid  occupies  the  upper  part,  and  the  other,  of  a  sirupy 
consistence  and  amber  color,  the  lower.  More  elher  must  be  filtered  through  the  galls, 
till  the  thicker  liquid  ceases  to  ansment.  Both  are  now  poured  into  a  funnel,  closed  with 
the  finger,  and  ahet  the  dense  liquor  is  settled  at  the  bottom,  it  is  steadily  run  off  into  a 
capsule.  This,  after  being  washed  repeatedly  with  ether,  is  to  be  transferred  into  a  stove 
chamber,  or  placed  un3er  the  receiver  of  an  air  pump,  to  be  evaporated.  The  residuary 
iiattersweils  np  in  a  spongy  crystalline  form  of  considerable  brilliancy,  sometinies  color- 
less, but  more  frequently  of  a  faintly  yellowish  hue. 

This  is  pure  tannjn,  which  eiists  in  galls  to  the  amount  of  from  40  to  45  per  cent.  It 
U  indispensable  that  the  ether  employed  in  the  preceding  process  be  previously  agitated 
u-ilb  waler,  or  that  it  Contain  some  water,  because  by  using  anhydrous  ether,  not  a  parti- 
ble of  tannin  will  be  obtained. 

Tannic  acid  is  a  white  or  yellowish  solid,  inodorous,  extremely  astringent,  very  soluble 
In  water  and  alcohol,  much  less  so  in  sulphuric  ether,  and  nncrystallizable.  Its  watery 
solution,  out  of  contact  of  air,  undergoes  no  change;  but  if,  in  a  very  dilute .  slate, 
't  be  te^  exposed  to  the  atmosphere.  It  loses  gradutdly  its  transparency,  and  lets  fall  a 
slightly  grayish  crystalline  matter,  consisting  almost  entirety  of  gallic  acid.  For  procuring 
this  acid  in  a  perfectly  pure  state,  it  is  merely  necessary  to  treat  that  solution  thus 
changed  with  animal  charcoal,  and  to  lilter  it,  in  a  boiling  stale,  through  paper  pre- 
viously  washed  with  dilute  muriatic  acid.  The  gallic  acid  will  fall  down  in  crystals  as 
the  liquid  cools. 

If  the  preceding  experiment  be  made  in  a  graduated  glass  tube  containing  oxygen  over 
mercury,  this  gas  will  be  absorbed,  and  a  corresponding  volume  of  carbonic  acid  gas  will 
he  disengaged.  In  this  case  the  liquor  wilt  appear  in  the  course  of  a  few  weeks  as  if 
traversed  with  numerous  crystalline  colorlesB  needles  of  gallic  acid. 

Tannin  or  tannic  acid  consists  of  carbon  51'56;  hydrogen  4-20  ;  oiygen  44'24. 

From  the  above  facts  it  is  obvious  that  gallic  acid  does  nol  exist  ready  formed  in  gall- 
nuts,  but  that  it  is  produced  by  the  reaction  of  atmospheric  oxygen  upon  the  tannin  of 

Gallic  acid  is  a  solid,  feebly  acidulous  and  styptic  to  the  tasle,  inodorons,  crystallising 
in  silky  needles  of  the  greatest  wiiileness  ;  soluble  in  about  100  limes  its  weight  of  cold, 
and  in  a  much  smaller  quantity  of  boiling  water;  more  soluble  in  alcohol  than  in  water, 
jut  little  so  in  sulphuric  ether. 

Gallic  acid  does  not  decompose  the  salts  of  proloxy  te  of  iron,  but  it  forms,  with  the 
iulpbale  of  the  peroxyde,  a  dark  blue  precipitate,  much  less  insoluble  than  the  tannale 
dI  iron.     Gallic  acid  takes  the  oxvJe  fro-a  the  acetate  and  nitrate  of  lead,  and  tiitrws 
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liwn  a  white  gallnle  nnchanspable  in  Ihe  air,  i 

crileriiin  ils  fieedom  rrom  laniiin  is  vedlieJ. 

Gallicacid  occurs  bu(  setdum  in  nalurcj  and  always  united  to  brncine,  veralrinE,  oT 
lime.  lis  conslituenls  are  carbon  4SI-89 ;  hydiogen  3'49 ;  oxygen  4G-62.  I.i  llie  crystal- 
line  state  il  conlnins  one  bIoid  or  water,  whicb  il  Imm  bj  drying. 

Scheelc  obtained  gallic  acid  by  infusing  pounded  Galls  Tor  3  or  4  ilaye  in  8  limes  their 
wt'ishl  of  water,  and  exposing  the  infasion  to  the  air,  in  a  vessel  covered  loosely  with 
paper.  At  Ihe  end  of  two  inonlhs,  the  liqnor  had  almost  all  evaporated,  leaving  some 
munldiness  mixed  with  a  crj'stBlliae  prrci|iitate.  The  fuimer  being  removed,  the  de- 
posite  was  squeezed  in  a  linen  cloth,  and  then  Irealrd  with  boiling  water.  The  solution, 
being  gradually  evaporated,  j  ietded  crjstals  of  gallic  acid,  granular  or  star-like,  of  a 
grayisb  color.  These  crystals  niishl  be  whitened  by  boiling  their  solution  sloni!  with  a 
little  animal  charcoal.  About  one  fifth  of  gallic  acid  piay  be  obtained  by  Scheele's  pro- 
cess Irom  good  gall-nuLe. 

From  a  decoction  of  500  parts  of  galls,  Sir  H.  Davy  obtaineit  IS5  parts  of  solid  extract; 
which  consisted  of  130  parts  of  tannin  ;  31  parts  of  gaUic  acid  with  extractive  ;  13  parts 
of  mucilagei  12  parts  of  lime  and  salts.  Hence  gall-nuts  would  seem  to  contain,  by 
llm  slalemenl,  more  than  two  thirds  of  their  wekhl  of  tannin.  This  result  is  now  seen, 
from  the  above  experiments  of  Peloiize,  to  have  been  incorrect,  in  consequence  of  the 
admixtBie  of  yellow  extractive  in  Davys  tannin. 

The  use  of  ealls  in  many  processes  of  dyeing,  and  !n  making  black  ink,  is  deti^.led 
under  their  respclive  heads. 

GALL  OF  ANIMALS,  or  OX-GALL,  pvrijiealion  of.  Painters  in  water  colors, 
scourers  of  clnthes,  and  many  others,  employ  ox -gall  or  bile;  but  when  it  is  not  puiified, 
it  is  apt  lo  do  harm  from  the  greenness  of  its  own  lint.  It  becomes  therefore  an  impor- 
tant object  to  clarify  it,  and  to  make  it  limpid  and  transparent  like  water.  The  lollowjng 
process  has  been  given  fur  that  purpose.  Take  the  gall  of  newly  killed  oxen,  and  after 
havins  allowed  it  to  sellle  for  12  or  15  hours  in  a  basin,  ponr  the  supernatant  liquor  off 
the  sediment  into  an  evaporating  dish  of  stone  ware,  and  eipose  it  to  a  boiling  heat  in  a 
mater  bath,  till  it  is  somewhat  thick.  Then  spread  it  upon  a  dish,  and  jOace  il  before  a 
fire  till  il  becomes  nearly  dry.  In  this  slate  it  may  be  kept  fur  years  in  jelly  pots  cov- 
ered with  paper,  without  nndergoing  any  alteration.  When  it  is  lo  he  used,  a  piece  of 
il  of  the  siie  of  a  pea  is  to  be  dissolved  in  a  table  spoonful  of  water. 

Another  and  probably  a  belter  mode  of  piirifjing  ox-gall  is  Ihe  following.  To  i  pint 
of  the  gall  boiled  and  skimmed,  add  one  ounce  of  fine  alum  in  powder,  and  leave  the 
mixlore  on  the  fire  till  the  alum  he  dlssntved  When  cooled  pour  into  a  bottle  which 
is  to  be  loosely  corked.  Now  take  a  like  q  It]  f  g  11  1  baled  d  Lmmd  dd 
anounceof  common  salt  to  it,  and  dissol  w  th  h  t  p  t  h  Id  1  b  1 
which  is  likewise  lo  he  loosely  coiked.  E  th  f  thes  pprat  mybekpf 
several  years  without  their  emittin»  a  bad   m  tl      Af  m         g  th  th       t 

moderale  temperature,  they  de|iosite  a  thi  k       d  m     t        d  b       m       1  d   lit  f 

ordinary  uses,  but  not  for  artists  in  wale        1  rs      d  m       t  I    f  Ih 

yellowish-areen  color.    To  obviate  this  inco  h    f  th      b        1  q  I 

be  decanted  apart,  after  they  have  become  pe  f  llj  se  lied  d  th  I  po  1  I  b  th 
mixed  Ir^ether  in  equal  parts.    The  yell  wig       t  11  d  by  th    mix 

lute  coaaulales  immediately  and  precipitates  1  g  h  gall  p  f  tly  p  lied  d 
colorless.    If  wished  lo  be  still  finer,  it       y       psedh        hfil  pi        b 

becoir.es  clearer  with  age,  and  never  acqn  d      g    eabl       m  II  1  J    f  1 

good  qualities. 

Clarified  oi-eall  combines  readily  with  cl       gmt  pgml        d       estim 

solidity  either  by  being  mixed  with  or  passed  h  m     po     p  pe       It  th 

brilliancy  and  the  durability  of  ullramarine  i  i    f   II  d  I 

colors,  whilst  it  contributes   to  make  them     p      d  ly    po     th     p  p  } 

&c.  When  mixed  with  gum-arabic,  it  thickens  the  colors  without  communicating  lo 
them  a  disagreeable  glistering  appearance ;  il  prevents  the  gum  from  cracking,  and 
fixes  Ihe  colors  so  well  that  others  may  be  applied  over  them  wiihoul  deirradalion. 
Along  wi(h  lamp  black  and  gum,  it  forms  a  good  imitation  of  China  ink.  When  a  coal 
of  ox-gall  is  put  upon  dtatfings  made  with  black  lead  or  crayons,  the  lines  can  no  longer 
be  effaced,  hut  may  be  painted  over  safely  with  a  variety  of  colors  previously  mixed  uf 
with  the  same  ox-gall. 

Minialnre  |Kiinters  find  a  great  advantage  in  employing  it;  by  passing  it  over  ivory, 
it  removes  completely  tlie  unctuous  mailer  from  its  surfacei  and  when  ground  wiih  the 
eolors,  it  makes  them  spread  with  the  ereatest  ease,  and  renders  Ihem  fast. 

It  serves  also  for  transparencies.  It  is  first  passed  over  Ihe  varnished  or  oiled  paper 
and  is  allowed  to  dry.  The  colors  mixed  with  the  gall  are  then  applied,  and  canno 
al'terwards  be  removed  by  any  means. 

il  is  adapted  finally  for  taking  out  spots  of  grease  and  oil 
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GALL  OF  GLASS,  called  also  snnilivor,  is  tbe  neutral  fait  skimmed  off  the  aiuface 
of  H-.elted  crown  glass;  wlikh,  if  allowed  to  remniii  too  long,  is  apt  to  be  reabsorbed 
in  pari,  mid  lo  injure  the  quality  of  the  melal,  aa  tlie  'workmen  coll  it. 

GALVANIZED  IRON,  is  the  somewhat  fantastic  Liarae  newly  given  in  France  to  ir 


tinned  by  ft  peculiar  pateot  process,  whereby  it  resists  the  rusting  influence  of  damp 
dir.  and  even  moisture,  much  longer  tban  ordinary  tin  plate.  The  fuUuwing  is  the  pre- 
■libed  process.     Clean  the  surface  of  the  iron  perfectly  by  the  joint  action  of  dilute 


acid  and  friction,  plunge  it  into  a  bath  nf  melted  zinc,  covered  with  aal-ummoniac.  and 
stir  it  about  till  it  be  alloyoil  Buperfidally  with  this  metal;  when  the  metal  thus  pre- 
pared is  exposed  to  humidity,  the  zinc  is  said  to  oxidise  slowly  by  a  galvanic  action, 
and  to  protect  the  iron  from  rusting  within  it,  whereby  tbe  outer  surface  remains  for  a 
long  period  perfectly  white,  in  circumstances  nnder  which  iron  tinned  in  the  usual  way 
would  have  been  superficially  browned  and  corroded  with  rust. 

G A  LVANO- PLASTIC  is  the  German  name  of  Eleciro-MetaltuTgy. 

GAMBOGE ;  {Qanme  Gntte,  Fr. ;  ChitH,  Germ.)  is  a  gum  resin,  concreted  in  the  air, 
fioni  the  milky  juice  whicli  exudes  from  several  trees.  The  gambogia  gulta,  a  tree  which 
grows  wild  upon  the  coasts  of  Cjylon  and  Malabai',  produces  the  coai'seat  kind  of  gam- 
boge ;  the  gvtta/eTa  vera  [Slatagmilet  eambogioideaj  of  Ceylo;.  and  Siam  affords  the 
best.  It  comes  to  ua  in  eyiindrieal  lumps,  whicli  are  outwardly  brown  yellow,  but 
reddish  yellow  within,  as  also  in  cakes ;  it  is  opaque,  easily  reducible  to  powder  of 
specific  gravity  1'207,  scentless,  and  nearly  devoid  of  taste,  but  leaves  an  acrid  feeling 
in  tbe  tiiroat.  Its  powder  and  watery  emulsion  are  yellow.  It  consists  of  80  parts  r.'  a 
hyacinth  red  resin,  soluble  in  alcohol;  and  20  parts  of  gum;  but  by  another  analysis,  of 
89  lit  vuan,  and  10'6  of  gum.  Gamboge  is  used  as  a  pigment,  and  in  miniature  painting, 
to  tinge  gold  varnish ;  in  medicine  as  a  powerful  purge.  It  should  never  be  employed 
by  confectioners  to  colour  their  Hgnews,  as  tbey  sometimes  do, 

GANGUE,  A  word  deriTed  trom  the  German  gang,  »  vein  or  channel.  It  signifies 
the  mineral  substance  which  either  encloses  or  usually  accompanies  any  metallic  ore  in 
the  vein.  Quartz,  lamellar  carbonate  of  lime,  sulphate  of  baryta,  sulphate  and  fluate  of 
lime,  generally  form  the  gangues ;  but  a  great  many  other  substances  become  such  when 
they  predominate  in  a  vein.  In  metallurgic  works  the  first  thing  is  to  break  the  mixed 
ore  into  small  pieccB,  in  order  to  separare  tbe  valuable  from  the  useless  parts,  by  pro- 
cesses called  stamping,  picking,  sorting.    See  Metalluhgi  and  Mines. 

GARAHCIME,  is  a  dyeing  substance  prepared  from  madder,  called  in  the  French 
language  garance. 

A  patent  was  granted  in  August,  J,S4S,  to  Mr.  F.  Steiner,  for  the  manufacture  of 
Garandne  from  used  madder,  formerly  Ihrown  away,  as  being  exhausted  of  its  dyeing 
Dfinciple.  His  process  is  as  follows:— "A  large  filler  is  conslrucled  outside  the 
building  in  which  the  dye-vessels  are  situated,  formed  by  sinking  a  hole  in  the  ground, 
and  lining  it  at  the  bottom  and  sides  with  bricks  without  any  mortar  to  unite  them. 
A  quantity  of  stones  or  gravel  is  placed  upon  the  bricks,  and  over  the  stones  or  gravel 
common  wrappering,  audi  as  is  used  for  sacks.  Selow  the  bricks  is  a  drain  to  take 
off  tlie  water  wbidi  passes  through  the  filler.    In  a  tub  adjoining  the'  filter  is  kept  a 

Siantity  of  dilute  auWiuric  acid,  of  about  the  specific  gravity  of  106,  water  being  100. 
ydruciikirio  add  will  answer  the  eeveral  purposes,  but  sulphuric  acid  is  preferred  as 
more  economicaL  A  channel  is  made  from  the  dye-vessels  to  Ihe  filter.  The  madder 
which  has  been  employed  in  dyeing  is  I'un  from  the  dye-vessels  to  the  filter;  and 
while  it  is  so  running,  such  a  portion  of  the  dilute  sulphuric  acid  is  run  in  and  mixed 
with  it  as  changes  the  colour  ,of  tliu  solution  and  tbe  undissolved  madder  to  an  orange 
tint  or  huo.  ITiis  acid  precipitates  the  colouring  matter  which  is  held  in  solution,  and 
prevents  the  undissolved  madder  from  fermenting  or  otherwise  decomposing.  When 
the  water  has  drained  from  the  madder  through  the  filter,  the  residuum  is  taken  from 
off  the  filter  and  put  into  bags.  Tha  bags  are  then  placed  in  an  hydraulic  press,  to  have 
ns  much  water  as  possible  expressed  from  their  cimtents.  In  order  to  break  the  Jumps 
which  have  been  funned  by  compression,  the  madder  or  residuum  is  passed  through  a 
eirve.  To  6  cwt.  of  madder  in  this  stale,  placed  in  a  wood  or  lead  cistern,  1  cwt  of 
Biilphurio  acid  of  commerce  is  sprinkled  on  Uie  madder  through  a  lead  vessel  similar 
ill  form  to  the  ordinary  watering-can  used  bv  gardeners.  An  iuelruraent  lite  a  garden 
spade  or  r^e  is  next  used,  to  wwk  the  madder  about,  so  as  to  mis  it  iulimatelv  witli 
llie  acid.  In  this  stage  the  madder  is  placed  upon  a  perforated  lead  plate,  which  is 
fixed  alkjut  five  or  six  inches  above  the  bottom  of  a  vessel.  Between  this  pbte  and 
the  bottom  of  tbe  vessel  is  introduced  a  current  of  steam  by  a  pipe,  so  that  it  pawea 
through  the  perforated  plate  and  the  madder  which  is  upon  it.  During  this  process, 
which  occupies  from  ore  to  two  hours,  a  substance  is  produced  of  a  dark  br-™-  ^i-- 
approaching  lo  black.  This  substance  is  garancine  and  h--'' ^■'-  '■■■i--— 
W  hen  eool,  it  is  olaced  upon  a  filler  and  washed  "■*>■  -'"" 
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Easaes  fi'om  it  without  nil  add  faata.  It  is  then  put  iuto  tugs  and  presaed  with  an 
j'!raulio  pi'Baa.  Tlie  aubstauoa  is  dried  in  a  stove  and  ground  to  a  fine  powder  utidot 
oiAlinary^  nuidder  sloneB,  and  afterwards  passed,  through  a  sieve.  la  order  t(  '  '' 
niiv  acid  that  may  rem^n,  from  4  to  5  Ibi  of  dry  carbonate 
we^kht  of  this  aubstauce  is  added  and  intimately  mrxed.    The  gas 

GARNET  {Orenat,  Fr.;  Granat,  Germ.);  is  a  -viireoua  mineral  of  the  cxibic  systciii, 
of  ishich  the  predominating  forms  are  the  rhoraboidnl  dodecaliedron  and  the  trapasio- 
hedron;  specitio  griivity  varying  from  S-35  to  4'34;  fusible  at  the  blowpipe.  Its  con- 
stituents are,  silica,  42  ;  alumina,  200  ;  lime,  £4  0;  protoxide  of  iron,  4.  Garnets  n re 
usually  diaseminaleJ,  and  occur  in  all  the  primitive  strata  from  gneiss  to  clay  slats. 
Tlie  finer  varieties,  nnble  garnet  or  Almandine,  nnd  the  reddisli  varietiaa  of  Qrossulaiia 
(E^aonite),  are  employed  in  jewelry ;  the  first  are  called  tlie  Syrian  or  oriental ;  the 
others,  hyacinth.  In  some  parts  of  Germany  garnets  are  so  obuotlant  as  to  be  used 
as  fluxes  to  some  iron  ores:  in  others,  tlie  garnet  gravel  is  waalied,  pounded,  and  ein- 
nluved  as  a  substitute  for  emery.  The  garnets  of  Pegu  are  most  highly  valued.  Fac- 
titious garnets  may  be  made  by  the  following  conlpoBition ; — Purest  whitB  glass,  2 
ounces;  glass  of  antimony,  1  jJunce ;  powder  of  cassias,  1  grain;   manganese,  1  grain. 

GAULTHERIA  OIL;  an  aromatic  oil,  called  in  commerca  wintergreen  oil.  It 
is  obtained  from  a  shrub  of  the  Ericeen  family.  {Qs^theria  proeamhent'L.,  Oanadiait  ten.) 
The  oil  occurs  in  alt  parts  of  the  plant,  but  mostly  in  ibe  flowers,  and  may  be  extracted 
by  alcohol,  but  not  by  water  from  the  dried  or  acentleas  plant.  The  same  oil  ia  obtained 
from  the  bark  of  sweet  birch,  by  distilling  it  with  water,  whereby  it  results  from 'tlie 
mutual  action  of  a  body  hlce  emulsion  upon  a  body  like  ainygilalio.  The  oil  is  c'vurless, 
but  becomes  reddish  in  tlie  air,  as  it  is  found  in  cummerce.  Its  specific  gravity  it  1  173, 
Bir  Q;_  it  distila  at  the  constant  heatof220"-,   ithaathena 

^  solution  of  tlie  oil  produces  with  the  red  salts  of  iron  a  violet 
excess  of  oil  very  deep  and  rich.    Its  constituente  are 
Ci,  =  1200  63-16 

Hs  =     100  5'26 

0,   =     600  Slo8 

1900  100-00 

If  we  distil  the  oil  with  an  excosa  of  caustic  potash,  wood  spirit  cotaea  over,  and  the 
remiiinde:  consists  of  salicylate  of  potash.  The  oil  is  a  natural  compound  wood  etlier, 
whith  may  be  prepared  artificially  by  distilling  together  two  parts  of  salicylic  add 
with  two  parts  of  dry  wood  spirit,  and  one  part  of  oil  of  vitriol  IliH  etliar  is  separable 
from  ihe  clistilled  liquor  by  means  of  cbloroalcium.  Bromine  and  chlorine  act  violently 
upon  the  oil.    The  gaultheria  oil  combines  ivitliout  decomposition  into  a  peculiar  class 

GAULTHERINE.  Wlien  the  pulverized  dried  bark  of  betvla  lenta  's  exhausted 
with  cold  aleoliol  of  95",  it  can  afford  no  more  oil.  Tiie  fluid  -n'hidh  contains  the 
gaulthei-iue  has  a  slight  bLtterisii  taste,  and  by  evaporation  it  forms  a  dry  gummy  mass 
wliich  at  a  high  heat  leaves  a  coaly  reeidual. 
Oil  of  vitriol  dissolves  tlie  gaultherine  with  a  red  colour  and  a  flavour  of  the  oil. 
GAS  (Evg.  and  Fr. ;  Gas,  Germ.)  is  the  r^neric  name  of  all  (hose  elastic  flaids  which 
are  permaaent  under  a  considernble  pressure,  and  at  the  lemperalure  of  zero  of  Fahrfn- 
heil.  In  many  of  them,  however,  hy  the  joint  influence  of  eicessive  cold  and  pressure, 
tJie  repulsive  stale  of  the  particles  may  be  balanced  or  subverted,  so  as  to  transform  the 
elastic  gas  into  a  liquid  or  a  solid.  For  litis  most  interesting  discovery,  -we  are  indebted 
to  the  fine  genius  of  Mr.  Faradny. 

The  following  table  eKhibits  tlie  temperoliirts  and  pleasures  at  which  certain  gases  are 
liquefied. 
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Liquid  carbonic  Rcid  becomes  noIidiHed,  inlo  a  snowj'-looLin!;  substance,  by  its  own 
rapid  evapornlion.  Oxygen,  hydrosen,  Rnd  dzote,  linve  hilhirto  resisted  all  attempts  tc 
divest  tjiem  of  their  elastic  form.  For  lliis  purpose,  it  is  probable  that  a  condensing  furJe 
equal  to  (hat  of  650  atmospheres,  will  be  required. 

The  Folume  of  a-iy  gas  is,  generally  speaking,  tncersety  as  the  pressure  to  which  it  is 
exjtosed ;  thus,  under  a  double  pressure  its  bulk  becomes  one  halfj  under  a  triple  pres- 
sure, one  thiid;  and  so  on.    For  the  change  of  volume  in  gaseous  bodies  by  beat,  see 

ElFANSION. 

Ammonia,  carbonic  acid,  carbnreted  hydrogen,  chlorine,  muriatic  acl.'l,  sulphurous 
acid,  salphureted  hydrogen,  are  ibe  ;ases  of  most  dirrct  inteiest  in  the  arts  anrl  maiiu- 
ractiires.    Their  detailed  examination  belongs  to  a  work  on  chemistry. 

GAS-LIGHT.  {Ediiirage  par  gan,  Fr.;  Gaslickl,  Germ.)  Dr.  Clayton  Jemon- 
atraled,  by  numerous  experiments  in  1737  and  1738,  that  hilumi?.ov.i  pitHioal  subjeeled  to 
a  red  heat  in  close  vessels,  afforded  a  great  deal  of  an  air  sim.lar  to  the  fire-damp  or 
mines,  but  which  burned  with  a  brighter  flame.  It  does  nol  appear  that  this  species 
of  factitious  air  was  ever  produced  from  pit-coal  for  Ihe  purpose  of  artificial  illumination 
till  1792,  when  Mr.  William  Murdoch,  engineer  lo  Messrs.  P-illon  and  Watt,  employed 
mbI  gas  for  lighting  his  house  and  offices,  at  Redruth  in  CorL  vatl.  The  gas  was  gen- 
erated in  an  iron  retort,  whence  it  was  received  in  a  irasomeler,  distr;>uled  in  differ- 
ent situations  by  pipes,  and  finally  burned  at  small  apertures  which  could  be  opened 
and  stopped  at  pleasure.  He  moreover  made  this  light  moveable,  liy  confining  the  ga? 
in  portable  lin-])l»le  vessels,  and  burning  il  wherever  he  pleased.  Between  this  period 
ami  18U2,  Mr.  Murdoch  continued  at  intervals  to  make  similar  eiperimcr.ls ;  and 
upon  occasion  of  the  national  ilium  in  at  ion  in  the  spring  of  the  latter  year,  at  the 
peace  of  Amiens,  he  lighted  up  part  of  the  Soho  manufactory  with  a  public  display  of  gas- 
UMs. 

The  earliest  application  of  this  artificial  lisjht,  on  a  large  systematic  scale,  was  mads 
at  Manchesteci  where  an  apparatus  for  lighting  the  great  cotton  mills  of  Messrs. 
Philips  and  Lee,  was  fitted  up  in  1S04  and  1805,  under  the  direction  of  Mr.  Murdoch. 
A  quantity  of  light,  nearly  equal  to  3000  candles,  was  produced  and  distributed  in  this 
bailling.  This  splendid  pattern  has  been  since  followed  very  generally  in  Great  Britiin, 
and  more  or  less  in  many  parts  of  the  continents  of  Europe  and  America.  By  the  yeai 
1822,  gas-lighting  in  London  had  become  the  business  of  many  public  companies.  At 
the  Peter  street  station,  for  eiample,  300  retorts  had  been  erected,  supplying  15  'gasome- 
ters, having  each  an  average  capacity  of  20-626  cubic  feet,  but,  being  never  quite  filled, 
their  total  conieuls  in  gas  might  be  estimated  at  309,389  cubic  feet.  The  extent  of  main 
pipes  (d*  ilislribuiion  belonging  to  this  station  was  then  about  57  miles,  with  two  separate 
mains  in  some  of  the  streets.  The  product  of  gas  was  from  10,000  to  12,000  cubic  feet 
from  a  chaldron  of  coals.  The  annual  consumption  of  coals  was  therefore  altogether  9282 
chaldrons,  afiurding  11,384,000  cubic  feet  of  gas,  allowing  153  relorts  lo  be  in  constant 
daily  action,  upon  an  average  of  llie  year ;  and  illuminating  10,660  private  lamps,  2248 
street  lamps,  and  3894  theatre  tamps. 

At  the  Brick-lane  works,  371  retorts  were  filed  in  1822, 133  being  worked  on  an  aver 
age  of  summer  and  winter.  There  were  12  gasometers,  charged  with  an  average  quantity 
of  gas  amounting  to  197,214  cubic  feet.  Of  coals,  8060  chaldrons  were  annually  con- 
sumed ;  96,720,000  cubic  feel  of  gas  were  generated  ;  for  the  supply  of  1978  public  lamps, 
and  7366  private  ones,  connected  with  main  pipes  40  miles  long. 

Al  the  Curtain-road  sas  establishment,  there  were  240  retorts;  but  the  (rrea(esl  number 
worlied  in  1821  was  only  80,  and  the  lowest  21.  The  fix  gasometers  had  an  nveraste 
contenls  of  90,467  cubic  feet.  Of  coals,  3336  chaldrons  were  annually  consumed,  yield 
iiig  40,040,000  cubic  feet  of  gas,  Ihst  supplied  3860  |irivate  lamps,  and  629  public  ones, 
by  means  of  mains  25  miles  lung.  The  above  three  stations  belonged  to  the  London  Gas- 
Li°ht  and  Coke  Company. 

The  Cily  of  London  <^s-Light  Company,  Dorset  street,  had  built  up  230  retorts,  and 
6  gasometers, 'while  two  were  preparing ;  having  a  total  capacity  of  181,282  cubic  feet. 
Of  private  lamps  5423  were  lighted,  and  2413  public  one>',  from  mains  extending  50  miles. 
The  q  nan  til  y  of  coals  carbonized  amounted  to  8840  chaldrons;  producing  106,080,000 
cubic  feet  of  CBS. 

The  South  London  Gas-Light  and  Coke  Company  had  mounted  at  Bankside  143  retorts, 
with  3  gasometers!  the  contents  of  the  whole  being  41,110  cubic  feet,  connected  with 
mains  from  30  to  40  miles  long.  At  their  other  station,  in  Wellington  street,  9  large 
gasometers  were  then  electing,  with  a  capacity  of  73,565  cubic  feel,  which  were  to  be 
supplied  with  gas  from  Bankside,  till  retnrts  were  mounted  for  ihetn. 

The  Impel  iai  Gas-Lieht  and  Coke  Company  had  at  that  lime  6  gasometers  in  progress 
tX  their  Hackney  station. 

In  1822  (here  were  thus  four  great  companies,  having  in  all  47  gasometers  at  work, 
capable  of  containing  917,940  Cubic  feet  of  gas,  supplied  by  1315  r«torts,  which  generated 
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jier  annum  upwards  of  397,000,000  cubicfeetof  gas,  1 
!S6S  public  vr  slreet  lamps,  were  Ikhled  in  the  men 
panics,  there  were  likewise  several  piivale  ones. 

J,  Of  the  geueralioii  of  illtuniuating  gates. — Pure  hydrogen  §ae  bums  with  loo  feeble 
D  flame  10  be  emptojed  toi  illnmination.  But  carbureted  hydrosen  having  the  property 
of  precipitating  its  carbon  in  (he  act  of  burning,  its  solid  particles  becoDie  incandescent, 
nnd  diffuse  a  vivid  light.  The  more  carbon  it  contains,  the  more  brighlly  does  ii  burn 
This  gas  exislE  in  two  distinct  stales  of  combination.  Jn  Ibe  first,  two  measnres  of  hjr- 
(Iroseo  eas  are  combined  with  one  measure  of  the  vapor  of  carbon,  forming  loEether  one 
inra.'ure  who^e  specific  gravity  is  of  course  the  snm  of  the  weights  of  the  eunstiiuents, 
orO'569)  aimospherieal  air  being  I'OOO.  This  is  the  gas  which  is  found  in  mines,  and 
i?  eleo  evolved  in  ditcbes  from  decomposing  vegetable  mailer.  Id  the  second,  two  mens' 
ures  of  hydroien  gas  are  combined  with  two  of  gaseous  carbon,  forming  also  one  volume 
or  ujeaBure  whose  weight  or  specific  gravity  is  0'985.  This  was  at  one  lime  cslleJ  the 
olefinnl  gas,  because  when  mixed  with  chlorine  an  oily  looking  compound  was  produced. 
It  may  be  called  as  well  oil  gas,  because  it  is  generated  in  considerable  quantities  hy  the 
igneous  decomposition  of  oil.  Thus  the  oleliant  gas  contains  in  the  same  volume  double 
(he  qUBiiiily  of  carbon  of  common  carbureted  hydriKien,  and  it  burns  with  a  proportion- 
ably  brighter  flame.  The  gascons  oxyde  of  carbon,  as  well  as  sulpliurcted  hydnigeu  gas, 
burns  with  a  feeble  blue  light,  bill  the  latter  produces  in  combustion  sulphurous  acid,  an 
oHensive  and  noxioos  gas. 

By  dry  distillation  or  carbonization  in  close  vessels,  all  bodies  of  vegetable  and  animal 
origin  disengage  carbureted  hydrogen  ^as ;  even  charcoal,  when  placed  in  ignition  in 
contact  with  steam,  by  decomposing  the  water,  produces  abundance  ol  carbonic  acid, 
carbureted  hydrogen,  hydrogen,  and  carbonic  oxyde.  After  separating  the  carbonic  acid 
with  lime  water,  that  mixed  gas  contains  in  100  measures,  SO  of  carbureted  hydrogen  ; 
the  rest  being  hydrogen  and  carbonic  oxyde,  so  that  the  gaseous  mixture  cannot  be  nseil 
for  ilfuminalion.  Tlie  best  substances  for  furnishing  a  gas  rich  in  liiminiferons  materials 
ai-e,  pilcoal,  especially  the  cannel  coal,  resin,  oil,  fats  of  all  kinds,  tar,  wax,  &c.  In  some 
cases  the  gasvs  evolved  during  the  igneous  decomposition  of  bones  and  other  animal  mat- 
ters for  the  production  of  ammonia,  may  be  employed  for  procuring  light,  but  they  are 
apt  to  emit  a  fetid  odor. 

When  coals  are  heated  in  a  cast-iron  retort  to  ignition,  the  progress  of  decomposition 
is  as  I'uUows.  First,  and  before  the  retort  becomes  red  hot,  steam  issues  along  with  the 
atmospheric  air.  When  the  retort  begins  to  redden,  tar  distils  in  considerable  quantity 
with  some  combustible  gas,  of  which  hydrogen  mixed  with  ammoniacal  gas  forms  a  part. 
Tiie  evolution  of  gas  increases  as  the  relorl  becomes  bolter,  with  a  eonlinnal  production 
of  tar  nnd  ammoniacal  liquor  as  well  as  rjlphurous acid  from  the  pyrites  of  the  coal,  which 
unil'S  wiih  the  ammonia.  When  the  retort  has  come  to  a  bright  cherry  red  heat,  the 
clisengBEenient  of  gas  is  most  active.  By  and  by  the  gaseous  production  diminishes,  and 
eventually  ceases  entirely,  allhooEh  the  heal  be  increased.  In  the  retort  a  quantity  of 
carbonized  coal  or  cuke  remains,  while  tar  is  found  at  the  bottom  of  the  receiver,  covered 
with  the  ammoniacai  liquor,  and  combined  with  carbonic  and  sulphurous  acids,  and  sul- 
phureted  hydrogen. 

11^  dui'ing  (his  distillation,  the  combustible  gas  be  collected  and  examined  al  the 
several  stages  of  the  process,  it  is  found  to  difler  extremely  in  its  luminifeious  powers. 
That  which  comes  oft"  before  the  retort  has  acquired  its  proper  temperature,  gives  a 
feebie  light,  and  resembles  the  gas  obtained  by  the  ignition  of  moist  charcoal,  consisting 
chiefly  of  hydrogen.  That  evolved  when  the  retort  has  just  acquired  throughout  a  vivid 
red  heat,  is  the  best  of  all,  consisting  chiefly  of  bj-earbureled  hydn^en  or  oleliant  gas. 
From  good  coal,  it  consists,  for  example,  in  JOO  measures,  of  13  of  olefiant  gas,  82'5  of 
carbureted  hydrogen,  3-3  carbonic  oxjde,  1-3  azote;  the  mixture  having  a  specific  aravity 
of  0'650.  At  a  later  period,  as  afler  5  hours,  it  confains  7  measures  of  olefiant  gas,  56 
of  carbureted  hydrogen,  11  of  carbonic  oxyde,  21-3  of  hydrogen,  4-7  of  azote;  the  speci. 
fie  gravity  of  the  whole  being  O'oOO.  Towards  the  end  of  the  operation,  asafter  10  hours, 
il  contains  twenty  measures  of  carbureted  hydrogen,  10  of  carbonic  oxyde,  60  of  hydio- 
gen,  10  of  azote,  with  a  specific  gravity  of  only  0-345.  The  hydrogen  becomes  sulphur- 
eted  hydroKen,  if  (here  be  mnch  pyritous  matter  in  the  coal.  The  larger  proportion  of 
the  gas  is  disengaged  during  (he  first  hoar,  amounting  (o  abo-o(  one  fifth  of  the  whole  ;  in 
the  three  fidlowtng  hours  (he  disengagement  is  tolerably  uniform,  constituting  in  all  fifiy. 
four  hundredths;  in  the  sixth  hour,  tl  is  one  tenth;  in  the  seventh  and  eighth  hours 
siitew  hundredths. 

From  these  observations  are  derived  the  rules  for  the  production  of  a  good  lieht  gas 
from  coals.  They  show  that  the  distillation  should  commence  with  a  retort  previously 
healed  10  a  cherry  red,  since  thereby  good  gas  is  immediately  produced,  and  a  portion 
of  the  lar  is  also  converted  into  gas,  instead  of  being  simply  disliliett  over  into  the  con- 
df'nser  pit;  that  this  heat  should  be  steadily  conlinued  during  the  whole  opeiatinn, 
Vom  5  (0  S  hours ;  that  it  should  not  be  increased,  especially  towards  (he  end,  for  feai 
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of  gencrsling  carbonic  M/de  and  hydrogen  pfiscs,  as  well  bs  of  injuring  Ihe  retort  wlieo 
Ihe  cou'iins  agency  of  gaselicaUim  lias  become  feeble;  anil  Ibsl  Ihe  opcralinn  sbuuld  be 
^I0ii|ied  some  lime  before  gas  ceases  lo  come  over,  lesl  gases  wilh  feeble  illuminating  powel 
ilioulJ  iiii[)overis!i  the  contents  of  (he  Easonieler.  Upon  the  average,  a  pound  of  good  coal 
alfurds  four  cubic  feet  of  gas,  or  a  chald'on^r^  cwts.  London  measure,  alfonis  from  12,00U 
Ui  13,000  cubic  feet,  according  lo  the  form  of  the  retort,  and  the  manner  of  firing  it. 

When  oil,  fats,  rosin,  tar,  &c.  are  employed  for  I'le  production  of  a  light  gas,  il  is  not 
sntEeient  to  inlrodnce  ;he»e  substances  into  (he  retorts,  and  lo  heal  Ihein,  as  is  done 
with  coals.  In  this  case,  the  greater  part  of  them  would  distil  over  in  the  state  of  vola- 
lile  oils,  and  very  lillle  gas  be  generated,  only  as  much  as  coriesponded  lo  the  quantity 
of  fat,  Stc.  in  immediate  contact  wilh  the  retorl.  It  becomes  therefore  necessary  to 
till  Ihe  retorts  with  pieces  of  brick  (.c  coke;  and  to  keep  them  in  ignilion,  while  the 
oil,  &c.  is  slowly  introduced  into  their  interior.  The  fats  instantly  assume  the  vaporous 
stale,  and  llius  coming  into  conlael  upon  an  extensive  surface  with  Ihe  igniled  bricks, 
are  decomposed  into  combustible  gase-^.  A  small  portion  of  caibonaeeous  mailer  re- 
mains in  the  relorl,  while  mucb  oleliBnt  gas  is  formed,  possessing  a  superior  iliuini' 
naling  power  to  Common  coal  gas,  and  entirely  free  from  sulphureous  impregnation. 
The  best  oil  gas  is  gencraled  at  a  dull  red,  a  heat  much  below  what  is  requisite  for  ihe 
decomposition  of  coal.  A  more  intense  heat  would  indeed  produce  a  greater  volume 
of  gas,  bul  of  a  poorer  quality,  because  the  oleliant  gas  thereby  deposites  one  half  of 
its  carbon,  and  is  conveited  into  common  carbureted  hydrc^en.  Oil  affords  at  a  lively 
red  heal,  gnses  which  contain  in  100  measures,  19  of  oli-liant  gae,  32-4  of  carbureted 
hydiogen,  1£'2  of  carbonic  ojiyde  gas,  324  of  hydrogen,  and  4  of  azote;  the  mean  speci^c 
graviiy  being  only  0-5BO.  At  a  more  moderate  tem[>eralnre  il  yields  22*5  of  ihe 
olefiant,  50-3  carbureted  hydrogen,  15-5  carbonic  oxyde,  7'7  hydrogen,  and  4  aiote, 
wilh  a  specific  gravity  of  0-75S.  It  contains  orhen  generated  by  dull  ignition,  as  is 
usual  in  works  on  the  manufacturing  scale,  in  100  pans  fiom  38  to  40  of  olefiant  gas, 
and  besides  the  carbureted  hydrogen,  a  few  per  cent,  of  carbonic  oxyde  and  azote, 
with  a  specific  gravity  of  O'90O,  and  even  upwards.  One  pound  of  oil  or  fluid  fal  aftbrds 
15  cubic  feel  of  gas;  of  tar  alibrds  about  12ct>bic  feet;  of  rosin  or  pilch,  10  cubic  feet. 

When  the  oil  gas  ia  compressed  hy  a  force  of  from  13  to  20  atmospheres,  as  was  the 
praciice  uf  the  Porlable  Gas  Company,  about  one  fiPlh  of  the  volume  of  the  gas  becomes 
liquelied  inio  an  oily,  very  volatile  fluid,  having  the  specific  gravity  0'82I.  It  is  a 
miiture  of  three  fluids  (consisting  of  carbureted  hydrogen),  of  different  degrees  of 
volatilily.  The  most  volatile  of  iheae  boils  even  under  32°  P.  Some  of  the  vapor  of 
this  gaS'Oil  is  mixed  wilh  the  oteiianl  gas  in  Ihe  geneial  products  of  decomposition  ;  in 
consequence  of  which  they  are  sometimes  richer  in  carbon  Chan  even  olefiant  gas,  and 
have  a  higher  illuminating  pon[er.  Oil  gas  contains  about  22  pel  cent,  and  coal  gas 
about  3i  per  cenl.  of  this  oily  vapor.  In  Ihc  estimations  of  Ihe  composition  of  the 
gasfs  given  above,  this  vapor  is  included  under  olefiant  gas.  This  vapor  combines 
readily  wilh  sulphuric  acid,  and  is  thus  precipitated  from  the  gaseous  mixture.  The 
Hmounl  of  oleliant  gas  is  shown,  by  adding  to  the  gas,  conlained  over  water,  one  half  of 
ils  volume  of  chlorine,  which,  in  the  course  of  an  hour  or  Iwo,  condenses  the  olefinntisaa 
into  an  oily  looking  liquid  (chloride  of  hydrocarbon.)  AHer  the  mixture,  Ihe  gases 
must  be  screened  from  the  light,  otherwise  the  common  carbureted  hydrogen  would  also 
combine  wilh  Ihe  chlorine,  while  water  and  carbonic  acid  would  make  Ibeir  appearance. 

The  nil  employed  for  affordinz  gas  is  the  crudest  and  cheapest  that  can  be  bought ;  even 
the  blubber  and  sediment  of  whale  oil  are  employed  wilh  advantage.  AIYer  all,  however, 
coni  is  so  much  cheaper,  and  the  gas  produced  from  it  is  now  so  well  purified,  that  oil 
and  rirein  are  very  Utile  used  in  aas  apparatus. 

Jjiparaina  for  Coal  Gas. — Coal  gas,  as  it  issues  from  the  retort,  cannot  be  directly 
employeil  for  illumination;  for  il  contains  vapors  of  tur  and  coal  oil,  as  also  slram 
impregnated  with  the  carbonate,  sulphite,  and  hydrosulphurel  of  ammonia.  These 
vapors  would  readily  condense  in  the  pipes  through  which  the  gas  must  be  dis- 
triiiuted,  and  would  produce  obstructions  ;  they  must  therefore  be  so  far  removed  by 
pi'^vious  cooling,  as  to  be  liable  lo  occasion  no  iroublesome  condensation  at  ordinary 
teinperalurcs.  The  crude  Coal  gas  contains  nwreover  sulphureled  hydrogen,  whose  com. 
bustion  for  light  would  exhale  an  olfensive  sulphureous  odor,  thai  ought  to  be  got 
rid  of  as  much  as  possible.  Carbonic  acid  and  carbonic  oiyde  gases,  generated  at  first 
frum  the  decomposition  of  the  steam  by  the  igniled  coal,  enfeeble  the  illuminating  power 
of  the  gas,  and  should  be  removed.  The  disengagement  of  gas  in  the  relorts  is  never 
uniform,  biit  varies  wilh  the  deeree  of  heal  to  which  Ihey  are  exposed;  for  which 
leason  the  gas  must  be  received  in  a  gasometer,  where  it  may  experience  uniform  pres- 
ure,  and  be  discharged  uniformly  into  the  pipes  of  distribution,  in  order  to  ensure  a 
steady  discharge  of  gas,  and  uniform  intensity  of  lighl  in  the  burners.  A  coal  gas  appa- 
ratus ought  therefore  lo  be  so  conslructcd  as  not  only  (o  generate  the  gas  itself,  but  to  fulfil 
'he  above  coodilions. 
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Infiif.  669,  Each  unapparatci  is  represented,  where  the  variom  parts  are  shown  con 

nectcd  with  each  other,  in  <(ection 
*  is  the  fnrnBCe  with  il«  1H  ol  cvhndnci!  or  elhplical  retorts,  fii-e  in  number,    rroit 

pach  of  l!it>e  retnrls,  a  Intie  6  prnceetls  prrpeniiicularly  upwards,  and  then  by  a  curve 
">■'  Of  sajdie-tabe,  it  turns  down 

wards,  where  it  enters  a  long 
horizontal  cylinder  under  b,  shut 
at  each  end  with  a  screw  cap,  and 
descends  to  beneath  its  middle, 
so  as  lo  dip  about  an  inch  inlo 
the  waler  contained  in  it.  From 
one  end  of  this  cylinder  the  tube 
d  iiasses  downward,  to  connect 
itself  with  a  horizontal  tube 
which  enters  into  the  liir  pit  or 

cal  branch/.  This  branch  reach 
es  to  near  the  bottom  of  the  cy- 
lindrical vessel, which  sits  on  the 
sol!!  of  the  lar  cistern.  From  I  he 
other  side  of  the  vertical  branch 
/,the  main  pipe  proceeds  to  the 
condenser  o,  and  Ihence  by  the 
pipe  (,  inlo  the  puriiief  e  ;  from 
which  the  gas  is  immediately 
transmitted  by  the  pipe  pinto  the 

The  operation  proceeds  in  the 
following  way: — As  soon  as  ffas 
begins  lo  he  disengaged  from  the 

acal  lii^uDc  are  deposited  in  the 
cylindrical  receiver  b,  and  fill  it 
up  till  the  superfluity  runs  over 
by  the  piped,  Ihe  level  bein?  con- 
slanlly  preserved  at  tlie  line 
shown  in  the  ^ure,  Bythesarae 
larry  liquid,  (he  orifices  of  the 
several  pipes  b,  issuing  from  the 
retorts,  are  closed  ;  whereby  the 
ea~  in  the  pipe  d  has  its  com- 
munication cut  off  with  t" 


Hen 


■if  on 


;of 


the  retorts  be  opened  and  emp- 
tied, it  remains  shut  off"  fnitn  the 
rest  of  the  apparatus.  This  in- 
sulittion  of  the  several  retorts  is 
the  function  of  the  pipe  under  n, 
and  tlierefore  the  recurved  tubei 
must  be  dipped  as  far  under  the 
surlace  of  the  tarry  liquid,  as  to 
be  in  equilibrio  with  the  pressure 
of  the  gas  upon  the  water  in  Ihc 
The  tubei  is  closed  al 


liichc 


quent  condensation  in  (he  tube  i^,  (ar 
cistern  or  pit  under  c,  by  which  mingled  lif|uil: 
closed,  Ro  that  I  he  gas  cannot  escape  into  the  e. 
Bow  over  (he  edges  of  (he  inner  vessel  when 
irawn  off  by  (he  stopcock  at  (he  bottom  of  the 

Though  the  gas  has,  in  its  progress  hitherto,  deposited  a  good  deal  of  its  tarry 
nminoniacal  vapors,  yet,  in  consequence  of  its  hiith  tern {ic rat u re,  it  still  reluins  a 
liderable  portion  of  them,  which  must  be  immediately  abstracted,  otherwise  thf 


talien  off  at  pleasure. 

It  the  interior  to  be  cleansed. 

Both  by  the  overflow  from  the 

■ceiver-pipe  b,  and  by  subse- 

ibcbI  liquor  collect  progressively  in  the 

the  lower  orifice  of  the  vertical  tube/  u 

iply  cpace  Ol  this  cistern.    These  liquids 

t  is  full,  and  may  from  time  to  time  be 
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would  poltule  the  lime  in  the  vessel  e,  and  interfere  willi  its  pnriRcation.  On  this  ac 
count  Ihe  ^as  ehotilil,  at  iMs  period  of  the  process,  be  cooled  ns  much  as  possible,  in  orJer 
to  conilense  tliese  vapors,  and  lo  favor  the  action  of  the  lime  in  the  puriKer  e,  upon  the 
siilphureled  hydrogen,  which  is  mure  energetic  (lie  lower  the  temperature  of  the  gas. 
The  ciial  eas  passes,  tlierefore,  from  ibe  tube/"  into  ibe  tube  A  of  (he  condenser  d,  ivtilcb 
is  placed  in  an  iron  chest  g  filled  with  water,  and  i(  deposites  more  tar  and  aminoniacal 
liquor  in  the  nnder  part  of  the  cistern  at  (,  t.  When  these  liquids  have  risen  lo  a  certain 
level,  they  overflow  into  (be  tar-pil,  as  shovn  in  the  Qgure,  to  be  drawn  off  by  the  stop 
u,:k  as  occasion  may  reqnire. 

The  refrigerated  gas  is  now  conducted  into  the  puriiier  e,  which  is  filled  with  milk  of 
lime,  iriade  by  mixing  one  part  of  slaked  linie  with  35  paits  o''  water.  The  gas",  as  it 
enters  by  the  t>ipe  I,  depresses  the  water  in  the  wide  cylinder  n,  thence  passes  under  lbs 
perforated  disc  in  the  under  part  of  thai  cylinder,  and  risinit  up  Ihrough'innuinerable 
small  hole»is  distributed  throui;hou(  Ihe  lime  liquid  in  the  vessel  tn.  By  contact  with 
the  lime  on  this  extended  Eurface,  the  i^as  is  stripped  of  its  sulpbureted  hydrogen  and 
carbonic  acid,  which  are  condensed  into  Uie  hydro-snip  buret  andcarbonateof  lime;  il  now 
snlGis  the  gasometer  r  in  a  purified  state,  throa;:h  the  pipe  p  I,  and  occupies  the  space  ^. 
The  zasomeler,  pressing  with  a  small  unbalanced  force  over  Ihe  counterweight  s,  expels 
it  through  (be  main  u  u,  in  communication  with  the  pipes  of  distribution  through  the 
buildings  or  streets  (o  be  illuminated. 

The  parts  A  B  c  D  E  and  F,  of  which  this  apparatus  consists,  are  essentia)  constituents 
of  every  good  coal-ga?  work.  Their  construction  rests  upon  peculiar  principles,  is  sus- 
ceptible of  certain  modifications,  and  therefore  deserves  to  be  considered  in  detail. 

The  Bttorlt.  —  These  are  generally  made  of  cast  iron,  though  they  have  occasionally 
been  made  of  baked  clay,  like  common  earthenware  retorts.  The  original  form  was  a 
tylinder,  which  was  chansed  to  an  ellipse,  with  the  long  axis  in  a  horizontal  direction, 
then  into  tlie  shape  of  the  letter  n  with  the  straight  line  undermost,  and  lastly  into  a 
semi -cylinder,  with  its  horizontal  diameter  23  inches,  and  its  vertical  varying  from  9  to 
12.  The  kidney  form  was  at  one  time  preferred,  but  it  has  been  little  used  of  late. 
The  form  of  retort  represented  in  Jig,  970  has  been  found  to  yield  Ihe  largest  quantity 
of  good  gas  in  the  shortest  time,  and  with 
(he  least  qnanlily  of  firing.  The  length  is 
7|,  and  the  transverse  area,  from  one  foot 
(o  a  fool  and  a  half  square.  The  arrows 
ihow  Ihe  direction  of  the  flame  and  draught 
in  this  excellent  bench  of  retortK,  as 
mcanted  by  Messrs.  Bailow. 

The  char^  of  coals  is  most  conveniently 
introduced  in  a  tray  of  sheet  Iron,  made 
somewhat  like  a  grocer's  scoop,  adapted  to 
the  size  ofthe  retort,  which  is  pushed  home 
(0  Its  further  end,  inverted  so  as  to  turn 
oat  the  contents,  and  then  immediately 
withdrawn. 

The  duration  of  the  procesti,  or  the  time 
of  completing  a  distillation,  depends  upon 
the  nature  of  the  coal  and  the  form  of  the 
retort.  With  cylindrical  retorts  it  cannot 
be  finished  in  less  than  6  hours,  but  with 
elliptical  and  semi-cylindrical  retorts,  it  may 
be  completed  in  4  or  6  hours.  If  the  dis- 
tillation b?  continued  in  the  former  for  8 
be  obtained,  but  during  the  latter  period 
1,  of  itidtllcrenl  quililj. 
The  Keceicfr.  —  If  the  furnace  contains  only  2  or  3  retorts,  a  simple  cylindrical  vessel 
standing  on  the  ground  half  filled  with  water,  may  serve  as  n  receiver;  into  which  the 
tube  from  the  retort  may  be  plunged.  Il  should  be  provided  with  an  overflow  pipe  for  the 
tar  and  ammoniacal  liquor.  For  a  range  of  several  retorts,  a  long  horizontal  cylinder  is 
preferable,  like  that  represented  at  b  in  Jig.  611.  Its  diameter  is  from  10  to  15  inches. 
This  cylinder  may  be  so  constructed  as  to  separate  the  tar  from  the  ammoniacal  liquor, 
by  means  of  a  syphon  attached  to  one  of  its  ends. 

The  Condenser. —  The  condenser,  represented  in  Jig.  6rt9,  consists  of  a  square  chest  g, 
made  of  wronght  iron  plates  open  at  lop,  but  having  its  bottom  pierced  with  a  row  of 
holes,  lo  receive  a  series  of  tubes.  To  these  boles  the  aprieht  four-inch  tubes  ft  h  are 
secured  by  flanges  and  screws,  and  they  are  connected  in  pairs  at  top  by  the  curve!  oi 
saddle  tnbes.  The  said  bottom  forms  the  cover  of  the  chest  (,  (,  which  is  divided  b;  vet 
liotU  iron  partitions,  into  half  aa  many  compartments  as  there  are  tubes. 
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These  parlilion  plates  are  left  open  at  totlom,  so  a;  lo  place  (he  liquids  of  each  cam 
partiiient  in  communicstion.  Thereby  the  gas  pe^SFs  up  and  ilown  Ihe  serii:^  or  lubes, 
in  proceeding  from  one  comparlinent  lo  another.  The  condensed  liquids  descend  ir'.o  the 
box  1, 1,  and  How  over  into  tlie  la. 
cistern,  when  Ihey  rise  above  Ihe  leve. 
(,  t.  The  tar  maj  be  drnwn  off  from 
lime  to  time  by  the  stojieock.  Throi)»h 
the  tube  k,  cold  water  flows  into  the 
condenser  chest,  and  the  wnim  waiet 
away  by  a  pipe  at  ila  upptr 


od 
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eubic  feet  of  gas,  or  10  cubic  feet  per  m 
siitl'ace  of  tlie  condenser,  100  equate  feet  =  10  X  10.  Su)ipose  100,000  cubic  feet  ot 
eas  to  be  produced  in  24  hoiirs,  lor  which  S  or  9  such  arches  must  be  employed,  Ihe  con- 
densina:  suiface  must  contain  from  SOO  to  900  square  feet. 

The  Purifier. — The  apparatus  represented  in  the  preceding  ligure  is  composed  of  a 
eytindrieal  iron  vessel,  with  an  airiiEht  cover  screwed  upon  i1,  through  which  ilie  cylinder 
n  is  also  fixed  air-tighl.  The  bottom  of  Ibis  cylinder  spreads  out  like  [he  biim  of  a  hat, 
fovminc  a  horizontal  circular  parlilion,  which  is  pierced  with  holes.  Through  a  slufilng 
boil,  in  the  cover  of  this  inierior  cylinder,  the  verlicat  nxh  of  ihe  agitator  passes,  which 
is  lurned  by  wheel  and  pinion  work,  in  order  to  stir  op  the  lime  fiom  Ihe  butrom  of  ihe 
water  in  the  purifier.  The  vessel  o  serves  for  introducing  fiesh  milk  of  lime,  as  also  for 
leltinE  il  oil'  by  a  stopcock  when  il  has  become  too  foul  for  further  use. 

I'he  quantity  of  lime  should  b>  proportioned  lo  the  quantity  of  salphoreled  hydrogen 
and  cartKinic  acid  contained  in  Ihe  gas.  Supposing  Ibat  In  giioA  coal  gas  there  is  5  per 
cenl.  of  these  gases,  about  one  pound  and  a  half  of  lime  will  be  requisite  for  every  hun- 
dred cubic  feet  of  coal  gas  leneraled,  Tvhich  amounts  to  nearly  one  micentb  of  the 
weight  of  coal  subjected  lo  decomposition.  This  quantily  of  lime  mixed  with  the  proper 
quantJiy  of  water  mill  form  about  a  cubic  fool  of  milk  of  lime.  Consequently,  the 
eapneity  of  the  purifier,  that  is,  of  the  interior  space  filled  with  liquid,  may  be  lalien  al 
Four  sevenths  of  a  Cubic  foot  for  every  hundred  cubic  feet  of  gas  passing  through  it  in 

e  operation!  or  for  175  cubic  feel  of  gas,  one  cubic  foot  of  liqnor.      After   every 


t  is,  after  every  five 
B  of  0 


n   the 


IX  hours,  the  purifier  must  be  filled  afiesb. 
ration  20,4X10  cubic  feet  of  gas  pass  through  Ihe 

20,000 
n'  ■-.     =  114  cubic  feet  of  milk  of  lime  i  whence 


Ld  the  height  of  the  liquid  ihrci 


If  the  capacity 


machine,  this  should  be  able  lo  ( 
its  diameter  should  be  seven  feel 
of  !be  vessel  be  less,  the  lime  milk  m 

In  some  of  Ihe  laige  gas  woiks  of  London  the  purifier  has  the  following  construction, 
whereby  an  uninterrupted  influi:  and  efflux  of  milk  of  lime  lakes  place.  Three  single 
purifiers  are  so  connected  together,  that  the  second  vessel  Stands  higher  than  the  firft, 
and  the  third  than  the  second  ;  so  ihaC  Che  discharge  tube  of  the  anperior  vessel,  placed 
somewhat  below  its  Cover,  enters  into  the  upper  part  of  Ihe  neit  lower  vessel;  conse- 
quently, should  Ihe  milk  of  limj  in  the  third  and  uppermosl  vessel  rise  above  its  ordi- 
nary level,  it  will  flow  over  inio  the  second,  and  thence  in  the  same  way  into  the  firs-i 
from  which  il  is  lel  off  by  the  eduction  pipe.  A  tube  introduces  Ihe  gas  from  the  con- 
Jenser  into  the  first  vessel,  another  tube  does  the  same  thing  for  the  second  vessel,  fee, 
and  the  lube  of  Ihe  third  vessel  conducts  the  gas  Into  the  gasometer.  Into  Ihe  thiiJ 
vessel,  milk  of  lime  is  conslsntly  made  to  flow  from  a  cistern  upon  a  higher  level. 
By  this  arranaement,  Ihe  ebs  passing  through  the  several  ics^pIs  jn  proportion  as  it 
is  ptirified,  comes  progressively  into  contact  with  purer  milk  of  lime,  whereby  its  purifi. 
cation  becomes  more  complete.      The  agitator  c,  provided  with  two  sturing  paddle*,  ii 
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kept  in  continual  rotation.    The  pressure  which  !he  gas  has  here  toovercome  is  naturally 
three  limes  as  great  rs  wilh  a  single  purifier  of  like  depth. 

Fi^.  612  is  a  simple  form  of  puiifier,  which  has  heeu  found  to  answer  well  in  practice. 
Through  the  cover  of  the  vessel  A  h,  ihe  wide  eyltniler  e  d  is  inserted,  having  ils  lower 
end  ]>ierced  with  numerous  holes.  Concentric  nrith  tlittl  cv];nder  is  Ihe  nairuwer  one  9  :, 
hound  shore  with  ihe  flange  a  b,  but  open  at  (op  and  bottom.  The  under  edge  g  A  of 
this  cylinder  descends  a  few  inches  below  the  end  cdo(  the  outer  one.  About  the  middle 
of  the  vessel  the  perforated  shelf  m  n  is  placed.  The  shaft  of  ihe  agitator  I,  passes 
through  a  stufling  box  upon  the  lop  of  the  vessel.  The  gas-pipe  g,  proceeding  from  the 
condenser,  enlers  through  the  Aange  ab\u  ibe  outer  cylinder,  while  the  gas-p]pe  h  goes 
from  Ihe  cover  to  the  gasometer.  A  stopcock  upon  the  side,  whose  orifice  oriJi>chBrge  is 
somewhat  higher  than  the  under  ed^  of  the  outer  cylinder,  serves  lo  draw  oS  Ihe  uiilk 
of  lime.  As  the  gas  enters  through  ihe  pipe  g  into  the  space  between  the  iwo  eylindeis, 
it  displaces  the  liquor  till  it  arrives  at  the  holes  in  Ihe  under  edge  of  the  .  -ter  cylinder, 
through  which,  as  well  aa  under  the  edge,  it  Rows,  and  then  passes  up  through  ihe  aper- 
inres  of  Ihe  shelf  m  n  into  Ihe  milk  of  lime  chamber ;  the  level  of  which  is  shown  by 
Ihe  dotted  line.  The  stirrer,  I,  should  be  turned  by  wheel  work,  Ihongh  it  is  here  shown 
as  pill  in  motion  by  a  winch  handle- 
In  order  lo  judge  of  the  degree  of  purily  of  the  gas  aftei  ils  transmission  throush  the 
lime  machine,  a  slender  syphon  tube  provided  with  a  stopcock  may  have  ihe  one  end 
inserted  in  lis  cover,  and  Ihe  oiher  dipped  into  a  vessel  containing  a  sotuliun  of  aeelate 
of  lead.  Whenever  the  solution  has  been  rendered  turbid  by  the  precipilalion  of  sulphu- 
ret  of  lead,  it  should  be  rene.iveJ.  The  saturated  and  fetid  milk  of  lime  is  evaporated 
in  olilon^  casl-irnn  (roughs  placed  in  the  ash-pit  of  the  furnaces,  and  Ihe  dried  lime 
is  parlly  employed  for  lotiag  the  apparatus,  and  partly  disposed  of  fur  a  mortar  or 

Bj  this  puriHer,  and  others  of  similar  construction,  Ihe  gas  in  the  preceding  parts  of 
the  apparatus,  as  in  the  relorls  and  Ibe  condenser,  suffers  a  pressure  equal  10  a  column 
of  waler  about  two  feet  hiih  i  and  in  (he  last  described  purifier  even  a  greater  pressure. 
This  pressure  is  nol  disadvantageous,  but  is  of  use  in  (wo  respects  i  1.  it  shows  by  a 
brisk  jet  of  gas  when  the  apiraratus  is  not  air-tight,  and  it  prevenls  common  air  from 
entering  into  Ihe  retorls;  S.  Ihis  compression  of  the  gns  favors  the  condensation  of  the 
tar  and  ammoniaeal  liquor.  The  effect  of  such  a  degree  of  pressnre  in  expamlin;  the 
metal  of  the  ignited  retorls  is  quite  inconsiderable,  and  may  be  neglecied.  Two  contri- 
vances have,  however,  been  proposed  for  taking  off  this  pressure  in  the  purifier. 

In  yig.  S73,  ni  m  are  iwo  similar  vesseU  of  a  round  or  rectangular  form,  furnisheiJ  at 
their  upper  border  with  a  groove  filled  with  water,  into  which  Ihe  under  edge  of  the 
cover  fits,  so  as  lo  make  the  vessel  air-ligkl.  The  cover  I's  suspended  b?  a  cord  or  chain, 
which  goes  over  a  pulley,  and  may  be  raised  or  lowered  at  pleasure.  The  vessels  Iheni- 
selves  have  perforated  boUomsj  r  r',  covered  wilh  welted  moss  or  hay  sprinkled  over  wilh 
slaked  and  siRed  quicklime.  The  gas  passes  through  the  loosely  compacted  matter  of 
the  first  vessel,  by  entering  between  its  two  bottoms,  rises  into  the  upper  space  /,  thence 
it  proceeds  to  Ibe  second  vessel,  and,  lastly,  through  the  pipe  n,  inlo  the  gasometer. 
14       This  method,  howe--    -   - 
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carry  it  downwards,  where  il  enters  at  g  into  the  cavily  e  of  a  isacond  cistern.  In  ordei 
Ihai  the  gas,  after  il  escapes  from  the  bottom  of  the  worm   m  pa    al      return 

lhrou£;h  g  ialo  tlie  cavity  d,  an  annular  plat?  ^  A  is  attached  u  d      d  as  to 

turn  over  it.  The  compressed  sas  is  conducted  from  the  ea  Eh  h  h  pipe  G 
into  ihe  purifying  machine  ;  a  is  a  manometer,  to  indicate  the  n  f   lie  sas 

in   I).      On  tlie  lop  of  Ihe  worm  a  meclianista   is   filled  fti     keep    g  conslan' 

A  perfect  purification  of  lishi-^s  from  sulphureteil  hydros  n  h  by  m  k  f  lime 
or  a  solution  of  Ihe  green  siilphale  of  iron,  is  alleniJed  wilh  si  m   d  fli  wh       arried 

sj  far  a?  lo  cause  no  preci|illalion  of  sutphurel  in  acetate  of  I    d,  b  h     degree 

of  washing  is  required  as  is  apt  lo  diitiinish  its  illmninarjng  power,  by  abstracting  the 
vapor  of  the  rich  oily  hfdrocarburet  which  it  contains.  Moreover,  the  coal  gns  oblained 
Inwards  the  end  of  the  dislillalion  contains  some  sulphuret  of  carbon,  which  affords  sul- 
phurous acid  on  beini;  burned,  and  can  be  removed  by  no  ea^y  method  hitherto  kn({,wn. 
The  lime  in  Ihe  purifier  disengaees  from  the  caibonale  and  hydro-snlphnret  of  ammonia 
carried  over  wilh  Ihe  gas,  especially  when  il  has  been  imperfeclly  cooled  in  the  condenser, 
a  portion  of  ammoniacal  gas,  wliich,  however,  is  not  injurious  lo  ils  illuminating  power. 
The  best  agent  for  purifying  gas  would  be  the  pyrolinnile  of  lend,  were  it  not  rather  ex 
pensive,  because  il  wonU  save  the  trouble  of  slirring,  and  require  a  smaller  and  simpler 
ap  pa  FBI  US. 

The  Gaiomeler. — The  gasometer  serves  not  merely  as  a  magazine  for  receiving  the 
gas  when  it  is  purified,  and  keeping  it  in  store  for  use,  but  nl^o  for  communicating  lo 
the  sas  in  the  act  of  bnrninz  such  a  uniform  pressure  as  may  secure  a  steady  unflick. 
erin;  liame.  Il  consists  of  two  essential  parts  ;  1.  of  an  nnder  cistern,  open  al  tup  and 
lilled  with  water;  and  2.  of  the  upper  floatin;  cylinder  or  chest,  which  is  a  similar 
cistern  inverted,  and  of  somewhat  smaller  dimensioni,  called  liie  gas-holder;  see  f, 
fig.  fit!9.  The  best  form  of  this  vessel  is  Ihe  lound  or  cylindrical;  both  because  under 
equal  capacity  il  requires  least  snrface  of  metal  and  it  is  least  liable  to  be  warped  by  its 
own  weight  or  accidenlEi.  Sin  e  a  cy  nd  ca  body  has  the  greatest  capacity  with  a 
given  surface  when  its  height  eqna  o  a  sem  .diameter,  ils  dimensions  ought  to  be 
such  that  when  elevated  lo  Ihe  h  he  p<  n  n  he  water,  the  height  may  be  equal  lo 
the  radius  of  Ihe    base.      For  np  h     capacity  of  Ihe   gas-holder    in   cutiic 

feet   be  k,  the  semi-diameter    f         b        be        the  height  out  of  the  water  be  k; 

his^x^  V   I'      This  heigh    m     be    n      a    d  by  one  or  two  feet,  according  lo  its 

majnitude,  lo  prevent  the  ciianee  of  any  gas  escaping  beneath  its  nnder  edge,  when  il  is 
raiseJ  to  ils  highest  elevation  in  the  water. 

The  size  of  the  gasometer  should  he  proportional  to  the  quantity  of  ^s  lo  be  con 
sumed  ia  a  Certain  time.  If  120,000  cubic  feel  be  required,  for  instance,  in  10  hours 
for  street  illnmination,  and  if  the  sfas  retorts  be  charged  four  limes  in  24  hours,  30,01)0 
feet  of  XBS  will  be  g;enerated  in  6  hours.  Hence  the  iiasomeler  should  have  a  caiiacily 
of  at  least  70,000  cubic  feel,  supposing  the  reinainiiii!  60,000  cubic  feel  to  be  produced 
during  the  period  of  consum|ition.  If  Ihe  gasometer  has  a  smaller  capacity,  it  lonsl  be 
supplied  from  a  greater  nnmber  of  retorts  during  Ihe  lighting  period,  which  is  not 
advantageous,  as  the  first  heatins  of  the  snpernumerary  retorts  is  wasteful  of  fuel. 
Some  engineers  consider  that  a  capacity  of  30,000  cubic  feet  is  the  largest  which  can 
with  propriety  be  ?iven  to  a  Easomeier ;  in  which  case  they  malce  ils  diameter  42  feet, 
and  its  height  23.  When  the  dimensions  are  greater,  Ihe  sheet  iron  must  be  thicker 
and  more  expensive;  and  the  hollow  cylinder  must  be  lortified  by  strong  internal  cross 

The  water  cistern  is  usually  constructed  in  Ibis  country  with  cast-iron  plales  bolted  to- 
gether, and  made  tight  with  rust-cement. 

In  cases  where  the  weight  of  waler  required  to  fill  such  a  cislern  might  be  inconvenient 
to  sustain,  it  may  be  made  in  tlie  form  represented  in  fig.  6To ;  which,  however,  will  cost 
neaily  twice  as  much.  Parallel  wiili  the  side  of  the  cistern,  a  second  cylinder  c,  of  the 
same  shape,  bul  somewhat  smaller,  is  fixed  in  an  inverted  position  lo  tbe  bottom  of  the 
first,  so  as  lo  leave  an  annular  space  b  b  between  them,  which  is  filled  with  water,  and 
in  which  the  floating  gasometer  a  plays  up  and  down.  The  water  must  sland  above  the 
cover  of  the  inverted  cylinder,  a  and  b  are  Ihe  pipes  for  leading  the  gas  in  and  out. 
Through  an  opening  in  the  masonry  upon  which  Ihe  ga^metei  apparatus  rests,  the 
space  c  may  be  entered,  in  order  to  make  any  requisite  repairs. 

The  water  cistern  may  also  be  sunk  in  the  ground,  and  the  sides  made  tishl  with 
hydraulic  mortar,  its  is  shown  in  Jig.  615,  and  to  mate  it  answer  with  less  water,  a  con- 
i^ntrie  cylindricnl  mass  of  masonry  may  be  built  at  a  distance  of  2  or  3  inches  within  it. 

Every  large  gasometer  must  be  strengthened  interiorly  with  cross  iron  rods,  to  stifico 
both  ils  lop  and  bottom.    The  lop  is  supported  by  rods  stretching  obliquely  down  to 
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other  verlical  rods  slretcli  directly  from  the  lop  lo  the  b  tlom  ed"e  Upon  the  periphery 
ol  the  top,  at  Ihe  end  of  the  rods,  severnl  tings  are  made  Hst  to  which  the  gas-holder 
is  Bospended,  by  meana  of  a  common  chain  which  runs  over  a  pulley  at  the  centre. 
Upon  the  other  end  of  the  chain  there  is  a  counterpoise,  which  talt'es  off  Ihe  greater  part 
of  the  weieht  of  Ihf  gas-holder,  leaving  onlj  so  much  as  is  requisite  for  the  expulsion  of 
the  gas.  The  inner  and  outer  surfaces  of  the  gas-holder  should  be  a  few  times  ruhbed 
over  urilh  hot  tar,  at  a  few  days'  interval  between  each  application.  The  pulley  must  bo 
made  fast  lo  a  strong  frame. 

If  the  water  cistern  be  formed  with  masonry,  the  suspension  of  the  gas-holder  may  be 
made  in  the  following  way.  a  a,  fig.  676,  is  a  hollow  cylinder  of  cast  iron,  standing  up 
through  the  middle  of  the  gasometer,  and  which  is  provided  at  either  end  with  another 
small  hollow  cylinder  g,  open  at  both  ends  and  passing  through  the  top,  with  its  aiis 
placed  in  the  aiis  of  the  gas-holder.  In  the  hollow  cylinder  g,  the  counterweight  moves 
up  and  down,  with  its  chain  passing  over  the  three  pulles's  B,  n,  B,  as  shown  in  fig.  6t6. 
E  p  are  the  gas  pipes  made  fast  lo  a  vertical  iron  rod.  Should  the  gasometer  he  made  to 
work  withoHt  a  counterweight,  as  we  shall  presently  see,  the  central  cylinder  A  A,  serves 
as  a  vertical  guide. 

In  proportion  as  the  gas-holder  sinks  in  the  water  of  the  cistern,  it  loses  so  mnch  of 
its  weight,  as  is  equal  lo  the  weight  of  the  water  displaced  by  the  sides  of  the  sinkin!? 
vesseli  so  that  the  gas-holder  when  entirely  immersed,  exercises  the  least  pressure  upon 
the  gas,  and  when  entirely  out  of  the  water,  it  exercises  the  greatest  pressure.  In  order 
to  counteract  tijis  inequality  of  pressure,  which  would  occasion  an  unequal  velocity  in 
the  efflux  of  the  gas,  and  of  course  an  unequal  intensity  of  light  in  its  flame,  the  weight  of 
the  chain  upon  which  Ihe  gas-holder  hangs  is  so  adjusted  as  to  be  equal,  throughout  the 
length  of  its  motion,  to  one  half  of  the  weight  which  the  gas  holder  loses  by  immersion. 
In  this  case,  the  weight  which  it  loses  by  sinking  inlo  the  water,  is  replaced  by  the  por- 
tion of  the  chain  which,  passing  the  pulley,  and  hailing  over,  balances  so  much  of  the 
chain  upon  the  side  of  the  counterweight  j  and  the  weight  which  it  gains  by  rising  out 
of  the  water,  is  counterpoised  by  the  links  of  the  chain  which,  passing  over  the  pulley, 
add  lo  the  amount  of  the  connlerweighl.  The  pressure  which  the  gas-holder  exercises 
upon  Ihe  gas,  or  that  with  which  it  forces  it  through  Ihe  first  main  pipe,  is  usually  so  reg- 
ulated as  lo  sustain  a  column  of  from  one  lotwo  inches  of  water;  so  that  the  water  will 
stand  in  Ihe  cistern  from  one  to  two  inches  higher  within,  Ihan  without  the  gas-holder. 
The  followins  compulation  will  place  these  particulars  in  a  clear  ligjit. 

Let  the  semi-diameter  of  Ihe  gas-holder,  equal  tc  the  vertical  extent  of  its  motion  into 
and  out  of  the  water,  ^x;  let  the  weight  of  a  foot  square  of  thesideof  the  gas-bolder, 
indnding  that  of  the  strengthening  bars  and  ring,  which  remain  plunged  under  the  water, 
bc=p;    then 

So 
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1.  Ae  weight  of  the  gas-holder  in  ils  highest  position  =  3pwx*t 

2.  the  weight  of  the  sides  of  tlie  gas-holiler  which  plaj  in  ihe  water  =  ip  «■  X>i 

■f.  the  cubic  contents  of  the  immersed  portion  of  the  gas-holder  =  ^^"f*' 

4   ils  lo     of  weight  in      t     -  —  ^'"* 

.is,osso    we>g     inwaer-^^p^j^. 

5,  the  weight  of  the  gas-holder  in  its  lowest  position  ^ 

6,  the  weight  of  n  inches,  height  of  water  =  t^  „  ^  is . 

7,  the  amonnt  of  the  coiinterweLghl  =  t  li)  3  p—  -~\  1 

8,  the  weight  of  llie  chain  for  the  length  x 

0-.  --  ..le  gas-holder...   . 

height  of  a  stratum  of  water  equal  to  the  surfaci 
column  of  water  which  would  press  the  gas  vithin 
employed;  it  consists  as  fuliows : — 

!).  for  the  highest  position  =  !A  ; 

10.  fjr  the  lowest  J^l^  ■ 

EO 
For  the  case,  wlien  Ihe  height  of  the  gas-holder  is  different  from  il 
let  this  height  =  ni  a: :  then  the  height  of  the  water  level  is— 
/  l+a  m  \ 

11.  for  the  h^hest  position  =  p  \~b6 — '/  ' 

/1  +  1-T2>n\ 

12.  for  the  lowest  =  p[  — ^-^ )  ; 

13.  the 


counterweight  —  t  xilp  {I -\-2m) —  — 1  ; 


li.  the  weight  of  the  equalizing  chains  — -  p  ir  m  i'. 

i!x  esample,  let  the  diameter  of  the  gas-holder  be  30  feet,  the  height  15  (the  contents 
in  euhic  feel  will  be  10,597),  p  =  4  pounds;  then  the  counterweigh!  for  a  height  of  an 
inch  anda  half  of  water  pressure  =  3332  pounijs;  the  weight  of  the  chain  for  a  length  of 
l.S  feet  —  395  poHnds.  Were  no  connlerweight  employed,  so  that  the  gas-holder  pressed 
with  ils  whole  weight  upon  the  gas,  then  the  height  of  the  equivalent  column  of  water 
in  ils  highest  position  =  2-66  inches ;  and  in  its  lowest,  2-33.  The  counterweiaht  may 
hence  he  lessened  at  pleasure,  if  the  height  of  the  pressing  waler-columnn  be  increased. 
The  weight  of  the  equalizing  or  compensating  portion  of  the  chain  remains  the  same. 
When  n  =  2  inches,  for  instance,  the  counterweight  =  1886  pounds. 

The  velocity  with  which  Ihe  gas  passes  along  Ihe  mains  for  supplying  the  yarioas  jets 
of  l^hl,  may  he  further  regulated  by  opening  the  main-cock  or  slide-valve  in  a  greater 
or  less  degree.  Gasonieters  whose  height  is  areater  (ban  their  semi-diameter,  are  not  onlj 
more  costly  in  the  construction,  but  require  heavier  counterweights  and  equilibration  chains. 

The  above  estimate  is  made  on  the  supposition  of  the  gas  in  the  gas-holder  being  of  the 
•ame  specific  gravity  as  the  atmospherical  air,  which  would  be  nearly  true  with  regard  to 
oil  gas  under  the  ordinary  pressure.  Bat  coal  gas,  whose  specific  gravity  may  be  taken 
on  an  average  at  about  05,  exercises  a  baoyancj  upon  the  top  of  the  gas-holder,  which 
of  course  diminishes  its  absolnte  weight.  Supposing  the  cable  fool  of  gas  lo  be  =  00364 
pounds,  the  buoyancy  will  be  =  0-0364  jt  m  pounds;  a  quantity  which  deserves  to  be 
taken  into  account  for  large  gasometers.    Hence, 

15.  the  weight  of  the  gas-holder  in  its  highest  position  =  3  p  t  h— 0-1143  x3; 


16.  the  cc 


J12  „0-ll43i3 

17.  the  weight  of  the  chain  for  the  length  i=  —  ?  "■  i^ r — ; 

18.  The  height  of  Ihe  water  pressure  for  the  highest  position,  without  the  eonntt^ 
.    _3pir  — 01143  X  . 

19.  the  same  for  the  lowest  position  =  -  in  '«t 
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The  preceding  valaes  ofp  and  x  arej 

(18)  =  3147j  (17)  =203;  (18)  =2-44  inches;  (19)  =  2-33  inches. 

The  water  columns  in  the  highest  and  lowest  situations  of  the  gas-holder  here  diffei 
shout  01  of  nn  inch,  and  this  dilierenfc  becomes  still  less  when  p  has  a  smaller  value, 
for  example,  3  pounds,  or  when  the  diameter  of  the  gas-holder  is  still  greater. 

It  would  thus  appear  tlial  for  coal-gas  gasometers,  in  which  the  height  of  Ihegas-holilcF 
does  not  exceed  its  semi-diameter,  and  especially  when  it  has  a  considerable  size,  neillier 
a  compensation  chain  nor  a  counterweight  is  necessarj-:  The  only  thing  requisite,  is  to 
preserve  the  Yccliea!  motion  of  ihe  gas-holder  by  a  saffieient  nnmber  of  §;uide  rods  or 
pillars,  placed  either  within  the  water  cistern,  or  round  about  it.  Should  the  pressure 
of  the  gas  in  the  pipe  proceeding  from  the  gasometer,  be  less  than  in  the  gasometer  itself, 
iJiismay  be  r^niated  by  the  main  valve.or  by  water  valves  of  various  kinds.  Or  a  small 
intermediate  regulating  gasometer  may  be  Introduced  between  the  great  gas-holder,  and 
(he  main  pipe  of  dislribation.  With  a  diameter  ofei  feet  in  the  gas-holder,  the  pressure 
in  the  highest  and  lowest  positions  is  the  same. 

The  gasometers  employed  in  storing  up  gas  until  required  Cor  n^e,  occupy,  upon  (he 
old  plan,  much  space,  and  are  attended  with  considerable  expense  in  erecting.  The 
water  tanl(,  whether  sunk  in  the  ground  or  raised,  must  be  of  equal  dimensions  with 
the  gasometer,  both  in  breadth  and  depth.  The  improved  conslruelion  which  we  are 
about  lo  describe,  aflbrds  a  means  of  reducing  the  depth  of  the  tank,  dispensing  with  ths 
bridge  of  suspension,  and  of  increasing  at  pleasure  Ihe  capacity  of  the  gasometer,  upon  a 
given  base;  thus  rendering  a  small  apparatus  capable,  if  required,  of  holding  a  largo 
quantity  of  gas,  the  lirst  cost  of  which  will  be  considerably  less  than  even  a  simU  gas- 
ometer constructed  upon  the  ordinary  plan. 

~  't,  of  Mile-End  Road,  the   inventor,  has,  we  believe,  been  for 


connected  with  gas  establishments,  and 


fully  aware  of  the  practical  defecta 
or  advantages  of  the  dilTerent  ci  '  * 
gasometers  now  in  use.  Fin-  fl 
of  Mr,  Tail's  improved  o 
tank,  occupied  with  water,  h  b  Iwo  iron  col- 
umns, wilh  pulley-wheels  on  the  lop,  r  c, 
chains  attached  to  a  ring  of  iron,  d  d,  extend- 
ing round  the  gasometer,  which  chains  pass 
over  the  pulley-wheels,  and  are  loaded  nt  their 
extremities,  for  the  purpose  of  balancing  the 
weight  of  the  mateiials  of  which  the  gasometer 


The  gasometer  is  formed  by  2  or  3  cylinders, 
tlidmg  one  within  the  other,  like  the  lubes 
of  a  telescope ;  e,  e,  e,  is  the  first  or  outer  cyl- 
inder, closed  at  the  lop,  and  having  '.he  ring 
of  iron  i,  passing  round  it,  by  which  the  whole 
^  IS  suspended;//,  is  the  second  cylinder,  sliding 
'     freely  within  the  first,  and  there  may  be  a  third 

and  fonnh  wiiliin  these  if  necessary, 
us,  all  the  cylinders  are  slidden  down,  and  remain 
e  wilhin  the  olher  immersed  in  the  tank  ol  water ;  but  when  the  gas  rises  through  llie 
water  pressing  igainst  the  lop  of  the  gasometer,  its  buoyancy  causes  the  cylinder  e  lo  as- 
cend Round  the  lower  edge  of  this  cjlinder  i  groove  is  formed  by  the  tnrning  in  of  the 
plate  of  iron,  and  as  il  rises,  the  edge  lakes  hold  of  the  lop  rim  of  iJie  cylinder/,  which  is 
overlapped  for  that  purpose.  The  groove  at  the  botlom  of  the  eyiindtr  fills  itself  with 
water  as  it  ascends,  and  by  the  rim  of  the  second  cylinder  falling  into  il,  an  air-tight  hy- 
draulic joint  is  produced. 

Thus,  several  cylinders  may  be  atlapted  to  act  in  a  small  tank  of  water,  by  sliding  one 
within  the  other,  wilh  lapped  edjes  forming  hydraulic  joints,  and  by  supporting  the  ap- 
paratHs  in  Ihe  ivay  shown,  the  cenlre  of  gravity  will  always  be  below  the  points  of  sus- 
pension. A  gasometer  may  be  made  npon  this  plan  of  any  diameter,  as  there  will  be  no 
need  of  frame-work,  or  a  bridge  to  support  it ;  and  Ihe  increasing  weight  of  the  appara, 
las,  as  the  cylinders  are  raised  one  after  the  other,  may  be  counlerpoised  by  loading  ihs 
ends  of  the  chains  c  c. 

The  water  in  Ihe  gasometer  ne< 
evaporates  or  leaks  out,  is  to  be  rejili 
gels  covered  with  a  stratum  of  coal  oi 
and  allows  the  gas  lo  be  saturated  w 
minaling  powers. 

The  gasometer  may  be  separated  from  the  purifier  by  an  intermediate  vessel,  rich 
as  is  represented  fig.  filS,  wilh  which  the  two  gas  pipes  are  connected.    A  ifi  the 


not  be  renewed;  but  merely  so  much  of  il  eis 
ed.  Indeed,  [he  surface  of  the  wnler  in  the  cistern 
a  few  inches  deep,  which  prevents  its  evaporalion, 
h  this  volatile  substance,  so  as  lo  increase  its  illu. 
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',  the  enJ  of  Ilie  gas  pipe  which  comes  from  the  purifier 
immersed  a  few  inches  deep  into  the  liquid  with 
wliich  the  vessel  is  about  Iwo  thirds  filled;  b  a 
the  gss-pipe  which  leads  into  the  gasometer  { 
c  is  a  perpendicular  lube,  placed  over  the  botioin 
of  the  vessel,  and  reaching  to  wilhin  one  third  of 
the  top,  lhToag;h  vrhich  the  liquid  is  introduced 
678  into  the  Tessel,  and  through  which  it  escapes  when 
i(  overflows  the  level  d.  In  this  tube  the  liquid 
stands  towards  the  inner  level  higher,  in  propor- 
0  tion  to  the  pressure  of  the  gas  in  the  gasometer, 
Tlie  fluid  which  is  condensed  in  the  gas-pipe  b,  and 
in  its  prolongation  from  the  gasometer,  runs  off 
into  the  vessel  A  ;  and  therefore  liie  latter  must  be 
laid  so  low  that  the  said  tubemay  have  the  requisite 
declivity.  A  straight  stopcock  may  also  be  attached 
to  the  side  over  the  bollom,  lo  draw  off  any  sediment. 

p  Light-Gas, 

I  D%ilr  bv,li07i  of  the  pipes  — The  pressure  by  which  the  motion  of  the  gas  is  main- 
lamed  m  ibe  pips';,  corresponds  lo  a  certain  height  of  water  in  the  c.Etem  of  the  gasom- 
eter Frtni  the  mignilnde  ol  this  pressure,  and  (he  quanlity  of  gas  which  in  a  given 
time,  as  an  hour,  must  be  Itansmitted  through  a  certain  length  of  pipes,  depends  the 
width  or  the  diameter  that  Ihey  shonld  have,  in  order  that  Ihe  motion  may  not  be  retarded 
by  the  friction  which  the  gas,  like  all  otVer  fluids,  eiperienees  in  tubes,  and  thereby  the 
gas  might  be  prevented  from  issuing  with  the  velocity  required  for  the  jets  of  flame. 
The  velocity  of  the  gas  in  the  main  pipe  increases  in  the  ratio  of  the  square  root  of  the 
pressing  column  of  water  upon  the  gasometer,  and  therefore  by  increasing  this  pressure, 
the  gas  may  be  forced  more  rapidly  along  the  remoter  and  smaller  ramifications  of  the 
pipes.  Thus  it  happens,  however,  that  Ihe  gas  will  he  discharged  from  the  orifices  near 
the  gasometer,  with  superfluous  velocity.  It  is  therefore  advisable  lo  lay  the  pipes  io 
such  a  manner,  that  in  every  point  of  llieir  length  the  velocity  of  discharge  may  be  nearly 
equal.    This  may  be  nearly  effected  as  follows  : — 

From  eipeiiment  it  appears  that  the  magnitude  of  Ihe  friction,  or  the  resistance  which 
the  air  suH'ers  in  moving  along  the  pipes,  under  a  like  primnry  pressure,  thai  is,  for  equal 
initial  velocity,  varies  with  the  square  root  of  the  length.    The  volume  of  gas  discharged 

from  the  end  of  a  pipe  is  directly  proportional  lo  y ""  ■-  '■ — — '   " 

versely  as  the  square  toot  of  its  length;  i 


feet  of  gas  discharged  in  an  hour  fc ;  then  fc  - 


the  length  l,  the  diameter  e,  the  cubic 
=^'  Experience  likewise  shows,  Iha 
lur  200  cubic  feet  of  gas,  one  inch  i? 


Consequently,  SOO  :  A:  ;: 


and  D=  -v 


465,000 
■mula  the  following  table  of  proportions  is  calculated. 


Niimlierol      Wc  fesl  pel  hmi. 

W6ih«frip.,i„fe... 

Di=^e..r,  in  in.h.* 

100 

0-40 

SOO 

1-00 

600 

1-97 

TOO 

1000 

2-65 

1000 

1000 

3-16 

3500 

1000 

3-87 

1000 

4000 

6-33 

7-00 

6000 

lOOO 

T75 

6000 

£000 

B-21 

8000 

1000 

8000 

soco 

ie  where  the  bodyof  gaa  's  transtnilted  ihrouKh 
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a  length  of  2450  feet  =  ^4^2?^^!  withundLffl 


pil>es  irithout  being  let  oft  in  its  way  by  burners,  that  is,  (□  the  mains  wliich  conduct  tha 
gas  to  (he  places  where  it  is  to  be  used.  If  tlie  main  sends  off  branches  lor  bucnerF;, 
then  for  (he  same  length  the  diameter  may  be  reduced,  or  for  like  diameter  the  length 
may  be  greater.  For  example,  if  a  pipe  of  5-32  inches,  which  transmits  2000  cubic  ieet 
thron^h  a  length  of  2000  feet,  gives  off,  in  this  space,  JOOO  cubic  feet  of  gasj  llien  tlie 
lainder  of  the  pipe,  having  (lie  same  diameter,  cancontinne  to  transmit  (he  gas  through 
ished  pressure  for  the  purposes  of  lighi- 
Inveraely,  the  diameter  should  be  progressively  reduced  in  pioporlion  to  the  numb-r 
of  jets  sent  off  in  (he  length  of  the  pipe. 

Sappose,  for  instance,  the  gasometer  to  dischai^  2000  cubic  feet  per  hour,  and  the  la  .t 
point  of  the  jets  (o  he  at  a  dislance  of  4000  feet.  Suppose  also  that  from  the  gasomet.T 
lo  the  first  point  of  lighting,  the  gas  proceeds  through  iOOO  feet  of  close  pipe,  Ihe 
diameler  of  the  pipe  will  be  here  4-47  inches;  iu  the  second  1000  feet  of  length,  sup- 
jiose  (he  pipe  to  give  off,  al  equal  distances,  1000  cubic  feet  ol"  gas,  the  diameler  in 
this  length  (calculated  at  1500  cubic  feel  for  1000  feet  long)  =  3-87  inches ;  in  the 
third  extent  of  1000  feet,  600  cubic  feet  of  gas  will  be  given  off^  and  the  diameter 
(reckonmg  700  cubic  feel  for  1000  feet  long)  will  be  2-65  inches;  in  the  founh  and 
h=t  spice  (for  200  cubic  feet  in  1000  feet  long)  the  pipe  has  a  diameter  of  only  an 
inch  and  a  half,  for  which,  in  practice,  a  two-inch  cast  iron  pipe  is  substituted  j  this 
bpin!?  the  smallest  used  in  mains,  into  which  brnncli  pipes  can  be  conveniently  in- 
>ierted 

The  same  relations  hold  with  regard  to  branch  pipes  through  which  lb?  gas  is  trans- 
milted  into  buildings  and  other  places  to  be  illuminated.  If  such  pipes  e  aite  frequent 
angular  tarnin?s,  whereby  they  retard  the  motion  of  the  gas,  they  masl  be  a  third  ot  a 
half  tai^r  in  diameter.  The  Emollcst  tubes  of  distribution  are  never  less  than  one 
fourth  of  on  inch  in  (be  bore. 

Where,  from  one  central  gas  work,  a  very  great  quantity  of  l^ht  is  required  in  partic- 
ular localities,  there  ought  lo  be  placed  near  these  spots  gasometers  of  distribution,  which, 
being  filled  during  Ihe  slack  hours  of  Ihe  day,  are  ready  to  supply  the  burners  al  night, 
without  making  any  considerable  demand  upon  the  original  main  pipe.  Suppose  the  first 
main  be  required  to  supply  8000  cubic  feet  in  the  hour,  for  an  illumination  of  8  hours,  at 
the  distance  of  2000  feet,  a  pipe  lOi  inches  in  diameter  would  be  necessary ;  hut  if  two 
or  three  gasometers  of  distribntjon,  or  station  gasometers,  be  had  recourse  to,  into  which 
the  gas  during  the  course  of  24  hours  would  flow  through  the  same  distance  continuously 
from  the  central  gas  works,  the  qnanlily  required  per  hour  from  them  would  be  only  one 
third  of  8,000  =  2666-6  cubic  feet;  consequently  the  diameter  for  such  a  pipe  isonlyfi'la 

All  the  principal  as  well  as  branch  pipes,  whose  interior  diameler  exceeds  an  inch  and 
a  half,  are  made  of  cast  iron  from  6  to  8  feet  long,  with  elbow  pipes  cast  in  them  where 
It  is  necessary.  These  pipe  lengths  are  shown  in  Jig.  679,  having  at  one  end  a  wide 
socket  a,  and  at  the  other  a  nozzle  6,  which  fits  the  former.  After  inscrling  the  one  i'l 
the  other  in  their  proper  horizontal  position,  a  coil  of  hemp  soaked  with  tar  is  driven 
home  at  the  junction  ;  then  a  luting  of  clay  is  applied  at  the  mouth,  within  which  a  ring 
of  lead  is  cast  inlo  the  socket,  which  is  driven  tight  home  with  a  mallet  and  blunt  chisel. 

680 


The  pipes  should  be  proved  by  a  force  pump  before  being  received  into  the  gas  worlts ; 
two  or  three  lengths  of  Ihem  should  be  joined  before  laying  them  down,  and  they  should 
bo  placed  at  least  two  feet  below  the  surface,  to  prevent  (heir  being  affected  by  changes 
of  temperature,  which  would  loosen  the  joints.  The  (ubes  for  internal  distribution,  when 
V'  small  size,  are  made  of  lead,  copper,  wrought  iron,  or  tin. 


is  placed  in 


pipe 


i  has  a  paitilioD,  i.  m,  in  its  miildle.  If  thia  covei  be 
raised  by  ils  counlerweighl,  Ihe  gas  can  pass  without  impediment  from  A  lo  b  ;  but  if  iht 
e<:unler weight  be  diminished  so  as  to  lei  Ihe  parljlion  plale  l  si  sink  into  the  water,  tilt 
Bommunicalion  of  the  two  pipes  is  thereby  interrupted.  In  this  case  Ihe  water-level 
stands  in  the  compartment  A  so  much  lower  Ihan  oatside  of  it,  and  in  the  companmenl 
B,  as  is  equivalent  lo  the  pressure  in  the  gasometer ;  therefore  the  pipes  a  and  e  must 
pruject  thus  far  above  the  wnler.  In  orJec  to  keep  the  water  always  at  the  same  iieight, 
and  to  prevent  it  from  flowing  into  the  mouths  of  these  pipes,  the  rim  c  d  of  the  autet 
vessel  stands  somewhat  lower  than  the  orifices  *  B ;  i,jd  thence  the  vessel  may  be  kepi 
always  full  of  water, 
ir  a  quicksilver  valve  be  preferred,  it  may  be  constructed  as  shown  in  fig.  6S1.  a  b  are 
the  terminations  of  the  two  gas  pipes, 
which  are  made  fast  in  the  rectangular 
iron  vessel  m.  e  is  an  iron  vessel  of  the 
same  form,  which  is  filled  with  quicksilver 
up  to  the  level  a,  and  which,  by  means  of 
the  screw  g,  which  presses  against  its 
bottom,  and  works  in  the  fixed  female  screw 
c  c,  may  he  moved  up  or  down,  s 


pi       „ 

A 

the  quicksilver.  The  vessel  wis  furnished 
with  a  vertical  partition  m ;  the  passage  of 
the  gas  from  A  to  B  is  therefore  obstruclet 
when  this  partition  dips  into  the  quick- 
silver, and  from  the  gradual  depression  of 
the  vessel  e  by  its  screw,  the  interval  be 
tween  the  quicksilver  and  the  lower  edge 
of  the  partition,  through  which  the  gas 
must  enter,  may  be  enlarged  at  pleasure, 
whereby  the  pressure  of  the  gas  in  b  may 
be  regulated  to  any  degree.  The  trans- 
verse section  of  that  interval  is  equal  lo 
the  area  of  the  pipe  or  rather  greater ;  the 
breadth  of  the  vessel  m  from  A  lo  n 
amounts  lo  the  double  of  that  space,  and 
:ts  length  to  the  mere  diameter  of  a  or  b. 
The  greatest  height  to  which  the  partition 
m  can  rise  out  of  the  quicksilver,  is  also 
equal  to  the  above  diameler,  and  in  this 
case  the  line  a  com«s  to  the  place  of  b. 
The  vertical  movement  of  the  outer  vessel 
E,  is  secured  by  a  rectangular  rim  or  hoop 
which  surrounds  it,  and  is  made  fast  lo  the 
upper  part  of  the  vessel  m,  within  which 
guide  It  moves  up  and  down.  Instead  of 
the  lever  n  d,  an  index  with  a  graduated 
plate  may  be  employed  to  torn  the  screw, 
and  to  indicate  exactly  the  magnitude  in 
the  opening  of  the  valve. 

In  order  to  measure  the  quantity  of  ^as 
which  passes  through  a  pipe  for  lightirg  A 
factory,  theatre,  &c.,  the  gas-mcfer  is  em- 
ployed, of  whose  construction  a  sjifficiently 
precise  idea  may  be  formed  from  the  con- 
sideration of  ^g.  682,  which  shows  the  in- 
Btrnmenl  in  a  section  perpendicular  to  its 

Within  the  cylindrical  case  a,  there  is 
n  shorter  cylinder  6  b,  shut  at  both  ends, 
and  moveable  round  an  axis,  which  ia 
diTldfd  into  foac  compartment",  that  communicate  by  the  opening  d,  with  tht 
fntetval    between    this  cjhnder  and    the  outer  case         The    mode    in   which    thii 
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r/hnder  turns  round  its  ajis  is  as  follows : — The  end  of  the  lube  c,  whirl!  is  mnde  fast  lo 
(he  side  of  the  case,  and  by  which  the  gas  enlers,  carries  a  pivot  or  gudgeon,  upon  which 
Ihe  centre  of  its  prop  turns ;  the  other  end  of  the  axis  runs  in  (he  cover,  which  heri  forms 
the  side  of  a  superior  open  vessel,  in  wliich,  upon  Ihe  same  axis,  there  is  a  toothed  wlieel. 
The  vessel  is  so  far  filled  with  water,  that  the  luhe  e  just  rises  above  it,  which  position 
is  secured  by  the  level  of  the  side  Tessel.  When  the  gas  enters  through  the  tube  c,  by 
its  pressure  upon  the  partition  e  (_Jig.  6S3),  it  turns  the  cylinder  from  right  to  left  upom 
its  axis,  till  the  exterior  opening  d  rises  above  the  water,  and  the  gns  expands  itself  in 
the  exterior  space,  whence  it  passes  off  through  a  tube  at  lop.  At  every  revolntion,  a 
ceitnin  volume  of  gas  thus  goes  Ihrough  the  cjlinder,  proportional  lo  ifs  tnown  capa- 
city. The  wheel  on  the  axis  works  in  other  toothed  wheel?,  whence,  by  means  of  an 
index  upon  a  graduated  disc  or  dial,  placed  at  the  top  or  in  front  of  the  gas-meter, 
the  number  of  cubic  feet  of  gaa,  which  pass  through  this  apparatus  in  a  given  time,  is 
registered. 

E.  Employmeat  of  the  gaa  fat  ligkihg. — The  illnminating  power  of  different  gasei 
burned  in  the  same  circumstances,  is  proportional,  generally  speaking,  lo  their  specific 
gravity,  as  this  is  to  the  qnantily  of  cariion  they  hold  in  combination.  The  following 
table  e}:hibits  the  different  qualities  of  gases  in  respect  to  illuminaljun. 


Dtnsitj  01  sptoific.  grayilj 

Ptopoilion  of  liKlil  affoiv-.d  Ijy  coal        1 

Vm)  gas. 

0,l6==. 

BaaWoitBis.                            ' 

0'659 

0-605 
0'407 
0-429 
0-508 

0-818 
0-910 
1-ilO 
0-!)40 
0-965 
1-175 

100  !  140 
100  :  22j 
100  :  250 
100  :  354 
100  :  356 
100:310 

Mean  0.529 

096 

100  :  272 

In  the  last  three  proportions,  liie  coal  gas  was  produced  from  coals  of  middle  quality 
in  the  first  three  proportions,  from  coals  of  good  quality;  and  therefore  the  niitldle  pr- 
porlion  of  100  to  270  may  be  taken  lo  represent  the  fair  average  upon  the  great  scale 
On  comparing  the  gas  from  bad  coals,  wllh  good  oil  gas,  the  proportion  may  become 
100  lo  300.  Kay,  coal  gas  of  specific  gravity  0-4,  compared  to  oil  gas  of  1-1,  gives  tbe 
proportion  of  1  to  4.  A  mould  tallow  candle,  of  6  in  the  pound,  burning  for  an  hoar, 
is  equivalent  to  half  ft  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  fool  oi 
good  gas.  The  flame  of  the  best  argand  lamp  of  Carcel,  in  which  a  steady  supply  of  oil 
is  maintained  by  pump-work,  consuming  42  giammes  =  649  grains  English  in  an  hour, 
and  equal  in  light  to  9-38  such  candles,  is  equivalent  to  3-75  cubic  feet  of  coal  gas  per 
hour.  The  sinumbra  lamp,  which  consumes  50  grammes  =  772  grains  English,  of  oil 
per  bonr,  and  cives  the  light  of  8  of  the  above  candles,  is  equivalent  to  the  light  emitted 
by  3-2  cubic  feel  of  coal  g;as  burning  for  an  hour.  A  common  nrgand  lamp,  equal  to  4 
candles,  which  consumes  30  grammes  =  463  grains  English  per  bonr,  is  represented  by 
1-6  cubic  feet  of  gas  burning  during  the  same  lime.  A  common  lamp,  willi  a  flat  wick 
and  glass  chimney,  whose  light, is  equal  to  1-13  tallow  candles,  and  which  consumes  II 
grammes  =  169-8  grains  English  per  hour,  is  represented  by  0'452  of  a  cubic  foot  of 
gas  burning  for  the  same  time. 

ConslTuaioa  of  Ihe  Mraera.—The  mode  of  burning  the  gas  as  it  issues  from  the  jets 
has  a  great  inflnence  upon  the  qaantily  and  quality  of  its  light.  When  carbureted 
bjdroscn  gas  is  transmitted  through  ignited  porcelain  tubes,  it  is  partially  decomposed 
with  a  precipitation  of  some  of  its  carSon,  while  the  resulting  gas  burns  with  a  feebler 
flame.  Coal  gas,  when  kindled  at  a  small  orifice  in  a  tube,  undergoes  a  like  decompo- 
sition and  precipitation.  Its  hydrogen,  with  a  little  of  its  carbon,  burns  whenever  it 
comes  into  contact  with  the  atmospherical  nir,  with  a  bluish,  colored  flame;  but  the 
carbonaceous  part  not  being  so  accendible,  lakes  fire  only  -when  mixed  with  more  air; 
therefore  at  a  greater  distance  from  the  heak,  and  with  a  white  light  from  the  vivid 
ignilion  of  its  solid  panicles.  Upon  this  principle  pure  hydrogen  gas  may  be  made  tc 
hum  with  a  white  instead  of  ils  usual  blue  flame,  by  dnsling  into  it  pftrlicles  of  lamp 
black,  or  by  kindling  it  at  the  eitremity  of  a  lube  containing  finely  pulverized  zinc. 
The  metallic  panicles  !je:ome  ignited,  and  imparl  their  bright  light  lo  Ihe  pale  blue 
flame.  Even  platinum  wire  and  asbestos,  when  placed  in  the  flame  of  hydrogen  gas, 
serve  to  whiten  it.  Hence  it  has  been  concluded,  that  the  intensity  of  light  which  a 
sas  IS   capable  of  aftbrJing  is  proportional  to  the  quantity  of  solid  particles  which  i! 
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eonlains,  and  CBn  precipitate  in  the  act  of  bornint;.  Carbonic  oxyde  gas  bums  wilL  tbt 
feeblest  light  neit  to  hydrogep,  because  it  deposites  no  carbon  in  the  act  of  burning 
Phoaphnrpted  hydrogen  gives  a  brilliant  light,  because  Ihe  pliosrhoric  acid,  into  which 
its  base  is  converted  durina;  the  combustion,  is  a  solid  substance,  capable  of  heinji 
ignited  in  the  flame.  Olellant  gas,  as  also  the  vapor  of  hjdro-carbon  oil,  emits  a 
more  vivid  light  than  common  coal  gas  ■,  f  fi  m  m 

hydrogen  and  two  measures  of  the  vapor  ho  m      whil 

the  last  contains   only  one  measure  of  bo  m 

combined  wilh  the  same  proportion    if  I    di  li  as  m 

pcctcd  to  evolve  a  double  quantity  of  ;Brb  flam 

light. 

The  illuminating  power  of  the  flame  of  m 

by  admixture  with  other  species  of  gas  wh  ta  bo  ed 

tides  are  diffused  over  a  greater  surface.  This  happens  * 
carbonic  oiyile,  carbonic  acid,  and  nitrogen  gases,  and  th( 
portional  to  the  dilution  of  the  coal  gas- 
In  like  manner  the  illnminating  power  of  coal  gas  is  impaired,  when  it  ;s  consumed 
loo  rapidly  to  allow  time  for  the  separation  and  ignition  of  its  carbonaceous  Batter;  it 
burns,  in  tJiis  case,  without  decomposition,  and  with  a  feeble  blue  flame.  ].  This 
occurs  when  the  lighl-gas  is  previously  mixed  with  atmospherical  air,  because  the 
combustion  is  thereby  accelerated  tlironghout  the  interior  of  the  flame,  so  as  to  prevent 
Ihc  due  separation  of  carbon.  A  large  admixture  of  atmospherical  air  makes  the  flame 
entirely  blue.  2.  When  it  issues,  with  considerable  velocity,  from  a  minute  orifice, 
whereby  the  gas,  by  expansion,  gets  intimately  mixed  wilh  a  large  proportion  of  almos- 
pherical  air.  If  the  jet  be  vertical,  the  bottom  part  of  the  flame  is  blue,  and  tlie  more 
so  the  less  carbon  is  contained  in  the  gas.  The  same  Ihing  may  be  obsen'td  in  the  flame 
of  tallow,  wax,  or  oil  lights.  The  burning  wick  acts  tlic  part  of  a  retort,  in  decom- 
posing the  fatty  mailer.  From  the  lower  pari  of  Ihe  wick  tne  gases  and  vapors  of  the 
fat  issue  wilh  the  greatest  Telocity,  and  are  most  freely  miwd  with  the  air;  while  the 
gases  dbengagcd  from  the  upper  part  of  the  wick  compose  the  interior  of  the  flame,  and 
being  momentarily  protected  from  the  action  of  the  atmosphere,  acquire  the  proper  high 
temperature  for  tlie  deposition  of  carbon,  which  is  then  diffused  on  the  oule<  surface  in 
an  ignited  slate,  and  causes  its  characteristic  white  light.  Hence  with  coal  gas,  the  light 
increases  in  a  certain  ratio  wilh  the  size  of  the  flame  as  it  issues  from  a  larger  orifice, 
because  the  inieimixture  of  air  becomes  proportionately  less.  3.  If  by  any  means  too 
great  a  draught  be  given  to  the  fiame,  its  light  becomes  feebler  by  the  rapidity  and  com- 
pleteness wilh  which  the  gas  is  burned,  as  when  too  tall  a  chimney  is  placed  over  an 
argand  burner,  see  Jig-  883.  Fig.  684,  e,  is  a  view  of  the  upper  plate,  upon  which  the 
glass  chimney  b  rests.  The  gas  issues  through  (he  smaller  openings  of  the  inner  ring, 
and  forms  a  hollow  cylindrical  flame,  upon  Ihe  outside  as  well  as  the  inside  of  which  the 
atmospherical  air  acts.  The  illummaiing  power  of  this  flame  may  be  diminished  at 
pleasure,  according  as  more  or  less  air  is  allowed  to  enter  through  the  otifices  beneath. 
With  a  very  full  draught  Ihe  light  almost  vanishes,  leaving  only  a  dull  blue  flame  of 
great  heating  power,  like  that  of  the  blowpipe,  corresponding  to  the  perfect  combustion 
of  the  gas  without  precipitation  of  its  carbon.  4,  On  the  olher  hand,  too  small  a  draught 
of  air  is  eqnally  prejudicial;  not  merely  because  a  portion  of  the  carbon  thus  escapes 
unconsnmed  in  smoke,  but  also  because  the  highest  illuminating  power  of  the  flame  is 
obtained  only  when  the  precipilaled  charcoal  is  heated  to  whiteness;  a  circumstance 
which  requires  a  considerable  draagbl  of  air.  Hence  the  fiome  of  dense  oil  gas,  or  o( 
oil  in  a  wick,  burns  with  a  yellow  light  without  a  chimney ;  but  when  it  is  increased  in 
'ntensity  by  a  chimney  draughl,  it  hums  wilh  a  brilliant  white  flame. 

From  the  consideration  of  Ihe  preceding  fads,  it  is  possible  to  give  to  coal  gas  its 
highest  illuminating  power.  The  burners  are  either  simple  beaks  perforated  with  a 
small  round  hole,  or  circles  with  ?  series  of  holes  to  form  an  argand  flame,  as  shown  in 
fig.  6S4,  or  two  holes  drilled  obliquely,  to  make  the  flame  cross,  like  a  swallow's  tail,  ot 
wilh  a  slit  constituting  the  sheet  of  flame  caUeil  a  baf  b  win?,  like  most  of  the  lamps  m 
th:  streets  of  London.  These  burners  are  mounted  with  a  stopcock  for  regulaUng  the 
quantity  of  gas. 

The  height  of  the  fianje,  which  with  like  pressure  depends  upon  the  size  of  the  orifice, 
'  and  wilh  like  orifice  upon  the  amount  of  pressure,  Ihe  latter  being  modified  by  the  stop- 
eock,  is,  for  simple  jels  in  the  open  air,  as  follows  — 

Length  of  ihe  flame  2  3  4  5  6  inches, 

Inlensily  of  the  light  -      55-6        100        150  197'8  247.4 

"Volume  of  gas  consumed    -      60-5     101-4      126-3  143-7  182-2 

Light  with  equal  consumption     100       109         131  J50  150 

When  the  length  exceeds  fiselnches,  nothing  is  gained  in  respect  to  light.    For  oil 
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does  not  bear  so  Ion:"  a  flame  v 

Length  of  the  flame  -  1  2  3  4  5  inches, 

Intensily  of  Ihe  light         -        22        63'7  96'5  141  178 

Gasconsumed  -        -    33*1        78'5  90  118  153 

Light  with  eqnalcoosumpaon  100         122  159  181  174 

The  diameter  of  Ihe  orifice  for  single  jets,  or  for  several  jels  from  the  same  beab,  h' 
one  twenty-eighth  of  an  inch  for  coal" gas,  and  one  forty-BlYh  for  oil  gas. 

When  several  jets  issue  from  the  same  hurner,  the  light  isimproTeJ  hy  making  all  the 
flames  unite  into  one.  In  this  case  the  heat  becomes  greater,  for  the  combined  flame 
presents  a  smaller  surface  1o  he  cooled,  than  the  sum  of  the  smaller  flames.  The  advan- 
tage gained  in  this  way  may  he  in  the  ratio  of  3  to  2,  or  50  per  cent.  In  an  argand 
burner  the  distances  of  the  orifices  for  coal  gas  should  be  from  J-^  to  -JJL.  of  an  inch, 
Bnd  for  oil  gas  -^^j.  If  the  argand  ring  has  l6  orifices,  the  diameter  of  the  central  open- 
ing should  be  =  -jVor  on  inch;  if  25  orifices,  il  should  be  oiie  inch  for  coal  gas;  but 
for  oil  gas  ivilh  10  orifices,  the  central  opening  should  have  a  diameter  of  half  an  inch, 
and  for  20  orifices,  one  inch.  The  pin  holes  should  he  of  equal  size,  otherwise  the  larger 
ones  wUl  cause  smoke,  as  in  an  argand  flame  with  an  uneven  wick.  The  glass  chimney 
is  not  necessary  la  promote  the  combustion  of  an  argand  coal  gas  flame,  but  only  to  pre- 
vent It  from  fliclfering  with  the  wind,  and  therefore  it  sh:iuld  he  made  so  wide  as  to 
exercise  little  or  no  inflnenee  upon  the  draught.  A  narrtsv  chimney  is  necessary  merely 
to  prevent  smoke,  when  a  very  strong  light  with  a  profusion  of  gas  is  desired.  Oil  gas 
burned  in  an  argand  bcik  requires  a  draught  chimney,  like  a  common  ai^nd  lamp,  on 
account  of  the  Iar<re  quiniity  of  carbon  to  be  consumed.  The  most  suitable  mo^e  of 
reonHting  the  degree  of  draught  can  be  determined  only  by  experiment,  and  the  best 
hitherto  ascertained  is  that  represented  in  fig.  635,  Fig.  688  exhibits  the 
new  from  above,  of  the  rim  or  ring  c,  opon  which 
Ihe  chimney  b  stands,  and  which  surrounds  the  per- 
forated beak.  The  ring  is  made  of  open  frelwork, 
to  permit  the  free  passage  of  air  upwards  to  strike 
the  onlEide  of  (he  flame.  The  thin  annular  dsic  d, 
J  683  which  n  laid  over  its  fellow  disc  c,  in  Ihe  bottom 
of  the  chminey-holder,  being  turned  a  little  one  way 
or  other,  will  allow  more  or  less  air  to  pass  through 
fir  promoting,  more  or  less,  the  draught  or  ven- 
tilation The  draught  in  the  central  tube  of  the 
burner  may  be  regulated  by  the  small  disc  c,  whose 
diameter  is  somewhat  smaller  than  that  of  the  rinj 
of  the  burner,  and  which,  by  turning  the  milled 
..id  /,  of  the  screw,  may  be  adjusted  with  the  greatest  nicely,  so  as  to  admit  a  greater 
or  smaller  body  of  air  into  the  centre  of  the  cjlindrieal  flame. 

Tn  mounting  gas-lights,  and  in  estimating  beforehand  their  illuminating  eflects,  we 
must  keep  in  mind  the  optical  proposition,  that  the  quantity  of  light  is  inversely  as  the 
square  of  the  distance  from  the  luminoas  body,  and  we  must  distribute  the  burners 
accordingly.  When,  for  example,  a  gas-light  placed  at  a  disla.ice  of  (en  feet,  is  required 
for  leading  or  writing  to  afford  the  same  light  as  a  candle  placed  at  a  distance  of  two 
feet  i  squaring  each  distance,  we  have  100-4 ;  therefore  l^  =  25,  shows  us  that  £5 
such  lights  will  be  necessary  at  the  distance  of  10  feet. 

Concerning  portable  gas-light,  with  the  means  of  condensing  it,  and  carryins  il  from 
Ihe  gas  woiKS  to  the  places  where  it  is  to  be  consumed,  we  need  say  nothing,  as  by  the 
improvements  lately  made  in  the  purification  and  distribution  of  coal  gas,  Uie  former 
system  has  been  superseded. 

It  is  well  known  that  light  gas  deteriorates  very  considerably  by  keeping,  especially 
when  exposed  to  water  over  an  extensive  surface ;  but  even  to  a  certain  degree  over  oil 
nr  in  close  vessels.  An  oil  gas  which  when  newly  prepared  has  the  specific  gravity  of 
1-054,  will  give  the  light  of  a  candle  for  an  hour,  by  consuming  200  cubic  inches  ;  will, 
after  two  days,  give  the  same  light  by  consuming  215  cubic  inches  per  hour ;  and  after 
fou--  Jays,  by  consuming  240  cubic  inches  in  the  like  time.  With  coal  gas  the  deteriora 
lion  appears  to  be  more  rapid.  When  newly  prepared,  if  it  affords  the  light  of  a  candle 
with  a  consumption  of  400  cubic  inches  per  hour,  it  will  not  give  the  same  light  after 
being  kept  two  days,  except  with  a  consumption  of  430  inches  ;  and  after  four  days,  of 
460.  Oil  gas  three  weeks  old  has  become  so  much  impaired  in  quality  that  600  inches 
of  it  were  reqftiredper  hour  to  famish  (he  light  of  a  candle.  All  light  gas  should  be 
used  therefore  as  soon  as  possible  after  it  is  properly  purified. 
Ecoaamkal.  anuideralioru.—The  cost  of  gas-light  depends  upon  so  many  local  clr 
"  "■   can  be  made  of  general  application ;  only  a  fe* 
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leading  poinis  may  be  slated.  Tlic  coals  required  for  healing  the  retorts  used  t 
3ne  half  or  [he  quanlily  required  fur  charging  the  relorls  themselves.  When  nve  relorli 
»re  licated  hj  one  fire,  (he  expeiuiilure  for  fuel  is  only  one  third  of  Ihat  when  each  retort 
has  a  lire.  The  colce  which  remsins  in  (he  retorls  constilules  ahout  60  per  cent,  of  (be 
weight  of  (be  original  coal ;  but  the  volume  is  increased  by  the  coking  in  the  proportion 
of  1(10  to  75.  When  the  coke  is  nsed  for  beadngtherelorls,  about  one  half  of  the  whole 
'  is  required.  If  we  estimate  the  coke  by  ils  comparative  heating  power,  it  represents  65 
per  cent,  of  (be  coals  consumed.  One  hundred  pounds  of  good  coal  yield  in  distillation 
10  pounds  of  ammoniacal' liquor,  from  which  sulphals  or  mnijate  of  ammonia  may  be 
made,  by  salaration  with  sulphuric  or  mnrialic  acid,  and  evaporation.  Thp  liquor  ccn- 
lains  likewise  some  cyanide  of  ammonia,  which  may  be  converted  in(o  Prjssian  blue  by 
the  addition  of  sulphate  of  iron,  after  sa(uration  wiih  muriatic  acid. 

Two  hundred  pounds  of  coal  afford  about  17  pounds  of  lar.  This  contains  in  100 
pounds  26  pounds  of  coal  oit,  and  43  pounds  of  pilch.  The  tai  is  sometimes  employed  m 
a  paint  lo  preserve  wood  and  walls  from  the  influence  of  moisture,  but  its  disagreeable 
smell  limits  its  use.  The  coal  oil,  when  rectified  by  distillation,  is  extensively  employed 
for  dissolving  caoutchouc  in  making  the  varnish  of  waterproof  cloth,  and  also  for  burning 
in  a  peculiar  kind  of  lamps  under  the  name  of  naptha.  Oil  of  turpentine,  however,  is 
oilen  sold  and  used  fur  ibis  purpose,  by  the  same  name.  If  the  coal  oil  be  mixed  with 
its  volume  of  water,  and  the  mixture  be  made  to  boil  in  a  kettle,  the  mingled  vapors  when 
passed  through  a  perforated  noMle  may  be  kindled,  and  employed  as  a  powerful  means 
of  artificial  heat.  The  water  is  not  decomposed,  but  it  serves  by  its  vapor  to  expand  the 
bulk  of  the  volatile  oil,  and  (o  make  it  thereby  come  into  contact  with  a  larger  volurae 
of  atmospherical  air,  so  as  to  burn  wilhont  smoke,  under  a  boiler  of  any  other  vessel- 
The  pitch  may  be  decomposed  into  a  light-gas. 

The  relative  cost  of  light  from  coal  gas  and  oil  gas  may  be  estimated  as  one  to  six  at 
least.    Bosin  gas  is  cheaper  than  oil  gas.    See  Rosin. 

I  shall  conclude  this  article  with  a  summary  of  the  comparative  expease  of  different 
modes  of  illumination,  and  some  stntislical  tables. 

One  pound  of  tallow  will  last  40  hours  in  six  mould  candles  burned  in  succession,  and 
costs  Sd. ;  a  gallon  of  oil,  capable  of  affording  the  lishl  of  15  candles,  for  40  bourn, 
costs  5s. ;  being  therefore  i  of  the  price  of  mould  candles,  and  Jj  of  the  price  of  di^'j. 
The  cost  of  wax  is  about  3^  times  that  of  tallow ;  and  coal  gas,  as  sold  at  the  rate  of 
9i.  for  1000  cubic  feet,  will  be  one  sixth  the  price  of  mould  candles;  for  .100  cubic  inches 
of  coal  gas  give  a  light  equal  to  the  above  candle  for  an  hour;  therefore  40  X  500  .-= 
20,000  cubic  inches  =  II  57  cubic  feet,  worth  Ijd.,  which  multiplied  by  6  gives  71a.., 
the  average  pi  ice  of  mould  candles  per  pound. 

The  author  of  the  article  Gas4ighl  in  the  Encyclopedia  Britannica,  observes,  in  refei 
ence  to  the  economy  of  this  mode  of  illumination,  that  while  the  price  of  coal,  in  conss- 
quence  of  the  abundant  and  regular  supply  of  that  article,  is  liable  to  little  flnctuatiop, 
the  cost  of  wa.v,  (allow,  and  oil,  on  account  of  (he  more  precarious  nature  of  the  sources 
from  which  they  are  obtained,  varies  exceedingly  in  different  seasons.  "Assuming  that 
a  pound  of  tallow  caudles,  which  last  when  burned  in  succession  forty  hours,  costs  nine- 
pence"  (seven-pence  halfpenny  is  the  average  price),  "  that  a  gallon  of  oil,  yielding  tlie 
light  of  600  candJes  for  an  hour,  costs  two  shillings"  (five  shillings  is  the  lowest  price  of 
a  gallon  of  such  oil  as  a  gentleman  would  choose  (o  burL  in  his  lamp),  "  that  the  expense 
of  (he  light  from  wax  is  three  times  as  great  as  from  taltow,  and  iJial  a  thousand  cubic 
feet  of  coal  las  cost  nine  shillings ;"  he  concludes  the  relative  cost  lo  be  for  the  same 
quanlily  of  light,— (irom  wax,  100  ;  tallow,  25 ;  oil,  5 ;  and  coal^s,  3,  I  conceive  the 
estimate  given  above  lo  be  much  nearer  the  truth ;  when  referred  to  wax  called  100,  it 
becomes,  for  tallow,  28-6  i  oil,  14-3  ;  coal-gas,  4-76. 

Gas-lighting  has  received  a  marvellous  development  in  London.  In  the  year  1834,  the 
number  cf  gas  lamps  in  this  city  was  168,000,  which  consumed  daily  about  4,200,000 
cubic  feet  of  gas.  For  (he  purpose  of  generating  (his  gas,  more  than  SOO,000  chaldrons, 
or  10,800,000  cubic  feet  of  coats  were  required. 

For  the  following  valuable  statistical  details  upon  gas-light,  my  readcn  are 
indebted  lo  Joseph  Hedley,  Esq.,  engineer,  of  (he  Alliance  Gas  Works,  Dublin;  a 
gentleman  who  to  a  sound  knowledge  of  chemistry,  joins  such  mechanical  talent  and 
indefatigable  diligence,  as  qualify  him  lo  cordacl  with  success  any  great  underialiing 
committed  to  his  care.  He  has  long  endeavored  to  induce  the  directors  of  the  London 
gas-works  to  employ  a  better  coal,  and  generate  a  more  richly  carbureted  gas,  which  in 
much  smaller  quantify  would  give  as  brilliant  a  light,  without  heating  the  apartments 
unpleasantly,  as  their  highly  hydrogenaled  gas  now  does.  Were  his  judicious  views 
tdopted,  coal  gas  would  soon  supersede  oil,  and  even  wax  candies, 'for  illuminatir.g  pn- 
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Copy  of  a  paper  laiii  hetiite  a  Commillee  of  the  Housf 
ihe  relative  values  of  the  Gases  proiliiced  at  Lhe  underm 
like  manner  the  relative  economy  of  Gas,  as  produced  £ 
lies.    By  Joseph  Heillej',  Esq. 
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Memobandum. — It  will  not  fail  to  be  observed  that  in  deducing  Ihe  comparative  value 
between  candles  and  gas  by  these  experiments,  the  single  jet  (and  in  every  instance, 
of  course,  it  was  the  same)  has  been  the  medium.  This,  however,  though  decidedly 
the  most  correct  way  of  making  the  comparative  estimate  of  Ihe  illuminating  power  of 
the  several  gases.  Is  highly  disadvantageous  In  the  economical  comparison,  inasmuch 
as  gas  bnrnl  in  a  properly  regulated  ai^nd  burner,  with  its  proper  sized  glass,  aii 
apertnre,  and  sufficient  nomber  of  holes,  gives  an  advantage  in  favor  of  gas  consumed 
in  an  argand,  over  a  jet  burner,  of  from  30  to  40  pur  cent.  At  the  same  lime  it  must 
not  be  overlooked,  that  in  man;  situations  where  great  light  is  not  required,  it  will  be 
found  far  more  economical  to  adopt  the  use  of  single  jets,  which,  by  means  of  swing 
brackets  and  light  elegant  shades,  become  splendid  subslilutes  for  candles,  in  banking 
eslablishmenis,  offices,  libraries,  &c.  &c. 

N"oTE. — In  Glasgow,  Bdinhurgh,  Dundee,  Perth,  and  the  Scotch  towns  generally,  the 
Parrot  or  Scotch  Cannel  coat  is  used  ;  in  illiiiDinalisit  ^ower  and  specihc  gravity  Ihf 
zas  produced  n  equal  to  that  from  Ibc  hei^t  J^STription  of  Cannel  coal  in  England. 
The  price  per  ]OC0  cubic  feet  ranges  about  !)^.,  with  from  6  to  30  per  cent,  off  for  dis- 
counts,  leaving  the  net  pr;?e  aboot  9».  is  'jH  equal  to  the  above  table  lo  100  lbs.  of 
candles. 
Epitome  of  Experiments  made  in  Gai  prsducml  from  different  qualities  of  Coal,  and 

consumed  in  different  kinds  of  Burneis: 

Tried  at  the  SheffielJ  Gas  Light  Ccmpany's  'Works,  and  laid  before  a  Committee  of  the 
House  of  Commoa'5.    By  Joseph  Hedley,  Es^. 
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GAS-LIGHT. 

,s  made  at  the  Alliance  Gas  Compaoj's  Worts  in  Dublin,  during  tilt 
past  year  1837.    By  Joseph  Hedley,  Esq. 

Eesulls  of  experiments  on  the  qualities  of  various  coals  for  the  produclion  of  gas;  itl 
value  in  illuminaling  power ;  produce  of  coke,  and  quality ;  and  olher  particulars  itnpor- 
tant  in  gas-making ; — 

ls(  Eiperimmt,  Saturday,  May  27,  )K37.— Deane  coal  (Cumheiland),  2  ewls,  of  112 
lbs.  each  (or  224  lbs.)  produced  970  cubic  feel  of  gas ;  4  bushels  of  coke  of  middling 
quality ;  specific  gravity  of  the  gas,  475.  Consumed  in  a  sinele-jel  burner,  flame  4 
inches  high,  IJ^^ths  cubic  feet  per  hour;  distance  from,  shadow  76  inches,  or  2'3 
mould  candles.  Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-33  cubic  feel 
per  lb.,  or  9,700  cubic  feet  pec  tonof  20cwls.  Increase  of  coke  over  coal  iumeasure,  not 
quile'30  per  cent.  Loss  in  weight  between  coal,  coke,  and  breixe  56  lbs.,  converted 
into  sas,  tar,  ammonia,  &c. 

2d  Expnimeat,  May  28. — Carlisle  coal  <BlenkinEopp).  224  lbs.  produced  1010  cubic 
feet  of  gas,  4  bushels  of  coke  of  good  quality  though  smalt ;  increase  of  coke  over  coal  in 
measure  not  quite  30  per  cent.  Loss  in  weight,  same  as  foregoing  experiment.  Average 
auantily  of  gas  made  from  the  chaige  (fi  hours)  4-5  cubic  feet  per  lb.  or  10,080  per  ton. 

Iliitm:«aiins  pou-er  of  the  Gas. 


Cciniamed 
pet  hour, 
Single  Jet. 

,£■=.. 

,.ai. 

s;;r 

At  the  end  of  Ihe  first  hour 

Ditto           ditto           Willi  20-hole ) 

argand  burner       -         -            j 
When  charge  nearly  off      - 
When  charge  quite  off,  with  20-  ) 

hole  nrgand  burner        -         -  $ 

■5 

■A 

9 

70 
25 
85 
100 

2'72 
2J-33 
1-84 
not  I 

■475 
■475 
■442       , 
■2G8 

3d  Eieperiment,  May  29.— Carlisle  coal  (Blenkinsop|)>.  112  lbs.  produced  656  cubic 
feet  of  ^.  Other  products,  loss  of  weight,  &c.,  same  proportion  as  foregoing  experi- 
ment. Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-96  cubic  feet  per  lb , 
or  11,120  per  ton 

In  this  experiment  the  quantily  of  gas  generated  every  hour  mas  ascertained ;  Ihe 
illnminating  power,  the  specific  gravity,  and  the  quantity  of  gas  consumed  by  the  single 
jet  with  a  flame  4  inches  high,  was  tried  at  the  end  of  each  hour,  with  the  respective 
gases  generated  at  each  hour  ;  and  Ihe  f.iiln-!7ing  h  a  table  of  results. 
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2'72 
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120 
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■344 

75 
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4th. 

95 

15 

■311 

80 
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GAS-LIGHT. 

The  relative  value  of  these  produc 

1 1,120  al  ]6-10tlis  per  hour  nearly  (or  1-59 
Ihr  11,120  feel  would  be  equal  lo  and  last 
DBr.dles. 

9200  Ht  121-lOtha  per  hour  {or  13375  accurately),  and  etiual  to  236  candles 
^200  feet  would  be  equal  to  1949  candles,  or  324|  lbs.  candles. 


IS  of  gas  is  as  follows,  vi 
accurately),  and  equal  ti 
long  as  1597  candles,  o 


lbs,  of  monld  candles,  at  7s.  Gil.  per  dozen  lbs.,  will  cost  8L  6s.  4id.,  whilst 
324|  lbs.  of   do.       do.       at  Is.  6d.  per    do.  do.         lOi.  3j. 

Showin?  the  value  of  4-hoar  charges  over  6-hour  chaises ;  and  of  9,200  cubic  ftcl 
er  11,120  cubic  feet. 


■j,n^bt  ScoJils^IOt.  5; 


4lh  Experiment,  May  ZQth. — Can  n  el  and  Cardlflcoa".  mixed  j  and  J,  together  112  lbs., 
produced  460  feet  of  gas;  2  bushels  of  coke  of  good  quality ;  increase  of  coke  over  coiil 
in  measure,  about  30  per  cen(. ;  loss  in  weight,  41  lbs. ;  coke  weighed  71  lbs.,  no  bleize. 
Average  qaantity  of  gas  made  from  the  iiarge  (4  hours),  4'I  cubic  feel  per  lb.,  or  9'aOO 


ng  fo 


«!■.— Al  til 


:  end  of  the  first  hour. 


■  12-lOths. 
'  llJ-lOlhs. 


l-lOths. 


Distance  of  candle  from  ?  la  .,  o  jn  5  Consumed  per  hour,  sin 
shadow       -         -         .  J  '■»  or  /  ^a  ^      j^j^  ^  .^^ji^^  j|,^^ 

At  end  of  2d  hour,  do.      70  or  2-72     Do.        do.        do. 
At  end  of  3d  hour.        This  gas  very  indilTerent. 
Average  of  the  three      -     70  or  2-72      Do.         Jo.         do. 
Specific  gravity  3'44;  5  feet  per  hour,  with  a  20-!iole  argand  bur 

otk  Erperinaal,  May2Ut.—Qsa\\Ae   coal,  112  ibs.  produced  410  feelofgas;    oilier 
products,  same  as  in  former  experiments  witli  this  coal,  but  heat  very  low. 
IlUtminatiug  povxr  and  frod'aix  of  gas. 

{Average  of  this  gas:  specific  gravity,  540  j 
distance  of  candle  from  shadow,  55  inches, 
or  4'4  candles  consumed  per  single  jet, 
9-IOths  of  a  cubic  fo'.t  pet  hour.  20-bole 
argand  burner,  4  fTet  per  hour,  equal  to 
21-33  candles. 

It  is  possible,  from  the  superior  quality  of  this  gas,  thai  a  liltle  of  the  cannelgas  mado 
for  a  particular  purpose,  may  have  got  intermixed  with  it  in  '.he  experimental  gasholder 
and  apparaiu.s. 

A  variety  of  other  experiments  were  tried  on  different  qualities  of  coal,  and  mixtures 
of  ditto,  too  tedious  to  insert  here,  though  extremely  valuable,  and  all  tending  to  show 
the  superior  value  of  gas  produced  at  short  ovet  long  ehai^es  ;  and  also  showing  Ibe  im- 
portance and  value  of  cool  producing  gas  of  the  highest  illuminating  power ;  among 
which  the  cannel  coal  procured  in  Lancashure,  Yorllshire,  and  some  other  counties  ol 
England  and  Wales,  and  the  Parrot  or  splent  coal  of  Scotland,  stand  pre-eminent. 


410  tl.^ 


l_4th 


\.  Table  of  the  number  of  hours  Gas  "s  burnt  in  each  month,  quarter,  and  year. 
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GAS-LIGHT.  ?( 

btaig  a  !Synopsi[i  of  tho  proceedings  of  the  underntGiltioned  i^nitcipjil  '.ina^Lighl   EstabUshmsn 
BiperimeiiH  bBtweea  the  Years  1S3S  and  1H37.    By  Joacpli  Hodley,  Esq. 
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Trials  of,  und  Experimenls  on,  various  Kinds  of  Coal  as  regards  the  Production  o 
Gas  from  each,  and  its  Qualily  or  JUuminating  Power ;  by  Joseph  Hedley,  Esq.,  Con 
suiting  Gas  Engineer,  London. 


""ir°' 

■i! 

1 

1 
I 

1 

1 

I 

i 

i 

L 

i 

"S" 

iBilll 

m 
ii 

i 

i 

i 

1 

i 

1 

3 

1 

1 

3 

! 

^ 

1 

,.... 

u 

1 

u 

U 

». 

Cite^fn. 

CiitoFwl. 

if 

« 

1 

»l 

IS 

tt 

•I 

P 

« 

v«,paol  ditu 

Jima 

f 
?' 

lfi4 

V, 

J™ 

? 

r 

TO 

S 

i* 
'i 

1 

f 

I 

lo 

■^ 

(Ivlng  U  least  o 


J  tlilrd  in 


rc^di. 


vith  plaited  w 


Attention  to  the  preceding  tabular  etatcment  of  experiments  is  important,  as  exhibit- 
ing several  Very  important  facts,  particularly  interesting  at  this  moment  to  the  science 
of  gas-lighting,  and  luiie  for  ihejirsl  time  made  pabtic. 

It  will  not  fail  lo  be  obsefved  by  these  experiments  that  all  the  coals  produced  nearly 
equal  gaantities  of  gas,  ftotwithstanding  the  variable  characleis  and  qualities  of  the 
coal.  The  greatest  quantity  prodaced  being  at  the  rate  of  1 1-6-18  cubic  feel  per  ton  of 
20  cwl.,  the  smallest  1 1-200  cubic  feet.  All  these  experiments  were  performed  with  the 
greatest  care,  and  under  preeisely  simitar  circnrmiaitcei  as  to  pressure,  manufacture,  Stc., 
&c.  The  time  in  whichthegtmnli/jof  gasisprodneed  from  the  several  coals  varies  con- 
siderably, and  deserves  notice,  as  it  most  materially  affects  the  economy  of  production 
— Ihat  coal  being  ike  mml  caJunft/e,  all  other  thmgs  being  alike,  which  yields  or  gives  out 
its  gas  in  the  shorleat  time ;  and  particular  attention  is  claimed  to  this  foct.  For  the 
more  ready  reference  to  the  table  the  columns  are  numbered.  No.  II  exhibits  this 
difference,  and  it  wil.  also  be  seen  by  this  column  that  the  (tme  varies  as  4he  giiaW;^ 
of  the  coal,  the  best  coal  yielding  its  gas  in  Ijno  hours,  and  the  worst  in  three  hours. 

Another  most  important,  material,  and  interesting  fact  is  established  by  these  experi- 
ments— that  the  Jlovi  of  gas  is  as  its  density — demonstrated  by  the  variation  in  the 
heights  of  the  flames,  as  shown  in  column  No.  1,  being  18  inches  in  the  inferior  gases 
to  22  inches  in  the  superior ;  while  the  quantity  of  gos  required  to  supply  these  flames 
is  in  the  invene  ratio  of  their. heights,  the  longer  flame  requiring  but  twelve  cubic  feet 
to  maintain  it,  when  the  ahorter  flame,  from  the  inferior  gas,  required  aicleen  cubic  feet. 
See  column  No.  2, 

Remarkable  as  this  diflerence  in  the  heights  of  the  flames  and  the  consumption  is 
It  is  not  so  great  as  Ihe  difference  caused  by  the  quality  or  illuminating  power  of  the 
several  gases,  shown  by  columns  Nos.  5  and  6;  where  it  will  be  seen  that  the  eonsump. 
lion  of  the  best  gas  per  hour  was  only  ^-  of  a  cubic  fool,  and  its  light  was  equal  to 
)  candles,  while  that  of  the  worst  gas  was  J-|^  of  a  cubic  foot,  and  its  lights  equal 
only  to  I'Ta  candles,  or  nearly,  the  best  lo  the  worst,  as  1  to  3. 

The  next  column.  No.  7,  exhibits  similar  results  as  to  the  superior  value  or  illumina- 
ting power  of  one  gas  over  another.  In  this  ease  an  argand  baraer  was  used.  The 
best  gas  required  only  tieo  feel  lo  be  equal  to  tmehe  candles,  while  the  inferior  required 
fine  feet  to  be  equal  lo  the  same. 

And  in  column  No.  3,  in  which  another  and  superior  argartd  bnmer  was  used,  llie 
best  BBS  required  only  three  feet  to  be  equal  to  tweniy-five  monld  candles,  while  the 
reiiuired  seven  and  a  half  feet :  fiom  this  it  results  that  the  TJ  cubic  feet  of 
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inferior  gaa,  lo  be  equal  to  the  3  feet  of  good  gaa,  should  have  given  light  equal  tfl 
lixtg  turn  and  a  half  eandlos,  whereas  th  j      ly  g         i  gh       q     1 1    (       (y>  ilea 

jopreaiiBrts  di/erei'iw  !»  (A«  auALiTiEe  0/ J     /     ;    k/        j  I    hi 

Whilst  on  the  subject  of  the  illufniiiu         p  w      a.  d     h        1        f  gi 

another,  il  will  not  fail  (o  be  observed,   by  th        II     th  t  anoth      g     t  d  ff 
also  exists,  caused  by  the  use  of  partieul      b  f       xampl      h    be  t  gn     D 

column  No.  6.,  where  the  single  jet  waa        d,q       dse  Uh     I         bftt 

be  eqnal  to  three  candles,   whibt   the   sragn  ImNTwh  01   Ib 

areand  burner  was  u-ed,  required  only   too  f    t  to  b      q    I  t    tw^!     ca  dl  d 

eolumn   No.   8.,   where   a   3u-hole   arga  d   b  m      was         d        ly   (A        ft 
required  to  be  equsi  to  Ifcenty  Rtw  caodl        <io[        tglf       tltaort      d 
extraordinary  improvement  in  the  quant  y    f    U  p  w  fifect  d  by  th 

simple  iiiorease   or   enlargement  of  the   b  ff   (i   g;   wl         g      t  Igl 

I      B  d      1  g1 1,  pate  ted  b; 


position  is  required, 
"   actically  by  the   r«cuiiL 
r.  Qoldswortliy  Guniey. 

t    Stateuent,  deduced  fr 


genient  of  the   I 
it   e\trtordina  y  ec 
introduoliou  of  tl 


the  ft^)        Ep  tsh        gthCt 

Candles  to  produce  as  much  light  aa     000  C  b     F  f  Gis  w  Id     ff  rd   b 

the    Proiluct  of   OLie    Tun  of  Cual,      (Ih      cj    II  id      6         tl      p       d 

inches  long,  and  each  candle  is  Calii;la    d        b         BJ  h  t,           f  C     dl      li 
per  jiouud,  ur  7s.  6ii  per  doiieu  pounds.) 
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I  have  received  from  Mr.  Hedley.  an  engineer  of  great  e 
plans  and  drawings  of  gaa  works  and  of  apparatus  of  the  most  approved  auii  modern 
construction,  and  on  the  very  largest  scale  as  to  extent  of  business  or  raanu&ctura :  dao 

{lans  and  drawings  of  a  gas  work  on  a  smaller  scale,  with  its  corresponding  apparatus. 
1  the  iirst,  or  large  work,  purification  by  wet  lime,  before  ijesciibed,  is  used ;  in  ttie 
latter,  by  dry  lime. 

The  large  work  referred  to  is  calculated  for  and  ia  arranged  lo  contain  400  retorts,  12 
wet-lime  purifiers,  and  2  washers;  13  large  double  or  telescopic  gas-holders,  capaUo  of 
storing  1,1100,000  cubic  feet  of  gas ;  and  coal  stores  capable  of  holding  10,000  tons  of 

The  smaller  work  is  calculated  for  and  will  contain  40  retorts,  2  dry-lime  purifiers, 
and  n  wash  vessel ;  2  gas-holders  capable  of  storing  50,000  cubic  feet  of  gas ;  and  coal 
stores  Bufliei  en  t  for  1000  tons  of  coal 

Fig.  6S7.  is  the  side  elevation  (front  v 
retorts,  and  all  their  d  pend    u 

Fig.  688.  is  the  pi  n    f  th       t    t  I   i 
largest  scale  and  moa    appro    d  f    m 


t  bed 
stores,  each  300  fee    I    g   30 

and  fitters'  shop;   n       1        1 
holders,   bridges,   cul  ra  a 

*,  inlet  pipes;  v,  outlet  pipes, 


iow)  of  a  gas  wort  capable  of  containing  400 

n           It  t    ks,  gas-holders,  &£,,  on  the 

th  rt  I   use,  300  feet  long,  66  feet 

a  k      D    fin  E,   hydraulic   mains ;    f,  coal 

o   CO  d  H,  engine  houses ;  !,  wash 

L    li  I   mixing   tub;   u,   smiths' 

n    t      I  se        F.  tar  tank;    q,  tanks,  gas- 
governors  ;    s,  coke   stores ; 


',  ho.ise  and  ofiices , 
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GAS-LIGHT. 
?^j.  690.    Longitudiual  eeotioii  of  a  bed  of  S  p  retorts. 


iig  of  5  clismlwrs,  ■with  s 


h'ig.  691.     Elevation  of  an  upriglit  a 
Beriea  of  lO-iDch  pipes. 

Fig.  6B2.    Elevation  of  a  double  or  l-ilescopie  gas-holder,  of  a  iiiodetn  nnd  ipproved 
form,  with  part  of  tank. 
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Fig.  693.     End  elevation  and  plan  of  air  condenser ;  A,  end  elevation ;  a,  plan. 

J%.  694,  Set  of  S  wct-llme  puriSera  and  irasli-vcsaels  in  eleration  and  Boction,  ivii 
feed-heads,  agitators,  yalvea,  and  conncofJons,  raised  for  the  lime  liquor  to  nm  from  oi 
purifier  to  tlie  neit  below  it.  and  ultimately  into  the  refuse  lime-pite,  vit  a,  section  i 
wash-vessel ;  B,  section  of  purifier ;  c,  elevation  of  purifier. 


Fig.  635     Pront  elevation  of  ga3  works  on  a  smaller  scale,  wliere  dry  lime  is  used. 

Fig.  696.  Plan  of  giis  worl-s,  consisting  of,  viz.:  A,  retort  house;  b.  retort  beds; 
c,  chimney  stack;  d,  flue;  E,  hydraulic  main;  f,  coal  store;  a.  lime  store;  ii, 
w»«ber  and  purifiers ;  j,  store ;  k,  tar-tank ;  L,  horisioiital  condenser  laid  on  the 
gi-onnd ;  M,  inlet  pipe;  N.  outlet  pipe;  o,  tanks  and  gas-holders;  r,  meter  and 
;  n,  smith's  shop ;  K,  offici      "    "  '       '"" 


nnviriceil  tliat  a  distribution  find  nrrangemcnt  of  gaB-works,  combining 
efTeetivenea?,  ecraiomy,  coiivenioiice,  and  eli'Sani^p.  al  hII  equal  to  tlie  preceding,  hn»e 
ripver  befo'-c  met  tlie  p"blic  eye,  in  tlii?  or  any  otiier  country. 


Id  't'n«  fa  ef  eec  p  n  of 
that  this  mos  ngen  one  8  n 
ti  they  flow  t    ou^     p  p  s   3 


fnnhsDona  In  do  stale, 
n  e  niea^u  g  ae  f  o  ^aaeo  fluids 
■n  of  ban  u     C  eg     E=q   0     1  Eq^   eer,  of 
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London,  Manchester,  Liverpool,  Birmingham,  Chester,  Bristol,  ic.  Ag.  in  all  which 
places  he  has  erected  gas-worka.  To  tliis  gentleman's  genius  and  skill  tlie  public 
are  mainly  indebted  for  many  valuable  improvements  in  llie  application  i>f  gaa  fron 
cfflil  to  purposes  of  illumination. 


iC3)| 
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Brought  up  in  the  great  ensioeering  establishment  ot  Messrs  Boulton  and  Watt^ 
nt  Soho,  near  Birmingliam,  he  became  connected  with.  Mr.  Wm.  Murdoch,  who  moat 
UDdoubtedly  was  the  author  and  original  ■  of  gas-lighting,  as  the  evidence  given  beforo 
s  CommitUe  of  the  Housh  of  Common)   n  the  year  ISU9  abundantlv  voiified.     Up 
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modes  of  mtificial  illumination ;  and  by  tfeat  evidence,  fhough  so  long  hack  a 
it  will  M  nGen  Ibnt  idl  the  information  of  th^  present  day  was  eren  tlien  known  tc 
elenrlj-  pointed  out,  and    illustrated  by   his   experiments,  wliich    strangely  cont 
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Willi  ilia  atiiteiiieiits  put  forward  by  Ihe  parlies  then  attempting  to  irtroiluee  Ihia  moda 
of  ligliting  into  tlie  metropniia.  All  the  ephemeral  pkas  of  those  parties,  have,  hiiw 
ever,  Imig  since  disappeared,  or  nearly  nil.  One,  an  fortunately,  remains,  and  that  a 
most  unlucky  one — the  unprofimble, manufacture  of  coke  in  gaB-ioaking — an  arlielo 
worthless  in  tlie  scale  of  value,  which  shoutJ  never  have  been  sought  tor.  Messrs. 
Watt  and  Murdoch  predicted  that  'when  the  parties  became  incorporated  by  Par- 
liament, they  would  resort  to  their  apparatua,  notwithstanding  their  repudiation  of  it 
at  the  lime,  alleging  their  own  schemes  to  be  so  much  superior ;  bikI  they  verified  this 
prediction  a  very  few  years  afrerwards  by  en'gsging  the  services  of  Hr.  Clegg.  to  extri- 
cate them  from  their  manifold  and  egregious  errors.  He  began  by  introducing  the  very 
apparatus  of  Measrs.  Murdoch  and  Walt,  so  inconsiderately  ciaiilenined  by  them. 

Mr.  Cle^  put  up  the_^i*ai  gas-holder  ever  erected  in  London. 

To  Mr.  Clegg  is  due  also  the  introduction  of  lime  tor  the  purification  of  the  giis, 
without  which  ga,s-lighting  would  to  this  day  have  afforded  little  comfort  aiid 
economy.  The  hydraulic  main,  for  separating  the  gaa  making  from  the  gas  made, 
valves,  lutes,  and  many  other  admirable  contrivances,  are  peculiarly  due  to  Mr,  Clej^. 
But  the  crowning  performance  of  all  hia  inventions,  was  that  fur  measuring  out  the  gas 
to  the  several  parties  requiring  it  exactly  according  to  their  demaitda.  The  maim- 
fiiciure  of  gaa  having  by  this  time  been  so  far  mechauically  perfected  as  to  be  brought 
to  our  dnora,  it  became  at  once  apparent  that  some  contrivance  should  be  found  by  Ihe 
use  of  wliich  every  person  might  consume  as  much  or  as  little  gas  as  he  pleased,  paying 
only  for  what  he  reallj'  used,  thus  making  science  subservient  to  fait  dealing. 

Sir,  Clegg  took  out  a  patent  for  the  gas  meter  about  the  year  1814 ;  but  great  as 
its  merits  were,  be  soon  found  that  serious  difficulties  remained  ti   ' 


towards  the  completion  of  the  ap^Kit 
labours  it  acquired  its  present  precision. 
The  value  of  the  meter  b  primarily 
its  use,  the  gas  companies  are  enabled 
quired,  at  a  rate  proportioned 
ifforded  by  gas -""   - 


IS,  Mr.  Samuel  Crostey ;  and  by  their  joint 


1  the  gas  companies,  nejrf  to  the  public.  By 
»  supply  gaa  to  all  places  where  light  is  re- 
value. l1ie  public  tliereby  see  the  economy 
material;  but  they  gain  also  tn  another  most 
way — t)y  the  use  of  the  meter,  gas  companies,  being  duly  jiaid.  are  en' bled 
reduti  the  price  of  gas,  and  yel  realiie  iijml  projits,  tlms  bringing  it  within  the  reach 


,  Google 


GAS-LGHT. 


677 


"f  11  iniu'li  largLT  olnas  of  tlie  ec 

tliey  otherwise  could  do, 

Keduction  of  price  increases  demnnd;  incrensed  demand  inoi 

profits  again  enablapricea  to  be  reduced;  and  again,  reduced  pric 

tliu»i  benefitiDg  reciprecall;  cumpauieB  and  conaumers. 

NotwitlislandiDg,  however,  all  tlieee  advantages,  there  are  not  wanting  peraoiis  whc 
have  ael  up  an  outcry  against  the  use  of  tjie  meter,  by  impugning  its  accuracy,  and  accii- 
Biiig  Ihe  gas  companies  with  fraud  la  charging  by  ii  It  would  be  idle  to  follow  these 
parties  in  their  baseless  alli'galions.  An  action  for  pirating  it  was  brought  and  tried  in 
the  Court  of  King's  Bench,  in  which  not  only  tlie  novelty  of  the  macliine  was  fuily  eatab' 
li.shed,  but  ita  accuracy  and  usefubiess  proved  by  the  ablest  mathematiciana,  mechanicians, 
and  cii^mlata  of  the  day; 

damages  have  been  ^ven  for  the  infringement — in  one  case  as  rauoii  a! 
other,  in  the  Court  of  Chancery,  a  decree  was  made  refen'ing  it  to  the  Master,  to  take  an 
account  of  the  profits  made  by  the  use  of  the  meter ;  Uiis  is  not  yet  flnallj  settled,  the 
Maalor's  report  finding  6000/.  to  be  due ;  bat  this  is  excepted  to  bj  the  parties  Infi iiig- 
ing  ;  tlie  Chancellor,  however,  allowed  the  eiceptlona  to  be  argued,  only  on  payment  by 
the  infringers  ot  4000/.  into  court  to  meet  the  patentee's  law  coats.  These  exceptions 
have  no  reference  whatever  t«  the  question  of  the  aceuracy  of  Ihe  meter,  but  are  simply 
as  to  whether  the  advanti^es  of  tlie  meter  were  as  great  as  allowed  by  the  Master. 

The  patent  for  the  meter  expired  about  the  year  1828;  since  that  period  n - 

compeiiiors  have  commenced  making  the  machine. 

Mr.  Clegg  has  recently  obiained  a  patent  for  a  dry  gas-meter,  of  which  the  follow 
are  its  adv.intBges  and  construction,  is  described  by  the  very  meritorious  inventor : — 

1.  Working  without  water. 

2.  Working  witliout  membranes  or  valves, 

3.  Woi'king  without  requiring  the  least  pressure. 

4.  Working  withoat  interference  with  the  perfect  steadiness  of  the  lights. 

5.  Registering  more  accurately  than  any  other  meter. 

6.  Occupying  only  one-tenth  of  the  apace  of  tho  common  meters. 

7.  Being  subject  to  little  or  no  wear  and  tear. 

8.  And  being  cheaper. 
J'rices. — Fur  plain  meters.— 


Three-light  m 
Six-light 
Twelve-light  i 


ter  .    . 


1    13 


The  liifhe^t  numbers  will  be  still  cheaper  in  proportion. 

Ornamental  meteis,  appearing  like  handsome  time  pieces,  for  halls,  living-rooma,  com 
mittee-rooms,  offices,  counting. houses,  Ac,  are  charged  extra,  at  ten  skilliitgs  each  and  up 
wards,  according  to  pattern. 

Description  of  Cleg^a  patent  dry  Gaiiaeler. 

The  two  fgt.  898,9.  ate  lialf  the  full  sise  of  the  apparatus,  and  tho  letters  of  refereoc* 
are  the  same  in  both. 

S.  B,  fig.  898.,  represents  a  cylindriciil  vessel,  about  three  inches  an^  three  quarters 
diameter,  aiid  four  inches  deep,  being  the  dimensions  of  a  meter  capable  of  measuring 
gas  for  three  burners,  called  a  three-light  meter.  In  this  vcsE'el  are  trtio  glass  cylinders  F, 
%',  connected  together  by  the  bent  tube  it  The  cylinders  being  perfectly  exhausted  of  air, 
and  half  tilled  with  alcohol,  are  made  to  vibrate  on  centres  e  and  e,  and  are  balanced  by 
the  weight/. 

This  instrument  accurately  indicates  the  excess  of  heat  to  which  either  cylinder  may 
be  exposed,  upon  the  principle  of  Leslie's  differential  thermoiiietcr. 

C  is  a  hollow  brass  box,  called  the  b  ;ater,  about  four  inches  long,  and  half  an  inch 
broad,  projecting  out  of  the  meter  about  one  inch.  At  a  issues  a  small  jet  of  gas,  which, 
when  inflamed,  gives  motion  to  the  cylinders. 

The  gas  enters  the  meter  by  tlie  pipe  A,  and  circulates  throughout  the  double  case  B ; 
having  passed  round  the  case  B,  a  portion  of  it  enters  the  top  of  the  box  C,  by  the  pipe 
D.  and  passes  out  again  at  thb  bottom  by  the  tube  c,  into  the  meter  ;  ihe  rest  of  the  gas 
enters  the  body  of  the  meter  through  holes  in  the  curved  faces  of  the  hoods  EE,  and, 
ofter  blowing  on  the  glass  cylinders,  passes  lo  the  burners  by  the  outlet  pipe. 

To  put  the  meter  in  action,  let  the  jet  a  be  lighted  about  an  hour  before  the  burners 
are  wanted.    In  most  eases  this  jet  will  be  lighted  all  day  !>s  a  useful  flame.    The 
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tcnact  wiih  the  box,  and  not  at  all  oa  the  length  of  the  jet.  The  jet  beins  lighlEd, 
and  the  box  C  thereby  healed,  the  gas  which  passes  througli  it  ia  raised  to  the  samo 
temperature,  and,  flowing  out  at  the  lube  c,  impinges  on  the  glass  cjlinder  which 
happens  foe  the  time  to  be  lowest;  the  heated  gas  soon  raises  a  vapor  m  the 
lower  cylinder,  the  expansion  of  which  drives  the  liquid  into  the  upper  one,  until  it 
becomes  heavier  than  the  counterpoise/,  when  Ihe  cylinders  swing  on  their  centre,  the 
higher  one  descends,  and  comes  in  the  line  of  the  carrent  of  hot  gas,  and  the  lower  one 
ascends ;  the  same  motion  continues  as  long  as  the  jet  a  burns.  The  same  efi'eot  oa 
the  cylinder  is  tnajnlnined,  however  the  outward  temperature  may  change,  by  the 
cold  gas,  which,  issuing  from  the  curved  side  of  the  hood  EE,  impinges  on  the  uppei 
cjlinder,  and  hastens  the  condensation  of  the  vapor  which  it  contains. 

The  coll  g33  and  the  heater  vary  in  temperature  with  the  room,  and  thus  coumeraci 
each  other. 

The  lighting:  of  the  jet  a  is  essential  to  the  action  of  the  meters ;  in  order  to  insure 
this,  the  supply  of  gas  to  the  burners  is  made  to  depend  on  it  in  the  following  manner. 
The  pipe  G,  by  which  the  gas  leares  the  meter,  is  covered  by  a  slide  valve,  which  is 
opened  and  shut  by  the  action  of  the  pyrometer  g  ;  the  pyrometer  ia  in  communication 
wiili  and  receives  heat  from  the  jet,  and  opens  the  valve  when  hot,  closing  ii  again 
when  cold. 

The  speed  at  which  the  cylinders  vibrate  is  an  index  of  the  quantity  of  heat  com- 
municated to  them,  and  is  in  exact  proportion  to  the  quantity  of  gas  blowing  on  them 
through  the  pipe  c  and  curved  side  of  the  hoods  EE. 

The  gas  passed  through  the  healer  is  a  fixed  proportion  of  the  whole  gas  passing  the 
meter  ;  therefore  the  number  of  vibrations  of  the  cylinders  is  in  proportion  to  the  gas 
consumed. 

A  train  of  wheel-work,  with  dials  similar  to  thai  used  in  the  common  meter,  regis- 
ters the  vibrations. 

Simplicity,  accuracy,  and  compactness,  are  the  most  remarkable  features  of  Ihii 
instrument,  and  the  absence  of  all  corrosive  agents  will  iasore  its  durability. 
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Clionsi 


Directioaa /or  fixing  and 
I  Eilunlion  for  fixing  the  mi 


Eg  Clegg'a  patent  dry  Gas-melen, 
eter,  where  the  small  jet  of  flame  will  be  of  the 
■  counter,  taking  rare  to  screw  the  same  firm  and 
.  the  top  of  the  meter  is  reqaired  to  be  kept  cnn- 
is  in  the  brass  knob  at  the  front  of  the  meter,  and 
(  when  the  small  flame  is  not  required,  let  it  be 
'»nt  the  burners  lighted.    Adjust  the  size  of  the 


greatest 

level  on  its  base.  When  the  jet 
Btantly  bnming  aa  a  useful  flame,  pi 
before  lighting  the  burners  pull  it  o 
JLghted  about  an  hour  before  you 
a  mall  flame  at  pleasure  by  the  screv 

On  the  back  of  each  meter  is  marked  the  numher  of  lights  it  will  supply. 

The  inlet  and  outlet  pipes  are  marked  at  the  bottom  Of  the  meter. 

The  i|uantity  of  gas  consumed  is  recorded  by  the  index  in  the  usual  way. 

For  testing  Chgg's  pateiii  dry  Gaa-mders. 

Pass  tile  gas  through  two  meters  at  least,  and  take  the  mean.  Vary  the  number  of 
lights  nt  pleasure,  not  exceeding  the  number  marked  on  the  meter,  and  when  one  or 
two  hundred  cubic  feet  of  gas  have  been  consaraed,  compare  the  indices. 

These  meters  are  not  for  measurji^  small  fractional  pa>ts ;  but  taking  the  average 
for  any  periodical  consumption,  are  more  accurate  than  any  otlier  meter. 

Mr.  Thomas  Edge,  of  Great  Peter  Street,  Westminster,  hag  contrived  the  following 
meter,  of  which  drawings  are  annexed. 

jPig.  TOOis  a  froiit  view  of  a  three-light  meter,  the  front  plate  being  removed,  and 
[omo  of  the  parts  shown  in  section  65. 


Fig.  101  is  a  transverse  section  of  the  same. 

The  gas  enters  at  A  into  the  <£^H  chamber  e,  in  the  bottom  of  which  is  a  lever 
valve  (part  of  Mr.  Edge's  patent  improvements),  moving  upon  its  axis  and  attached 
by  the  tod  to  a  metal  float  c,  wliich  in  the  present  drawing  is  buoyant.  The  object 
of  this  arrangement  is  to  intercept  the  passage  of  the  gas  into  the  meter,  unless  a 
sufficient  quantity  of  water  a  in  it,  that  being  necessary  to  its  proper  action ;  the  aaa 
(hen  passes  through  the  inverted  syphon  or  tunnel  into  the  convex  cover,  whence  il 
passes  into  the  chambers  of  the  drum. 

Another  of  Mr,  Edge's  improvements  consists  in  the  cutting  down  of  this  syphon  pipe 
or  tunnel  to  the  proper  water  level,  and  connecting  the  bottom  of  it  to  a  waste  water- 
box,  into  which  any  surplus  water  must  fall.  The  importance  of  this  precaution  will  be 
teen  on  investigating  the  drum,  as  an  excessive  height  of  the  water  will  raateriallj 
■aterfere  with  the  measurement,  the  qiantily  of  gas  delivered  per  revolution  beiny 
;nnsicleralily  less.    This,  in   connexion  wilb  the  lever  valve  and  float,  confines  Iht 
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V  limits,  that  the 


e  only  ap- 


Iriliing 


The  las!  patent  by  Mr.  Edge  is  [• 
index,  which  ia  comiiostd  of  a  se 
diaU,  with  10  ti^ures  ipon  each,  one 
pea  ring  or  each  series  at  a  time. 

This  contrivance  is  very  ingenious,  nnd  will  no 
doubt  be  spjilied  to  other  machines,  vhere  miiexes 
{iiulicea)  of  quantity  arc  required 

Recurrin?  to  Mr.  Clegg,  he  is  also  the  inventor 
of  an  instrument  of  great  value — appj  oprinlely 
called  a  "governor."  Ita  purpose  is  to  render 
equal  Ihe  height  oi' name  ot  the  seieral  bomeis  in 
any  house  or  establishment,  and  to  keep  thero  so, 
notwithstanding  any,  and  whaleter  alteration  may 
be  made  in  the  pressure  ai  Ihe  works  or  elsewhere 
This  instrument  is  perfec'ed  and  succeaslally  ap- 
plied, though  it  is  nol  so  generally  in  use  as  it 
ought  to  be.  By  ihe  use  of  this  jnstrnment  a  linht 
once  set  at  the  height  .desired  will  n 
height  uniformly,  nnd  without  the  least  \ 
the  whole  evening!  and  continoe  to  do  s 
altered. 

Without  this  instrument  it  is  necessary  t 
attention  to  the  burning  oi  gas  light  ,  as 
heights  are  frequently  alfeeted  by  the  tn 
circumstance,  sucb,  for  example,  as  their 
at  the  hour  of  closing  Ihe  shops,  which  makes  a  sen- 
sible dilTerente  in  the  neighborhood. 
All  these  works  have  prodigiously  increased  in  the  quantity  of  gas  made  and  sup. 
plicii.  Since  tlie  account  in  the  former  edition  of  this  work,  large  additional  manufac- 
tories have  been  erected  by  new  companies,  and  greitt  additions  made  by  the  old  ones- 
There  nre  now  in  the  metropolis  alone  15  public  gas  companies,  having  among  them 
23  gas  establishments.  The  quantity  of  gas  manufactured  by  these  33  gas-works,  and 
supplied  to  the  public  was  during  the  past  year  three  thousand  one  hundred  millions 
of  cubic  feet  of  gas  j  and  Ihe  coal  used  to  produce  this  quantity  of  gas  was  at  the  least 

Baked  clay  retorts  are  very  generally  used  in  Scotland,  and  found  to  be  most  economi- 
cal as  legarda  wear  and  tear;  In  London,  however,  they  are  mostly  of  cnst  iron. 

The  pressure  upon  the  retorts  is  caused  princiiHillj'  by  the  use  of  wet  lime,  used  in 
London,  because  the  process  is  less  expensive  and  less  cumbersome  than  dry  lime. 
Wet  lime  can  not  be  used  with  clay  retorts,  owing  to  this  excess  of  pressure. 

Merit  is  due,  for  enlarging  the  capacities  of  double  gas-holders,  to  the  late 
Mr.  Joshua  Horton,  of  West  Bromwich,  near  Birmini<hnni;  and  to  Mr.  Steiihen 
Hutchinson,  engineer  of  the  New  London  Gas-Works,  Vauxhall,  where  they  were  first 
successfully  mtrodoced,  and  manufactured  by  At.  Horton.  They  have  now  come  v^ry 
generally  into  n»;  throughout  the  kingdom,  and  nre  manufactured  by  all  gas-holJer 
makers. 

Separate  gas-holders  are  advisable  and  ndvanlageous,  but  they  are  nol  generally 
used,  except  in  Glasgow,  Manchester,  Birmingham,  Sheifieid,  and  a  few  other  places. 

The  annexed  drawing  represents  Mr.  Croll's  vesseb  for  the  puriUcation  of  gas  (Vom 
ammonia,  which  is  elf  "^ned  by  means  of  dilute  sulphuric  acid  applied  between  the  con- 
densers with  the  ordinary  lime  purifiers.  The  vessels  are  made  of  either  wood  or  iron, 
and  lined  irilh  lead ;  have  a  wash-plate  similar  to  the  wet  lune  purifiers.  The  radi- 
ating bottom  formed  of  wooden  bars,  as  shown  in  the  drawing,  is  for  the  purpose  of 
supporting  the  wash-plate  and  distributing  the  gas. 

fig.  703:  a,  is  the  inlet  pipe;  6,  the  outlet  pipe;  e,  e,  the  tube  with  funnel  for 
Inlriiducing  the  sulphuric  acid;  d,  the  first  purifying  vat;  e,  the  second  di[to,  both 
lined  with  lead,  and  which  are  UUed  up  to  the  dotted  line  with  the  dilute  acid  ;  /,/, 
.he  water  supply-pipe ;  g,  g,  the  discharging  cocks, 

fig.  703  represents  a  ground-plan  of  the  vats,  each  10  feet  in  diameler;  A,  the 
bottomof  the  middle;  B,  the  inlet  of  the  gas ;  C,  the  outlet  of  ditto. 

In  commencing  the  process,  these  vessels  are  charged  with  water  and  sulphuric  acid, 
in  the  proportion  of  seven  pounds,  or  Ihereabouls,  of  the  latter,  to  100  gallons  of  the 
former.  As  the  acid  is  neutralized  by  the  ammonia  coniained  in  the  gas  passing 
through  the  vessels,  the  above  proportion,  as  near  as  may  be,  is  kept  up  by  a  continuous 
lojpiiing  or  running  of  acid,  regulated  according  to  the  quantity  of  ammon'a  contained 
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lo  the  point  of  cryslallizalion,  allcr  which  the  supply  of  acid  is  discontinued,  and  the 
liquor  retained  in  the  vessel  until  neutral,  when  it  is  drawn  off  and  cvaporsted,  and 
yields  a  pure  sulphate  of  ammonia. 

This  process  has  been  introduced  at  several  of  the  provincial  gas-works,  the  three 
stations  of  the  Charlered,  the  Impijrial,  Phi^nix,  &.C.,  &c.  Mr.  CroU  is  also  now  in 
treaty  with  several  other  companies  for  its  introduction. 

The  produce— sulphate  of  oramonia — from  the  process,  by  the  gas-companies  ueliii! 
It,  now  amounts  to  several  tons  per  week — and  it  may  be  here  menlioned,  as  one  of  the 
advantages  of  science,  that  the  ammonia  so  produced  before  Ihe  adoption  of  this  process 
passed  along  with  the  gas  to  the  consumer,  destroying  rapidly  the  main  pipes,  filings, 
and  metres,  through  which  it  was  transmitted,  ns  well  as  deteriorating  the  illuminating 
power  of  the  gas,  and  producing  a  choky  effect  when  consumed  in  close  apartments.  It  is 
now  employed  as  a  manure,  and  found  to  be  superior  in  ils  effectsas  a  fertilizer,  as  well 
as  comparatively  cheaper  than  any  of  the  other  artihcial  manures;  so  that  whether 
Mr.  C.'s  invention  be  looked  upon  as  affecting  improvements  in  the  manufacture  of 
gas,  hitherto  unknown,  or  as  producing  a  valuable  manure, -the  results  are  alike  of  the 
utmost  importance. 

(When  Mr.  Crull's  process  is  employed  before  Ihe  lime  purifiers,  dry  lime  can  be 
used  without  creating  the  nuisance  hitherto  complained  of,  and  a  much  less  quantity  is 
required  for  this  purification.) 

Mr.  Croll  has  recently  patented  another  invention,  connected  also  with  the  manufac- 
ture of  gas,  which  consists  in  the  combination  of  clay  and  iron  retorts,  so  that  the  heal 
of  the  furnace  first  acts  on  the  clay  retorts  and  then  passes  to  those  of  iron. 

The  annexed  drawing  is  a  transverse  section  ■ — 

A  is  the  fireplace. 

B  E  are  piers  of  fire-bricks,  placed  at  intervals  to  form  nostrils  or  flues,  and  the  fire 
tile  testing  npon  them  in  conjunction  wilh  the  front  and  back  wall,  form  Ihe  bed  or 
support  of  the  clay  retort  I,  and  the.  clay  retort  2  is  also  supported  by  the  front  and 
back  brickwork,  and  a  lump,  or  fire-brick,  e,  placed  midway  on  the  crown  of  the 

F  is  a  wall  which  separates  the  clay  retorts  1  and  2,  and  the  iron  retorts  l''and  2°;  a 
space  being  left  between  the  lop  of  the  said  mall  f,  and  the  under  surface  of  the  arch, 
to  allow  the  fire  or  heated  air  to  pass  freely  from  the  clay  to  the  iron  retorts. 

G  G  is  the  bed,  and  h  h  is  the  flue  ander  the  iron  reton  1°.  The  retort  2°  is  sup- 
ported by  the  front  wail  and  pieces  or  lumps, 

J,  placed  at  the  back  and  crown  of  the  retort  1°,  in  connexion  with  the  horizontal 
flue.     II  is  a  vertical  flue,  forming  a  passage  thence  into  the  shaft  or  chimney. 

The  beot  passes  from  the  furnace  or  fireplace  a,  through  the  spaces  or  nostrils  formed 
by  the  piers  b  b,  and  around  the  clay  retorts  1  and  2,  over  the  wall  r,  descends  between 
Find  around  the  iron  retorts  ani?  along  (he  line  h,  and  escapes  by  the  vertical  flue  into 
the  chimney.    The  advantages  of  this  mode  ol  setlin    rrtorts  are  the  small  quantitv  of 
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brickwork  necessary  for  the  erections,  the  increased  durability  ot'  thy  returts,  nnd  ht 
economy  in  fuel,  fiom  adopting  til's  mode  of  setting  a  bridt  lump,  it  lias  bee.i  fojriLi 
Uint  O  Ions  of  coke  will  carbonize  100  tons  of  coal. 


L  is  the  chimney  stalk,  and  d 
draught- 
Before  dismissing  Mr,  Croll's  patent 
jihnric  acid  used  for  condensing  the  n 
i-ilphuretted  hydrogen  of  the  coal  gas 
will  blacken  the  salphate  of  ammonia 
rcnee  of  this  kind  was  recently  broaghl 
sulphuric  add  had  been  made  from  pyi 
Mr  Kirkham,  engineer,  obtained  a  i 
removing  the  carbonaceous  incrustatioi 


impiovements,  it  is  proper  tc 
nmonia  should  be  free  from  iron,  otherwise  tht 
3  apt  to  give  riseto  sulphuret  of  that  niela)  which 
and  reduce  its  value  in  the  market.    An  occur. 

professionally  before  me  for  investigalion.    The 


a  patent,  in  June,  1S37,  for  an  improved  moile  of 
tioii  from  the  internal  surfaces  of  gaa  reiorts.  Hs 
^101079"*  iet  or  jets  of  heated  atmospheric  air  or  other  gaaes  containing  oxygen,  which 
be  impe!^  with  force  into  the  inlerioc  of  such  retoris  as  have  become  inernsted  in  coo- 
sequence  of  the  decomposition  of  the  coal.  The  retort  is  to  be  kept  thoroughly^  red 
bot  during  the  application  of  the  proposed  j eta.     An  in       '        "   "  '     "'"'  ~""  ' 


nstructed  with  several 
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flexible  joints,  leading  from  a  blowing  iiiachitie,  is  bent  in  such  a 

nozzle  end  to  be  introduced  within  the  retort,  and  directed  to  any  point  of  its  surfcce. 

I  sliould  suppose  that  air,  even  at  common  temperatures,  applied  to  a  retort  ignited  to 
tlie  pitch  of  making  gas,  would  burn  away  the  incrustations  ;  but  hot  air  will,  no  donbl, 
be  more  powerful. 

Bude-Uglit.  —  This  brilliant  mode  of  illumination  has  been  eo  called  from  Die 
name  of  the  reffldenoa  in  CornwaD  of  Mr.  Goldewortliy  Gurney,  who  obtained  a 
patent  for  it  in  the  year  1838.  In  its  first  form  it  consisted  of  a  common  Argand  oil 
flame  or  lamp  of  rather  narrow  circular  bore,  into  the  ceotie  of  whose  wick  a  jet  of 
oxygen  gas  was  admitted  through  a  tuba  inserted  in  the  middle  of  the  burner.  This 
cnntrirance  was  not,  however,  new  in  tlus  coantry,  for  a  airailar  lamp,  similarly  sup- 
plied with  oxygen  ga-S  was  employed  by  the  celebrated  Dr.  Tliomaa  Young  in  his 
lectures  at  the  Koyal  Institution  of  Great  Britain  for  the  purpose  of  illuminating  n 
solar  microscope,  or  gas  microscope,  about  40  years  agp,  and  I  bad  done  the  same  llm^ 
in  Glaf^ow  in  the  year  1806  or  1807.  When  used  as  a  light  for  lighthouses  or  for 
other  continuous  illumination,  it  has  been  found  to  be  too  cxpensiTe  and  difficult  to 
manage.  It  was  tried  upon  a  good  scale  a  few  years  ago  both  by  the  Tiiniiy  Houae 
in  Tower  Hill,  and  ia  one  of  tteir  lighthouses  on  the  coast,  as  well  as  by  the  House 
of  Commons.  The  Masters  of  the  Tiinity  did  not  find  it  to  be  essentially  aupenor  for 
the  use  of  their  lighthouses  to  their  old  and  ordinary  plan  (f  illuminatioQ  with  a 
number  of  Argand  lamps  placed  in  the  focus,  or  near  the  focus,  of  reflecting  mirrors 
It  was,  after  several  expensive  (rials  by  them,  and  in  the  House  of  Commons,  aban 
doned  by  both. 

In  the  course  of  numerous  experiments  in  the  Trinity  House,  Tower  Hill,  Mr 
Gurney  had  occasion  to  examine  the  structure  and  see  the  performance  of  Mr  Fiesncl's 
compound  Ai^and  lamps  which  are  used  in  the  French  lighthouses,  furnished  with 
refracting  tenses  of  peculiar  fonus  which  surround  these  lamps,  and 'transmit  their  con- 
centrated light  in  any  dedred  horizontal  direction  along  the  surface  of  the  sea  Two  of 
Mr.  Fresnefs  lamps  are  placed  in  the  lamp  apartment  of  the  Trinity  House.  Eadi 
consists  of  a  series  of  4,  G,  or  6  concentric  wicks  in  the  same  plane,  supplied  with  oil 
from  the  fountain  below  by  means  of  a  pamping  mechanism,  as  in  the  well-knowa 
Parisian  lamps  of  Carcel  and  Gagneau.  The  effect  of  4,  G,  or  e  concentric  flames  thus 
placed  in  close  proximity  to  each  other,  with  suitable  supply  of  air  through  the  interior 
of  the  iiinerroost  tube  and  the  interstices  between  the  exterior  ones,  is,  to  increase  the 
heat  in  a  very  remarkable  degree,  and  by  this  augmentation  of  the  heat  to  increase  pro. 
portionabty  the  light.  For  it  has  been  long  known  that  a  piece  of  even  incombustiblu 
mntler,  such  as  a  lump  of  brick,  intensely  heated,  sends  forth  a  most  brilliant  irradia- 
tion of  light  This  fact  was  applied  first  to  the  purpose  of  illuminating  objects  by  Pro- 
fessor Hare,  of  Philadelphia,  fully  40  years  ago.  By  directing  the  very  feebly  lumin- 
ous flame  of  the  compound  jet  of  hydrt^n  and  oxygen  upon  a  bit  of  clay,  such  as  one 
of  Wedgwood's  pyrometer  pieces,  a  most  vivid  illamination  was  sent  forth  from  it  as 
soon  as  it  became  intensely  heated-  More  lately,  a  piece  of  lime  has  been  used  instead 
of  a  bit  of  clay,  as  it  is  not  eo  apt  to  change  by  the  ignition,  and  alfords,  therefore,  a 
more  durable  effect.  It  is  used  in  our  modern  gas  microscopes.  Mr.  Gumey  suggested 
(he  use  of  lime  for  the  above  purpose  in  a  work  on  chemistry  which  he  publislied 
more  than  twenty  years  ago.  It  was  afterwards  adopted  by  Mr.  Drummond,  in  order 
lo  make  signal  lights  in  the  trigonometrical  survey  of  the  Board  of  Ordinance,  and  was 
therefore  cal'?d  the  Drummond  Jightj  though  he  had  no  share  whatever  in  the  merit  of 

The  structure  of  the  Fresnel  lamp  would  naturally  suggest  to  Mr.  Gumey  (he  idea 
of  trying  tlie  effect  of  a  similar  construction  of  an  Argand  gas  lamp.  But  prior  tr,  tlie 
execution  of  this  scheme,  he  obtained  a  second  patent  in  the  year  183S,  for  increasing 
the  illuminating  power  of  coat  gas  by  feeding  its  flame  in  a  common  Argand  burner 
with  a  stream  of  oxygen.  But  here  a  serious  difficulty  occurred.  The  stream  of  oxygen, 
when  admitted  into  the  centre  of  such  a  flame,  instead  of  augmenting  its  qi.antity  of 
light,  destroys  it  almost  entirely.  This  result  might  have  been  predicted  by  a  person 
well  versant  in  the  principles  of  gas  illutuination,  as  long  ago  expounded  iu  Sir  Hum. 
pliry  Davy's  admirable  Re  ret  es  n  Flam  This  philosopher  demonstmted  that 
the  white  light  of  gas-Inmpa,  aa  Iso  f  I  I  pa,  was  due  to  the  vivid  ignition  of  solid 
particles  of  carbon  evolved  by  fh  w  eo  d  omposition  of  the  hydro-carburet,  either 
in  the  state  of  gas  or  vapour  an  1  t)  t  f  bj  any  means,  these  particles  were  not  de- 
posited, but  burned  more  o    1  ss  compl  tely  u   the  moment  or  act  of  their  evolution 


;i  the  hydro-carburet,  the 
Gurney,  on  obaerring  this  r     It,  so  ght  t 
with  the  vapour  of  naphtha.    Ih         I    g 
course,  being  obtained,  the  fl  ra      f  th 
the  application  of  oxygen  gas,  for  the  incre. 
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inteiisitj  of  ignition,  and  consequently  of  light,  being  pro<luced  by  the  burning  of  carbon 
in  oiygen  than  in  common  air,  as  had  been  long  linown  lo  the  eheoiioal  world.  But 
an  obstruofion  to  the  permanent  employment  of  naphthalized  gas  was  experienced  by 
Mr.  Guraey,  from  the  deposition  of  liquid  naphtha  in  the  pipes  of  distribution.  £fe 
was  therefore  indiiced  to  renoance  this  project.  He  tlien  tesorfed  to  the  use  of  conl-gas, 
purified  in  a  peculiar  way,  and  burned  m  compound  Argand  lamps,  consisting  of  two 
or  more  concentric  metallic  rings,  perforated  with  rows  of  hoSea  in  their  npper  surfaces, 
iiaving  intervals  between  (he  rings  for  the  admission  of  a  proper  qiianfity  of  air,  tba 
burner  being  enclosed  in  a  glass  chimney  at  the  lerel  of  the  flame,  eurmonuted  by  a 
tall  iron  chimney.  Between  these  two  diimneys,  a  certain  space  is  left  for  tbe  admis- 
sion of  air,  and  to  favour  draught  and  ventilation.  The  intensity  and  whiteness  of  tba 
cylinder  of  light  produced  by  the  combustion  of  coal-gaa  in  this  lamp  are  truly  ad- 
mirable, and  form  such  an  improvement  in  illumination  for  streets,  churches,  public 
rooms  and  private  houses,  as  to  meiit  the  protection  of  a  patent,  and  the  encourage- 
ment of  the  public  at  large. 


General  Estimate  of  Sizes,  Number  of  Coneentrics.  Consumption  of  Gas,  and 

Comparative  Light. 
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Laming  and  Evan^s  Inaention. — Tbe  first  part  of  this  invention  consists  of  an  im- 
provement in  retorts  for  mating  gas,  and  for  other  uses ;  and  in  making  pofa,  crucible^ 
muffles,  stoves,  fire-bricks  Bud  lumps,  and  other  articles  of  clay,  required  to  stand  the 
action  of  firo  without  crackiag.  llie  improvement  consists  in  miiin^  witli  the  fire-clay, 
which  is  to  enter  into  the  composition  of  any  of  the  aforesaid  articles,  about  0-25  per 
cent  of  its  iveight  of  asbestos  or  fibrous  silicate  of  magnesia;  the  ressels  are  then  to 
be  constructed  and  burned  in  the  usual  manner.  The  patentees  state  that  they  do 
not  confine  themselves  lo  any  particular  forms  of  the  articles,  each  of  which  may  be 
made  of  one  or  more  pieces,  as  at  present;  and  the  proportion  of  silicate  of  mag- 
nesia ma;  be  varied  to  meet  the  exigencies  of  particular  cases,  its  introduction  being 
for  the  purpose  of  giving  greater  tenacity  to  the  materials  used,  and  thus  dirainiBhing 
their  tendency  to  become  cracked  under  the  influence  of  change  of  temperature. 

They  claim  under  (his  head  of  the  invention,  the  introduction  of  asbestos  or  fibrous 
silicate  of  magnesia  amor.g  the  materials  used  for  making  articles  of  clay,  intended  to 
bo  submitted  Iji  a  great  heat ;  and  the  use  of  all  such  articles,  made  with  asbestos  or 
fibrous  plicate  of  magnesia  in  their  composiljon. 

Another  part  of  this  invention  consists  in  an  arrangement  of  apparatus  for  making 
gas  from  oil,  tar,  melted  pitch,  resin,  fat,  or  other  analogous  material,  in  coiyunction 
or  not  with  water.  The  apparatus  cmisisls  of  an  iron  or  clay  retort,  composed  of  two 
horizontal  chambers,  one  above  the  other,  and  communicating  at  the  back  only.  The 
ends  of  the  chambers  are  closed  by  three  man-hole  doors ;  two  of  which  are  secured 
over  the  front  end  of  the  chwnbera;  and  the  third,  which  is  a  lajge  door,  serves  to 
close  the  hind  ends  of  both  chambers ; — the  three  doors  all  projecting  beyond  the  brick- 
work setting  of  the  retort-  Upon  the  upper  chamber,  near  the  front  end  thereof,  is  an 
iUverfed  funnel  of  large  diameter,  closed  by  a  cover,  the  edge  of  which  is  turned  down, 
and  dips  info  a  hydraulic  joint,  or  into  a  joint  filled  with  metal,  fusible  at  the  tempe- 
rature to  which  it  is  exposed,  or  else  it  is  secured  in  (he  same  manner  as  the  ordinary 
man  hole  doors.  The  cover  is  fitted  with  a  double  syphon,  furnished  with  a  stop-cock. 
Tlie  eduction-pipe  leading  to  the  hydraulic  main,  is  connected  with  the  front  end  of 
tl  e  lower  chamber  of  the  retort  To  use  th  b  apparaf  n  previoosly  raised  to  the  usual 
tempe  a  u  e  the  patentees  charge  the  upper  chamber  w  th  coke,  heaping  it  some- 
what just  bene  tn  the  funnel  and  allow  ig  some  p  eces  to  611  oyer  against  the 
H  go  man  hole  door  af  the  back  and  Ihey  cl  arge  the  lower  chamber  either  with  coal 
0   coke     A  si  earn  of     1    la     n   lei  ptel    r  f        r  other  analogous  matter,  in 
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r  not  will;  water,  U  then  allowed  lo  fall  from  the  double  syphon  through 
the  large  funnel,  on  to  the  red-hot  eoke  beneath  ;  it  passes  thence,  partly  as  gas  and 
partly  as  liquid,  through  the  upper  chamber  to  the  back  of  the  lower  ooe,  aloag  which 
jt  next  proceeda,  ehiefly  in  the  state  of  gas,  and  escape!,  mised  with  the  gasaoua  products 
of  tlie  lower  chamber,  through  the  eduction  pipe  into  the  hydraulic  main.  When  the 
lower  chamber  of  this  apparatus  is  charged  with  coal,  the  liquid  should  not  be  permitted 
lo  flow  from  the  double  ajphon,  till  the  coal  baa  had  time  to  give  oil  thoereatar  part  of  its 
richer  gaa,  and  f  o  become  heated  throughout ;  but  when  coke  is  used  in  both  chambers, 
the  liquid  is  admitted  from  the  eommeEceraent,  and  without  intermission,  until  the 
passages  of  the  gaa  apparatus  need  to  be  opened  and  cleaned  out. 

The  patentees  do  not  claim  the  making  of  gas  from  far,  or  any  other  form  of 
hydro- carbon,  or  wafer,  by  means  of  red-hot  coke,  or  the  combining  of  any  materials 
affording  gas.  What  (hey  claim  is,  the  combination. and  arrangement  of  the  apparatus, 
pariicuhirly  of  the  large  funnel,  with  the  double  chambcra,  and  back  and  front  man-hole 
doors,  for  making  ^s  by  the  decomposition  of  any  suitable  hydro-carbon,  or  water,  by 
bringing  it,  in  a  fluid  state,  mto  contact  with  red-hot  coke  or  other  suitable  material     . 

Another  part  of  the  invention  consists  in  elongating  the  eduction  pipes  of  retorts, 
used  for  mailing  gas  for  illuminitbn,  into  their  mterior,  and  arranging  them  in  lines 
near  their  ases.  The  further  ends  of  these  pipes  are  left  open,  and  tliey  are  anpprted 
by  bearers.  Hole*  should  be  made  along  me  pipes,  but  only  in  sufficient  number  to 
permit  of  the  free  esiiape  of  the  gas  as  it  is  generated ;  or  a  Jongitndmal  slit  may  be 
made  in  the  under  side  of  the  horiiontal  pipe,  from  ita  further  end  to  near  its  ascending 
portion  ;  and  this  arrangement  is  preferred,  bucause  it  admita  of  the  passage  being 
cleared  out  by  a  proper  tool,  in  the  event  of  its  becomii^  choked.  The  improsament 
ia  applicable  to  retorts  of  any  material,  and  of  the  ordinary  forms ;  but  it  will  be  found 
more  easy  to  charge  the  retorts,  to  which  this  improvement  is  applied,  when  they  ore 
made  large  enough  lo  receive  a  charging-scoop  on  either  side  of  llie  horizontal  eduction 

ELpes.  The  object  of  the  improvement  ia  to  diminish  the  contact  of  a  gas  with  a  surface 
eated  higli  enough  lo  cause  it  to  deposit  some  portion  of  ita  carbon ;  and  thus  to 
produce  a  richer  gas,  or  a  larger  quantity  of  equally  rich  gaa,  from  a  given  quantity 

The  claim  made  ander  this  head  is  for  the  elongation  of  the  eduction-pipes  of  retorts, 
used  for  making  gas  for  iUitmiuation,  along  or  tiear  their  axes. 

Another  part  of  the  invention  consists  in  a  process  for  obtaining  light  by  means  of 
platinum,  heated  lo  whiteness  by  coal  gas  or  peat  pas.  It  is  known,  that  when  water 
IS  decomposed,  and  the  resulting  hydrogen  burnt  within  a  small  cage,  made  of  platinum 
wire  or  phitinum  foil,  in  such  a  manner  as  to  heat  the  metal  lo  whiteness,  the  platinum 
becomes  Inminou-s,  and  remains  so  as  long  as  its  temperatnre  is  maintained ;  but  it  is 
equally  well  known  'that  hydrogen  gas.  resulting  from  the  decomposition  of  water,  ia 
nut  readily  obtainable  under  the  generality  of  oircumatanceB  when  light  ia  required. 
The  improvement  conaists  in  replacing  hydrogen  gas  from  water  by  cosl  gas  (which  ia 
to  be  obtained  almoat  universally,  and  which  answers  the  purpose)  or  by  peat  gas.  In 
carrying  out  thb  improvement,  it  is  preferred  to  burn  the  gas  either  by  itself,  or  mixed 
with  atmospheric  air,  within  a  plalinom  wire  cylinder,  greater  in  beiglit  and  diameter 
and  made  of  coarser  material,  as  the  quantity  of  gas  burned  withia  it  in  a  given  time 
is  greater, — the  only  practical  rule  that  it  is  necessary  to  ^ve  being,  that  all  the  metal 
be  placed,  with  respect  to  tlie  flame,  in  the  best  position  for  becoming  white-hot.  The 
advantages  which  result  fi'om  this  part  of  the  invention  are,  first,  with  respect  to 
ordinary  coal  gaa  that  more  light  is  obtamed  ra  proportion  lo  the  quantity  of  coal  gas 
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»nd  moriafc  of  ammonia,  areetntilfiuth  d  t  Ibj  yd  17  pro- 
cesses sdapfed  for  tliat  purpose  S  m  t  m  tl  pur  f j  n^,  m  t  1  od  fi  1  m  tbs 
fallowing  manner :  an  squivale  to  t  (y  1  d  gr  ltd  Ipl  t  f  iron,  or 
chloride  of  flodjum,  is  mixed  w  ttl  th  th  f  th  It  ui  1  ti  b=o  b  d  into 
sawdust  or  other  suitable  matte  d  tl  q  1  t  f  1  y  I  1  f  lim  stirred 
in.  This  modified  material,  aft  beg  d  dypti  fpirfy  1  gas, 
affords  by  liiisiatiou  a  mised  sol  t  f  Iph  t  f  od  dm  t  f  ramonia ; 
Bulpliur  and  cyanogen  alao  may  b  t  tdfmt  mtbfmca.  S  etimes 
tlie  sulphate  of  iron  is  replncad  by  Ipl  t  f  ppe  d  th  th  es  It  de,  of 
coorse,  is  the  oxide  of  tbat  metal  instead  of  the  oside  of  iron. 

The  patentees  claim,  under  this  head,  the  combination  of  processes  above  described 
for  making  a  purifying  material,  containing  chloride  of  caMum,  and  precipitated  oxide 
of  iron  or  copper  ;  and  likewise  the  composition  of  the  modified  material,  as  described. 
They  also  claim  the  use  o[  both  kinds  of  materials  for  pmifying  coal  gas. 

Another  part  of  the  invention  consists  in  purifying  coal  gas  by  means  of  a  cheap 
iiuiterial,  made  by  mixing  refuse  sulphate  of  lime  or  gypsum,  m  a  finely  divided  state, 
with  sulphate  of  iron.  The  sulphate  of  iron  should  be  either  ground  fine  or  granulated, 
and  mixed  with  sawdust,  or  other  matter,  suitable  tor  separating  its  particles ;  or  it  may 
be  merely  mixed,  in  a  divided  state,  with  the  earthy  salt,  or  absorbed  into  its  mass,  or 
into  sawdust,  or  othtr  porous  matter.  The  gypsum  should  be  previously  bated  at  a 
red  heat,  to  prevent  its  tendency  to  solidify  -with  wafer.  The  material,  Uius  prepared, 
is  used  in  dry  purifiers,  in  the  way  well  understood  for  purifying  by  hydrate  of  lime. 
For  the  sulphate  of  iron  other  metallic  salts  may  be  substituted  with  similar  results ; 
such,  for  example,  ha  muriate  of  iron,  sulphate  or  muriate  of  due,  sulphate  or  muriate 
of  manganese,  or  even  sulphate  or  muriate  of  copper;  but  sulphate  of  iron  is  preferred. 
The  resulting  mass  is  either  used  as  a  manure,  or  else  it  is  subjected  to  certain  known 
chemical  processes  for  obtaining  from  it  an  ammoniacal  salt,  or  salts,  sulphur,  and 
cyanogen. 

The  claim  under  this  head  is  for  the  purification  of  coal  gas  by  the  use  of  sulphate  of 
lime,  mixed  with  any  of  the  metallic  salts  above  named ;  and  the  use  of  the  spent 
purifying  material  as  a  manure. 

Another  improvement  consists  in  causing  imfiure  coal  gas  to  pass  through  dry  puri- 
fiers charged  with  a  porous  solid  material,  which  is  made  by  mixing,  in  about  equiva- 
lent proportions,  hydrated  or  precipitated  oside  of  iron,  with  carbonate  of  lime,  mag- 
nesia, carbonate  of  magnesia,  or  mi^esian  limestone,  in  fine  powder,  or  else  burned  or 
slaked,  either  by  themselves,  or  rendered  more  pervious  to  the  gas  by  sawdust,  or 

other  suitable  matter.    A  mixture  of  precipitated  oxide  of  iron  and  lime  a " 

same  purpose,  and  was  daimed  •  "     ^      ■  '        ■  ... 

above  cases  oxide  of  copper  m: 

compounds,  when  they  begin  _^___  ^._,      .___,  _. _^ 

hydrogen  and  cyanogen;   and  any  one  of  them,  having    been  once  made  foul,  1 

afterwards  placed  in  contact  with  atmospheric  air  ftff  a  few  hours,  acquires  the  property 
of  purifying  coal  gas  from  ammonia  also.  The  spent  materials  afford,  by  processes 
well  known,  cyanogen,  sulphur,  and  ammoniacal  products. 

The  patentees  claim,  tinder  this  head,  the  purification  of  coal  gas,  by  mixtures  made 
as  described,  whether  with  hydrated  or  precipitated  oxide  of  copper  or  of  iron. 

Anotlier  part  of  the  invention  consists  in  a  particular  way  of  using  chloride  of  mag- 
nesium, or  sulphate  of  maguesia,  for  withdrawing  from  coal  gas  ammonia  and  carbonic 
acid.  Sawdust  or  other  solid  matter  calculated  to  expose  an  extensive  surface  to  the 
gas,  without  opposing  great  resistance  to  its  passage,  is  caused  to  absorb  a  saturated 
solution  of  one  or  tioth  of  the  above  named  salts  ;  or  those  salts  may  bo  mixed,  singly 
or  together,  in  a  divided  and  solid  state,  with  sawdust  or  other  suitable  matter,  in  a 
damp  state  -,  and  then  the  mixture  is  placed  in  dry  purifiers,  through  which  the  gas  is 
made  to  pass  in  its  way  from  the  condensers  to  the  gas-holders.  When  the  gas  ceases 
to  be  jinrified  Irom  its  ammonia,  the  contents  of  the  purifier  are  taken  out  and  washed, 
to  obtain  an  ammoniacal  solution  ;  and  a  new  charge  of  similar  purifying  materials  is 
introduced  into  the  purifier. 

The  claim  made  under  this  head  is  for  the  extraction  of  ammonia  and  carbonic  acid 
from  coal  gas,  by  chloride  of  magnesium,  or  salphale  of  magnesia  and  water,  diffused 
through  sawdust  or  other  solid  matter,  capable  of  exposing  an  extensive  surface  of  the 
rc-lu;euts  to  the  gas,  without  materially  impeding  its  passage. 

A  further  improvement  consists  io  purifying  coal  gas  by  the  use  of  a  solid  material, 
fontuning  chloride  of  magnesium  or  of  calcium,  or  sulphate  of  magnesLi,  mixed  with 
hydrated  or  precipitated  oxide  of  copper.  To  make  this  purifying  material,  the 
patentees  take  sawdust,  or  other  saitable  matter,  wetted  with  a  strong  solution  of 
suitable  matter,  wetted  with  a  strong  solution  of  muriate  or  sulphate  of  coppr,  or  else 
Billie-  of  those  salts  of  copper  in  a  finely- divided  stale,  and  mixed  with  moistened 


GAS-LIGHT. 


887 


Biwdust  or  other  suitatlo  matter,  and  they  mix  therewith  enough  lime,  magncBia,  or  ila 
carbonate,  or  tna^esiaa  limestone,  burned  and  slaked  ^ith  water  or  jiowdered,  to' 
decompose  the  aalt  of  copper  info  precipitated  oxide  of  the  metal,  and  a  salt  of  lima  or 
magnesia,  or  both.  Ot,  instead  of  making  eiiemporaneoualj  both  or  either  of  the  salts 
of  [nagnesia  and  lime  and  oside  of  copper,  they  mil  sulphate  of  magnesia  or  chloride  of 
magneaium  or  of  calcium,  ready  formed  and  in  a  atate  of  mechanical  division,  or  in 
solution,  ■iith  oxide  ot  Copper  and  aawdust,  or  other  suitable  njatter.  These  purifying 
materials  are  used  in  dry  purifiers,  like  hydrate  of  lime.  They  can  be  employed  for 
removing  ammonia,  carbonic  acid,  and  sulphuretted  hydrogen  from  the  gas;  or  they 
may  bo  used  tor  the  latter  impurity  without  the  two  former.  In  the  first  case,  it  is  found 
useful  to  add  to  them  about  lialf  an  equivalent  of  tine  carbonate  of  lime,  or  of  carbonate 
of  iiia|j;nesia,  or  of  both;  and  in  the  latter  ease  it  ia  preferred  to  make  either  the 
same  addition,  or,  in  lieu  thereof,  to  add  about  the  same  quantity  of  caustic  lime  or 
magneaia,  or  of  both  of  them.  WheD  the  used  material  -will  no  longer  purify  the  gas 
from  sulphuretted  hydrogen,  either  it  is  taken  out  of  the  purifier  and  exposed  to  the 
atmosphere,  or  elae  a  current  is  directed  throngh  it  while  in  that  vessel ;  a  vent-hole  in 
the  purifier,  below  the  level  of  the  foul  purifying  matter  being  open,  or  not,  at  the  same 
time,  as  may  be  found  necessary.  The  pnriijing  energy  of  the  material  is  thus  restored, 
and  this  alternate  expenditure  and  restoration  of  enercy  can  be  repealed  a  number  of 
times,  until  the  material  becomes  sufi)cienl]y  chained  with  sulphur  and  witli  animonincal 
and  cyanogen  products,  or  either  of  them,  to  render  it  wortli  while  to  extract  it  or  them 
in  any  known  way. 

The  patentees  claim  under  this  head,  the  purifying  coal  gaa  by  the  repeated  use  of  a 
solid  material,  containing  sulphate  of  magnesia,  or  chloride  of  magnesium,  or  calcium,  or 
more  than  one  of  tliose  re-I^jenta,  in  combination  with  oxide  of  copper,  and  mixed  or  not 
with  lime  or  magnesia,  or  both,  or  either,  or  both  of  the  carbonate*  of  those  earths. 

The  next  part  of  the  invention  consists  in  a  process  for  converting  the  ammoniacal 
liquor,  produced  in  making  gas,  or  by  distilling  animal  matters,  into  sulphate  of 
ammonia.  By  repeatedly  using  the  same  portion  of  hydrated  or  precipitated  oxide  of 
iron  or  copper,  in  conjunctionwiUilime,magnesia,  carbonate  of  lime,  carbouate  of  magnesia, 
or  any  compound  of  lime  or  magnesia,  susceptible,  under  the  circumstances  in  which  it  is 
used,  of  being  decomposed  by  carbonate  of  ammonia, — for  purifying  coal  gas,  with  subse- 
quent exposure  U>  almospberio  air,  the  spent  material  eventuaUy  becomes  in  great  part 
clianged  into  sulphate  of  lime  or  sulphate  of  magnesia,  mixed  with  oxide  of  a  metal. 
When  this  has  taken  place,  the  spent  material  is  mixed  in  a  vat  for  an  hour  or  two,  with 
nearly  as  much  of  the  ammoniacal  liquor  as  it  will  decompose;  the  fluid  is  next  drawn  oil 
and  mtered  ;  the  saturation  of  any  ammonia  which  it  may  contain  in  a  volatile  state  is 
effected  by  sulphuric  acid;  and  then  it  is  evaporated  to  obtain  crystals  of  ammoniacal 
sulphate.  The  same  process  is  followed  by  another  good  result ;  for  the  decompo^tion 
of  the  carbonate  of  ammonia  by  the  sulphate  of  Ume,  or  sulphate  of  magnesia,  reproduces 
in  the  spent  material  a  carbonate  of  the  earth,  wbidi  fits  it  for  beginning  anew  the  worl 
of  purifying  coal  gas. 

The  patentees  claim  the  use  of  the  spent  materials,  above  described,  for  converting 
solutions  of  carbonate  of  ammonia,  mixed  or  not  with  liydroanlphate  of  ammonia,  inte 
solutions  of  ammoniacal  sulphate  ;  by  which  use,  also,  the  sulphate  of  lime  or  sulphatf 
of  magnesia,  in  the  said  mixtures,  is  changed  into  carbonate  of  lime,  or  carbonate  of 
magnesia. 

When  solid  or  porous  mixtures,  containing  hydrated  or  precipitated  oxide  of  iron  or 
copper,  or  a  salt  of  either  of  those  metals,  decomposable  into  bydrosulpburet  of  the 
metal,  are  employed  to  absorb  sulphuretted  hydrogen  from  coal  gas,  and  are  afterwards 
brought  into  contact  with  atmospheric  air,  the  mixture  rapidly  absorbs  oxygen,  and 
thereby  acquires  an  elevated  temperature,  greater  in  proportion  as  it  is  free  fl'om 
moisture.  In  certwn  cases,  when  the  materials  are  at  first,  or  become  by  use,  dry  to  the 
touch,  their  temperature  during  the  subsequent  absorption  of  oxygen  rises  much 
higher  than  la  desirable.  One  way  of  preventing  this  injurious  aocoaaion  of  heat  is  by 
communicating  humidity  to  the  mixture  of  materials,  at  a  proper  time  ;  and  this  consti- 
tutes another  part  of  the  invention.  This  improvement  is  put  into  practice,  either  by 
sprmklbg  the  used  purifying  materials  with  water,  on  removing  the  cover  from  the 
vessel,  which  contains  them ;  or  by  pipes,  properly  disposed  within  the  vessel,  distribut- 
ing water  over  the  surface  of  the  materials,  without  the  cover  being  removed;  or  by 
Bprinlding  the  materials  with  water,  after  they  have  been  thrown  out  of  the  vessel ;  or 
lastly,  by  placing  the  purifier  in  communication  with  a  steam-boiler,  and  du'eoting 
tlirongh  the  used  materials  a  suffl<aent  quantity  of  the  vapour  of  water  to  moisten  them 
and  subsequently  submitting  them  to  the  influence  of  a  current  of  atmospheric  lur,  also 
(iiiected  through  them.  The  patentees  atate,  that  they  know  it  to  be  necessaiy  that  the 
metallic  oxides  uied  for  purifying  coal  gas  from  sulphuretted  hydrogen  ahould  he 
hydrated  ;  that  is  to  say,  combined  with  a  certain  portion  of  water  in  a  dry  state  ;  but 
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experience  has  proved  to  tliem,  conUary  to  commoc  opiaios,  Ih^t  tlie  said  oxides  act  leu 
energetically  en  tlie  sulphuretted  hydrogen  in  the  gas,  and  also  that  they  regain  their 
expended  eneigy  less  suddenly,  when  they  rantain  tcater  in  a  liquid  state,  than  whee 
they  are  free  from  hjgrometric  water. 

The  patentees  do  not  chiiin  (he  regeneration  of  the  purifying  energy  of  any  spent 


■e  deeerihed,  for  chewing  the  rapidity  of  the  regeneratirj, 
quentlj,  preventing  the  temperature  of  the  materials  from  rising  to  a  pernidoua  height ; — 
viz.,  by  wetting  them  with  water,  or  by  condensing  steam  in  their  mass,  either  in  or  out 
of  the  purifier,  at  any  time  after  they  commence  to  purify  the  gas,  and  before  they  are 
put  in  communication  with  the  atmosphere. 

The  patentees  have  fitund  that  mixtures  containing  bydiated  m  precipitated  oxide  of 
iron,  changed  into  liydro-sulphuret  of  iron,  by  purifying  coal  gas  from  sulphuretted 
hydrogen,  do  not  readily  re-absorb  osvgen,  and,  consequently,  do  not  readily  recover 
their  purifying  energy  at  temperatures  below  33°  Fahr. 

Sow,  another  improvement  consists  in  applying  to  such  used  mixtures,  during  frosty 
weather,  atmospheric  air,  artificially  warmed  to  about  G0°  Fahr, :  by  the  ordinary  opera- 
tions of  the  "retort  house,"  or  in  any  other  convenient  manner.  The  warmed  ^  may  be 
used  there,  or  conducted  thence  to  the  purifiers,  by  suitable  pipes,  in  which  a  draft  ia 
established  by  any  known  means. 

The  claim  under  this  bead  is  for  the  use  of  ur,  artificially  warmed,  for  promoting,  in 
cold  weather,  the  regeneration  of  hydratcd  oxide  of  iron,  in  mixtures  which  have  been 
used  for  purifying  coal  gas  from  sulphuretted  hydrc^en, — whether  tlie  warmed  air  be 
conveyed  to  Uie  used  purifying  mixtures,  or  the  latter  be  carried  to  the  warm  air. 

Another  part  of  the  invention  consists  in  the  use  of  phosphata  of  lime,  dissolved  in 
hydrochloric  acid,  for  purifying  coal  gas,  and  for  decomposing  the  ammoniacal  liquors 
produced  in  making  gas,  and  in  the  distillation  of  animal  matters,  and  the  application  of 
the  products  as  manures.  In  carrying  out  the  improvement,  bones,  or  otner  form  of 
phosphate  of  lune,  are  dissolved  in  hydrochloric  acid.  This  solution  is  prepared  for  puri- 
^y"^S  S'^  hy  mixing  it  with  sawdust  or  other  suitable  solid  matter ;  and  thus  it  ia  exposed 
to  the  impure  gas  in  dry  purifiers.  To  use  the  solution  for  decomposing  ammoniacal 
liquors,  one  of  the  fluids  is  added  to  the  other,  until  the  hydro-sulpliuric  and  carbonis 
acids  combined  with  the  ammonia  have  escaped.  To  facilitate  the  transport  of  the  pro- 
duct, and  its  application  as  a  manure,  it  is  heated  in  pans  until  it  becomes  dry.  The 
product  of  the  purification  of  gas  is  also  a  good  manure,  mixed  as  it  ia  with  the  sawdust 
or  other  atisorbent  matter  used. 

The  patentees  cl^m  under  this  head  the  '^e  of  a  solution  of  phosphate  of  lime  in 
liydrochloric  aeid,,for  purifying  coal  gaa  and  for  saturating  ammoniacal  solutions;  and 
also  the  use  of  the  products  as  manure. 

Another  part  of  the  invention  relates  to  certain  processes  for  obtaining,  in  an  economi- 
cal manner,  one  of  the  re-agents  which  the  patentees  use  for  purifying  gas,— :naniely 
chloride  of  calcium.  In  certain  chemical  works,  hydrochloric  acid  gas  is  a  residuary  pro- 
duct,— not  only  of  no  value,  but  even  costly  to  get  rid  of  without  nuisance  to  the  neigh- 
bourhood. One  of  the  processes  consists  in  causing  hydrochloric  acid  gas  to  pass,  in  a 
heated  slate,  over  Crsdsof  lime,  or  carbonate  of  lime,  in  its  way  from  tlie  furnaces,  where 
it  is  generated,  to  the  condensers,  where  it  would  else  become  absorbed  into  water. 
The  beds  of  lime,  or  carbonate  of  lime,  are  formed  on  the  bottom  of  the  ordinary 
conduits;  two  conduits  being  arranged  in  a  line,  and  worked  and  discharged  alternately. 
When  the  lime  in  one  passage  has  been  converted  into  chloride,  the  draft  througli 
it  is  diverted  into  the  neighlxinring  passage  by  means  of  dampers  arranged  for  that  pur- 
pose ;  and  the  finished  cliarge  is  withdrawn  through  doors  made  at  convenient  distances. 
When  this  is  done,  the  bed  is  re-charged  with  Jime  or  its  carbonate,  in  readiness  to 
receive  the  current  of  hydrochloric  acid,  after  it  shall  have  saturated  the  lime  in 
the  second  conduit.  When  this  saturation  is  completed,  the  dampers  are  reversed, 
so  as  to  divert  the  add  gas  ag^n  into  the  first  conduit,  while  the  charge  of  tlia 
second  is  being  withdrawn,  preparatory  to  re-charging  it  a  second  time  ;  and  so  on  con- 
tinually. By  the  second  process,  hydrochloric  acid  is  ofatamed  in  a  concentrated  state, 
preparatory  to  its  saturation  in  a  fluid  form  by  lime  or  its  carbonate,  or  to  its  application 
to  other  uses.  This  process  is  carried  on  with  only  one  conduit  leading  from  the  fur- 
naces where  the  hydrochloric  acid  is  generated.  The  conduit  is  lined  with  hard  glazed 
bricks,  or  tiles,  or  sandstone ;  and  its  bottom  is  so  constructed,  that  any  fluid  formed 
within  it  shall  escape  by  a  pipe  adjusted  to  its  lowest  part  Along  this  conduit  a 
number  of  porous  earthenware  vessels  are  arranged  in  a  line  or  lines,  standing  on  its 
floor,  and  built  into  its  arch  or  cover  up  to  their  neclts.  These  vessels  are  filled  with 
water,  and  made  to  communicate,  by  means  of  syphons,  with  one  another,  and  with  a 
reservoir  of  water  placed  with  its  highest  part  on  the  same  level  as  the  mouths  of  the 
earlhenwore  vessels.    By  well-known  arrangements,  tlie  water  is  kept  at  a  constant  level 
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in  the  I'tservoir,  imd  consequently  at  a  constant  level  in  the  earthenware  vesseU  which 
communicate  with  it.  The  conaequencea  of  thia  arrangement  are,  that  the  water  con- 
tained iu  the  vessels  within  the  heate^^  conduit  is  speediJ;  raised  to  a  temperature  of 
213°  F. ;  that  the  gaaeoua  contents  of  the  conduit  are  reduced  to  that  temperature,  or 
nearly  so,— and  that  the  water  which  exudes  from  the  porous  earUienware  absorbs  as 
much  hydrochloric  acid  gaa  as  it  can  combine  with.  Now,  as  atrong  hydrochloric  acid 
is  coudensahle  at  a  temperature  above  212°  Fabr. ;  and  as  the  vapour  of  watcf  is  not 
condensable  at  that  temperature,  the  strong  acid  flows  down  the  outaides  of  the  porous 
vessels  and  runs  in  a  stream  to  the  moat  depending  part  of  the  passage,  where  it  escapea 
by  the  pipe  placed  for  tliat  purpose.  By  treating  the  acid  so  obtained  with  lime  or  its 
carbonate,  chloride  of  calcium  or  muriate  of  lime  is  obtained,  with  hardly  any  cost  for 

The  patentees  claim,  under  this  bead,  mating  chloride  of  calcium,  by  causing  the 
hydrochloric  aai  gas,  which  results  from  the  decomposition  of  common  salt  by  sulplinria 
aciii,  to  act  on  lime  or  carbonate  of  lime  in  its  passage  from  the  furnace  where  the 
decomposition  is  effected ;  and  alao  the  collecting  of  concentrated  hydrochbrlc  add,  for 
maliing  chloride  of  calcium  or  otiier  purposes,  by  condensing  hydrochloric  acid  gas  in 
water  by  means  of  earthen  vessels  built  into  a  conduit  or  flue,  conaccting  from  furnaces 
in  which  chloride  of  sodium  is  decomposed  by  snlphuric  acid,  and  containing  water  kept 
at  about  213"  Fahr.  by  the  heated  products  of  the  said  furnaces. 

The  next  part  of  the  invention  is  a  new  way  of  using  certain  forma  of  carbon  for 
purifying  coal  gas  and  obtaining  ammonia  therefrom.  It  consiata  in  alternately  causing 
the  material  to  absorb  impurities  from  the  gas,  and  to  discharge  them  under  the  influence 
either  of  heat  or  of  a  current  of  air,  or  steam  directed  through  the  purifying  tnateriaL 
In  carryii^  out  this  improvement,  a  dry  hme  purifier,  or  other  ctaivenient  vessel,  is  filled 
with  animal  charcoal  in  coarse  powder,  and  impure  coal  gas  is  directed  through  it,  until 
it  no  longer  issues  from  the  vessel  pure.  The  gas  is  then  sent  in  another  direction,  and  a 
current  of  steam  or  air,  heated  or  otherwise,  is  passed  through  the  foul  material;  the 
volatile  producta  being  received  into  any  desirable  acid  or  other  substance  calculated  to 
fix  the  ammonia,  or  else  the  ammonia,  combmed  with  carbonic  and  hydro -aulphuric  acids, 
is  condensed  hj  wafer,  or  by  the  abstracting  of  heat,  in  any  suitable  apparatus.  If  steam 
be  used,  it  brings  away  nearly  the  whole  of  the  ammonia,  but  it  damps  the  purifying 
material,  which  then  needs  to  be  dried  by  a  current  of  hot  air  or  otherwise ;  and  if  air 
be  used,  in  the  first  instance,  to  being  away  the  ammonia,  part  of  it  becomes  sulphate  of 
that  base,  and  must  be  removed  by  washing.  In  addition  to,  or  without  the  introduction 
of  air  or  steam  among  the  purifying  material,  it  may  be  heated  by  steam  or  hot  water 
contained  in  a  jacket  around  the  vessel,  or  in  pipes  within  It ;  or  the  foul  material  may 
be  removed  from  the  purifier  and  heated  to  about  312°  Fahr.  iu  any  suitable  dose  vesaeL 
Coke,  wood,  charcoal,  or  peat  charcoal  may  be  substituted  for  animal  charcoal,  in  the  pro- 
cess above  described,  but  with  inferior  results. 

The  patentees  do  not  clwm  the  esclusive  use  oi  any  form  of  carbon  for  absorbing  the 
impurities  of  coal  gas  ;  their  claim  being  for  the  means  above  described,  for  making  coke 
and  charcoal  repeatedly  useful  for  purifying  coal  gas,  and  for  obtaining  its  ammonia  by 
llieir  agency. 

Another  part  of  the  invention  consists  of  certain  processes  by  which  prussiate  of  potasli, 
prussiate  of  soda,  and  prussiate  of  ammonia,  ai'e  obtained  from  prussiate  of  lime.  With 
respect  to  prussiate  of  potash,  the  process  is  to  mix  well  together  equivalent  quantities  of 
prussiate  of  lime  and  sulphate  of  potash,  or  carbonate  of  potash,  previously  dissolved  in 
separate  portions  of  water ;  and  then,  after  subsidence  of  the  sulphate  or  carbonate  of 
lime  which  is  formed,  to  evaporate  and  crystallize  the  clear  solution.  The  prussiates  of 
soda  and  of  ammonia  are  made  in  like  manner,  by  substituting  the  sulphates  or  carbonates 
of  the  respective  bases  for  the  sulphate  or  carbonate  of  potash. 

The  claim  under  this  head  is  for  the  manufacture  of  the  prusalaies  of  potash,  soda,  and 
ammonia,  by  decomposmg  solutions  of  the  sulphates  or  carbonates  of  those  bases  by  solu- 
tions of  prussiate  of  lime. 

Another  improvement  consists  in  a  process  for  obtaining  carlxialo  acid  gas  for  converting 


iT  purposes  to  which  carbonic  acid  gas  is  applicable.  It  is  known  that  hydrosulphate 
Ml  ummonia  is  decomposable  by  carbonic  acid,  and  that  hydrosnlphate  of  ammonia  exists 
in  gas  liquor.  To  change  it  into  carbonate  of  ammonia,lhe  patentees  proceed  as  follows  : — 
Tliej  make  a  mixture  of  deutoxide  of  copper  and  charcoal,  or  other  form  of  carbon,  in 
fine  powder,  in  the  propoilion  of  twelve  parta,  by  weight,  of  the  former  to  one  part  of 
the  latter,  and  introduce  the  mixture  into  a  retort,  made  red  hot,  and  furnished  with  an 
eduction  pipe  which  passes  through  cold  water  and  finally  enters  into  gas  liquor.  Tiie 
formation  of  carbonic  add  gas  soon  taiies  place,  by  the  union  of  the  carbon  with  the 
oxygen  of  the  metal :  and  this  gas,  combining  with  the  base  of  the  hydrosnlphate  of 
immonla.  combined  in  the  gas  liquor,  converts  it  into  carbonate,  causing  bydrosulpliuric 
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add  to  escape.  IVlien  the  carbonic  acid  ceaaea  to  come  away,  neatly  all  the  carbon 
will  liavo  disappeared  from  the  retort,  and  the  copper  whlcli  it  contains  become  reduced 
U>  tha  metallic  state.  The  cliarge  is  then  drawn  and  left  to  cool,  fthile  a  second  charge, 
of  similar  materials,  la  being  worked  off;  during  which  time  the  copper  re-absorbs  ojiygeo 
from  the  air,  and  becomes  again  deutoxide  of  copper,  which  may  then  be  used  anew  with 
fresh  carbon. 

The  pateoteea  claim  making  carbonic  acid  gas  for  oonverting  hjdrosulphato  of  am^ 
monia  into  carbonate  o[  ammonia,  and  for  all  other  purposes  in  the  arts,  by  exposing  a 
proper  mixture  of  deutoxide  of  copper  and  carbon  in  powder  to  a  rod  heat  in  suitable 

19  for  consilidalJng  peal  to  be  used  in  fumish- 
;ess  is  as  follows: — The  peat,  without  being 
pceTiously  dried,  is  treated  with  water  in  a  mill  in  a  way  similar  to  that  iji  which  chalk 
IS  treated  tor  the  manufacture  of  whitening,  and  which  is  well  underatooA  The  resulting 
liquor  is  made  to  pass  through  a  strainer  of  wire-work  (fine  eoough  to  prevent  the  pas- 
sage of  the  large  fibres)  into  tanhs  or  bacts,  cut  in  the  earth,  or  built  upon  the  surface  of 
the  ground  if  necessary  ;  where  it  is  left  to  deposit  the  finer  parts  of  the  peat.  When 
this  is  effected,  the  eupematent  liquor  is  run  off  from  the  deposit,  and  the  magma 
taken  out  from  the  tanks  or  hacks  and  dried,  either  by  the  air.  by  the  sun,  or  on  arches 
of  brick  or  other  absorbent  material,  heated  by  flues  underneath. 

The  patentees  claim  under  this  bead  the  separation  of  the  grosser  from  the  finer  parts 
of  the  peat,  and  the  consolidation  of  the  latter  by  the  process  above  described. ' 

Gas-light,  Furificatiortof.  The  purification  of  coal  gas  has  lately  received  one  of  those 
important  improvements,  which  constitute  an  era  in  the  practical  application  of  science  to 
the  arts.    From  the  comraeucement  of  the  manufacture  of  ^s  up  to  a  very  recent 

Eoriod,  the  only  agent  in  use  for  the  removal  of  the  impuritieB  of  coal-gas  was  the 
ydrate  of  lime.  The  impurities  in  question  are,  as  is  well  known,  carbonic  acid  and 
sulphuretted  hydrogen  antted  to  ammonia,  and  held  in  the  gas  more  by  a  principle  of 
diffusion  than  from  their  own  proper  volatility.  Hence  mere  condensation  by  cold,  or 
the  application  of  water,  unless  hbth  of  these  are  employed  to  an  imurloua  excesa,  will 
not  combine  with  or  precipitate  the  bicarbonate  and  faydrosnlphate  of  ammonia  present 
in  impure  coal  gas.  The  hydrate  of  lime,  however,  readily  decomposes  both  of  lliese 
sails,  with  the  production  of  carbonate  and  hydrosulphate  of  lime  and  the  liberation  of 
free  ammonia,  the  greater  part  of  which  may  subsequently  he  removed  by  the  use  of  a 
dilute  acid,  or  the  application  of  cold  water  in  an  apparatus  similar  to  the  "  cascade 
chemique"  of  Clement  Desormes.  Thus,  then,  it  was  possible  by  lime  to  remove  tha 
whole,  or  at  least  nearly  the  whole,  of  tlie  impurities  of  coal-gas,  and  as  we  have  before 
stated,  this,  up  to  within  a  very  recent  date,  was  the  general  practice  whenever  coal-gai> 
was  manu£ictured.  Sut  the  use  of  lime  in  this  way  entailed  many  and  serious  Sis 
advantages  in  a  sanitary  point  of  view,  to  obviate  or  rather  to  diminish  which  coneiderabh 
outlay  was  incurred  in  largo  towns,  for  it  is  a  property  of  the  hydrosulphate  of  limo  ta 
be  decomposed  with  singular  rapidity  by  carbonic  acid,  and  as  the  atmosphere,  mora 
especially  in  crowded  localities,  always  contains  a  notable  proportion  of  this  latter  gas,  it 
foUows  that  the  hydrosulphate  of  lime  b^ins  to  decompose  the  momeut  it  comes  in  con- 
tact with  the  air,  and,  consequently,  an  intolerable  nmsance  and  pestilential  effluvium 
w  e  th  originated,  not  only  in  the  neigbbourhood  of  the  gas-worlis  themselves,  but 
1  th  localities  to  which  this  gas-lime  refuse  happened  to  be  transported ;  of  which 
lam  t  ble  illustration  occurred  not  long  ago  in  Fimlico,  where  a  sewer  had  been 
d  r  by  this  kind  of  refuse;  and  though  three  or  four  years  had  intervened 
betw  th  deposition  of  this  matter  and  the  accident  we  now  relate,  yet  no  less  than 
t  h  Ithy  individuals  were  struck  dead,  as  if  by  lightning,  on  entering  the  sewer 
b  eath  tl  spot  where  the  refuse  lime  had  been  placed.  With  so  terrific  a  proof  of  the 
d  1  t  action  of  the  hydrosulphate  of  lime,  even  after  many  years  had  elapsed,  it 

beeo  perfiuous  to  dwell  upon  the  necessity  whidi  existed  for  discontinumg  the 

f    m  t         f  this  poisonous  substance,  and,  fortunately,  science  has  stepped  in  at  the 
el        th  h  ur  to  the  relief  of  the  public. 
Abo  t  the  year  1 847.  a  Mr.  Laming,  of  Paris,  took  out  a  patent  for  the  employment 
f  metallic  oxides  in  lieu  of  lime  for  the  purification  of  gas,  which  oxides 

were  used  at  the  same  time  or  in  combination  with  muriate  of  lime.  The  effiict  of  this 
arrangement  was  two-fold,  for  as  we  have  seen  that  the  impurities  to  be  taken  away 
consist  of  ammonia,  carbonic  acid,  and  sulphuretted  hydrogen,  then  by  the  use  of 
muriate  of  lime.  Mr.  Laming  was  able  to  remove  the  carbonic  acid  and  ammonia, 
wliilst  by  the  metallic  oside  he  removed  the  sulphuretted  hydrogen ;  producing  in 
the  first  case  muriate  of  ammonia  and  carbonate  of  lime,  and  in  the  second  a  metallic 
sulphuret  and  water.  The  oxides  patented  were  those  of  manganese,  iron,  zinc,  and 
lead ;  but  there  was  this  insuperable  difficulty  connected  with  their  employment,  that 
IS  tlicy  could  be  formed  only  by  the  decompo^tion  of  a  metallic  salt  and  its  equivalent 
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ef  lime,  tliey  necessatily  cost,  for  an  eqiml  amount  of  work  done,  the  whole  value  of  the 
lime  pluj  that  of  the  metallic  salL  The  expense  of  purification  hj  this  plan,  tlierefore, 
Btood  OS  an  insuiroounfable  barrier  ta  its  introduction,  though  the  peculiar  defect  of  lima 
teas  entirely  got  rid  of  in  the  use  of  the  metallic  oxi^e,  as  thia  did  not  suSiir  decomposi- 
tion hy  atmospheric  carbonic  acid,  and  therefore  erolved  no  sulphiu'etled  hydrogen. 
Nevermcless,  the  process  languished,  and  threatened  to  die  out  on  the  score  of  cost.  Mr. 
Laming's  first  essays  with  this  patent  seem  to  have  been  made  almost  entirely  ivith  the 
oxides  of  manganese  and  lead,  and  oxide  of  iron  does  not  appear  to  have  been  employed 
or  tried  on  a  large  scale  until  about  three  years  ago,  when,  in  conjunction  with  Mr. 
¥.  J.  Evans,  of  the  Chartered  Gas  Works,  it  was  put  in  use  by  Mr.  Laming  at 
Westminster.  The  success  of  the  experiment  was  complete  as  to  purification,  but  the 
question  of  expense  could  only  bo  decided  by  a  few  consecutive  trials,  and  there- 
fore,  fresh  materials  were  sent  for  this  purpose,  whilst  the  old,  or  as  it  was  called 
"spent"  material  was  cast  on  one  side.  During  the  progress  of  the  ensuing  experi- 
ments it  was,  however,  observed  by  Mr.  Evans,  that  this  spent  material,  consisting  as  it 
did  of  black  sulphuret  of  iron,  rapidly  regained  its  original  red  colour,  and  looked  tike 
oxide  of  iron.  This  indncod  him  to  give  it  mother  trial  in  the  purifier,  when,  to  his 
astonishment,  he  discovered  that  its  puiifying  power  was  completely  restored,  and  that, 
in  fact,  it  might  be  used  over  and  over  again,  10,  15,  or  20  times,  or  even  more  in  succes- 
sion, nothing  being  required  to  restore  its  power  but  a  few  hours'  exposure  to  the  air. 
from  that  moment  the  practical  employment  of  oxide  of  iron  in  the  purification  of  coal- 
gas  became  im  fait  atxompli;  for  the  question  of  expense  waa  altogether  done  away 
with  by  a  material  which,  though  costly  in  the  first  instance,  soon  ceased  to  be  so  from 
repeated  and  continuous  usage  without  additional  outlay.  And  It  is  here  worthy  of 
remark,  that  oxide  of  iron  is  tbe  only  oxide  yet  discovered  which  fully  answers  this 
purpose,  for  tfae  sulphureta  of  manganese,  zinc,  and  lead,  do  not  become  reconverted 
mto  oxides  by  simple  exposure  at  ordumry  temperatures  ta  the  action  of  the  air.  Anil 
as  oxide  of  iron  is  contained  in  the  blood  of  all  animaU,  it  opens  out  an  interesting 
question  in  physiology,  how  far  this  gas  purification  process  may  be  analogous  to  that 
of  the  blood,  through  the  agency  of  the  pulmonary  system.  We  shall  now,  however, 
merely  give  a  condensed  view  of  the  oxide  of  iron  method,  as  .practised  at  the  West- 
minster and  other  gas  works,  without  offering  more  than  a  few  brief  theoretical  remarks 
by  way  of  explanation. 

Impure  coal-gas,  as  it  leaves  the  condenser,  contains  about  two  per  cent,  in  bulk  of 
cai'bonic  acid,  and  one  per  cent,  of  sulphuretted  hydrogen,  witli  a  quantity  of  ammonia, 
generally  insufficient  to  saturate  these  two  acids,  though  this  varies  much  witli  the 
variations  of  the  weather  jmd  the  state  of  the  condenser,  Por  (he  most  part,  however, 
the  amount  of  ammonia  is  equal  to  the  carbonic  acid,  and  in  this  case  the  new  process  is 
perfect;  but  if  the  ammonia  oe  less  than  will  saturate  the  carbonic  acid,  then  the  excess 
of  tliis  add  remains  in  the  gas,  and  to  this  extent  the  coal-gas  may  be  said  to  be  impure. 
Taking  the  normal  condition  of  gas  as  it  quits  tlie  condenser,  it  is  first  made  to  traverse 
■        ■  '     '  .    ■  •  f     t       g     olntim  of  muriate  of  lime, 
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sulphuretted  hydrogen  is  absorbed,  and  also  any  traces  of  carbonate  of  ammonia  which 
may  liave  escaped  the  first  purifier.  In  this  way  the  peroxide  of  iron  is  reduced  to  the 
state  of  protoxide,  with  the  formation  of  water  and  deposition  of  half  an  atom  of 
sulphur,  whilst  the  protoxide  of  iron  as  it  is  produced  reacts  upon  the  remaining 
sulphuretted  hydrogen,  and  yields  a  hydrated  proto- sulphuret  of  iron  of  a  black  colour, 
BO  that  the  resulting  products  are  water,  sulphur   and  hydra    d  p    tosulphate  of 

So  soon,  however,  aa  these  are  exposed  to  the  ai    th  '  ""     "  -'---i  ' -■ 

bines  with  oxygen  and  liberates  free  sulphur,  whil  t 
combination  bSonging  to  the  protosulphurct,  th 
and  anhydrous  peroxide  of  iron;  and  as  it  is  the  f 
ful  in  purification,  there  is  after  each  renewal  a  I   ht  1 
increasing  ultimately  renders  the  whole  mass  in  ffica 
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again  manifested;  so  that  in  practice  a  small  epecimeo  of  this  malerinl  ia  Beldom  use< 
more  than  twenty  limea  m  succession  before  it  is  removed  from  the  gas  works.  It  is 
however,  now  very  ftir  from  being  valueless,  as  it  not  only  contains  h  vast  amount  of  free 
■ulpliur,  but  also  of  ferrocyanic  acid;  a  product  scarcely  lo  have  been  especled  in  a  com- 
mercial sense.  Nevertheless,  it  is  found  that  one  ton  of  Newcastle  coals  gives  off  in 
distillation  sufficient  cyanogen  to  produce  from  5  to  8  lbs.  of  Prussian  blue  with  the 
hirdrated  oside  of  iron ;  and  it  is  part  of  the  process  now  carried  on  by  Mr.  Laming  at 
Mill  Wall,  to  extract  this  ferrocyanic  add  from  the  spent  material,  and  convert  it  into 
prussiate  of  potash  or  Prussian  blue  at  pleasure.  The  great  advantage  of  this  invention 
]s  not  therefore  confined  to  its  sanitary  details,  but  estends  into  the  merit  of  having  dis- 
covered a  new  and  fertOe  source  for  the  production  of  an  article  of  great  commercial 
value,  and  rendered  both  useful  and  profitable  that  whitJi  was  previously  n  pestilential 
waste  threatening  to  interfere  very  seriously  with  the  progroaa  of  gas  manniacturing.— 
J/r.  L.  TkoravsOTt, 

Zoioe  and  .Sons's  Improvements.  Ou  the  20th  January,  1862,  a  patent  was  granted  to 
George  Lowe,  of  Finsbury-circus,  in  the  city  of  London,  civil  engineer,  and  l^rederick 
Jolm  Evans,  of  Horseferry  Boad,  in  the  city  of  Westminster,  civil  engineer,  for  improve' 
ments  in  the  manufacture  of  gas  for  the  purpose  of  illumination,  and  of  improvements  in 
the  puriSca,tion  of  gas. 

Tlic  first  part  of  this  invention  refers  lo  certain  means  of  enriching  or  improving  the 
quality  of  gases,  so  as  to  render  them  fit  for  the  purposes  of  illumination. 

In  cnrryiag  out  this  improved  manufacture  of  gas,  the  patentees  pass  gas,  obtained 
from  any  of  the  sources  hereinafter  specified,  through  heated  retorts  containing  cannel 
coal,  coal,  lignite,  resin,  pitch,  tar,  oil,  retinite,  or  other  substance  or  substances  capable 
of  yielding  carburetted  tiydrogeu  gas;  by  which  means  such  a  combination  of  rich  and 

Kor  gases  may  be  produced  as  will  be  exactly  suited  to  the  purposes  of  illumination, 
■r  tliia  purpose,  it  is  proposed  lo  use  retorts  open  tit  both  ends,  as  shown  in  the  draw- 
ing given  in  Jig.  70B,  'which  represents  a  longitudinal  vertical  section  of  the  apparatus 
emp!(\ed  in  carrying  out  this  port  ot  the  in 
vention  Only  one  retjrt  is  exhibited,  but 
a  similar  arrangement  of  retorts  may  be 
adipted  to  that  in  general  use  m  gasworks 
a  13  the  retort  set  in  a  suitable  furnace  for 
heiting  the  same  and  b  b  are  mouth  peces 
nnd  hds  fitted  to  both  ends  of  (he  retorts,  e 
7  is  tht  pipe  f  r  cirrymg  off  the  giseous  pro. 
dni-ts  generated  in  the  retort  and  li  is  a  pips 
for  introducing  into    the   retort  1 


gas  to  flow  into  the  r( 
in   the   direction  of   the    arrow  roi  g 

with  the  gas  that  is   evolved  fr  m  bo 

nnceou^i  matters  contained  in  the  retort    whereby  a  compound  gas  is  fo  m  ess 

a  much  higher  lUamioatmg  power  than  could  have  been  obtnined  had  m 

tateu  place  after  instead  of  at  (he  time  of  the  generation  of  the  gas  in  t  Th 

gas  winch  IS  brought  to  the  retort  by  means  ol  the  pipe  d,  may  be  force 
so  as  to  overcome  the  internal  pressure  put  on  the  retort  by  means  ot  the  hydraulic 
main ;  or,  instead  thereof,  an  einauster  may  be  applied  to  draw  off  the  gas  Irom  the 
retort.  Should  tar,  oil,  resin  (previously  melted),  or  any  liquid  hydrocarbon  be  employed 
for  the  ^aeration  of  the  gas,  it  is  to  be  run  into  the  retort  in  tlie  way  generally  adopted 
for  making  oil  or  resin  gas. 

The  sources  from  which  the  patentees  propose  to  obtain  inflammable  gases,  to  be 
applied  as  ftbove  indicated,  are  wood,  sawdust  in  a  damp  or  dry  state,  spent  tanner's 
bark,  and  other  like  substances  capable  of  yielding  an  inflammable  gas.  These  substances 
must  be  put  into  a  red-hot  retort,  and  distilled  like  coal.  The  resulting  gases  may  bo 
either  purified  at  once,  or  passed  directly  to  the  retort  containing  the  coal  or  other  car- 
bonaceous materials.  As  a  general  rule,  however,  these  gases  are  preferred  to  be  stored 
in  gas-holders  for  use ;  as,  in  that  case,  a,  more  uniform  and  constant  supply  to  the  coal 
retort  may  be  relied  on. 

Another  source  of  inflammable  gas  is  flura  coal  of  an  inferior  description,  or  from 
pent.  Tlieae  substances  having  been  distilled  in  a  retort,  the  resulting  goa  can  be  then 
employed  as  above  indicated.  It  is  also  proposed  to  conduct  carbonic  oxide  gas  inln 
retorts  containing  carhonaceoua  matters  under  distillation.  This  gas  the  patentees 
ohlam  from  carbonic  add,  by  paaaing  the  latter  gas  (which  may  be  otriained  from  anj 
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eonyenient  source)  througli  a  retort  or  fumnce  contaioing  red  or  white  hot  ctke.  Or, 
tliey  utilize  a  portion  of  the  gaaes  generated  in  furnaces,  b^  collecting  these  gases  and 
contertuig  the  carbonic  acid  thej  contain  into  carbonic  oxide,  by  passing  them  through 
a  retort  or  furnace,  as  described  for  treating  carbonic  acid ;  or  the  gasea  may  be  con- 
ducted directly  into  retorts,  wherein  carburetted  hjdtogeu  ia  bemg  generated,  lor  the 
purpose  of  effecting  the  desired  combination. 

From  the  foregouig  description,  it  Trill  be  understood,  that  the  object  of  this  part  of 
the  invention  is  to  obCun  gas  of  a  uniform  quality, — that  is,  possessing  a  definite  amount 
of  illuminating  power.  How,  it  is  well  known  that  if  the  gas  be  too  rich  in  carbon  it 
will  burn  with  3  dull  flame,  and  givo  off  a  large  amount  of  smoke ;  and  thai,  if  deficient 
in  carbon,  it  will  burn  with  a  btue  flame,  and  possess  very  little  illuminating  power. 
It  is  therefore  proposed  to  mis  the  rich  and  poor  gases,  obtained  as  above  described,  in 
such  proportions  as  will  bo  needful  to  produce  a  bigMy  illuminating  quality  of  gas. 
As  the  proportions  will  depend  entirely  on  the  quahty  of  the  gases  to  be  combined,  no 
rule  can  be  laid  down  for  the  amount  of  the  gas  required  to  be  passed  into  the  retorts, 
wherein  the  distillalioQ  ta  proceeding.  The  mode,  however,  in  which  the  gas  burns,  on 
issuing  from  the  retort,  will  be  a  sufficient  test  for  the  workmen  in  attendance. 

The  second  part  of  tliis  invention  refers  to  the  parificfltion  of  coal-gas  from  sulphu- 
retted hydrogen  ;  and  consists  in  effecting  tliis  operation  by  the  use  of  what  has  beeu 
considered  by  chemists  to  be  the  ferrate  of  potash,  but  what  is  now  found  to  be  a  per- 
oxide of  iron  in  a  peculiar  state,  and  such  as  results  from  the  employment  of  the  follow- 
ing means : — First  the  patentees  beat  together  peroiide  of  iron  and  caustic  potash  or 
soda  to  a  dull  red  heat,  by  which  a  Mad  of  ferrate  or  lerrite  of  potash  or  soda  is  pro- 
duced ;  and  when  this  substance  is  washed  in  water,  it  unde^oes  decomposition,  with 
the  reproduction  of  caustic  potash  or  soda  (which  remains  in  solution),  and  the  precipi- 
tation of  peroxide  of  iron  in  the  state  fit  for  the  purification  of  gas.  All  or  any  of  tlie 
peroxides  of  iron  may  be  used  for  the  above  purposes,  and  will,  by  its  means,  become 
useful  for  purifying  gns,  though  previously  inert ;  and  the  solution  of  potash  or  soda, 
when  evaporated  to  dryness,  may  be  again  and  again  employed  upon  fresh  portions  of 
peroxide  of  iron,  so  as  to  commnnicato  to  them  the  peculiar  property  desired.  Or  per- 
oxide of  iron  may  be  heated  with  a  smaller  quantity  of  caustic  potash  or  soda,  and  a 
portion  of  common  salt,  in  order  to  economize  the  potash  or  soda:  the  heat  in  this  case 
should  be,  as  before,  a  dull  red ;  and  the  same  measures  must  be  adopted  fur  recovering 
tlie  potash  or  soda  and  common  salt,  which  may  be  used  over  and  over  again  with  fresh 
portions  of  peroxide  of  iron.  Or  the  patentees  heat  the  common  hydrated  peroxide  o( 
iron,  to  about  600°  Fahr., — taking  care  that  the  heat  never  reaches  a  bright  red ;  and 
in  this  way  they  obtain  a  peroxide  of  iron,  having  the  requisite  properties.  Or  they 
heat  in  the  same  way,  and  with  the  same  precautions,  such  of  the  native  ociires  or  ferru- 
ginous compounds  as  will,  after  such  treatment,  become  rapidly  black  upon  being  sub- 
jected to  the  action  of  a  stream  of  sulphuretted  hydrogen. 

A  quantity  of  peroxide  of  iron,  fit  for  purifying  gas,  having  been  procured,  by  any 
of  the  means  thus  indicated,  the  oxide  is  next  to  be  mixed  with  sawdust  or  other  con- 
venient material,  and  damped  slightly  with  water ;  and  the  mixture  is  (hen  to  be 
spread  in  a  dry  lime  purifier,  and  used  in  tlie  way  adapted  with  hydrate  of  lime ;  or  it 
may  be  mixed  with  water,  and  run  into  a  wet  lime  purifier,  and  used  in  the  way  adopt- 
ed with  regard  to  lime  when  employed  in  this  kind  of  apparatus.  In  both  cases  it  will 
be  necessary,  after  the  peroxide  of  u-on  has  ceased  to  act  upon  the  gas,  to  expose  it  to 
the  air,  by  which  its  ener^es  are  renewed,  so  that  it  may  be  again  and  again  used  for 
the  puiificalioD  of  gaa.  With  the  dry  lime  purifier,  Bimple  exposure  is  au  that  is  re- 
quired. With  the  wet  lime  purifier,  the  mixture  must  be  run  out  and  left  at  rest  for 
some  time  ;  then,  when  the  fluid  has  entirely  separated  from  the  solid  part,  it  may  be 
allowed  to  escape ;  and  as  the  solid  portion  dries,  its  power  will  become  renewed ;  after 
whiohit  maybe  mixed  with  water  and  employed  as  before.  The  renewal  of  the  piroxide 
of  iron,  in  both  these  cases,  is  known  by  its  (hanging  from  black  to  red  or  deep  brown. 

Another  part  of  the  invention  relates  to  the  use  of  the  sulphite  and  bisulphite  of  lead 
for  the  removal  of  the  sulphuretted  hydrogen  from  coal-gas. 

These  substances  are  to  be  employed  singly  or  tt^ether,  mixqd  with  water,  in  a  wet 
lime  purifier,  exactly  as  is  practised  with  regard  to  lime.  When  they  cease  to  purify 
the  ^,  the  mixture  is  run  out  of  the  purifier ;  and  after  the  water  has  been  removed 
by  subsidence  and  decantation,  or  by  a  filter,  the  re^due  is  dried  and  burned,  so  as  to 
mnke  sulphurous  acid,  which  is  employed  in  the  manu&etnre  of  fresh  sulphite  or  bi- 
sulpliite  of  lead,  or  in  the  production  ot  sulphuric  acid.  The  matter  which  remains, 
after  this  burning  process,  is  carefully  roasted,  and  thus  converted  into  oxide  of  lead  or 
litharge,  from  which  sulphite  or  bisulphite  of  iead  may  be  again  produced. 

The  patentees  claim  the  combining  of  gases  which  possess  different  degrees  of  illu- 
minating power,  by  the  introduction  of  gas,  obtained  in  any  of  the  ways  above  indicated 
into  retorts  or  vessels  containing  carbonaceous  matters  under  distillation.    They  also 
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daira,  na  tiieir  improvements  in  tlie  purification  of  gna,  Tint, — llie  use  ofanlijdroua  per- 
oxide of  iron  prepared  as  above  descriWd  land,  Secondly, — the  use  of  sulphite  and  bisulphlM 
of  lead,  foe  tie  removal  of  sulphuretted  hydrogen  from  coal-gaa, — Newton's  Journal. 

We  are  indebted  to  Mr.  Thomas  Q.  Barlow,  an  eminent  engineer,  for  a  vast  body  oi 
infornuttioo  on  coal-gas,  contained  in  his  eicccllent  Jotirnal  of  Gas  Lighting,  commenced 
on  the  10th  of  February,  1S49,  and  continued  in  monthly  numbers  ever  ^nce.  His  tirst 
number  presented  a  list  of  the  London  Gas  Companies,  and  the  value  of  their  shares  at 
the  Stock  Exchange,  lo  which  we  hav^  added  the  ruling  rates  in  the  present  year. 


P^dui 


Commercial      -     -  ■ 

City  of  London     -  - 

Chai'tered   -    -    -  . 
Equitable    -    -    . 

Imperial  -    -    -    -  . 

Independent    -    -  ■ 

"ondon{VBuxhall)  ■ 
Ditto  (preference) 


For  lighting  Lcaidon  and  its  suburbs  with  gas,  there  arc  — 

1 8  public  gas  worts. 

12         do.         companies. 

2.800,0001,  capital  employed  in  works,  pipes,  tanks,  gas-holders,  apparatus. 

460,O0OZ.  yearly  revenua  derived. 

134,300  private  burners  supplied  to  about  40,000  consumers. 

30,400  public  or  street  da    N.  B.  about  2650  of  these  are  in  the  city  of  London. 

380  lamplighters  employed. 

176  gas-holders  ;  sever^  of  them  double  ones,  capable  of  stormg  B, 500,000  cubic  fecL 

890  tons  of  coal  used  in  the  retorts  on  the  shortest  day,  in  24  hours. 

■i',120,000  cubic  feet  of  gas  used  in  the  longest  night,  B4th  December. 

About  2600  persons  are  employed  in  the  metropolis  alone,  in  tliis  branch  of  manu- 
facture. 

Bettveen  1S22  and  t82t  the  quantity  nearly  doubled  itself,  and  that  in  G  years. 

Befween  1827  and  1837  it  doubled  itself  again. 

ITie  consumption  of  coals  of  all  kinds  for  the  supply  of  gas  to  the  metropolis  during 
the  year  ending  June,  1852,  is  almost  exactly  408,000  tons,  which  on  an  average  would 
yield  about  4,000  millions  of  Onbic  feet  of  gas, 

GAS-HOLDER ;  a  vessel  for  containing  and  preserving  gas,  of  which  various  forma 
are  described  by  chemical  writers. 

GASOMETER,  means  properly  n  measurer  of  gas,  though  it  is  employed  often  tc 
denote  a  recipient  of  gas  of  any  kind.    See  tho  article  Gas-Light. 

GAUZE  WIRE  CLOTH,   is   a   textile   fabric,   either   plane   or    tweeled,  made  oi 
brass,  iron,  or  copper  wire,  of  very  various  d  gr         f  fi      ess      i   penn        f  t     t 
Its  chief  uses  are  for  ^evea  and  safety  lam 

GAT-LTJSSITE,   is   a  white   miueral  racf  h 

oblique  rhomboidal  prisms;  specific  grav  g 

is  scratched    by  calcspar ;   affords  water  ts 

28'66;  soda,  20  44;   lime,   17-70 ;  water,  m 

lysis,  a  hydrated  soda-carbonate  of  lime  m     p    p  T  al 

abundantly  in  insulated  crystals,  dtssemina    d  h        b  h   bed  w         co 

iirao,  or  native  sesquicarbonate  of  soda,  at  Lagn  Co   m 

GELATINE;  (Eng.  and  Fr.;  Gallert,  Lmn,  Germ.)  is  an  anima!  product  which  is 
never  found  in  the  humours,  but  it  may  be  obtained  by  boiling  with  water  the  soft  and 
solid  parts;  as  the  muscles,  the  skin,  the  cartilages,  bones,  ligaments,  tendons,  and  mem- 
branes. Isinglass  consists  almost  entirely  of  gelatine.  This  substance  is  very  soluble  in 
boiling  water;  the  solution  forms  a  tremulous  mass  of  jelly  when  it  coola.  Cold  water 
has  little  acfion  upon  gelatine  Alcohol  and  tannin  (tannic  acid,  see  Gall-kcts)  pre. 
lipitate  gelatine  from  its  solution ;  the  former  by  abstracting  the  water,  the  latter  by 
oorabining  with  (he  substance  itEielf  into  an  insoluble  compound,  of  the  nature  of  'eather 
No  other  acid,  except  the  tannic,  and  no  alkali,  possesses  the  property  of  precipitating 


,  Cuo<;le  - 


g  lat   e.    B  t   hlorLne  and  certain  salts  render  its  eoiution  more  or  less  turbid ;  ns  the 

t  at     aud    b  chloride  of    meroary,  the    proto-chloride    of   tip,  and  a  few  others. 

tiulph         a  d  converts  a   solution  of  gelatme  at  a  boiling  heat  into  sugar.     See 

L  F    BE      Gelatme  conaista  of  carbon,  4t*88 ;   hjdrogen,  7-91  ;  oiygen,  Sl'21. 

b         O  DE  and  LlNGLASS. 

This  substance  is  produced  by  boiling  the  skin  of  animals  in  watei-,  which  in  ila 
crude  but  solid  state  is  called  gl^,  and  wlien  a  tremulous  eemi-liquid,  sizt.  The 
latter  preparation  is  greatly  used  by  the  paper-makers,  and  was  much  improved  by  the 
following  process,  for  whicli  Mr.  William  Rattray  obtained  a  patent  in  May,  1B38.  The 
parings  and  scrows  of  skins  are  steeped  in  water  till  they  begin  to  putrefy ;  they  are 
then  washed  repeatedly  in  fresh  water  with  the  aid  of  stampers,  aRerwards  subjected,  in 
wooden  or  leaden  vessels,  to  the  action  of  water  strongly  impregnated  with  sulphurous 
acid  for  from  12  to  24  hours;  they  are  now  drained  washed  with  stampers  in  eolii 
water,  and  neit  washed  with  water  of  the  temperature  of  130"  P.,  which  is  pouted  upon 
tiiem  and  run  oiTvery  soon  to  complete  their  purification.  The  screws  are  finally  con- 
verted into  size,  by  digestion  in  water  of  ISO"  for  24  hours;  and  the  solution  is  made 
perfectly  fine  by  being  strained  through  several  thidmesses  of  woollen  clofh.  They  must 
be  eiihausted  of  tlieir  gelatinous  substance,  by  repeated  digestions  m  the  warm  water. 
The  ciaini  is  for  the  sulphurous  acid  whicli,  while  it  cleanses,  acta  as  an  antiseptic. — 
N^ealoti'i  Journal,  siv.  178. 

A  fine  gelatil»  for  culinary  uses,  as  a  suhstitute  for  isinglass,  is  prepared  by  Mr. 
Nelson's  patent,  dated  March,  18S9.  After  washing  the  narmga,  ic,  of  skin,  he  scores 
their  surfaces,  and  then  digests  them  in  a  dilute  caustic  soda  lye  during  ten  days. 
They  are  next  placed  in  an  air-fight  vat,  lined  with  cement,  kept  at  a  temperature  of 
10°  Fahr. ;  then  washed  in  a  revolving  cylinder  apparatus  with  plenty  of  cold  water,  and 
afterwards  exposed  to  the  fumes  of  burning  sulphur  (sulphurous  acid)  in  a  wooden 
chamber.  They  are  now  squeezed  to  expel  the  moisfure,  and  finally  converted  into 
soluble  gelatine,  by  water  iu  earthen  yesseU,  enclosed  in  steam  cases.  Tlie  fluid  gelatine 
is  purified  by  straining  it  at  a  temperature  of  100°  or  130°  Fabr.  1  have  examined  this 
patent  gelatine,  and  found  it  to  bo  remarkably  good,  and  capable  of  forniuig  a  fine 
calf  s-foot  jelly. 

Very  recently  a  very  .beautiful  sparkling  gelatine  has  been  prepared  under  a  patent 
granted  to  Messrs.  J,  and  O,  Cox,  of  Edinburgh.  By  their  process  the  substance  is 
rendered  perfectly  pure,  while  it  possesses  a  gelatiniiing  force  supetior  even  to  isinglass. 
It  makes  a  splendid  calves'- feet  jelly  and  a  milk-white  blanc-mauge.  The  patentees  also 
prepare  a  semi-solid  gelatine,  resembling  injuhea,  which  readily  dissolves  in  warm 
water,  as  also  in  the  mouth  and  may  be  employed  to  make  an  extemporaneous  jelly. 

The  gelatine  of  bones  may  be  ex  raeted  beat  by  the  comh  ned  acti  n  of  steam 
and  a  current  of  water  trcklng  o  or  the  crushed  fragments  n  a  properly  con- 
siructed  apparatus.  When  the  golat  ne  s  to  be  used  as  an  al  men  ary  article,  the 
bones  ought  to  he  quite  fre  h,  we  1  preser  d  m  bnne  or  to  be  dr  ed  strongly  by  a 
stove.  Bones  are  best  crushe  i  by  pass  ng  them  between  grooved  ron  rofls.  The 
cast-iron  cylinders  in  which  tl  ey  are  to  be  steamed  should  be  thr  e  t  mes  greater  in 
length  than  in  diameter,  lo  obta  n  1000  rat  ons  of  gelat  nous  soup  da  y  a  cbarg* 
01  four  cylinders  is  required    eac    be   ^    i  f  e    long  bv  14   ncho   w  ie  capable  of 


holding  70  lbs  of  bones.  Tbese  wil'  yield  each  Lour  abo  it  "0  gslkns  of  a  etrnng 
ielly  and  will  require  nearly  1  gallon  of  water  in  Ihe  form  tf  steam  and  6  giUoiia 
.!_.....  ,^  jjg  passed  through  them  in  the  liqml  state  The  5  quirts  of  jelly  pro- 
t  .  1.  _  _.  1.     ..._a__  ___j_  f...^  jjjg  Iqutrt  of  Bteam  water  and  4  qnartj 

(f  about  4  Iba. 


d  hourly  by  eath  cylinder  proceeds  from  the  1  quirt  of  b1 
TColatinc  water 

"3°  Jalr    at  a  i 


ihe  btiler  should  furnish  ettam  of  about 
(n  the  square  inch. 

Ill  jfi?  70t>  A  B  c  D  repre  enfs  a  vertical  section  of  the  cjlinlcr  o  h  i  k,  b 
"eclion  ot  the  basket  (r  oige  aa  filled  lyith  the  bruised  bonps  incloaed  m  the  cjlinde;  ; 
E  c  c  the  pipe  which  conducts  the  steam  down  to  tl  e  bottom  of  the  cylinder  i,  b 
a  pipe  for  introducing  water  into  Ihe  mterior ;  M.  a  stopcock  for  regulating  the 
quantity  of  water  (according  to  the  force  of  the  steam  pressure  within  the  apparatus), 
which  should  be  8^  quarts  per  hour ;  n  is  a  tube  of  tin  plate  fitting  tightly  into  tlio 
part  s  of  the  pipe  l  ;  it  is  shut  at  n,  and  perforated  below  with  a  hole ;  it  'a 
inserted  in  its  pmcu.  after  the  cngu  full  of  bonp^  hai  been  introduced.    J^'ij^.  707.  is  ar 
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devition  of  the  apparatus  a  b.  c  r>  repre: 
3(1  inches  above  the  floor  and  fixod  in  their 
q  g  tubulures  or  valTea  in  the  lids  i  ring  ji 
/  /  stopcocks  f  r  diawinw  o£f  the  jelly  n 
„eneral  gutter  of  discharge  into  the  cistern  6 
cageful  ol  hones  in  and  out     Fij/  708  is  an  en 


irtide  by  the  medical 


t  the   four   cjlindera  raided  about 

its  by  sciens     A  h    are  the  lids 

tion  of  the  lid     p   a  thermometer 

iniall  gutters  of  tm  plate     m   the 

a  block  and  tackle  fur  hoisting  the 

o  19  nu  cuu  view  of  the  apptratus    i  tJie  mam 

steam  pipe    a,b  e  e  blanches  that  conduct  that 

steam  to  t!ie   bottom  ot   the  cyhnder,    o,  the 

tackle  for  raising  the  cage;  »,  stopcock;  n,  small 

gutter ;  m,  main  conduit ;  b,  cistern  of  reception. 

When  a  strong  and  pure  ielly  is  wished  for, 

the  cylinder  charged  with  Uie   bones  is  to  be 

wrapped    in   blanket  stuff;    and  whenever  the 

grease  ceases  to  drop,  the  stopcock  which  admifa 

tiie  cold  water  is  to  be  shut,  as  also  that  at  the 

bottom  of  tbe  cylinder,  which  is  to  be  opened  only 

at  the  end  of  every  hour,  and  so  little  as  to  let 

til    g  1  t  •  
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to  alone,  but   should   hiiTe  a  due    admixture  or   interchange   oi  fibrine,   albumiae, 
caaeum.  ic. 

GEMS,  are  precious  etonea,  which,  by  their  colour,  limpidity,  lustre,  brilliant  polish, 
purity,  and  rarity,  ai'e  sought  after  aa  objects  of  dress  and  decoration.  Thoy  form  tha 
principal  part  of  the  crown  jewels  of  kings,  not  only  from  their  beauty,  but  because  they 
are  supposed  to  comprise  the  greatest  value  in  the  smallest  bulk;  for  a  diaroond,  no 
larger  than  a  nut  or  an  acorn,  may  be  the  repreaentatire  sign  of  the  lecritorial  value  of  a 
whole  country,  the  equivalent  in  commercial  exchange  of  a  hundred  fortunes  acquired  by 
Betere  toils  and  privations. 

Among  these  Deautiful  minerals  mankind  have  agreed  in  forming  a  select  class,  to 
which  the  title  oigems  orjeaeh  baa  been  appropriated  ;  while  the  term  precious  static  is 
more  particularly  given  to  substances  which  often  occur  under  a  more  considerable 
volume  tbao  Jine  atones  ever  do. 

Diamonds,  sapphires,  emeralds,  rubies,  topazes,  hyadnlhs,  and  ohrysoberyls,  are  reck- 
oned the  mast  valuable  perns. 

CcjataUine  quartz,  pellucid,  opalescent  or  of  various  hues,  amethysi,  lapis  lazuli, 

malachite,  jasper,  agate,  Ac,  are  ranked  in  the  much  more  numerous  and  inferior  c' ' 

ornamental  stones.  These  distinctions  are  not  founded  upon  auy  strict  philost^. 
principle,  but  are  regulated  by  a  conventional  agreement,  not  very  well  defined ;  for 
mipossible  to  subject  these  creatures  of  fashion  and  taste  to  tlie  ri^d  subdivisions  oi 
science.  Wo  have  only  to  conwder  the  value  currently  attached  to  Uiem,  and  take  care 
not  to  confound  two  atones  of  the  same  colour,  but  which  may  be  very  differently  prized 
by  the  viriuoao. 

Since  it  usually  happens  that  the  (rue  gems  are  in  a  cut  and  polished  «tale,  or  even  set 
in  gold  or  silver,  we  are  therebj[  unable  to  apply  to  (hem  the  criteria  of  inineralogical 
and  chemioa!  science.  The  cutting  of  the  stone  has  removed  or  masked  its  crystalline 
character,  and  circumstances  rarely  permit  the  phenomena  of  double  or  single  refraction 
to  be  observed ;  while  tha  test  by  the  blowpipe  is  inadmissable.  Hence  the  only 
scientific  resources  that  remain  are  the  trial  by  electricity,  which  is  often  inconclusive ; 
the  degree  of  hardness,  a  criterion  requiring  great  experience  in  the  person  who  employs 
it ;  and,  lastly,  the  proof  by  specific  gravity,  onquestionably  one  of  the  surest  means  of 
distinguishing  the  really  fine  gems  from  ornamental  stones  of  similar  colour.  This  proof 
can  be  apphcd  only  to  a  atone  that  is  not  set;  but  the  richer  gems  are  usually  dis- 
mounted when  offered  for  sale. 

This  cbaraotor  of  specific  gravity  may  be  applied  by  any  person  of  common  intelligenea, 
with  the  aid  of  a  small  hydrostatic  balance.  If,  for  example,  a  stone  of  a  fine  crimaon-red 
colour,  be  offered  for  sale,  as  an  oriental  ruby,  the  purchaser  must  ascertain  if  it  be  not 
a  Siberian  tourmaline,  or  ruby  spiuel.  Supposing  its  weight  in  air  to  be  100  grains,  if  he 
finds  it  reduced  to  69  grains,  when  weighed  in  water,  he  concludes  that  its  bulk  is  equal 
to  that  of  31  grains  of  water,  which  is  its  loss  of  weight.  Now,  a  real  sapphire  which 
weighs  iOO  grains  in  air,  would  have  weighed  ';S*6  in  water  ;  a  spinel  ruby  of  100  grains 
would  have  weighed  72-3  in  water,  and  a  Siberian  tourmaline  of  100  grains  would 
have  weiglied  only  69  grains  in  water.  The  quality  of  the  stone  in  question  is, 
therefore,  determined  beyond  all  dispute,  and  the  purchaser  may  be  thus  protected  from 

The  sard  of  tlie  English  jewellers  (Sardaine,  French)  is  a  stone  of  the  nature  of  agate, 
having  an  orange  colour  more  or  less  deep,  and  passing  by  insenaible  shades  into  yeilow, 
reddish,  and  brown ;  whence  it  has  been  agreed  to  unite  under  this  denomination  all  the 
agates  whose  colour  verges  upon  brown.  It  should  be  remarked,  however,  that  the  sard 
presents,  in  its  interior  and  in  the  middle  of  its  ground,  concentric  zones,  or  small 
nebulosities,  which  are  not  to  be  seen  in  the  red  cornelian,  properly  so  cjdled.  Tbe 
ancients  certainly  knew  our  sard,  since  they  have  left  ns  a  great  many  of  them  engraved, 
but  they  seem  to  have  associated  under  the  title  sarda  both  the  sardoine  of  the  French, 
and  our  cornelians  and  calcedonies.  Pliny  says  that  the  tarda  came  from  the  neighbour- 
hood of  a  city  of  that  name  in  Lydia,  and  from  the  environs  of  Babylon.  Among  the 
engraved  sards  which  eiist  in  the  collection  of  antiques  in  the  BibliotbSmie  Royale  of 
Paris,  there  la  an  Apollo  remarkable  for  its  fine  colour  and  great  size.  When  the  stone 
forms  a  part  of  the  agate-onyx,  it  is  called  sardonyx.  For  furtlicr  details  upon  Gems,  and 
the  art  of  cutting  and  engraving  them,  see  L.^fidart. 

GEOGNOSY,  means  a  knowledge  of  the  structure  of  the  earth :  Gbolooy,  a  description 
of  the  same.  The  discussion  of  this  subject  does  not  come  within  the  province  of  tliia 
Dictionaiy, 

GERHARDT'S  ANHYDROUS  ACETIC  ACID,  Mix  perfectlv  dry  fused  acetate 
of  potash  with  about  half  its  Weight  of  chloride  of  benzoyls,  and  applying  a  gentle 
heat,  a  limpid  liquid  distils  over,  which  after  being  reclifisd  has  a  constant  boil- 
ing point  of  2*79°  Fahr.,  is  heavier  than  water,  with  which  it  does  not  mix  till  after 
it  has  been  agitated  with  it  for  some  lime.     It  dissolves  at  once  in  hot  water,  forjuing 


«98  GIN. 

B  liydrated  acetic  acid.      lis  composition  agrees  perfectlj  -with  the  atomic  number* 

GERMAN  SILVER,    See  tTia  latter  end  of  the    rt  1    C 

GERMINATION;  (Eng.  and  Fr.;  Has  Kebnet  G  )  h  fi  t  p  tng  f  a 
eeed  after  it  ia  sown,  or  when,  after  sleeping,  it  J3  sp      d    po    th   m  It  floo      S     Beeo. 

GIG  MACHINES,   are  rotatory  drums,  moant  d  w  th   tl    tl  w        t    th   f 

tesElins  cloth.    See  Woollejt  MAsoifscTOBE. 

GILDlrra   {Borure,  ¥r.-,  Vergoliang,  Germ.);        thB  f  co  tmg       f         w  th 

a  thin  filifl  of  gold.    For  a  full  diacusaion  of  this      bj    t  G  M     Elk 

gilt  toy  maker,  obtained  a  patent,  in  June,  1836   f      g  Id  ppe     b  ass   ic    by 

means  of  pofaah  or  soda  combined  with  carbonii,  acid  and  w  h  1  t  n  f  gold 
Dissolve,  says  lie,  5  oz.  troy  of  fire  gold  in  52  oz,  dp        ft     mur   t         d    f 

the  following  proportions;   viz.  21  oz.  of  pure  nt      acJ     fp      gra     145   1 
of  pure  inuriatio  aeid,  of  spec.  grav.  1-15  ;  with  14  o      f  d   1 11  d  w  t 

The  gold  being  put  into  the  mixture  of  adds      dw         thy         tbltd 
a  glass  or  other  convenient  vessel  till  the  gold  is  diss  1    d    and  't  1  t    co  t 

the  application  of  heat  after  thia  ia  effected,  until        dJ  1        j  II     ish      p 

The  clear  liquid  is  to  be  oaiefully  poured  off  f  m  y  d  m  t  wh  h  g  lly 
appears  and  results  from  a  small  portion  of  alver,  wh  h  g  lly  f  d  11  y  w  th 
gold.    Tiie  clear  liquid  ia  t«  be  placed  in  a  suit  bl  I    f   t         p  tt    y  w 

preferred.  Add  to  thesolution  of  gold  4gallonsof  djst  11  dw  t  ■uid  Op  d  fbca 
oonale  of  potash  of  Ihe  best  qa«lity ;  Jet  the  whole  bimd         I)f       wh  h 

miiture  w&l  Ihen  be  ready  for  use. 

The  articles  to  be  gilded  having  been  first  perfec  Ij    1      ed  f   m       1        %  th  j 

are  ic  besuspended  on  wu-eSjConvenienllyforaworkiQ  dp  h  m  h  I  q  d  wh  h 
is  kept  boiling.     The  time  required  foe  gilding  any  p  1  1   will  d  p    d 

eunislances,  partly  on  the  quitnlity  of  gold  remaining  in  the  liquid,  and  partly  on  the  size 
and  weight  of  the  article ;  but  a  little  practice  will  readily  give  suificient  guidance  to  the 
workman. 

Supposing  the  ailicles  desired  to  be  gilded  he  brass  or  copper  bnllons,  or  small 
artieies  for  gilt  toys,  or  ornaments  of  dress,  s",  :h  as  ear-rings  or  bracelets,  a  considerable 
nuniher  of  which  may  be  strung  on  a  hoop,  'j  bonded  piece  of  copper  or  brass  wire,  and 
dipped  into  the  vessel  containing  the  boiling  liqi'Id  above  described,  and  moved  therein, 
the  requisite  giUing  will  be  generally  obtained  in  from  a  few  seconds  to  a,  minute;  this 
is  when  the  liquid  is  in  the  condition  above  described,  and  depending  on  the  quality  of 
the  gilding  desired ;  but  If  the  liquid  has  been  used  some  time,  the  quantity  of  gold  will 
be  lessened,  which  wilt  vary  the  time  of  operating  to  produce  a  given  eflecl,  or  the 
color  required,  all  which  will  quickly  be  observed  by  the  workman;  and  by  noting 
the  appearance  of  the  articles  from  time  to  time,  he  will  know  when  the  desired  objcl 
is  obtained,  though  it  is  desirable  to  avoid  as  much  as  possible  lakiag  the  articles  out  of 

When  the  operation  is  completed,  the  workman  perfectly  washes  the  articles  so  gilded 
with  clean  water;  they  may  then  be  submitted  to  the  usual  process  of  coloring. 

If  the  articles  be  cast  figures  of  animals,  or  otherwise  of  considerable  weight,  compared 
with  the  articles  above  mentioned,  the  time  required  to  perform  the  process  will  be 
greater. 

In  case  It  is  desired  to  produce  what  is  called  a  dead  appearance,  it  may  be  performed 
bj  several  processes;  the  one  usually  employed  is  to  dead  the  articles  in  the  process  of 
cleaning,  as  practised  by  brass- founders  and  other  trades;  it  is  produced  by  an  aeid,  pre- 
pared for  that  purpose,  sold  by  the  makers  under  the  term  "  deadmg  aquafortis,"  which 
is  well  understood. 

It  may  also  be  produced  by  a  weak  solution  of  nitrate  of  mercury,  applied  to  the 
articles  previous  to  the  gilding  process,  as  is  practised  in  the  process  of  gilding  with 
mercury,  previous  to  spreading  the  amalgam,  but  generally  a  mneh  weaker  solution ;  or 
the  articles  having  beea  gilded  may  be  dipped  in  a  solution  of  nitrate  of  mercur)',  and 
submitted  to  heat  10  expel  the  same,  as  is  practised  in  the  usual  process  of  gilding. 

Il  is  desirable  to  remark,  that  much  of  the  beauty  of  the  result  depends  on  the  well 
cleaning  of  the  articles,  and  it  is  belter  to  clean  them  by  the  ordinary  processes,  and  al 
once  pass  them  into  the  liquid  to  be  gilded.     See  Gou),  towards  the  end. 

GIN,  or  Genem,  from  Geni'erre  (juniper),  is  a  hind  of  ardent  spirits  manufactured  in 
Holland,  and  hence  called  Hollands  gin  in  Ibis  country,  to  distinguish  it  from  British 
gin.  The  materials  employed  in  the  distilleries  of  Schiedam,  are  two  pans  of  unmalled 
rye  from  Riga,  weighing  about  54  lbs.  per  bushel,  and  one  part  of  ir.alled  bigg, 
weighing  about  37  lbs.  per  bushel.  The  mash  tun,  which  serves  also  as  the  fermenting 
luri,  has  a  capacity  of  nearly  TOO  gallons,  being  about  five  feel  in  diameter  E.t  the  mouth. 
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rattier  narrower  at  the  bottom,  and  4^  feet  deep;  the  stirring  RppRrntus  ia  au  oHun^ 
rectangular  iron  grid  made  fiist  to  the  end  of  a  wooden  pole.  About  a  barrel,  =  36 
gallMis  of  water,  at  a  temperature  of  from  163°  to  168°  (the  former  heat  beiug  best  for 
the  most  highly  dried  rje),  are  put  inlo  the  maah  tun  for  every  ij  cwt,  of  meal,  after 
which  the  malt  is  introduced  aud  stirred,  and  lastly  the  rye  is  added.  Powerful  agitalJon 
is  given  to  the  magma  till  it  becomes  quite  uniform ;  a  process  which  a  ligorous  wort- 
man  piques  bimaeif  upon  executing  in  the  courEe  of  a  few  mioulee.  The  moulh  of  (lie 
tun  is  imme^ately  covered  over  wifli  canvas,  and  further  secured  hj  a  close  wooden  lid, 
to  confine  Uie  heat ;  it  is  left  in  this  state  for  two  hours.  The  contents  being  then  stirred 
up  once  more,  the  transparent  Epent  wash  of  a  preceding  mashing  is  first  added,  and  ue:i1 
as  much  cold  water  as  will  reduce  the  temperature  of  the  whole  to  about  85°  P.  The 
best  Flanders  yeaat,  which  had  been  brought,  for  the  soke  of  carriage,  to  a  doughy  con- 
fistence  by  pressure,  is  now  mtroduced  to  the  amount  of  1 14  pound  for  every  100  gallons 
of  the  mashed  mafarials. 

The  gravity  of  the  fresh  wort  is  usually  from  33  to  38  lbs.  per  Dicas'  hydrometer ;  and 
the  fermeotntion  is  carried  on  from  48  to  60  hours,  at  the  end  of  which  time  the  attenua- 
tion is  from  7  to  4  lbs.,  that  is,  the  speciflc  gravity  of  the  supernatant  wash  is  from  1'007 
to  1'004, 

llie  distillers  are  induced,  by  the  scardty  of  beer-barm  b  Holland,  to  skim  o£f  a  quan- 
tity of  the  yeast  from  the  fermenting  tuns,  and  to  sell  it  to  the  bakers,  whereby  they 
obstruct  materially  the  production  of  spirit,  though  they  probably  improve  its  quality,  by 
prcventmgitsimpregnation  with  yeasty  particles;  an  unpleasant  result  which  seldom  fails 
to  take  place  in  the  whiskey  distilleries  of  the  United  Kingdom, 

On  the  third  day  after  the  fermenting  tun  is  set,  the  wash  containing'  the  grains  is 
transferred  to  the  still,  and  converted  into  low  wines.  To  erery  100  gaUons  of  this  liquor, 
two  pounds  of  juniper  berries,  from  3  to  5  years  old,  being  added  along  with  about  one 
quarter  of  a  pound  of  salt,  the  whole  are  put  into  thalow  wine  still,  and  the  fine  Holland 
spirit  is  drawn  off  by  a  gentle  and  well-regulated  beat,  till  the  magma  becomes  exhausted ; 
the  first  and  the  last  products  being  mixed  together;  whereby  a  spirit,  2  to  3  per  cent, 
above  our  hydrometer  proof,  is  obtiuned,  possessing  the  peculiar  fine  aroma  of  gin.  Tlie 
quantity  of  spirit  varies  from  1 S  to  21  gallons  per  quarter  of  grain ;  this  large  product  being 


country,  but  found   the  palates 
pure  a  beverage. 

GINGER  BEER.  Boil  66  gallons  of  river  water,  IJ  cwt  of  the  best  loaf  sugar,  and 
">  lbs.  of  the  best  race  ginger,  bruised,  half  an  hour ;  then  add  the  whites  of  10  eggs, 
beaten  to  a  froth  with  2  ounces  of  dissolved  isinglass.  Stir  it  well  in,  and  boil  20 
minutes  longer,  skimming  it  the  whole  time.  Then  add  the  thin  rinds  of  60  lemons, 
Uuilin"  them  10  minutes  more.  Cut  28  lbs.  of  good  Malaga  raisins  in  half,  take  away  the 
stoned  and  stalfee,  and  put  them,  with  the  juice  of  the  lemon,  strained,  into  the  hogs- 
head. Strain  the  hot  liquor  into  a  cooler,  and  when  it  has  stood  two  hours  and  is 
settled,  draw  it  off  the  lees,  clear,  and  put  it  into  the  cask;  filter  the  thick  and  filt 
up  with  it.  Leave  the  bung  out,  and  when  at  the  proper  temperature,  stir  3  quarts 
of  thick  fresh  ale  yeast  well  into  it;  put  on  the  bung  lightly,and  let  it  ferment  6  or  7 
days,  filling  up  with  liquor  as  it  ferments  over.  When  the  fermentation  has  ceased,  pour 
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the  intKiem     The  Pbcenician  proeeasi 
tvansfecred  to  Venice  in  the  13th  century,  where  liey  were  long  hefd  secret,  and  formed 
n  lucrative  commercial  monopoly.    Soon  after  the  middle  of  the  nth  century,  Colbert 
enriched  France  with  the  blown  mirror  glass  manufacture. 
Chance  undoubtedly  had  a  principal  share  in  the  invention  of  this  c    '       '  '   '      ' 


but  there  were  circumstances  in  the  most  ancient  aits  likely  to  lead  to  it;  audi  as  the 
fusing  and  litrifying  heats  required  for  the  formation  of  pottery,  and  for  the  extraction  of 
meta&  from  iheir  ores.  Pliny  ascribes  the  origin  of  glass  to  the  following  acddenl.  A 
merchant  ship  laden  m\h  natron  being  dnren  npon  the  coast  at  the  mouth  of  the  river 
Belus,  in  tempestuous  weather,  the  crew  were  comjwiled  to  cook  their  victuals  ashore, 
and  having  plaoed  lumps  of  the  natron  upon  the  sand,  as  supports  to  the  tettlea,  found 
to  their  snrprise  masses  of  transparent  stone  among  the  cinders.  Hie  sand  of  this  small 
stream  of  O-aUlee,  which  runs  from  the  foot  of  Mount  Carmet,  waa  in  consequence  sup- 
posed to  possess  a  peculiar  virtue  for  making  glass,  and  continued  for  ages  to  be  sought 
after  and  exported  to  distant  countries  for  this  purpose. 

Agricola,  the  oldest  author  who  has  written  technically  upon  glass,  describes  fumacea 
and  processes  closely  resembling  those  employed  at  the  present  day.  Neri,  Kunckel, 
HencKel,  Pott,  Achard,  and  some  other  cliemisls,  have  since  then  composed  treatises 
upon  the  subject ;  but  TJeri,  Boso,  Antic,  Loysel,  and  Allut,  in  the  Encydopfidie 
Methodique,  are  the  best  of  the  older  authorities. 

The  window-glass  manufacture  was  first  begun  in  England  in  IGST,  in  Crutched  Friars, 
London ;  and  fine  articles  of  filnt-glass  were  soon  afterwards  made  in  the  Savoy  House, 
Strand.  In  16SB  the  art  received  a  great  improvement  from  Su;  Robert  ManseD,  by  the 
use  of  coal  fuel  instead  of  wood.  The  first  sheets  of  blown  glass  for  looking-utasses  and 
coach  windows  were  made  in  1678  at  Lambeth,  by  Venetian  artisans  employed  under  the 
patronage  of  the  Duke  of  Buckingham. 

The  casting  of  mirror-plates  was  commenced  in  France  about  the  year  16SS,  by 
Abraham  Thevart ;  an  invention  which  gave  rise  soon  afterwards  to  the  establislimcut  of 
the  celebrated  worts  of  St.  Gobain,  which  continued  for  nearly  a  century  the  sole  place 
where  this  highly-prized  object  of  luxury  was  well  mada  In  cbeapuesa,  if  not  in  excel- 
lence, the  French  mirror.plalfl  has  been  for  some  time  rivalled  by  the  English. 

Tlie  analysis  of  modern  chemists,  which  will  be  detiuied  in  the  course  of  this  article, 
and  the  light  tlirown  upon  the  manufacture  of  glass  in  general  by  the  accurate  means 
now  possessed  ot  purifying  its  several  ingredients,  would  have  brought  the  art  long  since 
to  Ibe  highest  state  of  perfection  in  this  country,  but  for  the  vexatious  interference  and 
obstrnctions  of  our  excise  laws. 

Tlie  researches  of  Eerzelius  having;  removed  all  doubts  concerning  the  aciu  character 
of  silica,  the  general  composition  of  glass  presents  now  no  difficulty  of  conception. 
Iliis  substance  consists  of  one  or  more  salts,  which  are  ailicates  with  bases  of  potash, 
soda,  lime,  oxide  of  iron,  alumina,  or  oxide  of  lead ;  in  any  of  which  compounds  we  can 
substitute  one  of  these  bases  for  another,  provided  that  one  alkaline  base  be  left.  Silica 
in  its  turn  may  be  replaced  by  the  boraoic  acid,  without  causing  the  glass  to  lose  ita 
principal  characters. 

Under  the  title  glass  are  therefore  comprebendod  various  substances  fusible  at  a  high 
temperature,  solid  at  ordinary  temperatures,  brilliant,  generally  more  or  less  transparent, 
and  always  brittle.    The  following  chemical  distribution  of  glasses  haa  been  proposed. 

1.  Soluble  glass;  a  simple  silicate  of  potash  or  soda;  or  both  of  tliese  alkalis. 

2.  Bohemian  or  crown  glass ;  ailioale  of  potash  and  lime. 

5.  Common  window  and  mirror  glass',  silicate  ofsoda  and  lime;  sometimes  also  of  potash 
4,  Bottle  glass;  silicate  of  soda,  lime,  Alumina  and  iron. 

6.  Ordinary  crystal  glass;  silicate  of  potash  and  lead. 

6.  Flint  glass;  silicate  of  potash  and  lead;  richer  in  lead  than  (lie  preceding. 

7.  Strass ;  silicate  of  potash  and  lead ;  still  richer  in  lead. 

8.  Enamel ;  silicate  and  slannate  or  antimoniate  of  potash  or  soda,  and  lead- 

The  glasses  which  contain  several  bases  are  liable  to  suffer  different  changes  when 
tiiey  are  melted  or  cooled  slowly.  Tlie  silica  is  divided  among  these  bases,  forming  new 
compounds  in  definite  proportions,  which  by  crystallbing  separate  from  each  other,  so 
that  the  general  mixture  ot  the  ingredients  which  constitute  the  glass  is  destroyed.  It 
becomes  then  very  hard,  fibrous,  opaque,  much  less  fusible,  a  better  conductor  of  electri- 
city Bud  of  heat ;  forming  what  Reaumur  styled  deaitHJied  glass ;  and  what  is  called  after 
him  Reaumur's  porcelain. 

This  altered  glass  can  always  be  produced  in  a  more  or  less  perfect  itate,  by  melting 
the  glass  and  allowing  it  to  cool  very  slowly  ;  or  merely  by  heating  it  to  the  softening 
pilcli,  and  keeping  it  at  this  heat  for- some  lime.  The  process  succeeds  best  with  the 
most  complex  vitreous  compounds,  such  as  bottle  glass ;  next  with  ordinary  window 
gloss  ;  and  lastly  with  glass  of  potash  and  lead. 

Tliia  property  ought  to  be  kept  constantly  in  view  in  mnnufacturing  glass.    It  shows 


,  Google 


GLASS-MAKING. 

tvhj  in  iijuking  bottles  we  should  f^ioD  them  aa  quickly  ai 

mould  and  reheat  thera  as  seldom  as  may  be  absolutely  ni 

and  cooled,  the  glass  loses  ita  ductility,  liecomes  reftacto  _ 

»tony  granulations  throughout  its  substance.   When  coarse  glass  is  worked  ai 

let's  Ifimp,  it  is  apt  to  change  its  nature  in  tlia  same  way,  if  the  workman  be  not  quick  and 

From  these  facta  we  perceive  the  importance  of  making  a  careful  choice  of  the  glass 
intended  to  be  worked  in  considerable  masses,  such  as  tlie  large  object  glaeaeB  of  tele- 
scopes ;  as  their  annealing  requires  a  very  slow  process  of  refrigeration,  which  is  apt  to 
cause  devitrified  specks  and  clouds.  For  such  purposes,  therefore,  no  other  species  of 
glass  is  well  adapted  except  that  with  basis  of  potash  and  lead ;  or  that  with  basis  of 

Eolash  and  lime.    These  (wo  form  the  beat  flint  glass,  and  crown  glass ;  and  they  should 
9  exclusively  employed  for  tlie  construction  of  the  object  glasses  of  acbromaUc  telescopes. 
Crystal  glass  is  rapidly  corroded  by  the  sulphate  of  ammonia  at  a  heat  of  600°  Fahr.  ' 
Tlie  following  is  an  account  of  the  exports  of  British  manufacture: — 


Flint  glass cwts. 

Window  glass    -----     cwta. 
Bottles,  green  or  common    -     cwts. 
riate  glass value 

Qiuntltiei 

Decl»redT«lBi!.          | 

1S51. 

1352. 

1951. 

1352. 

33,810 
]  5,511 
29B,065 

25,155 
16,460 
S25,S04 

£106,500 

163,843 
18,335 

£110,519 
22,234 
173,880 
20.939 

Imports  and  exports  of  Glass  of  Foreign  and  Colonial  produce  in  the 
respectively  5th  January,  1851  and  1SS3; — 

Window  glasa,  not  exceeding  ^  of  an  inch  thick,  and  shades  and  cylinders :  imports, 
31,015  cwts.  and  12,858  cwts.;  e^iporls,  11,6IM  cwta  and  3,059  cwts.;  duty  on  imports, 
1,6SW.  andl.Slli. 

All  glass  exceeding  }.  of  an  incli  thick,  all  silvered  or  polished  glass  of  whatever  thick- 
ness: imports,  133,894  sq.  ft.  and  173,935  sq.  ft.;  exports,  33,388  eq.  ft.  and  36,550 
sq.  ft. ;  duty  received,  1,845?.  and  2.84H. 

White  flint  glass  goods  (except  bottles)  not  out,  engraved,  or  otherwise  ornamented: 
imports,  96  34U  lb»  and  102OU3  1bs.,  exports,  70,660  Lbs.  and  66,738  lbs.;  duty  received, 
low.  andlOS/ 

All  flint  cut  gla=s  flmt  coloured  glass,  and  tiincy  ornamental  glass:  imports,  880,981 
lbs.  and  682011  lbs  exports,  187,309  lbs.  and  166,948  lbs.;  duty  received,  5,542;. 
and  4,454Z 

GLASS  MIEIING  ffenera!  piineiphs  of.  Glass  maybe  defined  in  technical  phrase- 
ology, to  be  a  transparent  homogeneous  compound  formed  by  the  fusion  of  silica  with 
oxides  of  the  alkahne,  earthy,  or  common  metals.  It  is  usually  colourless,  and  then 
resembles  rock  crystal,  but  is  occasionally  stained  by  accident  or  design  with  coloured 
metallic  oxides.  At  common  temperatures  it  is  hard  and  brittle,  in  thick  pieces ;  in  thin 
plates  ,ot  threads,  flexible  and  elastic ,  sonorous  when  struck ;  fracture  conchoidal.  and 
of  that  peculiar  lustre  called  vitreous;  at  a  red  heat,  becoming  soft,  ductile  and  plastic 
Besides  glass  properly  so  called,  other  bodies  are  capable  of  entering  into  vitreous  fusion, 
as  phosphoric  acid,  boradc  acid,  arsenic  acid,  as  also  certain  metauic  oxides,  as  of  lend, 
and  antimony,  and  several  chlorides;  some  of  which  are  denominated  glasses.  Impure 
and  opaque  vitriform  masses  are  called  slag?;  such  are  the  production  of  blast  iron  fur- 
naces and  many  raelallurgic  operations. 

Silica,  formerly  styled  the  earth  of  flints,  which  constitutes  the  basis  of  all  commercial 
glass,  is  infusible  by  itself  in  the  strongest  Are  of  our  furnaces ;  but  its  vitreous  fusion  is 
easily  eflecteil  by  a  competent  addition  of  potash  or  soda,  either  akine  or  mixed  with  lime 
or  lithni^e.  The  silica,  which  may  be  regarded  as  belonging  to  the  class  of  acids,  com- 
bmes  at  the  heat  of  fusion  with  these  bases,  into  saline  compounds ;  and  hence  glass  may 
be  viewed  as  a  silicate  of  certain  oxidea,  in  which  the  acid  and  the  bases  e»Et  in  equiva- 
lent proportions;  Were  these  proportions,  or  tiie  quantities  of  the  bases  which  silica 
requires  for  its  saturation  at  the  melting  point,  exactly  ascertained,  we  might  readily 
deltrinine  beforehand  the  best  proportions  of  materials  for  the  glass  manufacture.  But 
as  this  is  far  from  being  the  case,  and  as  it  is,  moreover,  not  improbable  that  the  capacity 
of  saturation  of  *he  silica  varies  with  the  temperature,  and  that  the  properties  of  glass 
also  vary  with  the  bases,  we  must,  in  the  present  state  of  our  knowledge,  regulate  tlic 

Croportions  rather  by  practice  than  by  theory,  though  the  latter  may  throw  an  indirect 
gilt  upon  the  subject,  For  example,  a  good  colourless  glass  has  been  found  by  analysis 
to  consist  of  73  parts  of  silica,  IB  parts  of  potash,  and  10  parts  of  lime,  in  95  parts.  It 
we  reduce  these  numbers  to  the  equivalent  ratios,  we  shall  have  the  following  results ; 
'okitig  the  atomic  weights  ns  given  V' "" — '■""" 


GLASS-BIAKING. 


3823  95-00 

This  glass  would  therefore  have  been  probably  bellec  compoumJed  wilh  the  jnsl  atomk 
.iroportions,  to  which  it  ntarly  approaches,  viz.  7]'49  silica,  14'67  potash, and  8-84  lime, 
instead  of  those  given  above  as  its  aetnal  conslitacnls. 

The  proportions  in  which  silica  unites  with  the  alkaline  and  other  osjdes  are  mo- 
llified by  the  temperature  as  above  slated ;  the  lower  the  heal,  the  less  silica  will  enter 
into  the  glass,  and  the  more  of  the  base  will  in  general  be  required.  If  a  glass  which 
contains  an  excess  of  alkali  be  exposed  to  a  mueh  higher  temperature  than  that  of  its 
formaLion,  a  portion  of  the  base  will  be  set  free  to  act  upon  the  materials  of  the  earthen 
pal,  or  (0  be  dissipaled  in  fuiues,  until  such  a  silicate  remains  as  to  constitute  a  per- 
manent glass  corresponding  to  that  temperature.  Hence  Ihe  same  mixture  of  vitrifiable 
materials  will  yield  very  difiefent  results,  according  to  the  heats  in  which  it  is  fused  and 
worked  in  the  glass-house ;  and  therefore  the  composition  should  always  be  referrible  to 
the  going  of  the  furnace.  When  a  species  of  glass  which  at  a  high  temperature  formed 
a  transparent  combination  with  a  considerable  quantity  of  lime,  is  kept  for  some  time  in 
fusion  at  a  lower  temperature,  a  portion  of  the  lime  unites  with  the  silica  into  another 
combination  of  a  semi-vitreoiis  or  even  of  a  stony  aspect,  sty  as  to  spoil  the  transparency 
of  the  glass  altc^elher.  There  is  probably  a  supersilicate  and  a  sub-sjlicale  formed  in 
such  cases ;  the  lalter  being  much  the  more  fusible  of  the  two  compounds.  The  Reau- 
mur's porcelain  produced  by  exposing  bottle  glass  to  a  red  heat  for  24  hours,  is  an  exam- 
ple of  this  species  of  ritreous  change,  in  which  new  affinities  are  exercised  at  a  lower 
temperature.  An  excess  of  sihca,  caosed  by  the  volatilization  of  alkahne  matter  with 
too  strong  firing,  will  bring  on  similar  appearances. 

The  specific  gravity  of  glass  varies  from  2-3  lo  3-6.  That  of  least  specific  gravity  con- 
sists of  merely  silica  and  potash  fused  tr^ether ;  that  with  )ime  is  somewhat  denser,  and 
with  oxyde  of  lead  denser  still.  Plate  glass  made  from  silica,  soda,  and  lime,  has  a  speci- 
fic gravity  which  varies  from  S'OO  to  3-6  ;  crystal  or  flinl  glass  f/ora  3-0  to  3-6. 

The  power  of  glass  to  resist  the  action  of  water,  alkalis,  acids,  air,  and  light,  is  in 
general  the  greater,  the  higher  the  temperature  employed  in  its  manufacture,  the  smallei 
the  proportion  of  its  fluxes,  and  the  more  exact  the  equivalent  ratios  of  its  constituents. 
When  glass  contains  too  much  alkali,  it  is  partially  soluble  in  water.  Most  crj'stal  glass 
is  afieeted  by  having  water  boiled  in  it  for  a  considerable  time  ;  but  crown  glass  being 
poorer  in  alkali,  and  containing  no  lead,  resists  that  action  much  longer,  and  is  Iherelbre 
better  adapted  to  chemical  operations.  The  aflinity  of  glass  for  water,  or  its  hygiometric 
attraction,  is  also  proportional  lo  the  quantity  of  alkali  Which  il  contains.  Irr  general 
also  potash  glass  is  more  apt  to  become  damp  tha  n  soda  glass,  agreeably  lo  the  respective 
hygrometric  properties  of  these  two  alkaUs,  and  also  to  the  smaller  proportion  of  soda 
than  of  potash  requisite  to  form  glass. 

Air  and  light  operate  upon  glass  probably  by  their  oxydizing  properlj'.  Bltiish  or 
greenish  colored  glasses  become  by  exposure  colorless,  in  consequence  undoubt- 
edly of  the  peroxydizement  of  the  iron,  to  whose  proloxyde  they  owe  Iheir  lint; 
other  glasses  become  purple  red  from  the  peroxydizement  of  the  manganese.  The  glasses 
which  contain  lead,  sufler  another  kind  of  change  in  the  air,  if  sulphureted  hydrogen 
be  present ;  the  oxyde  of  lead  is  converted  inio  a  sulphurel,  with  the  effect  of  rendering 
the  surface  of  the  glass  opaque  and  iridescent  The  more  lead  is  in  the  glass,  the 
quicker  does  this  iridescence  supervene.  By  boiling  concentrated  sulphuric  acid  in  a 
glass  vessel,  or  upon  glass,  we  can  asceitain  lis  power  of  resisting  ordinary  men- 
strua.   Good  glass  wD!  remain  smooth  and  tran'^parenl ,  bad  glass  will  become  rough 

The  brittleness  of  unannealed  glass  by  ihaUEe  of  temperature  is  sometimes  very 
ercai.  I  have  known  a  thick  vessel  to  fly  by  vicissitudes  of  the  atmosphere  alone.  This 
defect  may  be  corrected  by  slowly  healinst  the  vessel  in  salt  water  or  oil  lo  the  highest 
pitch  consistent  with  the  nature  of  these  liquids,  and  letting  it  cool  very  slowly.  Within 
the  limiis  of  that  range  of  heat,  il  will,  in  consequence  of  tliis  treatment  bear  aliernations 
sf  temperature  without  cracking  as  before. 

Il  has  been  said  that  glass  made  from  silica  and  alkalis  alune  will  nol  resist  the  action 
:if  water  but  that  Ihe  addition  of  a  little  lime  is  necessary  for  this  effect.  In  general 
100  parts  of  quarlzose  sand  require  33  parts  of  dry  carbonate  of  soda  for  their  vitrifica- 
tion, and  45  parts  of  dry  carbonate  of  potash.  But  lo  make  unchangeable  alkaline  glass, 
especially  with  potash,  a  smaller  quantity  of  this  than  the  above  should  be  used,  with  a 
very  violent  heal.  A  small  proportion  of  lime  increases  the  density,  hardness,  and  lustre 
(if  glass;  and  il  aids  in  decomposing  the  alkaline  sulphates  and  muriates  always  present 
31  the  pearlash  of  commerce.  From  7  to  20  parts  of  dry  slaked  lime  have  been  added 
;-T  100  of  silica,  with  advanlge,  it  is  said,  in  some  German  glass  man ufac lories,  where 
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ihe  alkaline  matter  is  soda  ;  for  potash  iloes  not  assimilate  tvell  'with  the  calcareous 

In  many  glass  works  on  the  Continent,  sulphate  of  soda  is  the  form  ttnder  which  alkaline 
matter  is  introduced  into  glass.  This  salt  requires  the  addition  of  S  per  cent,  of  char- 
coal to  decompose  and  dissipate  its  acid;  a  result  which  takes  place  at  a  high  heat,  with- 
out the  addition  of  any  lime.  88  pounds  of  qaarlz-sand,  44  pounds  of  dry  glauber  salt, 
and  3  pounds  of  charcoal,  properly  mixed  am'  fused,  afford  a  limpid,  fluent,  and  workable 
glass  ;  witit  the  addition  of  IT  pounds  of  lime  these  materials  fuse  more  readily  into  a 
plastic  mass.  If  less  carhon  be  added,  the  fusUn  becomes  more  tedious.  The  two  follow- 
ing formal:e  alibrd  good  glauber  salt  glass. 

I.  2. 

Sand ioo       ^io■^ 

Calcmed  sulphate  of  soda        ■        -  50  38-8 

Lime 20  10-8 

Charcoal 2'65  2-1 

The  lirst  mixture  has  been  proved  in  the  looking-glass  manufactory  of  Nechaus  near 
Vienna,  and  the  second  by  the  experiments  of  Kirn.  The  fusion  of  the  first  requires 
1%  of  the  second  21  hours.  The  bluish  green  tinge  which  these  otherwise  beantiful  and 
brilliant  glasses  possess,  is  not  removeable  by  the  ordinary  means,  such  as  manganese  or 
arsenic,  which  decolor  alkaline  glass.  When  the  sulphate  of  soda  and  charcoal  are  used 
in  smaller  proportions,  the  glass  becomes  more  colorless.  The  tinge  is  no  doubt  owing 
to  the  sulphur  combining  with  the  oxyde  of  sodium,  in  some  such  way  as  in  the  pigment 
nliramariae. 

By  a  proper  addition  of  galena  (the  natire  sulphuret  of  lead),  to  glauber  salt  and  quartz 
sand,  without  charcoal,  it  is  said  a  tolerably  good  crystal  glass  may  be  formed.  The 
sulphuric  acid  of  the  salt  is  probably  converted  by  the  reaction  of  the  sulphuret  of  lead 
into  sulphurous  acid  gas,  which  is  disengaged. 

One  atom  of  sulphuret  of  lead  =  1195-67,  is  requisite  to  decompose  3  atoms  of  sulphate 
of  soda  =  2676.      It  is  stated,  on  good  authority,  that  a  good  colorless  gJass  may  be  ob- 
tained by  using  glauber  salt  withont  charcoal,  as  hy  the  following  formula. 
Quartz-sand    -        -        -        -        100  pounJs 
Calcined  glauber  Sidt        -         -  24 

Lime 20 

CuUet  of- soda  glass         -        -  12 

The  melting  heat  mast  be  continued  for  20^  hours.  A  small  quantity  of  the  sand  is 
reserved  to  be  thrown  in  towards  the  conclusion  of  the  process,  in  order  to  facilitate  the 
expulsion  of  air  bubbles.  The  above  mixture  will  bear  to  be  blanched  by  Ihe  addition 
of  raanjpnpse  and  arsenic.  The  decomposition  of  the  salt  is  in  this  case  effected  by  the 
lime,  with  w.\ich  the  sulphuric  acid  first  combines,  is  then  converted  into  sulphurous  acid, 
and  dissipated.  Glass  made  in  this  way  was  found  by  analysis  to  consist  of  T9  parts  of 
silica,  12  lime,  and  9-6  soda,  without  any  trace  of  gypsum  or  sulphuric  acid. 

Glaaber  salt  is  partially  volatilized  by  the  heat  of  the  furnace,  and  acts  upon  the  arch 
of  the  oven  and  the  tops  of  the  pots.  This  is  best  prevented  by  introducing  at  Erst  into 
the  pots  the  whole  of  the  salt  mixed  with  the  charcoal,  the  ]Ime,  and  one  fourth  part  of 
the  sand  ;  fusing  this  miiture  at  a  moderate  heat,  and  adding  gradually  afterwards  the 
remainder  of  the  sand,  increasing  the  temperature  at  the  same  time.  If  we  put  in  the 
whole  ii^redienls  together,  as  is  done  with  potash  glass,  the  sand  and  lime  soon  fall  to 
the  bottom,  while  the  salt  rises  to  the  surface,  und  the  combinatioa  becomes  difficult  and 
uneaual. 
Salpbate  of  potash  acts  in  the  same  way  as  sulphate  of  soda. 

Muriate  of  soda  also,  according  to  Kirn,  may  be  used  as  a  glass  flux  with  advantage. 
The  most  suitable  proportions  are  4  parts  of  potash,  2  of  common  salt,  and  3  of  lime, 
agreeably  to  the  following  compositions;^ 

i.  2. 

Quartz-sand 60'0  7o-l 

Calcined  carbonate  of  potash       -        -         17-8  19-1 

Common  salt       .....  8-9  9-5 

Lime  ......         13-3  14-3 

For  No.  1,,  the  melting  heat  must  be  10  iioura,  which  torus  out  a  very  pure,  solid,  good 
glrvss  ;  for  Ho.  2,,  23  hours  ot  the  furnace  are  required.  Instead  of  the  potash,  glauber 
talt  may  be  substituted ;  the  proportions  being  then  19-1  glauber  salt,  OS  muriate  of  aoda, 
14-3  lime.  75-1  sand,  and  1-3  charcoal 

Tho  oxide  of  lead  is  an  essential  constituent  of  the  denser  glasses,  and  may  be  regarded 
la  replacing  the  lime,  so  as  to  form  with  the  quartz-sand  a  silicate  of  lead.  It  aasimilates 
tic^t  with  purified  pearl  ash,  on  account  of  the  freedom  of  this  alkali  from  iron,  which  is 


n  maj  be  represented  as  follows : — 


Compi,«.ll™. 

Ansljsl.. 

Silicic  acid 

Osideoflend 

I  Potash 

!  Osidesofironand  mangBDCse 

5  atoms     =     eSTJ-                 5919 
1                 =     1394'5               2868 
I                 =       SSO'O               12'18 

saeo 

28.20 

iSfll'D             lOO'OO 

100 '00 

The  above  analysis  by  BevtLier  relates  to  a  specimi 
perfectly  oolourleaa  and  free  from  air-bubbles.    This  cind  of  gl 
eevernl  different  proportion  of  potash  and  silica  to  tlie  oxide  of  le 
ITie  composition  of  mirror- pi  ate,  as  made  on  the  Continent,  is  as  luuuws  ; — ■ 

White  quarta-sand  .  .  .  -  .  goo  pounds 

Dry  carbonate  of  soda        .  -  .  .  .  loj 

Lime  slaked  in  tlie  air        -  - '  -  ■  ■  4S 

Gullet,  or  old  glass  .....  goo 

The  manganese  should  not  exceed  one-half  per  cent,  of  the  weight  of  soda. 
Optical  glass  requires  to  be  made  with  very  peculiar  caie.   It  is  of  two  difTeient  kinds ; 
namely,  ctmwm  fflait  laid  flint  glass.   The  latter  contauis  a.  considerable  proportion  of  lead, 
in  order  io  cive  it  an  increased  dispersive  power  upon  the  raya  of  light,  in  proportion  tn 
its  mean  retractive  power. 

Optical  crown  glass  should  be  perfectly  limpid,  and  hare  so  little  colour,  (hat  a  pretty 
thick  piece  of  it  may  give  no  appreciable  tinge  to  the  rays  of  liglit.   It  eiiould  be  exempt 
from  Elris  or  veins  as  well  as  air-bubbles,  and  have  not  the  slightest  degree  of  milkineas. 
It  should  moreover  preserve  these  qualities  when  worked  in  considerable  quantities. 
Potash  is  preferable  to  soda  for  making  optical  crown  glass,  because  the  latter  alkali  ia 
apt  to  make  a  glass  which  deyitrtfies  and  becomes  opalescent,  by  long  exposure  to  heat 
in  the  annealing  process.    A  simple  potash  silicate  would  be  free  from  tliia  defect,  but 
it  would  be  too  attractive  of  moiature,  and  apt  to  decompose  eventually  by  the  humidity 
of  the  atmosphere.    It  should  therefore  contain  a  small  quantity  of  lime,  and  as  littl^ 
potash  as  safficea  for  making  a  perfect  glaas  at  a  pretty  high  temperature.    It  ia  probably 
owing  to  the  high  heats  used  in  the  English  crown  glass  works,  and  the  moderate  quantity 
of  alkali  (aoda)  which  is  employed,  that  our  crown  glass  has  been  found  to  answer  so  well 
for  optical  purposes. 
The  following  recipe  for  crown  glass  is  excellent  ;— 

5  atoms  of  silica  (2i!)  ■  -  -  -     EO 

1  carbonate  of  soda      -  -  ■  -     S4 

5  silica  -  -  -  -  -  -    80 

1  carbonate  of  lime      -  -  -  ■  -    50 

S  atom  of  carbonate  of  baryta  -  -  -    9S 

5  atoms  of  silica         -  ■  ■  -  -80 

Silicates  of  lime  and  baryta  per  se,  or  even  combined,  are  very  refractory  ;  but  they 

vitrify  well  along  with  a  third  silicate,  such  as  that  of  soda,  or  potaah. 


E  Manufact 


Pbactical  Details  oi 
The  Venetiana  were  the  first  in  modern  times  who  all 
t  of  working  glasa,  bnl  the  French  became  e 


;o  any  degree  of  excellence 
llj  so  zealoua  of  rivalling 
mem,  partlcularijf  in  the  construction  of  mirrors,  that  a  decree  was  issued  by  the  court 
of  France,  declaring  not  only  that  the  manufacture  of  glass  slionld  not  dert^le  from  the 
dignity  of  a  nobleman,  but  that  nobles  alone  should  be  masters  of  glass-works.  Within 
the  last  30  oi  forty  years.  Great  Britain  has  made  rapid  advances  in  this  important  art, 
and  at  the  present  day  her  pre-eminence  in  every  department  hardly  admits  of  dispute. 

There  «re  five  different  species  of  glass,  each  reqniring  a  peculiar  mode  of  fabrication, 
and  peculiar  materials :  I.  The  coarsest  and  simplest  form  of  this  manufacture  is  bolUe 
glass.  2.  Next  lo  it  in  cheapness  of  material  may  be  ranked  broad  or  spread  vti'oiUivt 
gloit.  An  improved  article  of  this  kind  is  now  made  near  Bu'mingham,  under  [he  name 
of  British  or  German  plate.  3.  Crown  glass  comea  nexl,  or  window  glass,  formed  in 
large  cucular  plales  or  discs.  This  glasa  is  peculiar  lo  Great  Britain.  4.  Flint  glasSj 
crystal  glass,  or  glass  of  lead.     5.  Ptale  or  fine  mirror  glass. 

The  malerials  of  every  kind  of  glass  are  vitrified  in  pots  made  of  a  pure  refractory 
ilay  ;  the  best  kind  of  which  is  a  species  of  shale  or  slate  clny  dug  out  of  the  coal-form- 
Blion  near  Stourbridge.  It  contains  hardly  any  lime  or  iron,  and  consists  of  silica 
and  alumina  in  nearly  equal  proportions.  The  masses  are  carefully  picked,  brushed, 
and  ground  under  edge  iron  wheels  of  considerable  weight,  and  sifted  through  sieves 


,  Google 


GLASS-MAKING.  yu3 

iiuving  20  meshes  in  the  sqnare  inch.  This  powder  is  moistened  with  iratei  (best  hdtV 
and  kneadfd  by  llie  feet  or  a  loam-miJl  into  a  uniform  smooth  paste.  A  large  body  of 
tills  clougli  should  be  made  up  at  a  lime,  and  laid  by  in  a  damp  cellar  to  ript^n.  Pre 
viously  to  working  it  into  shapes,  it  should  be  mixed  with  about  a  fourth  of  its  weight  of 
cemeHt  of  old  pots,  Eroanj  to  powder.  This  mixture  is  sufficiently  plnslie,  and  being 
kss  Goncraclite  by  heal,  forms  more  solid  and  durable  vessels.  Glass-honse  pots  have 
the  figure  of  a  iruncateiJ  cone,  with  the  narrow  end  undermost  j  those  for  bottle  and 
nrindow-gtass  being  open  at  (op,  about  30  inches  diameter  at  bottom,  40  inches  at  the 
mouth,  and  40  inches  deep;  but  the  flint-glass  pots  areccveredin  at  topwithadome-eap, 
having  a  mouth  at  the  side,  by  which  the  materials  are  introduced,  and  the  glass  is  ex- 
tracted. Bottle  and  crown-house  pots  are  from  3  to  4  inches  thick  ;  those  for  £int-house« 
are  an  inch  thinner,  and  of  proportionally  smaller  capacity. 

The  well-mixed  and  kneaded  dongh  is  first  worked  upon  a  board  int;  i  cake  for 
the  bottom;  over  this  the  sides  are  raised,  by  laying  on  its  edges  rolls  of  ^ay  above 
each  other  with  much  manual  labor,  and  careful  condensation.  The  clay  is  made 
into  lumps,  is  equalized,  and  slapped  much  in  the  same  way  as  for  making 
PoTTERV.  The  pots  thus  fashioned  must  be  dried  verj'  prudently,  first  in  the 
atmospheric  temperature,  and  finally  in  a  slove  Aoor,  which  usually  borrows  its  heat 
directly  from  the  glass-house.  Before  ietting  the  pots  in  the  furnace,  they  are  annealed 
during  4  or  6  days,  at  a  red  heat,  in  a  small  reverberatory  vanll,  made  on  purpose. 
When  completely  annealed,  Ihey  are  transferred  with  the  utmost  expedition  into  their 
seat  in  the  fire,  by  means  of  powerful  tongs  supported  on  the  flxle  of  an  iron-wlieel 
carriage  frame,  and  terminating  in  a  long  lever  ibr  raising  Ibem  and  swinging  them 
round.  The  pot-selling  is  a  desperate  service,  and  when  unskilfnll;  condacted  without 
due  mechanical  aids,  is  the  forlorn  hope  of  the  glass-founder. — Quaqae  ipse  miierrima 
vidi.  The  celebrated  chemist.  Dr.  Irvine,  caught  his  last  illness  by  assisting  imprudently 
at  this  formidable  operatian.  The  working  breast  of  the  hot  furnace  must  be  laid  bare 
BO  as  to  open  a  breach  for  the  extraction  of  the  faulty  pot,  and  the  insertion  of  the  fresh 
one,  both  in  a  slate  of  bright  incandescence.  It  is  frightful  to  witness  the  eyes  an; 
fuming  visages  of  the  workmen,  with  the  blackening  and  smoking  of  their  scorched  wool- 
len clothes,  exposed  so  long  W  the  direct  radiations  of  the  flame.  A  light  mask  and  sack 
dress  coaled  with  tinfoil,  would  protect  both  their  faces  and  persons  from  any  annoyance, 
at  a  very  cheap  rate. 

The  glass-houses  are  usually  built  in  the  form  of  a  cone,  from  GO  to  100  feet  high, 
and  from  50  to  80  feet  in  diameter  at  the  base.  The  furnace  is  constructed  in  the  centre 
of  the  area,  above  an  arched  or  groined  gaDery  which  extends  across  the  whole  space,  and 
terminates  without  the  walls,  in  large  folding  doors.  This  cavern  mast  be  sufiicientlyhigh 
to  allow  laborers  to  wlieel  ont  the  cinders  in  their  barrows.  The  middle  of  the  vaulted 
top  is  left  open  in  the  building,  and  is  covered  over  wilh  the  grate-bars  of  the  furnace. 

1.  Bo'lle  glass. — The  bollle-house  and  its  furnace  resemble  nearly  ^g'.  505.  The  fur- 
nace is  usually  an  oblong  square  chamber,  built  of  large  fire-bricks,  and  arched  over  with 
fire-stone,  a  silicious  grit  of  excellent  quality  extruded  from  the  coal  measures  of  New- 
castle. This  furnace  stands  in  the  middle  of  the  area;  and  has  its  base  divided  into  three 
compatlmt-j'j.  The  central  space  is  occupied  by  the  grate-bal^ ;  and  on  either  side  is 
the  platform  or  iire-brick  siege  (seat),  raised  about  12  inches  above  the  level  of  the  ribs 
upon  which  the  pots  rest.    Each  siege  is  about  3  feet  broad. 

In  the  sides  of  the  furnace,  semi-circular  holes  of  about  a  foot  diameter  are  left  oppo- 
site to,  and  a  little  above  the  lop  of,  each  pot,  called  working  holes,  by  which  the  work- 
men shovel  in  the  materials,  and  take  out  the  plastic  glass.  At  each  angle  of  the  furnace 
there  is  likewise  a  hole  of  about  the  same  size,  which  communicates  with  the  calcining 
furnace  of  a  cylindrical  form,  dome-shaped  at  top.  The  flame  that  escapes  from  the  found- 
ing or  pot-fumace  is  thus  economically  brought  to  reverberate  on  the  raw  materials  of  the 
bol  lie-glass,  so  as  to  dissipate  their  carbonaceous  or  volatile  impurities,  and  convert  them 
into  a  frit.  A  bottle-house  has  generally  eight  other  Airnaces  or  fire-arches ;  of  which 
six  are  used  for  annealing  the  bottles  after  they  are  blown,  and  two  for  annealing  the 
pots,  before  setting  them  in  the  furnace. 

The  laws  of  this  country  till  lately  prohibited  the  use  for  making  common  bottles  of 
any  fine  materials.  Nothing  but  the  common  river  sand,  and  soap-boilers'  waste,  was 
allowed.  About  3  parts  of  waste,  consisting  of  the  insoluble  residuum  of  kelp,  mixed 
with  lime  and  a  'iltle  saline  substance,  were  used  for  1  part  of  sand.  This  waste  was  first 
of  all  calcined  in  two  of  the  fire  arches  or  reverberatories  reserved  for  that  purpose,  called 
ihc  coarse  arches,  where  it  was  kept  at  a  red  heat,  with  occasional  stirring,  from  24  to  30 
hours,  being  the  period  of  a  journey  or  jouraee,  in  which  the  materials  could  be  melted 
and  worked  into  bottles.  The  roasted  soap-waste  was  then  withdrawn,  under  th6  name 
of  ashes,  from  its  arch,  coarsely  ground,  and  mixed  wilh  its  proper  proportion  of  sand. 
This  misture  was  now  put  into  the  iine  arch,  and  calcined  during  the  working  jour- 
ney, which  extended  to  10  or  1£  hours.    Whenever  the  pots  were  worked  out,  tnat  fril 
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was  immediately  liansfcned  into  them  in  ils  ignited  stale,  and  tlie  foundinf  proceet 
proceeded  with  such  despateK  that  this  first  charge  of  materials  was  ccmpletely  melted 
down  in  6  hoars,  so  that  the  pots  might  admit  lo  he  filled  up  aenin  with  the  second  charge 
of  fril,  which  was  founded  in  4  hours  more.  The  heat  whs  briskly  continued,  and  in  the 
course  of  from  12  to  18  hours,  according  lo  the  siie  of  the  pols,  the  quality  of  the 
fuel,  and  Ihe  draught  of  Ihe  furnace,  the  vilrificalion  was  eomplele.  Before  blowing'  the 
bottles,  however,  the  glass  must  be  leA  to  settle,  and  lo  cool  down  to  the  blowing  con- 
sistency, by  shutting  the  cam  doors  and  feeding  boles,  so  as  lo  exclude  the  air  from  the 
fire-grate  and  Ihe  boltom  of  Ihe  hearth.  The  glass  or  metal  becomes  more  dense,  and 
by  its  snbsidence  throws  up  the  foreign  lighter  earthy  and  Saline  matters  in  Ihe  form  of 
a  scum  on  Ihe  surface,  which  is  removed  with  skimming  irons.  The  furnace  is  now 
charged  wilh  coal,  lo  enable  it  to  aiford  a  working  heat  for  4  or  5  hours,  at  the  end  of 
which  time  more  fuel  is  cautiously  added,  to  preserve  a()eqi:jile  heat  for  finishing  the 

It  is  hardly  possible  to  convey  in  words  alone  a  correct  idea  of  the  man ipu!a lions  neces- 
sary to  the  formation  of  a  wine  bottle  ;  but  as  the  manufacturers  make  no  mystery  of  this 
mailer,  any  person  may  have  an  opportunity  of  inspecting  the  operallon.  Six  people  are 
employed  at  Ibis  task;  one,  called  a  gatherer,  dips  the  end  of  an  iron  lube,  about  five  feet 
long,  previously  made  red-hot,  into  the  pot  of  melted  nielal,  turns  the  rod  round  so  as  lo 
surround  it  with  glass,  litis  it  out  to  cool  a  little,  and  Ihen  dips  and  turns  it  round  again ; 
and  so  in  succession  lill  a  ball  is  formed  on  ils  end  sufiicient  to  make  the  reqnired  bottle. 
He  then  bands  it  to  the  bbwer,  who  rolls  Ihe  plastic  lump  of  glass  on  a  smooth  slone  or 
cast-iron  plale,  till  he  brings  it  to  the  very  end  of  the  tnbe ;  he  nest  introduces  Ihe 
pear-shaped  bail  into  an  open  brass  or  cast-iron  mould,  shuts  this  l<^lher  by  pressing  a 
pedal  with  his  fool,  and  holding  his  lube  vertically,  blows  through  it,  so  as  lo  expand  ihe 
cooling  glass  into  the  form  of  Ihe  mould.  Whenever  he  takes  his  foot  from  the  pedal-lever, 
Ihe  mould  spontaneously  opens  out  into  two  halves,  and  falls  asnnder  b;  ils  bollom  hinge. 
He  then  litis  Ihe  bottle  up  at  the  end  of  the  rod,  and  transfers  it  Co  the  linisher,  who, 
touching  the  glass  tube  at  Ihe  end  of  Die  pipe  with  a  cold  iron,  cracks  off  the  bottle 
smoothly  at  its  moulh-ring.  The  finished  boltles  are  immediately  piled  up  in  the  hoi  an- 
nealing arch,  where  they  are  afterwards  allowed  lo  cool  slowly  for  24  hours  at  least.  See 
BoTTtE  Mould. 

2.  Broad  or  spread  teitidovi-glass. — This  kind  of  glass  is  called  inferior  window-glass, 
m  this  country,  because  coarse  in  teslare,  of  a  wavy  wrinkled  surface,  and  very  cheap, 
but  on  the  Continent  spread  window-glass,  being  made  Mith  more  care,  is  much 
belter  than  ours,  though  still  far  inferior  in  transparency  and  polish  to  crown  glass, 
which  has,  therefore,  nearly  superseded  its  use  amonz  us.  But  Messrs.  Chance  and 
Hartley,  of  West  Bcomwich  near  Birmingham,  have  of  late  years  mounted  a  spread-glass 
work,  where  Ihey  make  British  slieet  glass,  upon  the  best  principles,  and  turn  out  an  ar- 
ticle quite  equal,  if  not  superior,  to  anything  of  lie  kind  made  either  in  France  or  Bel- 
gium, Their  materials  are  those  used  in  the  crown-glass  manufacture.  The  vitrifying 
mixture  is  fritted  for  20  or  30  hoars  in  a  reverberatory  arch,  with  considerable  stirring 
and  puddling  wilh  long-handled  shovels  and  rakes;  and  the  frit  is  then  tnmsferred  by 
shovels,  white  red  hoi,  to  the  melting  pols  to  be  founded.  When  Ihe  glass  is  Tightly 
viUiiied,  settled,  and  brought  to  a  working  heat,  it  is  Iit\ed  out  by  iron  tubes,  as  will  be 
described  under  the  article  Crown  Gtass,  blown  into  pears,  which  being  elongated 
into  cylinders,  are  cracked  up  along  one  side,  parallel  lo  the  axis,  by  touching  them  wilh 
a  cold  iron  dipped  In  water,  and  are  then  opened  out  into  sheets.  Glass  cylinders 
are  spread  in  France,  and  at  West  Bromwich,  on  a  bed  of  smooth  slone  Paris-plasler, 
or  laid  on  the  bottom  of  a  reverberatory  arch;  the  cylinder  being  placed  on  ils  side 
horizontally,  with  Ihe  cracked  line  uppermost,  gradually  opens  out,  and  flallens  on  Ihe 
hearth.  At  one  time,  thick  plates  were  thus  prepared  for  subsequent  polishing  into  mir- 
rors; hut  the  glass  was  never  of  very  good  quality  j  and  this  mode  of  making  mirror-plale 
has  accordingly  been  generally  abandoned. 

The  spreading  furnace  or  oven  is  that  in  which  cylinders  are  expanded  into  laliles  or 
plates.  It  ought  to  be  maintained  at  a  brisk  red  heat,  lo  facilitate  the  softening  of  the 
glass.  The  oven  is  placed  in  immediate  connexion  wilh  the  annealing  arch,  so  that  the 
tables  may  be  readily  and  safely  transferred  from  the  former  to  Ihe  laller.  Sometimes 
the  cylinders  are  spread  in  a  large  mulHe  furnace,  in  order  to  protect  Ihem  from  being 
tarnished  by  sulphureous  and  carbonaceous  fumes. 

Fig.  109  represents  a  ground  plan  of  bolh  the  Spreading  and  annealing  furnace  ;  yig. 
llO  is  an  oblong  profile  in  the  direction  of  the  dotted  line  x  Ti,fig.  709. 

a  is  Ihe  fire-place;  b  b  the  canals  or  flues  through  which  the  flame  rises  into  both 
furnaces ;  c  the  spreading  furnace,  upon  whose  sole  is  the  spreading  slab,  d  is  the  cool- 
ing and  annealing  oven;  e  e  iron  bars  which  extend  obliquely  across  the  annealing  arch, 
and  serve  for  resting  the  glass  tables  against,  during  the  cooling,  //the  channel 
\long  which  the  previously  cracked  cylinders  are  slid,  so  as  to  be  gradually  warmed ; 
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g  Ihe  opening  ;,t  the  spreading  furnace,  for  enatUiis  the  workmen  to  regulale  the  n 


cess;  k  a  door  in  Ibe  onnealiog  arch,  for  introducing  the  tools  requisite  for  railing  aj 
and  removing  the  tables. 

In  forming  glass-plates  by  the  extension  of  a  cylinder  into  a  plane,  the  workman  first 
blot^  the  lump  of  glass  into  the  shape  of  an  oblong  pear,  the  length  of  which  must  be 
nearly  equal  to  the  length  of  the  intended  plate,  and  its  diameter  such,  that  the  circum- 
ference, when  developed,  will  be  equal  to  the  breadth  of  the  plate.  He  now  rests  the 
blowing  iron  on  a  stool  or  iron  bar,  while  an  assistant,  with  a  pointed  iron,  pierces  a  hole 
into  the  extreme  end  of  the  pear,  in  the  line  of  the  blowing-pipe.  This  opening  is  then 
enlarged,  by  introducing  the  blade  of  a  pair  of  spring-tongs,  while  Ibe  glass  is  turned 
round ;  and  by  skilful  management,  the  end  of  the  pear  is  eventually  opened  out  into  a 
cylindrical  mouth.  The  workman  next  mounts  upon  a  stool,  and  holds  the  blowing-iron 
perpendicularly.  The  blown  cylinder  is  now  cracked  off,  a  punto  rod  of  iron  having  been 
previously  stuck  to  its  one  end,  to  form  a  spindle  for  working  the  other  by.  This  rod  has 
a  flat  disc  on  its  end,  or  three  prongs,  which  being  dipped  in  melted  glass,  are  applied  to 
the  mouth  of  the  cylinder.  By  this  as  a  handle,  the  gkiss  cone  is  carried  to  the  fire,  and 
[he  narrow  end  being  benleJ,  is  nesl  opened  by  spring  longs,  and  formed  info  a  cylinder 
of  the  same  size  as  the  olher  end.  The  cylinder,  thus  equalized,  is  next  cracked  or  slit 
down  in  its  side  with  a  pair  of  shears,  laid  on  a  smooth  copi^er  plale,  detached  from  the 
iron  rod,  spread  out  by  heat  into  a  plane  surface,  and  finally  annealed.  This  series  of 
transformations  is  represented  in  Jig.  Ill,  at  A,  b,  c,  d,  e,  r,  g,  h. 

Figs.  713  and  713  represent  a  Bohemian  furnace  in  which  excellent  white  window 
rVass  is  founded.  Fig.  712  is  a  longitudinal  section  of  the  glass  and  annealing  furnace. 
Fig.  713  is  the  ground  plan,  a  is  (he  ash-pit  vaulted  under  the  sole  of  the  furnace ;  the 
"  e-place  itself  is  divided  into  three  compartments ;  with  a  middle  slab  at  d,  which  is  hol- 


lowed in  the  centre,  for  collecting  any  split  glass,  and 


1^ 

! 

hearth  tiles  or  ^abs  b  b. 
the  draught  or  air  holes  i  e  c  are 
arches  upon  which  the  bearing  slabs 
/J  partly  rest.  In  the  middle  be- 
tween ibtse  arches,  the  flame  strikes 
upwards  upon  the  pots  g  g,  placed 
as  clo'iely  together  as  possible,  for 
econom)  of  room,  h  is  the  breast 
wall  of  the  furnace;  i,fig.  718,  the 
opening  through  which  (be  pots  are 
introduced ;  it  is  bricked  up  as  soon 
as  they  are  set.  ft  fc,  is  the  base  of 
the  cone  or  dome  of  the  furnace ; 
III,  the  working  orifices,  which 
are  made  larger  or  smaller  accord- 
ing to  the  size  of  the  glass  articles 
to  he  made,  m  is  the  flue  which 
leads  to  Ihe  annealing  stove  ti,  with 
an  arched  door.  Exterior  to  this, 
there  is  usually  &  drying  kiln  not 
shown  in  the  figure ;  and  there  are 
adjoining  stoves  called   arches,  fur 

drying  and  annealing  Ihp  new  pots  before  they  are  set. 
The  eoohng  or  annealing  arch,  jr  leer,  is  often  built  independent  of  the  glass-house 

furnace,  i'j  then  healed  by  a  separate  fire-place,  and  constructed  like  a  very  long  rever- 

beralorj  furniee      See  Copper 
""     '  -   .     .  g  [gjj  upQ„  jjj  ixjtioin  in  an  oblong  series,  and 


The  leer  pans  or  trajs  of  sheet  ir 
hooked  to  each  other 
.  3.  C/oiun-gJaji.— The  crown-glai 
where  the  blovjitig  operation  is  sho 
[he  olher.  The  furnace  is  usually 
tions  as  to  make  about  a  ton  of  glai 


house  with 


.5  furnace  is  represented  in  Jig.  714, 
ide  of  the  figure,  and  the  Jlaihirtg  on 
receive  4  or  6  pots,  of  such  dimen- 
".    There  are,  however,  several  suli- 
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n-house.     1.  A  reTerheratory  furnace  oj 


wooden  boxes  with  a  shovel,  are 

represented  in  Ihe  article  Coppeh.  Here  the  miilnre  b  well  worked  together,  with  iron 
paddles,  flat  shovels,  and  rakes  with  long  handles ;  the  area  of  this  furnace  being  about 
6  feet  square,  and  the  height  2  feet.  The  heat  soon  brings  the  materials  to  a  pasty  con- 
sistence, when  they  must  he  diligently  turned  oter,  to  favor  the  dissipation  of  the  carbon, 
sulphur,  and  other  volatile  matters  of  the  kelp  or  soda  ash,  and  to  incorporate  the  fixed 
ingredients  uniformly  with  the  sand.  Towards  the  end  of  three  hours,  the  fire  is  con- 
siderably raised,  and  when  the  fourth  hour  has  eipired,  the  fritting  operation  is  finished. 
The  mass  is  now  shovelled  or  raked  out  into  shallow  cast-iron  square  cases,  smoothed 
down,  and  divided,  before  it  hardens  by  cooling,  into  square  lumps,  hy  cross  sections  with 
the  spade.  These  frii-bricks  are  afterwards  piled  up  in  a  large  apartment  for  nse ;  and 
have  been  supposed  lo  improve  with  age,  by  the  efflorescence  of  their  saline  constituent 
into  carbonate  of  soda  on  their  surface. 

The  founding-pols  are  filled  up  with  these  bloclfs  of  frit,  and  the  furnace  is  powerfully 
urged  by  opening  all  the  subterranean  passages  to  its  grate,  and  closing  all  the  doois 
and  windows  of  the  glass-house  itself.  After  8  or  iO  hours  the  vitrification  has  made 
such  progress,  and  the  blocksfirst  introduced  are  so  far  melted  down,  that  another  charge 
of  frit  can  he  thrown  in,  and  thus  the  pot  is  fed  with  frit  till  the  proper  quantity  is  used. 
In  about  16  hours  the  vilriiication  of  the  frit  has  taken  place,  and  a  considerable  quanti- 
ty, amounting  often  to  the  cwt,  of  liquid  saline  matter,  floats  over  the  glass.  This  salt  is 
carefully  skimmed  off' into  iron  pots  with  long  ladles.  It  is  called  &ndiver  or  Glass-gall, 
and  consists  usually  of  muriate  of  soda,  with  a  little  sulphate.  The  pot  is  now  ready  foe 
receiving  the  iopping  of  ejtllet,  which  is  broken  pieces  of  window  glass,  to  the  amount  of 
3  or  4  cwls.  This  is  shovelled  in  at  short  intervals!  und  as  its  pressure  forces  up  the 
residuary  saline  matter,  this  is  removed ;  for  were  it  allowed  to  remain,  the  body  of  the 
glass  would  be  materi^y  deteriorated. 

The  heat  is  still  continued  for  several  hours  till  the  glass  is  perfect,  and  the  eitrication 
of  gas  called  the  bail,  which  accompanies  the  fusion  of  crown  glass,  has  nearly  terminated, 
when  the  fire  is  abated,  by  shutting  up  the  lower  vault  doors  and  every  avenue  to  the 
grale,  in  order  that  the  glass  may  settle  fine.  At  the  end  of  about  40  hours  altogether, 
the  fire  being  slightly  raised  by  adding  some  coals,  and  opening  the  doors,  the  glass  is 
carefully  skimmed,  and  the  working  of  the  pots  commences. 

Before  describing  it,  however,  we  may  state  that  the  marginal  figure  llS  shows  the 

ll.'i  base  of  the  crown-h«use  cone,  with  the 

four  open  pots  in  two  ranges  on  opposite 
sides  of  the  furnace,  sitting  on  their  raised 
sieges,  at  each  side  of  the  grate.  At  one 
side  of  the  base  the  door  of  the  vault  is 
shown,  and  its  course  is  marked  hy  the 
dotted  lines. 

Dtiaihd  defriplion  of  the  croun-gh/ss  furnace, Jigs.  716,  717. — It  is  an  oblong  square, 
built  in  the  centre  of  a  brick  cone,  lai^e  enough  to  contain  within  it,  Iwo  or  three  pots 
■t  each  side  of  the  grale  room,  which  is  either  divided  as  shown  in  the  plan,  or  runs  the 
whole  knglh  of  the  furnace,  as  the  manufacturer  chooses.  Fig,  717is  a  ground  plan,  and 
Jig.  Tie  a  fiont  elevation,  of  a  six-pot  furnace.     1,  2,  3,fiE.  717,  are  the  working  holes 
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ibr  the  purposes  cl  ventilation,  of  putting  in  the  materiais,  and  of  taking  out  tl  e  met 
io  be  wrouglit.  4,  5,  6,  7,  are  pipe  holes  for  warming  the  pipes  before  beginning  to  wo 
with  thi^m.  8,  9,  10,  are  foot  holes  for  mending  the  pots  and  st^es.  H  is  a  bar  of  in 
for  bindiBj  the  furnace,  and  keeping  it  from  swelling. 


^'— -.-^^r"^ 


The  arib  is  of  an  elliptic  form ;  though  a  barrel  areh,  that  is,  an  arch  shaped  lilte  the 
lalf  of  a  barrel  cat  lonijwise  llirough  the  centre,  is  sometimes  used.  But  this  soon  gives 
way  when  used  in  the  manufacture  of  crown  glass,  although  it  docs  very  well  in  the  clay- 
furnace  used  lor  bottle  houses. 

The  best  stone  tot  building  furnaces  is  fire-slone,  from  Coigreen  in  the  neighbor- 
hood of  Newcastle.  lis  quality  is  a  close  grit,  and  it  contains  a  greater  quantity  of 
talc  than  the  common  iire-stone,  which  seems  to  be  (he  chief  reason  of  its  resisting  the 
fire  better.  The  great  danger  in  bailding  farnaces  is,  lest  the  cement  at  the  top  should 
?ive  way  with  the  excessive  heat,  and  by  dropping  into  the  pots,  spoil  the  metal.  The  top 
should  ihereibre  be  built  with  stones  only,  as  loose  as  they  ean  bold  together  after  the  cen- 
tres are  reinored,  and  wlfnoul  any  cement  wjialcver.  The  stones  eipand  and  come  quite 
close  tojtether  when  annealing ;  an  operation  which  lakes  from  eight  to  fourteen  days  ni 
i^iost.    There  is  thus  less  risk  of  any  thing  dropping  from  the  roof  of  the  furnace. 

The  inside  of  the  square  of  the  furnaae  is  built  either  of  Slonrbridge  fire-clay  annealed, 
■>!  the  Newcastle  fire-stone,  lo  the  thickness  of  sixteen  inches.  The  outside  is  built  of 
common  brick  about  nine  inches  in  thickness. 

The  furnace  is  thrown  over  an  ash-pit,  or  cave,  as  it  is  called,  which  admits  the  aluio- 
spheric  air,  and  promotes  the  combustion  of  the  furnace.  This  cave  is  built  of  slone 
antil  it  comes  beneath  the  grate  room,  when  it  is  formed  of  iire-brick.  The  abutments 
arc  useful  for  binding  and  keeping  the  furnace  together,  and  are  built  of  masonry.  The 
furnaces  are  stonily  clasped  with  iron  all  round,  to  keep  them  light.  In  four-pot  furnaces 
.his  is  unnecessary,  provided  there  be  four  good  abutments. 

Fig.  118  is  an  elevation  of  the  flashing  furnace.  The  outside  is  built  ff  common  brick, 
the  inside  of  fire-brick,  and  the  mouth  or  nose  of  Stourbridge  fire-clay. 

Fig.  "IIP  is  the  annealing  uiln.  It  is  built  of  common  brick,  except  round  the  grate 
room,  where  fire-brick  Is  used. 

Few  tools  are  needed  for  blowing  and  flashing  crown-glass.  The  requisite  ball  of 
plastic  glass  is  gathered,  in  successive  layers  as  for  bottles,  on  the  end  of  an  iron  tube,  and 
rolled  into  a  pear-shape,  on  a  cast-iron  plate ;  the  workman  taking  care  that  the  aii 
blown  into  its  cavity  is  surrounded  with  an  equal  body  of  glass,  and  if  he  perceives  any 
side  to  be  thicker  than  another,  he  corrects  the  inequality  by  rolling  it  on  the  sloping 
ron  fable  called  marver,  (marbre).    He  now  heats  the  bulb  in  the  fire,  and  rolls  it  so  a 
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to  form  (he  gisss  upon  the  end  of  the  tube,  Rnd  by  a 
lengthens  it,  as  shown  in  i,  fig.  120.    To  eitend  the  neck  of  that 
over  a.  smooth  iion  rod,  turned  round  in  a  horizontal  dire 
By  Anther  expansion  at  the  hlowJng-furnace,  he  now 


This  spheroid  having  become  cool  and  somewhat  stifT,  is  neit  carried  lo  the  bottoroins) 
hole  (like  fig.  718),  to  be  exposed  to  the  action  of  flame.  A  slight  wall  erected  before 
one  half  of  this  hole,  screens  the  worlunsn  from  the  heat,  hut  leaves  room  for  the  globe  to 
pnss  between  it  and  the  posterior  wall.  The  blowing-pipe  is  made  to  rest  a  little  way  front; 
the  neckof  theglobc,  ona  hookfii:ed  in  [he  front  w^l;  and  thus  may  he  made  easily  (o  re- 
volve on  its  axis,  and  by  giving;  centriAigal  force  lo  the  globe,  while  the  bottom  of  it,  or 
part  opposite  to  the  pipe,  is  sotYened  by  the  heal,  it  soon  assumes  the  form  exhibited  in 

x,fg.m. 

In  this  Elate  the  flattened  globe  is  removeo  from  the  fire,  and  its  rod  being  rested  on 
the  casherbox  covered  with  coal  cinders,  another  workman  now  applies  the  end  of  a  solid 
iron  rod  lipped  with  melted  glass,  caUed  a  punto,  to  the  nipple  or  prominence  in  the 
middle  i  and  thus  attaches  it  lo  the  centre  of  the  elobe,  while  the  first  workman  cracks 
off  the  globe  by  touching  its  tubular  neck  with  an  iron  chisel  dipped  in  cold  wdter.  The 
workman  having  thereby  taken  possession  of  the  globe  by  its  bottom  or  knobbed  pole 
attached  to  his  punty  rod,  he  now  carries  it  lo  another  circolar  opening,  where  he  exposes 
it  lo  the  action  of  moderate  flame  with  regular  rolalion,  and  thus  slowly  heats  the  thick 
projecting  remains  of  the  former  neck,  and  opens  it  slightly  out,  as  shown  at  n,  in 
fig.  7S0,  He  next  hands  it  to  the  Jlather,  who,  leslins!  the  iron  rod  in  a  hoot  placed 
near  the  side  of  the  orifice  A,  fig.  Y18,  wheels  it  rapidly  round  opposite  to  a  powerful 
flame,  till  it  assumes  first  the  figure  o,  and  finally  that  of  a  flat  circular  fable. 

The  flasher  then  walks  ofi"  with  the  table,  keeping  up  a  slight  rotation  as  he  moyes 
along,  and  when  it  is  sufficiently  cool,  he  turns  down  his  rod  into  a  vertical  position, 
and  lays  the  table  flat  on  a  dry  block  of  fire-clay,  or  bed  of  sand,  when  an  assistant 
nips  it  oif  from  the  punlo  with  a  pair  of  long  iron  shears,  or  cracks  it  off  with  a  loucl 
of  cold  iron.  The  loose  table  or  plate  is  lastly  lifted  op  horizontally  on  a  double  prongeu 
iron  fork,  introduced  into  the  annealing  arch  ^g'.  '119  and  raised  on  edge;  an  assistant  with 
a  long-kneed  fork  preventing  it  from  falling  too  rapidly. backwards.  In  this  arch  a  greai 
many  tables  of  glass  are  piled  up  in  iron  frames,  and  slowly  cooled  from  a  heat  of  about 
600°  to  100°  F.,  which  lakes  about  24  hours;  when  they  are  removed.  A  circular  plate 
or  table  of  about  5  feel  diameter  weighs  on  an  average  9  pounds. 

4.  Flint  glass. — This  kind  of  glass  is  so  called  because  originally  made  with  calcined 
flints,  Bj  the  silicious  ingredient.  The  materials  at  present  employed  in  this  country 
for  the  finest  flint  glass  or  crystal,  are  first,  Lynn  sand,  calcined,  sifted,  and  washed ; 
second,  an  oxyde  of  lead,  either  red  lead  or  litharge ;  and  third,  pcarlash.  The  pearl- 
ash  of  commerce  must  however  be  purified  by  digesting  it  in  a  very  little  hot  watei', 
which  dissolves  the  carbonate  of  potash,  and  leaves  the  foreiRn  salts,  chiefly  sulphate  of 
potash,  muriate  of  potash,  and  muriate  of  soda.  The  solution  of  the  carbonate  being 
allowed  to  eool  and  become  clear  in  lead  pans,  is  ihen  rnn  off  into  a  shallow  iron  boiler, 
and  evapoialed  to  dryness.  Nitre  is  generally  added  as  a  fourth  ingredient  of  the  body 
of  (he  glass;  and  it  serves  10  correct  any  imperfections  which  might  arise  from 
accidental  tombuslitle  particles,  or  from  the  lead  being  not  dnly  oiydized.  The  above 
four  substances  constitute  the  main  articles;  to  which  we  may  add  arsenic  and  man- 
ganese, introduced  in  very  small  quantities,  to  purity  the  color  and  clear  up  the 
transparency  of  the  glass.  The  black  oxyde  of  manganese,  when  used  in  such  quantity 
only  as  lo  peroxydize  the  iron  of  Ibe  sand,  simply  removes  the  green  linge  caused  by  the 
iron;  but  if  more  mangan:sebe  added  than  accomplishes  that  purpose,  it  will  give  a 
purple  linge  to  the  glass ;  and  in  fact,  most  mannfacturers  prefer  to  have  an  excess 
rather  than  a  defect  of  manganese,  since  eul  glass  has  its  briJ^ancy  increased  by  a  faint 
lilach  hue.  The  arsenic  is  supposed  lo  eoimteract  the  injury  arising  from  excess  of  man- 
^aneip.bnt  is  itself  veiT  apt  on  the  other  hand  to  romm;micale  some  degree  of  opalescence 


iuM^ub,Cocwte- 


GLASS-MAKINC 


sn 


ha    I) 


oi  al  least,  to  impair  the  lustre  of  the  glass.      Wh 

sdded,  the  purple  tinge  may  indeed  be  removed  by 

thrusling  a  woi>den  rod  down  into  the  liquid  gla       b  I 

elfecl  in  practice,  since  the  final  purple  lin;*e  is      I  d 

tbrmed,  and  then  the  introduction  of  charcoal  wo  Id  d 

vontents  of  the  pal. 
TbG  raw  materials  of  flint  glass  are  always  mixed  with  about  a  third  or  a  fourth  of 

iheir  weight  of  broken  crystal  of  like  quality ;  ibis  mixtuce  is  thrown  into  the  po; 

wilhasbovel;  andinoreis  added  whenever  the  preceding  portions  bymeltingsubsidei  the 

obiect  beins  tn  obtain  a  pot  full  of  glass,  to  facilitate  the  skimming  oS"  the  impurities 
and  sajidiver.  The  mouth  of  the  pot 
s  no  V  shut,  by  applying  clay-Inte  rcund 
the  opper,  with  the  eiceplion  of  a 
nail  orifice  below,  for  the  escape  cf 
the  liquid  saline  matter.  Flint  glass 
requ  res  about  48  hours  for  its  complele 
V  trificalion,  though  the  materials  be 
more  fusible  than  those  of  crown  glass ; 
in  consequence  of  the  contents  of  the 
pot  be  ngpartiallyscreened  by  its  cover 
from  the  action  of  the  fire,  as  also  from 
the  lower  intensity  of  the  heat. 

F  e  121  represents  a  flint  glass 
ho  se  for  6  pols,  wilh  ihe  arch  or  leer 
on  one  side  for  annealing  the  cryslal 
ware  In  Jig.  122,  the  base  of  the 
cone  IS  seen,  and  the  glass  pots  in  siln 
on  the  r  platform  ranged  round  the  cen- 
1-alfi  e  grate.  The  dotted  line  denotes 
the  contour  of  the  furnace,^?,  721. 

Whenever  the  glass  appears  fine, 
and  IS  freed  from  its  air  babbles,  ■wliicli 
t  usually  !-.  in  about  36  hours,  the 
heat  is  suffcreu  to  fall  a  little  by  closing 
the  bottom  \ahe«,  &c  ,  that  the  pot 
may  settle ,  but  prior  to  working  the 
metaltheheati=someJofta(raise(iagain. 
It  would  be  a>eless  to  describe  the 
manual  operations  of  fashioning  the 
because  they  are  indefinitely  varied  to  suit 


the  conveniences  and  caprices  of  human  society. 

Every  diflercnt  flint-house  has  a  peculiar  proportion  of 
nave  been  offered  as  good  practical  miKtures. 

1.  Fine  white  sand      -  -  -  - 

Red  load  or  litharge 

Refined  pearlasbes  _  ,  - 

Nitre  ..... 

Arsenic  anil  manganese,  a  minute  quantity. 

In  my  opinion,  the  proportion  of  lead  is  too  great 


The  following 
100  parts. 


1  the'auihorit:^   jf  Mr.  James  Geddes,  of  Leith.      The  glass  made  wilh  it 
probably  yellow  i*i;  and  dull. 

2.  Fine  sanii  - 

LJlharge  -------- 

Refined  pearlashes  (carbonate  of  potash,  with  5  per  cent,  of  water) 
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To  these  quantilies  from  30  to  50  parls  of  broken  glass  or  tullet  are  added ;  with  about 
a  two-thousandth  part  of  manganese,  and  a  three-thouaandlh  part  of  arsenic.    But  man- 
ganese varies  so  eittreraely  in  its  purity,  and  contains  often  so  much  oxyde  of  iron,  the 
nothing  can  be  predicated  as  to  its  quantity  previously  to  trial. 

M.  Pajen,  an  eminent  manufacturing  chemist  in  France,  says  that  the  composilio.i  of 
jrjstal  does  not  deviate  much  from  the  following  proportions  ; — 

Silidous  sand 3  3 
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I  conceive  Ihai  this  gl: 


jIso  is  subjec 

The  flint-glass  leer  for  annealing  glass,  is  an  arched  gallery  or  lai^e  flue,  about  36  f;et 
J>ng,  3  feet  hiah,  4  wide  ;  having  ts  floor  raised  above  2  feel  above  the  ground  of  the 
glass-house.  The  hot  air  and  smoke  of  a  fire-place  at  one  end  pass  alnng  this  gallery, 
Rdd  are  discharged  bya  ehimney  8  or  10  feet  short  of  the  olherend.  On  the  floor  of  the 
vault,  lai^e  iron  trays  are  laid  and  hooked  to  each  other  in  a  series,  which  are  drawn  from 
the  fire  end  towards  the  other  by  a  chain,  wound  about  a  cylinder  by  a  winch-handle  pro- 
<ceting  through  the  side.  The  flint-glass  articles  are  placed  in  their  hot  state  into  the 
tray  neit  the  fire,  which  is  moved  onwards  to  a  cooler  station  whenever  it  is  filled,  anil 
an  empty  tray  is  set  in  its  place.  Thus,  in  the  course  of  about  20  hours,  the  glass  ad- 
vances to  the  cool  end  thoroughly  annealed. 

Besides  colorless  transparent  glass,  which  forms  the  most  I.nporlant  part  of  this 
manufacture,  various  colored  glasses  are  made  to  suit  the  taste  of  the  public.  The 
taste  at  Paris  was  lately  for  opaline  crystal  i  which  may  be  prepared  ts'  adding  to  the 
above  eomposilion  (No.  2)  phosphate  of  lime,  or  wefl  burnt  bone  ash  il  fine  powder, 
washed  and  dried.  The  article  must  be  as  uniform  in  thickness  as  possible,  and 
speedily  worked  into  shape,  with  a  moderate  heat.  Oxyde  of  tin,  putly,  was  formerly 
used  for  making  opalescent  glass,  but  the  lustre  of  the  body  was  always  impaired  by  its 

Crystal  vessels  have  been  made  recently  of  which  the  inner  surface  is  colorless,  and  al! 
the  external  facets  colored.  Such  works  are  easily  execnted.  The  end  of  the  blowing- 
rod  must  be  dipped  first  in  the  pot  eontaininE;  colorless  glass,  to  form  a.  bulb  of  a  certain 
size,  which  being  cooled  a  little  is  then  dipped  for  an  instant  into  the  poi  Oi  colored  glass. 
The  two  layers  are  associated  without  inlenniiture ;  and  when  the  article  is  finished  in 
its  form,  it  is  white  within  and  colored  without.  Fluted  lines,  somewhat  deeply  cat,  pass 
through  the  colored  coat,  and  enter  the  colorless  one;  so  that  when  they  cross,  their  ends 
alone  are  colored. 

For  some  lime  past,  likewise,  various  crystal  articles  have  been  esbibited  in  the  market 
with  colored  enamel- figures  on  their  surface,  or  with  while  incrustations  of  a  silvery 
lustre  in  their  interior.  The  former  are  prepared  by  plaeins  the  enamel  object  in  the 
brass  mould,  at  the  place  where  it  is  sought  to  be  attached.  The  bulb  of  glass  being  put 
into  the  mould,  and  blown  while  Tery  hot,  the  small  ptaie  of  enamel  gets  cemented  to  the 
surface.  For  making  the  white  argentine  incrustations,  small  figures  are  prepared  with 
an  impalpable  powder  of  dry  porcelain  paste,  cemented  into  a  solid  by  means  of  a  tittle 
gypsum  plaster.  When  these  pieces  are  Iboronghly  dried,  they  are  laid  on  the  glass 
while  it  is  red  hoi,  and  a  large  patch  of  very  liquid  glass  is  placed  above  it,  so  as  to  encase 
it  and  form  one  body  with  the  whole.  In  this  way  the  incrustation  is  completely  enclosed,' 
and  the  polished  surface  of  the  crystal,  which  scarcely  touches  it,  gives  a  brilliant  aspect, 
pleasing  to  the  eye. 

A  uniform  flint-glass,  free  from  strite,  or  lereatk,  is  much  in  demand  for  the  oplioian. 
It  would  appear  that  such  an  article  was  much  more  commonly  made  by  the  English 
manufa.'turers  many  years  ago,  than  at  present;  and  that  in  improving  the  brilliancy  of 
crystal-glass  they  have  injured  its  fitness  for  constructing  optical  lenses,  which  depends 
not  so  much  on  its  whiteness  and  lustre  ason  the  layers  of  diSerent  densities  being  parallel 
to  each  other.  The  o.tyde  of  lead  existing  in  certain  parts  of  a  potful  of  glass  in  greater 
proportion  than  in  other  parts,  increases  the  density  unequally  in  the  same  mass,  so  that 
the  adjoining  strata  are  often  very  different  in  this  respect.  Even  a  potful  of  pretty 
uniform  glass,  when  it  stands  some  time  liquid,  becomes  eventually  unequable  by  the  sub- 
sidence of  the  denser  porljons;  so  that  slriic  and  gelatinous  appearances  begin  to  manifesl 
themselves,  and  the  glass  becomes  of  little  value.  Glass  allowed  to  cool  slowly  in  mass  in 
the  pot  is  particwlariy  full  of  wreath ;  and  if  qnickly  refr^erated,  Ihat  is,  in  two  or  three 
hours,  it  is  apt  to  split  into  a  mnllilude  of  minute  splinters,  of  which  no  use  can  be  made. 
For  optical  purposes,  the  glass  must  be  taken  out  in  its  liquid  state,  being  gathered  on 
the  end  of  the  iron  rod  from  the  central  portion  of  a  recently  skimmed  pot,  after  the  upper 
layers  have  been  worked  off  in  general  articles. 

M.  Gninand,  of  Brennels  near  Geneva,  appears  to  have  hit  upon  processes  that  fur- 
nished  almost  certainly  pieces  of  fiint-glass  capable  of  forming  good  lenses  of  remarkable 
dimensions,  even  of  11  inches  diameter;  of  adequate  density  and  transparency,  and 
nearly  free  from  stris.  M.  Cauchoix,  the  eminent  French  optician,  says,  that  out  of 
ten  object  glosses,  4  inches  in  diameter,  made  with  M.  Guinand's  flint  glass,  eight  ot 
nine  turned  out  very  good,  while  out  of  an  equal  number  of  object  glasses  made  of  the 
flint  glass  of  the  English  and  French  manufactories,  only  one,  or  two  al  most,  were  found 
lerviceable.  The  means  by  which  M.  Gainand  arrived  at  these  results  have  not  been 
published.    He  has  lately  died,  and  it  is  not  known  whether  his  son  be  in  possession  of 
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As  aehromatic  object  glass  Tor  telescopes  and  microscopes  consists  of  at  least  twc 
lenses ;  the  one  made  with  gloss  of  lead,  or  flint-glass,  and  the  other  with  crown-glass  i 
the  foimcr  possessing  a  power  of  dispersing  the  colored  rays  retatcrely  to  its  mean  refrac- 
tive power,  much  greater  than  the  latter ;  upon  which  principle  the  a.chromaIism  of  the 
Image  is  prodaced,  by  reuniting  ihe  different  colored  rays  into  one  focus.  Flint-glass  lo 
be  fit  for  this  delicate  purpose  must  be  perfectly  homogeneous,  or  of  uniform  density 
throughout  its  substance,  and  free  from  wavy  veins  or  wreaths ;  for  every  such  inequal- 
ity would  occasion  a  corresponding  inequality  in  the  refracticn  and  dispersion  of  the 
light ;  like  what  is  perceived  in  looking  through  a  thick  and  thin  solution  of  gum-arabic 
imperfectly  miied.  Three  plans  have  been  prescribed  for  obtaining  homogencons  pieces 
of  optical  glass :  1.  to  lift  a  mass  of  it  in  large  ladles,  and  lei  it  cool  in  them  ;  2.  to 
pour  it  out  from  the  pots  into  moulds;  3.  to  allow  it  to  cool  in  the  pots,  and  afterwards 
lo  cut  it  off  in  horizontal  strata.  The  last  method,  which  is  the  most  plausibie,  seldom 
affords  pieces  of  uniform  density,  unless  peculiar  precautious  Iiave  been  adopted  to  settle 
the  flint  glass  in  uniform  strata ;  because  lis  materials  are  of  such  unequal  densit)',  tiic 
oxyde  of  lead  having  a  specific  gravity  of  8,  and  silica  of  S-7,  that  they  are  apt  to  stand 
at  irregular  heights  in  the  pots. 

One  main  cause  of  these  inequalities  lies  in  the  constraction  of  the  furnace,  whereby 
the  bottom  of  the  pot  is  usually  much  less  heated  than  (he  upper  part  In  a  plate  glass 
furnace  the  teiEperature  of  the  top  oft      po  ed    w 

that  of  the  bottom  was  only  110°,  con  ff  0° 

The  necessary  consequence  is  that  the  ro 

daring  the  fusion  of  Ihe  materials,  an  m 

remain  there,  not  being  duly  agitated  cal  m 

below  upwards. 

The  preparation  of  the  best  optical  g  m 

prohcients.    The  following  suggestions  m      co         ra 

probably  lead  to  some  improvements,  if  judiciously  applied.  The  great  object  is  to  coun- 
teract the  tendency  of  the  glass  of  lead  to  distribute  itself  into  strata  of  different  densi- 
ties i  which  may  be  effected  either  bf  mechanical  agitation  or  by  applying  the  greales' 
beat  to  the  bottom  of  the  pot.  Bat  however  homogeneous  the  glass  may  be  thereby  made, 
its  subsequent  separation  into  strata  of  different  densities  must  be  prevented  by  rapid 
cooling  and  solidification.  As  the  deeper  the  pots,  the  greater  is  the  chance  of  unequal 
speeilic  gravity  in  their  contents,  it  would  be  advisable  to  make  them  wider  and  shal- 
lower than  those  in  use  for  making  ordinary  glass.  The  intermixture  may  be  effected 
either  by  lading  the  glass  out  of  one  pot  into  another  in  the  furnace,  and  back  again,  with 
copper  ladles,  or  by  stirring  it  up  with  a  rouser,  then  allowing  it  to  settle  for  a  short 
time,  lilt  it  becomes  clear  and  free  from  air  bubbles.  The  pot  may  now  be  removed  from 
the  furnace,  in  order  to  solidify  lis  contents  in  their  homogeneous  state ;  aller  which  the 
glass  may  be  broken  in  pieces,  and  be  pcifected  by  eubjecting  it  to  a  second  fusion ;  or, 
what  is  easier  and  quicker,  we  may  form  suitable  discs  of  glass  without  brewing  down 
lh«  polful,  by  lifting  it  out  in  flat  copper  ladles  with  iron  shanks,  and  transferring  the 
lumps  after  a  little  while  into  the  anneaUng  leer. 

Ins  To  render  a  potful  of  glass  homogeneous  by  agitation,  is  a 

more  difficult  task,  as  an  iron  rod  would  discolor  it,  and  a 
copper  rod  would  be  apt  to  melt.  An  iron  rod  sheathed  in 
laminated  platinum  would  answer  well,  but  for  its  expense. 
A  stone-ware  lube  supported  within  by  a  rod  of  iron,  might 
also  be  employed  for  the  purpose  in  careful  bands ;  the  stir- 
ring being  repeated  several  limes,  till  at  last  the  glass  is 
sulfered  to  stiffen  a  little  by  decrease  of  temperature.  It 
must  then  he  allowed  lo  settle  and  cool,  after  which  the  pot, 
being  of  small  dimensions,  may  be  drawn  out  of  the  fire. 

2.  The  second  method  of  producing  the  desired  uniformilj 
of  mixture,  consists  in  applying  a  greater  heat  lo  the  bottom 
than  to  the  upper  part  of  tl(e  melting  pot.  Fig.  "12$  repre- 
sents in  section  a  furnace  contrived  to  effect  this  object.  It 
is  cylindrical,  and  of  a  diameter  no  greater  than  to  allow  the 
flames  lo  play  round  the  pot,  confaining  from  three  to  four 
cwts.  of  vitreous  materials.  A  is  the  pot,  resting  upon  the 
arched  grid  6  a,  built  of  fire-bricks,  whose  apertures  are  wide 
enough  to  let  the  fiames  rise  freely,  and  strike  Ihe  bottom  and 
sides  of  the  vessel.  From  1^  to  3  feel  nnder  that  arch,  the 
fuel  grate  e  d  is  placed,  b  c  are  the  two  working  openings 
for  introducing  the  materials,  and  inspecting  the  progress  of 
the  fusion ;  Ihey  must  be  closed  with  fire-tiles  and  luted  with 
■e-clay  at  the  beginning  of  the  process.   At  Ihe  back  of  Ihe  furnace,  opposite  the  month 
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of  the  fire-place  there  is  a  door-way,  which  is  bricked  up,  ejcepl  upon  oceasbn  of  put- 
ting in  and  taking  oat  the  pot.  The  draught  is  regulated  hy  means  of  a  slide-plate  upon 
the  mouth  of  the  ash-pit  /,  The  pot  b?iog  heated  to  the  proper  pitch,  some  purified 
pearlash,  mixed  wilh  fully  twice  its  weight  of  colorless  quartz  sand,  is  to  be  thrown  into 
it,  and  nfler  Ihe  complete  fusion  of  this  mixture,  the  remaining  part  of  the  sand  along  with 
the  oxyde  of  lead  (fine  litharge)  is  to  be  Etrowh  upon  the  eurfoce.  These  Eilicious  par- 
ticles in  their  lescent  serve  to  exlrieate  the  air  from  Ihe  mass.  Whenever  the  whole  is 
fused,  the  heat  must  be  strongly  urged,  to  ensure  a  complete  nniformily  of  combination 
by  the  internal  motions  of  the  particles.  As  soon  as  the  gla^s  has  been  found,  by  making 
lest  vials,  to  be  perfectly  line,  the  Ere  must  be  withdrawn,  tJie  two  working  holes  must 
be  opened,  as  well  as  Ihe  months  oflhe  fire-place  and  ash-pit,  to  admit  free  ingress  to 
cooling  currents  of  air,  so  as  lo  congeal  the  liquid  mass  as  quickly  as  possible  ]  a  condi- 
tion essential  to  the  uniformity  of  the  glass.  It  may  be  worth  while  to  stir  it  a  little 
wilh  the  pottery  rod  at  Ihe  commencement  of  the  cooling  process.  The  solidified  glass 
may  be  afterwards  detached  by  a  hammer  in  conchoidal  discs,  which,  after  chipping  oil 
their  edges,  are  lo  be  placed  in  proper  porcelsin  or  stone-wace  dishes,  and  esposed  to  a 
softening  heat,  in  order  to  give  them  a  lenticular  shape.  Great  care  must  be  taken  thai 
the  heat  Ihus  applied  by  the  mufile  furnace  be  very  equable,  for  otherwise  wreaths 
might  be  very  readily  reproduced  in  the  discs.  A  small  oven,  upon  the  plan  of  a 
baker's,  is  best  filled  for  this  purpose,  'which  being  heated  to  dull  redness,  and  then 
exiingnished,  is  ready  lo  soften  and  afterwards  anneal  the  conchoidal  pieces. 

Guinand's  dense  optical  flint  glass,  of  specific  gravity  3'616,  consists,  by  analysis,  of 
oxydeof  lead,  43-05 1  silica,  44-3;  and  potash,  ll-TSj  but  requires  for  ils  formation  the 
following  ingredients:  100  pounils  of  ground  quartz;  100  pou  d  f  fi  ed  I  d;  35 
l>ounds  of  purified  potash  ;  and  from  2  to  4  ponnds  of  saltpetre  A  th  pe  f  glass 
is  injured  by  an  excess  of  potash,  it  shonld  be  compounded  w  Ih  rath  a  d  f  t  of  it, 
and  melted  by  a  proportion  ably  higher  or  longer  heat.  A  go  d  pt  al  gl  h  been 
made  in  Germany  with  7  parts  of  pure  red  lead,  3  parts  of  fin  Ij  r  d  q  t  and  3 
]iails  of  calcined  borax. 

5.  Plate  glass. 

This,  like  English  crown-glass,  has  a  soda  fl 
and  is  never  of  good  quality  when  made  wilh  st 
this  manufacture  under  two  heads. 

1.  The  ditferent  furnaces  and  principal  machines,  withont  whose  knowledge  it  would 
be  impossible  lo  understand  the  several  processes  of  a  plate-glass  factory. 

2.  The  materials  which  enter  into  the  composition  of  this  kind  of  glass,  and  the  series 
of  operatioirs  which  they  undergo;  devoting  our  chief  attention  lo  the  changes  and  im- 
jirovemenls  which  long  experience,  enlightened  by  modern  chemistry,  has  introduced  inic 
the  great  manufactory  of  Sainl-Gobin,  in  France,  under  Ihe  direction  of  M.  Tassaert.  I', 
may  however  be  remarked,  that  the  English  plate-glass  manufacture  derives  peculiar 
advantages  from  the  excellence  of  its  grinding  and  polishing  machinery. 

The  clay  for  making  the  bricks  and  pots  should  be  free  from  lime  and  iron,  and  very 
refractory.  It  is  mixed  with  the  powder  of  old  pots  passed  through  a  silk  sieve.  If  the 
clay  be  very  plastic  it  will  bear  its  own  weight  of  the  powder,  but  if  shorter  in  quality, 
it  will  take  only  three  fifths.  But  before  mingling  it  with  the  cement  of  old  pols,  ii  must 
be  dried,  bruised,  then  piclied,  ground,  and  finally  elutriated  by  agitation  with  water, 
deeanlalion  Ihrough  a  hair  sieve,  and  subsidence.  The  clay  fluid  after  passing  the  sieve 
15  called  slip  {coulis). 

The  furnace  is  built  of  dry  bricks,  cemented  with  slip,  and  has  al  each  of  its  four 
angles  a  peculiar  annealing  arch,  which  communicates  wilh  the  furnace  interiorly,  and 
Ihence  derives  sufficient  heat  lo  effect  in  part,  if  not  wholly,  the  annealing  of  the  pols, 
which  are  always  deposited  there  a  long  lime  before  they  are  used.  Three  of  these 
arches,  exclusively  appropriated  to  this  purpose,  are  called  pol-arches.  The  fourth  is 
called  the  anh  of  the  maieriah,  because  it  serves  for  drying  them  beforethey  are  founded. 
Each  oicli  has,  moreover,  a  principal  opening  called  the  throat,  another  called  haanard, 
by  the  French  workmen,  through  which  fire  may  be  kindled  in  the  arch  itself,  when  it 
was  thought  to  be  necessary  for  the  annealing  of  the  pols  ;  a  practice  now  abandoned. 
The  duration  of  a  furnace  is  commonly  a  year,  or  al  most  14  months  ;  that  of  the  arches 
is  30  years  or  upwards,  as  they  are  not  exposed  to  so  strong  a  heal. 

In  the  manufacture  of  plate-glass  two  sorts  of  crucibles  are  employed,  called  the 
pots  and  the  basins  {cuvettu).  The  first  serve  for  containing  the  materials  lo  be 
founded,  and  for  keeping  them  a  long  lime  in  Ihe  melted  state.  The  cnvetlei  receive  Ihe 
melted  glass  afler  it  is  refined,  and  decant  it  oul  on  the  table  lo  be  rolled  into  a  plate. 
Three  pols  hold  liquid  glass  for  six  small  basins,  or  for  three  large  ones,  the  latter  being 
employed  for  making  mirrors  of  crcat  dimensions,  that  is,  100  inches  long  and  up- 
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sra.'^s.  Vnniaees  have  been  lately  constructed  with  6  pots,  and  12  cuvettes,  8  of  which 
nre  small,  and  4  large;  and  cuvettes  of  three  sizes  are  made,  called  small,  middling,  and 
large.  Tiij  snsail  are  perfect  cubes,  the  middling  and  the  large  ones  are  oMong  parallel 
opipedi.  Towards  the  middle  of  their  height,  a  notch  or  groove,  two  or  three  inches 
broad,  and  an  inch  deep,  is  left,  called  the  girdle  of  the  envette,  by  which  pari  Ihey  are 
grasped  with  the  tongs,  or  rather  are  clamped  in  the  iron  frame.  This  frame  goes  round 
the  four  sides  of  the  small  cuvettes,  and  may  be  placed  indifferently  upon  all  their  sides ; 
in  the  other  cuvettes,  the  girdle  extends  only  over  the  two  large  sides,  because  they  can- 
not be  turned  up.    See  m  r,fig.  I2i,  p.  &13. 

The  pot  is  an  inverted  Irancatcd  cone,  like  a  crown  glass  pot.  It  is  about  30  inches 
high,  and  from  30  to  32  inches  wide,  including  its  thickness.  Thereareonly  a  few  inches 
of  diflerence  between  !he  diameter  of  the  lop  and  thai  of  ihe  bottom.  The  bottom  is 
3  inches  thick,  and  the  body  tarns  gtadually  thinner  till  it  is  an  inch  at  the  month  of  the 

The  large  building  or  factory,  of  which  the  melting  furnace  occupies  the  middle  space, 
is  called  the  kalle  in  French,  At  itavenhead  In  Lancashire  it  is  called  the  foundry,  and 
is  of  magnificent  dimensions,  being  probably  the  largest  apartment  under  one  roof  in 
Great  Sriiain,  since  iu  length  is  339  feet,  and  its  breadth  155.  The  famous  kalle  of  Si. 
Gobin  is  174  feet  by  ISO.  Along  the  two  side  walls  of  the  kalle,  which  are  solidly  con- 
Eirucled  of  hewn  stone,  there  are  openings  like  those  of  common  ovens.  These  ovens, 
destined  for  the  annealing  of  the  newly  cast  plates,  bear  the  name  of  carguaisei.  Their 
soles  are  raised  two  feet  and  a  half  above  the  level  of  the  ground;  in  order  to  bring  them 
into  the  same  horizontal  plane  with  the  casting  tables.  Their  length,  emouming  some- 
times to  30  feet,  and  their  breadth  to  20,  are  required  in  order  to  accommodate  6,  8,  or 
even  10  plates  of  glass,  alongside  of  each  other.  The  front  aperture  is  called  the  throat, 
and  the  back  door  the  little  throat  {gaeuklle).  The  carqnaise  is  heated  by  means  of  a 
fire-place  of  a  square  form  called  a  tiiar,  which  extends  along  its  side. 

The  founding  or  melting  furnace  is  a  square  brick  building  laid  on  solid  foundations, 
being  flora  8  to  10  feet  in  each  of  its  fronls,  and  rising  inside  into  a  vault  or  crown  about 
10  feet  high.  At  each  angle  of  Ibis  squ&re,  a  small  ovei)  or  arch  is  constructed,  likewise 
faulted  within,  and  communicating  with  the  melting  furnace  by  square  flues,  called  lu- 
Jiellei,  through  which  it  receives  a  powerful  heal,  though  much  inferior  to  that  round  the 
pots.  The  arches  are  so  distributed  as  that  two  of  the  exterior  sides  of  the  furnace  stand 
wholly  free,  while  the  two  other  sides,  on  which  Ihe  arches  encroach,  offer  a  free  spate 
of  only  three  feet.  In  this  interjacent  space,  two  principal  openings  of  Ihe  fnrnace,  of 
equal  size  in  each  side,  are  left  in  the  building.  These  are  called  lunnels.  They  are 
destined  for  (be  introduction  of  the  pols  and  the  fuel. 

On  looking  through  the  lunnels  into  the  inside  of  the  furnace,  we  perceive  to  the  right 
hand  and  the  leii,  along  the  two/ree  sides,  two  low  platforms  or  sieges,  at  least  30  inches 
in  height  and  breadth.    See^gi.  715, 717. 

These  sieges  (seats)  being  intended  to  support  the  pots  and  the  cuvettes  filled  with 
heavy  materials,  are  tenninated  by  a  slope,  which  ensures  the  solidity  of  the  fire-clay 
mound.  The  slopes  of  the  two  sieges  extend  towards  the  middle  of  the  furnace  so  near 
as  to  leave  a  space  of  only  from  6  to  JO  inches  between  ihem  for  the  hearth.  The  end 
of  this  is  perforated  with  a  hole  sufiiciently  large  lo  give  passage  to  the  liquid  glass  of  a 
broken  put,  while  the  rest  is  preserved  by  lading  it  from  the  mouth  into  llie  adjoining 

In  the  two  large  parallel  sides  of  the  furnace,  other  apertures  are  left  much  smaller 
than  Iho  lunnels,  which  are  called  oncreaux  (peep  holes).  The  lower  ones,  or  the  oufTeaitx 
en  has,  called  ctttelle  openings,  because,  being  aUolted  to  the  admission  of  tbese  vessels, 
they  are  exactly  on  a  level  with  the  surface  of  Ihe  Ages,  and  with  the  floor  of  the  halls. 
Plates  of  cast-iron  form  Ihe  thresholds  of  these  openings,  and  facilitate  the  ingress  and 
egress  of  the  cuvettes.  The  apertures  are  arched  at  top,  with  hewn  stone  like  the  lun- 
nels, and  are  18  inches  wide  when  the  cuvettes  are  16  inches  bioad. 

The  upper  and  smaller  apertures,  or  the  higher  ouvreanx  called  Ihe  lading  boles,  be- 
cause they  serve  for  transvasing  the  liquid  glass,  are  three  in  number,  and  are  placed  31 
or  32  inches  above  the  surface  of  the  sieges.  As  the  pots  are  only  30  inches  high,  il 
becomes  easy  to  work  through  these  openings  either  in  the  pots  or  the  cujiellea.  The 
pots  stand  opposite  lo  the  two  pillars  which  separate  the  openings,  so  that  a  space  is  left 
between  Ihem  for  one  or  mote  cuvetles  according  to  the  size  of  the  latter.  It  is  obvious 
that  if  the  tunnels  and  aavreavt  were  left  open,  the  furnace  would  not  draw  or  take  the 
requisite  founding  heat.  Hence  the  openings  are  shut  by  means  of  fire-tiles.  These  are 
put  in  Iheir  places,  and  removed  by  means  of  two  holes  left  in  them,  in  correspondence 
with  the  two  prongs  of  a  large  iron  fork  supported  by.an  aile  and  two  iron  wheels,  and 
terminated  by  two  handles  which  Ihe  workmen  lay  hold  of  wlien  they  wish  to  move 

The  closing  of  the  tunnel  is  more  complex.    When  il  is  shut  or  ready  fur  the  firing 
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the  aperlure  appears  buill  np  wilh  bricks  and  morlar  from  Ihe  lop  of  the  arch  W  lh< 
midJle  of  ihe  tunnel.  Tlie  remainder  of  the  door-way  is  closed ;  1.  on  the  two  sidci 
down  lo  the  bottom,  by  a  small  upright  wall,  likewise  of  bricks,  and  8  inches  broad, 
tailed  walls  of  the  glaye;  2.  by  an  assemblage  of  pieces  called  pieces  of  Ihe  glaye,  be- 
cause the  whole  of  the  closure  of  the  tunnel  bears  the  name  of  glaye.  The  upper  hole, 
it  inches  square,  is  called  the  tiaar,  through  which  billets  of  wood  are  tossed  into  the 
hre.  Fuel  is  also  introduced  into  the  posterior  openings.  The  fire  is  always  kept  up  on 
the  hearth  of  the  tunnel,  which  is,  on  this  acconnt,  4  inches  higher  than  the  furnace- 
heatlb,  ia  order  that  the  glass  which  may  accidentaJly  fall  down  on  il,  and  which  does 
not  flow  ofi"by  the  bottom  hole,  may  not  impede  the  combustion.  Should  a  body  of  glass, 
howeyer,  at  any  time  obstruct  the  grate,  it  mnsl  he  removed  with  rakes,  by  opening  the 
tunnel  and  dismounting  the  fire-tile  stoppers  of  the  glaye. 

Formerly  wood  fuel  alone  was  employed  for  heating  the  melting-furnaces  of  the 
mirror-plate  manufactory  of  Saint  Gobin;  bnt  within  these  few  years,  the  Director  of 
the  works  makes  use  with  nearly  equal  advantage  of  ptl-coat.  In  the  same  establishment, 
two  melting  furnaces  may  be  seen,  one  of  which  is  fixed  with  wood,  and-  the  other  with 
coals,  without  any  difference  being  perceptible  in  the  qnalily  of  Ihe  glass  furnished  by 
either.  It  is  not  true,  as  has  been  stated,  that  the  introduction  of  pit-coat  has  made  it 
necessary  to  work  with  covered  pots  in  orfer  to  avoid  the  discoloration  of  the  materials, 
or  that  more  alkali  was  required  to  compensate  for  the  diminished  heat  in  the  covered 
pots.  They  are  not  now  covered  when  pit-coal  is  used,  and  the  same  success  is  obtained 
OS  heretofore  by  leaving  the  materials  two  or  three  hours  longer  in  the  pots  and  (he  cu- 
velles.  The  construction  of  the  furnaces  in  wbidi  coal  is  burned,  is  the  same  as  that 
with  wood,  with  slight  modifications.  Instead  of  the  close  bottomed  hearth  of  the  wood 
furnace,  there  is  an  iron  grate  in  the  coal-hearth  through  which  the  air  enters,  and  the 
waste  ashes  descend. 

When  billets  of  wood  were  used  as  fuel,  they  were  well  dried  beforehand,  by  being 
placed  a  few  days  on  a  frame-work  of  wood  called  the  wheel,  placed  two  feet  above  the 
furnace  and  its  arches,  and  supported  on  four  pillars  at  some  distance  from  the  angles  o< 
the  building. 

Composition  of  plaU-glais. — This  is  not  made  now,  as  formerly,  by  random  trials. 
The  progress  of  chemistry,  the  discovery  of  a  good  process  for  the  manufacture  of  soda 
from  sea  salt,  which  furnishes  a  pure  alkali  of  uniform  power,  and  the  certain  methods 
of  ascertaining  its  purity,  have  rendered  this  department  of  glass-making  almost  entirely 
new,  in  France.  At  Saint  Gobin  no  alkali  is  employed  at  present  except  artificial 
crystals  of  soda,  prepared  at  the  manufactory  of  Channy,  subsidiary  to  that  establish- 
ment. Leaden  chambers  are  also  erected  there  for  ihe  production  of  sulphuric  acid 
from  sulphur.  The  first  crop  of  soda  crystals  Is  reserved  for  the  plate-glass  manufac- 
ture, the  other  crjstals  and  the  mother-water  sails  are  sold  to  the  makers  of  inferior 
glass. 

At  the  mirror-plalE  works  of  Ravenhead,  near  St.  Helen's  in  Lancashire,  soda  crys- 
tals, from  the  decomposition  of  the  sulphate  of  soda  by  chalk  and  coal,  have  been  also 
tried,  but  without  equal  success  as  at  ^int  Gtobin ;  the  failure  being  unquestionably  due 
to  the  impurity  of  Ihe  alkali.  Hence,  in  the  English  establishment  the  soda  is  obtained 
by  treating  sea-salt  with  pearl-ash,  whence  carbonate  of  soda  and  mariale  of  potash  re- 
sult. The  latter  salt  is  crystallized  out  of  the  mingled  solution,  by  evaporation  at  a  moa- 
erate  heat,  for  the  carbonate  of  soda  does  not  readily  crystallize  till  the  temperature  of  the 
solution  falls  below  60°  Fabr.  When  the  muriate  of  potash  is  Hms  removed,  the  alkaline 
carbonate  is  evaporated  to  dryness. 

Long  experience  at  Saint  Gobin  has  proved  that  one  pari  of  dry  carbonate  of  soda  is 
adequate  to  vitrify  perfeclly  three  parts  of  line  filicious  sand,  as  that  of  the  mound  of 
Aumont  near  Senlis,  of  Alum  Bay  in  the  Isle  of  Wight,  or  of  Lynn  in  Norfolk.  Il 
is  also  known  that  the  degree  of  heat  has  a  great  influence  upon  the  vitrification,  and 
that  increase  of  temperatire  will  compensate  for  a  certain  deficiency  of  alkali;  for  it  is 
certain  that  a  Very  slrons  fre  always  dissipates  a  good  deal  of  the  soda,  and  yet  the  glass 
is  not  less  beautiful.  The  most  perfect  mirror-plate  has  constantly  afibrded  to  M.  Vau- 
quelin  in  analysis,  a  portion  of  soda  inferior  to  what  had  been  employed  in  its  formation. 
Hence,  it  has  become  the  practice  to  add  for  every  100  parts  of  cuilet  or  broken  plate 
that  is  mixed  with  the  glass  composition,  one  part  of  alkali,  to  make  up  for  the  loss  that 
the  old  glass  must  have  experienced. 

To  the  above  mentionei!  proportions  of  sand  and  alkali  independently  of  the  cnllet 
which  may  be  used,  dry  slaked  lime  carefully  sifted  is  to  be  addei  to  the  amount  of  one 
seventh  of  the  sand ;  or  the  proportion  will  be,  sand  7  cwts. ;  quicklime  1  cwt. ;  dry 
carbonate  of  soda  2  cwts.  and  37  Jbs. ;  besides  cuilet.  The  lime  improves  the  quality  of 
the  glass;  rendering  it  less  brittle  and  less  liable  lo  change.  The  preceding  quantities 
af  materials,  suitably  blended,  have  been  uniformly  found  lo  afford  most  advantageous 
rnsults.     The  practice  formerly  was  to  dry  that  misture  as  soon  as  it  was  made,  in  th« 
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arch  for  the  matenals,  biit  it  has  been  ascettained  thai  this  step  may  be  dispensed  with. 
«nd  the  small  porlioti  of  humidity  present  is  dissipated  almost  instantly  afler  Ihey  art 
thrown  into  the  furnace.  The  coat  of  glaze  previously  applied  to  the  inside  of  the  pot, 
prevenia  the  moisture  from  doing  them  any  harm.  For  this  reason,  when  the  demand 
for  glass  at  Sainl-Gobin  is  very  great,  the  materials  are  netlher  frilled  nor  even  dried, 
but  shovelled  directly  into  the  pol;  this  is  called  founding  raw.  Sis  worlimen  art 
employed  in  sbovelling-in  the  materials  either  frilled  or  otherwise,  for  ihe  sake  of  expe- 
^ilinn,  and  to  prevent  the  furnace  getting  cooled.  One  third  of  the  mixture  is  introduced 
at  first ;  whenever  this  is  melted,  the  second  third  is  thrown  in,  and  then  the  last.  These 
three  stages  are  called  the  first,  second,  and  third  fusion  or  founding. 

According  to  the  ancient  practice,  the  founding  and  refining  were  both  eicculed  in 
Ihc  pots,  and  it  was  not  till  the  glass  was  refined,  that  it  was  laded  into  the  ?nvetles, 
where  il  remained  only  3  hoars,  the  time  necessary  for  the  disengagement  o'  the  aii 
hubbies  introduced  by  the  transvasion,  and  for  giving  the  melal  the  proper  consistence 
for  casting.  At  present,  the  period  requisite  for  founding  and  refining,  is  eqaally  divided 
between  the  pots  and  the  caaeiles.  The  materials  are  left  16  hours  in  the  pots,  *nd  as 
many  in  the  miitlteii ;  so  that  in  S2  hoars  the  glass  is  ready  lo  be' cast.  During  Ihe  last 
' —  -ir  three  hours,  the  fireman  or  liaeur  ceases  lo  add  fuelj   all  the  openings  ai      '    ' 


and  the  glass  is  allowed  to 
glass,  or  performing  Ike  arrem 
The  transfer  of  the  glass  ir 
done,  the  cuvettes  are  cleared 
and  the  ashes  of  the  firing 
method  presently  to  be  described, 
with  water.     The  workmen,  by 


the  requisite  finidity; 


eration  called  stopping  the 


is  called  lading,  (trijelage).    Before  this  is 

glass  remaining  on  their  bottom  is  removed. 

They  are  lifted  red  hot  out  of  the  furnace   by   the 

id   placed  on   an  iron  plate,  near  a  tub   filled 

paddles  6  feet  long,  flattened  at  one  end 


lu  this  operation,  ladles  of  wrought  iron  are  employed,  furnished  with  long  handles, 
which  are  plunged  into  the  pots  through  the  upper  openings  or  lading  holes,  and  immedi- 
ately transfer  Iheic  charge  of  glass  into  the  buckets.  Each  workman  dips  his  ladle  only 
three  times,  and  empties  its  contents  into  the  cuvette.  By  these  three  immersions  (whence 
the  term  Irejeier  is  derived),  the  large  iron  spoon  is  healed  so  much  that  when  plunged 
into  a  tub  full  of  water,  it  makes  a  noise  like  the  roaring  of  a  linn,  which  may  be  heard 
to  a  very  great  distance. 

The  founding,  refining,  and  rereinoay,  being  finished,  they  next  try  whether  (he  glass 
he  ready  for  casting.  With  this  view,  the  end  of  a  rod  is  dipped  into  the  bucket,  which 
is  called  drawing  Ikt  glasi;  the  portion  lahen  up  being  allowed  to  run  olT,  naturally 
assumes  a  pear-shape,  from  the  appearance  of  which,  they  can  judge  if  the  consistence  be 
proper,  and  if  any  air  bubbles  remain.  If  all  be  right,  the  cueettei  are  taken  out  of  the 
furnace,  and  conveyed  to  the  part  of  the  katk  where  their  contents  are  to  be  poured  out. 
This  process  requires  peculiar  instruments  and  manipulations. 

Casting. — While  Ihe  glass  is  refining,  that  is,  coming  to  its  highest  point  of  perfection, 
preparation  is  made  tor  the  most  important  process,  the  casting  of  the  plate,  whose 
success  crowns  all  the  preliminary  labors  and  cares.  The  oven  or  cargaaiae  destined  to 
receive  and  anneal  the  plate  is  now  healed  by  ils  smalt  fire  or  litar,  to  such  a  pitch  that 
its  sole  may  have  the  same  temperature  as  that  of  the  plates,  being  nearly  red-hot  at  the 
moment  of  their  being  intradnced.  An  unequal  degree  of  heat  in  the  carqaaise  would 
cause  breakage  of  (he  glass.  The  casting  table  is  then  rolled  towards  the  front  door  or 
throat,  by  means  of  levers,  and  its  surface  is  brought  exactly  to  the  level  of  the  sole  of 
the  oven. 

The  table  t,  fig.  724,  is  a  mass  of  bronie,  or  now  preferably  cast  iron,  about  10  feel 
long,  5  feet  broad,  and  from  6  lo  7  inches  thick,  supported  by  a  frame  of  carpentry,  which 
rests  on  three  cast  iron  wheels.  At  the  end  of  the  table  opposite  to  that  next  to  the  front 
of  the  oven,  is  a  very  strong  frame  of  timber-work,  called  the  puppet  or  standard,  upon 
which  the  bronze  roller  which  spreads  the  glass  is  laid,  before  and  atVer  Ihe  casting.  This 
is  5  feet  long  by  1  fool  in  diameter ;  it  is  thick  in  the  metal  but  hollow  in  the  axis.  Th* 
same  roller  can  serve  only  for  two  plates  at  one  casting,  when  another  is  put  in  its  place, 
and  the  first  is  laid  asiJe  to  cool  {  for  otherwise  the  hot  roller  would  at  a  third  casting 
make  the  plate  expand  unequally,  and  cause  it  to  crack.  When  the  rollers  are  not  in 
acLxon,  (hey  are  laid  aside  in  strong  wooden  trestles,  like  those  employeil  by  sawyers.  On 
the  two  Bides  of  the  table  in  the  line  of  ils  length,  are  two  parallel  bars  of  bronze,  t,  I, 
destined  to  support  the  roller  during  its  passage  from  end  to  end;  the  thickness  of  these 
bars  determines  Ihatof  the  plate.  The  table  being  thus  arranged,  a  crane  is  had  recourse 
(0  for  lifting  the  cuvette,  and  keeping  it  suspended,  till  it  be  emptied  upon  the  table. 
Tliis  raising  and  suspension  are  efl'ecled  by  moans  of  an  iron  gib,  rurnishcd  with  pulleys, 
lield  horizontally,  and  which  turns  with  them. 
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The  longs  t,  fi^.  "JSi,  are  made  of  four 
middle,  for  embracing  the  bucket.  Four  ch 
V  are  united  at  their  other  ends  inlo  a 


bars,  bent  jnto  a  square  frame  in  Ihril 
iroceeding  from  ihc  corners  of  ihe  fram« 
which  fits  into  the  hoolc  of  the  crane. 


Things  bting  thus  arranaed,  all  the  workmen  of  the  foundry  co-operale  in  the  manipu- 
lations of  the  casting.  Twoof  Ihem  fetch,  and  place  quickly  in  front  of  one  of  the  lower 
openings,  the  small  cnvette-carriac;©,  which  bears  a  forked  bar  of  iron,  having  two  pronsa 
corresponding  to  the  two  boles  left  in  the  fire-tile  door.  This  fork,  mounted  on  the  asle 
of  two  cast-iron  wheels,  extends  at  its  other  end  into  two  branches  terminated  by  handles, 
by  which  the  workmen  move  the  fork,  lift  out  the  lile  stopper,  and  set  it  down  againsl 
the  outer  wall  of  the  furnace. 

The  instant  these  men  retire,  two  others  push  forward  into  the  opening  the  extre- 
mity of  the  tongs.carriage,  so  as  to  seize  the  bucket  by  the  girdle,  or  rather  to  clamp  it 
At  the  same  time,  a  third  workman  is  busy  with  an  iron  pinch  or  long  chisel,  detaching 
the  bucket  from  its  seat,  lo  which  it  often  adheres  by  some  spilt  glass ;  whenever  it  is 
free,  he  withdraws  it  from  Ihe  furnace.  Two  powerful  branches  of  iron  united  by  a 
l«it,  like  two  scissor  blades,  which  open,  come  together,  and  join  by  a  quadrant  near  the 
other  end,  form  the  longs-carriage,  which  is  mounled  upon  two  wheels  like  a  truck. 

The  some  description  will  applj  almost  wholly  to  the  iron-plate  carriage,  on  which 
ihe  bucket  is  laid  the  moment  il  is  taken  out  of  the  fnrnacc!  the  only  difference  in  its 
construction  is,  that  on  the  bent  iron  bars  whicli  form  the  tail  or  lower  steps  of  this  car- 
riaae  (in  place  of  the  lon^s)  is  permanently  fastened  an  iron  plate,  on  which  the  bucket 
is  placed  and  carried  for  the  casting. 

Whenever  the  caodU  is  sel  open  ili 
near  the  crane.    The  tongs  t  above  di 
hooked  upon  the  crane  by  the  suspension  chain 
med  by  means  of  a  copper  tool  called  a  sabre,  li 
weapon.    Every  portion  of  the  matter  removed 
ladle  {fodhi  de  gamin),  which  is  emptied  from  lit 

being  skimmed,  the  bucket  is  lifted  up,  and  brushed  very  clean  on  its  sides  and  boiiom  ; 
then  by  the  double  handles  of  Ihe  suspension-tongs  il  is  swuna  round  to  Ihe  table,  where 
it  is  seized  by  the  workmen  appointed  to  turn  It  over;  the  roller  having  been  previously 
laid  on  its  rnler-bars,  near  the  end  of  the  table  which  is  in  contact  with  the  annealing 
oven.  The  cuvetle-men  begin  to  pour  out  towards  the  right  eitremily  e  of  the  roller,  and 
terminate  when  it  has  arrived  al  the  left  extremity  J>.  While  preparing  to  do  so,  and 
It  Ihe  inslanl  of  casting,  two  men  place  within  theruler.bac  on  each  side,  that  is,  between 
the  bar  and  the  liquid  glass,  two  iron  instruments  called  hand),  m,  in,  in,  ni,  which  pre- 
Tenl  the  glass  from  spreading  beyond  the  rnlers,  while  another  draws  along  the  table  the 
wiping  bar  c,  c,  wrapped  in  linen,  lo  remove  dust,  or  any  small  objects  which  may  inter- 
pose between  the  table  and  the  liquid  glass. 

Whenever  the  melted  glass  is  pouted  out,  two  men  spread  it  over  the  table,  guiding 
the  roller  slowly  and  steadily  along, beyond  the  limits  of  the  glass,and  then  run  it  smartly 
inlo  the  wooden  standard  prepared  for  its  reception,  in  place  of  the  trestles  v,  v. 

The  empty  bucket,  while  still  red-hot,  is  hung  again  upon  the  crane,  set  on  its  plate- 
iron  carriage,  freed  from  its  longs,  and  replaced  in  the  furnace,  to  be  speedily  cleared 
out  anew,  and  charged  with  fresh  fluid  [mm  the  pots.  If  while  the  roller  glides  along, 
the  two  workmen  who  stand  by  with  picking  tools,  perceive  tears  in  the  matter  in  ad. 
Vance  of  the  roller,  and  can  dexterously  snatch  them  out,  they  are  suitably  rewarded, 
according  to  the  spot  where  the  biemish  lay,  whether  in  the  centre,  where  it  would 
■have  proved  most  detrimental,  or  ncai-  the  sdgc.     These  tears  proceed  usually  from 


must  be  rapidly  wheeled  to  its  station 
now  applied  to  the  girdle,  and  are  then 
In  this  position  the  bucket  is  skim- 
;ause  it  has  nearly  the  shape  of  thai 
by  the  sabre  is  thrown  inlo  a  copper 
a  cistern  of  water.  Afler 
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small  portions  of  semi-vitrificd  matter  which  fall  Trom  the  vanll  of  the  furnace,  and  frong 
:!ieir  density  occupy  the  bottom  of  the  ciireltei. 

While  the  plate  is  still  red-hot  and  ductile,  ahoul  3  inches  of  its  end  opposite  to  the 
carqunise  door  is  (urned  up  with  a  tool ;  this  portion  is  called  the  head  of  Ike  niimjr  i 
against  the  outside  of  this  head,  the  shovel,  in  Ihe  shape  of  a  rabe  without  teeth,  is  ap- 
plied, with  which  the  plate  is  eventually  pushed  into  the  oven,  while  two  other  workmen 
press  upon  the  upper  part  of  the  head  with  a  wooden  pole,  eight  feet  long,  to  preserve 
the  plate  in  its  horizontal  position,  and  prevent  its  being  warped.  The  plate  is  now  left 
for  a  few  moments  near  the  throat  of  !Jie  carquaiaef  to  give  it  solidity ;  alter  which  il  is 
pushed  farther  in  by  means  of  a  very  long  iron  tool,  whose  ei:ireroity  is  forked  like  the 
letter  y,  and  hence  bears  that  name;  and  is  thereby  arranged  in  the  most  suitable  spot  for 
allowing  other  plates  lo  be  introduced. 

However  numerous  the  manipolalions  executed  from  the  moment  of  withdrawing  the 
eavelle  from  the  furnace,  till  the  cast-plate  is  pushed  into  the  annealing  oven,  I  have  seen 
them  all  performed  in  less  than  five  minutes  i  such  silence,  order,  regi^ity,and  despatch 
prevail  in  the  establishment  of  EainC-Gobin. 

When  all  the  plates  of  the  same  casting  have  been  placed  in  the  carquaise,  it  is  sealed 
up,  that  is  to  say,  all  its  orifices  are  closed  with  sheets  of  iron,  surrounded  and  made  light 
with  plastic  loam.  With  this  precaution,  the  cooling  goes  on  slowly  and  equably  in  every 
part,  for  no  cooling  current  can  have  access  to  the  interior  c>  the  oven. 

After  they  are  perfectly  cooled,  the  plates  are  carefully  withdrawn  one  after  another, 
■ceeping  them  all  the  while  in  a  horizontal  position,  till  they  are  entirely  out  of  the  car- 
qunise. As  soon  as  each  plate  is  taken  out,  one  set  of  workmen  lower  quickly  and 
steadily  the  edge  which  they  hold,  while  another  set  raise  the  opposite  edge,  till  the  glass 
bo  placed  upright  on  two  cushions  stuffed  with  straw,  and  covered  with  canvass.  In 
this  vertical  position  they  pass  through,  beneath  the  lower  edge  of  the  plate,  three  girths 
or  straps  each  four  feet  long,  thicltened  witli  leather  in  their  middle,  and  ending  in 
wooden  handles;  so  that  one  embraces  the  middle  of  the  plate,  and  the  other  two,  the 
ends.  The  workmen,  six  in  number,  now  seize  the  handles  of  the  straps,  lift  up  the 
glass  closely  to  their  bodies,  and  convey  il  with  a  regular  step  to  tiio  warehouse.  Here 
the  head  of  the  plate  is  first  cut  oif  with  a  diamond  square,  and  then  the  whole  is  atten- 
tively examined,  in  reference  to  its  defects  and  imperfections,  to  determine  the  sections 
which  must  be  made  of  it,  and  the  eventual  size  of  the  pieces.  The  pairings  and  small 
cuttings  delachet  are  set  aside,  in  order  to  be  ground  and  mixed  with  the  raw  materials 
of  another  glass-pot. 

The  apartment  in  which  the  roughing-down  and  smoothing  of  the  plates  is  performed, 
is  furnished  with  a  considerable  number  of  stone  tables  truly  hewn  and  placed  apart  lilte 
billiard  tables,  in  a  horizontal  position,  about  2  feel  above  the  ground.  They  are  rec- 
tanf-nlar,  and  of  different  sizes  proportional  to  the  dimensions  of  the  plates,  which  they 
ought  always  Ip  esceed  a  little.  These  tables  are  supported  either  on  stone  pillars  or 
weoden  frames,  and  are  surrounded  .with  a  wooden  board  whose  upper  edge  stands  some- 
what below  their  level,  and  leaves  in  the  space  between  it  and  the  stone  all  round  an  in- 
terval of  3  ot  4  indies,  of  which  we  shall  presently  see  the  use. 

A  cast  plate,  unless  formed  on  a  table. quite  new,  has  always  one  of  its  faces,  Ihe  one 
neit  the  table,  rougher  than  the  other ;  and  with  this  face  the  rough  in  E;-down  begins. 
IVith  this  view,  the  smoother  face  is  cemented  on  the  stone  table  with  Paris-plaster.  But 
often,  instead  of  one  plate,  several  are  cemented  alongside  of  each  other,  those  of  the  same 
thickness  being  carefully  selected.  They  then  take  one  or  more  crude  plates  of  about  one 
third  or  one  fourth  Ihe  surface  of  the  plate  iiied  to  the  table,  and  fii  it  on  them  with 
liquid  gypsum  to  the  large  base  of  a  qnadrangular  truncated  pyramid  of  stone,  of  a  weight 
proportioned  to  its  extent,  or  abont  a  pound  lo  the  square  inch.  This  pyramidal  muUer, 
if  small  sized,  bears  at  each  of  its  angles  of  the  upper  face  a  peg  or  ball,  which  the 
grinders  lay  hold  of  in  working  il ;  but  when  of  gieater  dimension,  there  is  adapted  lo  il 
horizontally  a  wheel  of  slight  construction,  8  or  10  feet  in  diameter,  whose  circumference 
is  made  of  wood  rounded  so  as  to  be  seized  with  the  hand.  The  upper  plate  is  now 
rubbed  over  the  lower  ones,  with  moistened  sand  applied  between. 

This  operation  is  however  performed  by  machinery.  The  under  plate  being  fixed  nr 
imbedded  in  stucco,  on  a  solid  table,  the  upper  one  likewise  imbedded  by  the  same 
cement  in  a  cast-iron  frame,  has  a  motion  of  circum rotation  given  to  il  closely  resem- 
bling that  communicated  by  the  human  hand  and  arm,  moist  sand  being  supplied 
between  Ihem.  While  an  eccentric  mechanism  imports  this  double  rotatory  movement 
lo  the  upper  plate  round  its  own  centre,  and  of  that  centre  ronnd  a  point  in  the  lower 
plate,  this  plate,  placed  on  a  moveable  platform,  changes  its  position  by  a  slow  borizonta. 
molion,  both  in  the  direction  of  its  length  and  its  breadth.  By  this  ingenious  con- 
trivance, which  pervades  the  whole  of  the  grinding  and  polishing  machinery,  a  roinark- 
»We  regularity  of  friction  and  truth  of  surface  is  produced.  When  the  plates  are  sulfi- 
tiently  worked  on  one  face,  they  are  reversed  in  the  frames,  and  worked  ti^ether  ot 
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Jie  ctlier.    The  Paris  plaster  is  usually  colored  red,  in  order  to  show  any  defects  jn  tlw 

The  smoothing  of  the  r'-^t^s  is  effected  on  the  same  principles  by  the  use  of  moisi 
emery  washed  to  successive  degrees  of  fineness,  for  the  successive  stages  of  the  operation  ; 
and  the  polishing  process  is  performed  hy  rubbeis  of  hat-feU  and  a  thin  paste  of  colcothai 
»nd  water.  The  colcolhar,  called  also  crocus,  is  red  oxyde  of  iron  prepared  by  the  igni- 
tion of  copperas,  with  grinding  and  elntriation  of  the  residuum. 

The  last  part  or  the  polishing  process  is  performed  by  hand.  This  is  managed  by  fe- 
males, who  Elide  one  plate  over  enother,  while  a  little  moistened  putty  of  tin  finely  levi- 
gated is  thrown  between. 

Large  mirror-plates  are  now  the  indispensable  ornaments  of  cverj' large  and  sumptoou! 
apartment ;  they  diffuse  lustre  and  gayety  round  them,  by  reflecting  the  rays  of  light  in  a 
thousand  lines,  and  by  multiplying  indefinitely  the  images  of  objects  placed  between  op- 
posite parallel  planes. 

The  silvering  of  plane  mirrors  consists  in  applying  a  layer  of  tin-foil  alloyed  with  mer- 
cury to  their  posterior  surface.  The  workshop  for  esecuting  this  operation  is  provided 
with  a  great  many  smooth  tables  of  line  freestone  or  marble,  truly  levelled,  having  round 
their  contour  arising  ledge,  within  which  there  is  ft  gutter  or  groove  which  terminates  by 
a  slight  slope  in  a  spout  at  one  of  the  comers.  These  tables  rest  upon  an  axis  of  wood 
or  iron  which  runs  along  the  middle  of  their  length  j  so  that  Ihey  may  be  inclined  easily 
into  an  angle  with  the  horizon  of  12  or  13  degrees,  by  means  of  a  hand-screw  fixed  be- 
low. They  are  also  furnished  with  brushes,  with  glass  rules,  with  rolls  of  woollen  stuff, 
several  pieces  of  flannel,  and  a  great  many  weights  of  stone  or  cast-iron. 

The  glass-tinner,  standing  towards  one  angle  of  his  table,  sweeps  and  wipes  its  surface 
with  the  greatest  care,  along  the  whole  surface  to  be  occupied  by  the  mirror-plate  ;  then 
taking  a  sheet  of  lin-foll  adapted  lo  his  purpose,  he  spreads  it  on  the  lahle,  and  applies 
it  doselj  with  a  brush,  which  removes  any  folds  or  wrinkles.  The  table  being  hori- 
zontal, he  pours  over  the  tin  a  small  quantity  of  quicksilver,  and  spreads  it  with  a  roll 
of  woollen  stuff;  so  that  the  tin-foil  is  penetrated  and  apparently  dissolved  by  the  mer- 
cury. Placing  now  two  rules,  lo  the  right  and  to  the  lefl,  on  the  borders  of  the  sheet,  he 
pours  on  the  middle  a  quantity  of  mercury  suSicient  to  form  everywhere  a  layer  about 
the  thickness  of  a  ciown  piece ;  then  removing  with  a  linen  rag  the  oxjde  or  other  im- 
purities, he  applies  to  it  the  edge  of  a  sheet  of  paper,  and  advances  it  about  half  an  inch. 
Meanwhile  another  workman  is  occupied  in  drying  very  nicely  the  surface  of  the  glass 
(hat  is  lo  be  silvered,  and  then  hands  it  to  the  master  workman,  who,  laying  it  fiat, 
places  its  anterior  edge  first  on  the  table,  and  ihen  on  the  slip  of  papery  now  pushing 
the  glass  forwards,  he  takes  care  to  slide  it  along  so  that  neither  air  nor  any  coal  of 
oiyde  on  the  mercury  can  remain  beneath  the  plate.  When  this  has  reached  its  position, 
he  fixes  it  there  by  a  weight  applied  on  its  side,  and  gives  the  lahle  a  gentle  slope,  lo 
run  oft'ftU  the  loose  quicksilver  by  the  gutter  and  spout.  Al  the  end  of  five  minutes  he 
covers  the  mirror  with  a  piece  of  flannel,  and  loads  it  with  a  great  many  weights  which 
are  leA  upon  it  for  twenty-four  hours,  under  a  gradually  increased  inclination  of  the  table. 
By  Ihis  time  the  plate  is  ready  lobe  taken  off"  the  marble  table,  and  laid  on  a  witoden  one 
sloped  like  a  reading  desk,  with  its  under  edge  resting  on  the  ground,  while  the  upper  is 
m'    d  ss"    I        d'lr  1        ■       b  f         d         ■  g      er  a  pulley  in  Ihe 

oom     T  m  ro  gr  ra  day  lo  day,  till 

al  A  ed  foe  draining  oul 

fl  m       ry       m  m  J)        s  from  those   of 

mod  T  ts  m  ar       than  the  glass 

ed  es  m  ed    m  ff  ed  ofl'  the  marble 

P  g  coa  ro        a       g  m       ryfi  eParis plaster  by 

p        g  ,  m  p  gh  hair-cloth,  the 

first  is  to  be  made  into  a  creamy  liquorwithwaler,  and  after  smearing  the  concave  surface 
of  the  glass  with  a  film  of  olive  oil,  the  fine  plaster  is  lo  be  poured  into  it,  and  spread  by 
to rning  about,  till  a  layer  of  plaster  be  formed  about  a  tenth  of  an  inch  thick.  The 
second  or  coarse  plaster,  being  now  made  into  a  Ihin  paste,  poured  over  the  first,  and 
moved  about,  readily  incorporates  with  il,  in  its  imperfectly  hardened  state.  Thus  an 
eiact  mould  is  obtained  of  the  concave  surface  of  the  glass,  which  lies  about  three  quar- 
ters of  an  inch  thick  upon  it,  but  is  not  allowed  to  rise  above  its  outer  edge. 

The  mould,  being  perfectly  dried,  must  he  marked  with  a  point  of  coincidence  on  Ihe 
glass,  in  order  to  permit  of  its  being  exactly  replaced  in  the  same  position,  afler  it  has 
been  lifted  out.  The  mould  is  now  removed,  and  a  round  sheet  of  tin-foil  is  applied  10  il, 
so  laige  that  an  inch  of  its  edge  may  project  beyond  the  plaster  all  round  ;  ibis  border 
being  necessary  for  fixing  the  tin  to  the  contour  of  the  mould  hy  pellets  of  white  wai 
w.iened  *  little  with  some  Venice  turpentine.  Before  fixing  the  tin-foil,  however,  il 
must  be  properly  spread  over  the  mould,  so  as  to  remove  every  wrinkle;   which  the 
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1  of  the  foil   easily  admits  of,  by  unirorm  and  well-directed  pressare  wi'i  tie 


The  glass  being  plact^d  in  the  hollow  bed  of  a  tight  £ack  filled  with  fioe  snad,  set  ia  a 
well-jointed  boi:,  capable  of  relaining  quictsilrer,  its  eoneaye  surface  must  be  dusted 
wilh  sifted  wood-ashes,  or  Spanish  white  contained  in  a  small  cotton  bag,  and  then  well 
wiped  wilh  clean  linen  rags,  to  free  it  from  all  adhering  impnrilj,  and  particularly  the 
moisture  of  the  breath.  The  concavity  must  he  now  filled  with  qniclisilver  to  the  very 
lip,  and  the  mould,  being  dipped  a  little  way  into  it,  is  withdrawn,  and  the  adhering 
mercury  is  spread  over  the  tin  with  a  soil  flannel  roll,  so  as  to  amalgamate  and  brighten 
its  whole  surface,  tailing  every  precaution  against  breathing  on  it.  Whenever  this 
brightening  seems  complete,  the  mould  is  to  be  immersed,  not  vertically,  but  one  edge 
at  first,  and  thus  obliquely  downwards  till  the  centres  coincide;  the  mercnry  meanwhile 
being  slowly  displaced,  and  the  mark  on  the  mould  being  brought  finally  into  coinci- 
dence with  the  mark  on  the  glass.  The  mould  is  now  left  to  operate  by  its  own  weight, 
in  expelling  the  superfluous  mercury,  which  runs  out  upon  the  sand-bag  and  thence 
into  a  groove  in  the  bottom  of  the  bojt,  whence  it  overflows  by  a  sponi  into  a  iealher  bag 
of  reception.  After  half  an  hour's  repose,  the  whole  is  cautiously  inverted,  to  drain  .^ff 
the  quicksilver  more  completely.  For  this  purpose,  a  bojc  like  the  first  is  provided 
wilh  a  central  support  rising  an  inch  above  its  edges;  the  upper  surface  of  the  support 
being  nearly  equal  in  diameter  to  that  of  the  moald.  Two  workmen  are  required  to 
execute  the  following  operation.  Each  steadies  the  mould  with  the  one  hand,  and  raises 
the  box  with  the  other,  taking  care  not  to  let  the  mould  he  deranged,  which  they  rest 
on  the  (convex)  support  of  the  second  box.  Before  inverting  the  first  apparatus,  how- 
ever,  the  reception  bag  must  be  removed,  for  fear  of  spilling  its  mercurj'.  The  redun- 
dant quicksilver  now  drains  off;  and  If  the  weight  of  the  sandbag  is  not  thought  suffi- 
cient, supplementary  weights  are  added  at  pleasure.  The  whole  is  left  in  this  posilioa 
for  two  or  three  days.  Before  separating  the  mirror  from  its  mould,  lh,e  border  of  tin- 
foil, fixed  to  it  wilh  wa^,  must  be  pared  off  with  a  knife.  Then  the  weight  and 
sandbag  beiag  removed,  the  glass  is  lifted  up  -with  its  interior  coating  of  tin- 
amalgam. 

For  silveriag  a  convex  suT/ace. — A  concave  plaster  mould  is  made  on  the  convex  glass, 
and  theii  points  of  coincidence  are  defined  by  marks.  This  mould  is  to  be  lined  with 
tinfoH,  wilh  the  precautions  above  described ;  and  the  tin  surface  being  first  brightened 
wilh  a  little  mercury,  the  mould  is  then  filled  with  the  liquid  metal.  The  glass  is  to  be 
well  cleaned,  and  immersed  in  the  quicksilver  bath,  which  will  expel  the  greater  part  of 
the  metal.  A  sandbag  is  now  to  be  laid  on  the  glass,  and  the  whole  is  to  be  inverted  as 
in  the  former  case  on  a  support ;  when  weights  are  to  be  applied  to  the  mould,  and  the 
mercury  is  left  to  drain  off  for  several  days. 

If  the  glass  be  of  large  dimensions,  30  or  40  inches,  for  example,  anolher  method  is 
adopted.  A  circular  frame  or  hollow  ring  of  wood  or  iron  is  prepared,  of  twice  the  diam- 
eter of  the  mirror,  supported  on  three  feel.  A  circular  piece  of  new  linen  cloth  of  close 
tpilure  is  cut  out,  of  equal  diameter  to  the  ring,  which  is  hemmed  stoutly  at  the  border, 
and  furnished  round  the  edge  with  a  row  of  small  holes,  for  lacing  the  cloth  to  the  ring, 
so  as  to  leave  no  folds  in  it,  but  without  bracing  it  so  tightly  as  to  deprive  it  of  the  elas- 
ticity necessary  for  making  it  into  a  mould.  This  apparalus  being  set  horizontally,  a 
leaf  ot^  tinfoil  is  spread  over  it,  of  sufficient  size  to  cover  the  surface  of  the  glass;  the 
tin  is  first  brightened  wilh  mercury,  and  then  as  mucli  of  the  liquid  metal  is  poured  on  as 
a  plane  mirror  requires.  The  convex  glass,  well  cleaned,  is  now  set  down  on  the  cloth, 
and  its  own  weight,  joined  to  some  additional  weights,  gradually  presses  down  the  cloth, 
and  causes  it  to  assume  the  form  of  the  glass  which  thus  comes  into  close  contact  ■with 
the  tin  submersed  nnder  the  quicksilver.   The  redundant  quicksilver  is  afterwards  drained 

The  following  recipe  has  been  given  for  silvering  the  inside  of  glass  globes.  Melt  in 
an  iron  ladte  or  a  crucible,  equal  parts  of  tin  and  Jead,  adding  to  the  fused  alloy  one  part 
of  bruised  bismuth.  Stir  the  mixture  well,  and  pour  into  it  as  it  cools,  two  parts  of  dry 
mercury  ;  agitating  anew  and  skimming  off  the  drossy  film  from  the  surface  of  the  amal- 
gam. The  inside  of  the  glass  globe,  being  freed  from  all  adhering  dnst  and  humidity,  Js 
to  be  gently  healed,  while  a  little  of  the  semi-fluid  amalgam  is  introduced.  The  liquidity 
being  increased  by  the  slight  degree  of  heat,  (he  metallic  coaling  is  applied  to  all  the 
points  of  the  glass,  by  turning  round  the  globe  in  every  direction,  but  so  slowly  as  to 
favor  the  adhesion  of  the  alloy.  This  silvering  is  not  so  substantial  as  that  of  plane  mir- 
rors ;  but  the  form  of  the  vessel,  whether  a  globe,  an  ovoid,  or  a  cylinder,  coaceals  or 
palliates  the  defects  by  counter  reflection  from  the  opposile  surfaces. 

Colored  Glasses  and  Artificial  Gems.— The  general  vilreons  body  preferred  by  Fon- 
tanieu  in  his  treatise  on  this  subject,  which  he  calls  the  Mayence  base,  is  prepared  in 
the  following  manner.  Eight  onnces  of  pnre  rnck-crj'stal  or  flint  in  powder,  mixed 
with  24  ounces  of  salt  of  tartar,  are  baked  and  left  to  cool.    This  is  afterwards  poured 
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into  a  basin  of  hot  water,  and  treated  with  dilute  nitric  acid  till  it  ceases  to  efferveste, 
when  the  frit  is  to  be  washed  til)  the  water  comes  off  tasteless.  The  frit  is  now  dried 
and  miied  with  !2  ounces  of  fine  white  lead,  and  the  mixture  is  to  be  levigated  and  elu- 
triated with  a  little  distilled  water.  An  ounce  of  calcined  borax  is  to  be  added  lo  abou' 
la  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole  rubbed  together  in  a  porce 
lain  tnorlar,  then  melted  in  a  clean  crucible,  and  poured  out  intn  cold  water.  This  vitre- 
ous matter  must  he  dried,  and  melted  a  second  and  a  third  time,  always  in  a  new  crucible, 
and  after  each  melting  poured  into  cold  water  as  at  first,  taking  care  lo  separate  the  lead 
that  may  he  revived.  To  the  last  glass  ground  to  powder,  five  drachms  of  nitre  are  to  he 
added,  and  the  mixture  being  melted  for  the  last  time,  a  mass  of  crystal  will  be  found  in 
the  crucible  with  a  beautiful  lustre.  The  diamond  is  well  imitated  by  this  Mayencc 
base.  Another  very  line  white  crjstal  may  be  obtained,  according  to  M.  Fontanieu,  from 
eight  ounces  of  white  lead,  two  ounces  of  powdered  borax,  half  a  grain  of  manganese, 
and  three  ounces  of  rock-crjstal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  orienlal  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  base  ;  the  amethyst  from  manganese,  with 
a  little  purple  precipitate  of  Cassius ;  the  beryl  from  antimony  and  a  very  little  cobalt  i 
yellow  artificial  diamond  and  opal  from  horn-silver  (chloride  of  silver)  ;  blue  stone  from 
cobalt.    See  Pastes  and  Pigments  Vitrifiable. 

The  following  are  recipes  for  making  the  difierent  kinds  of  glass. 

1.  Boille  glass. — 11  ponnds  of  dryglauber  salts;  12  pounds  of  soapet  salts;  a  half 
bushel  of  waste  soap  ashes;  56  pounds  of  sand;  22  pounds  of  glass  skimmings;  1 
cwt.  of  green  broken  glass;  25  pounds  of  basalt.  This  mixture  affords  a  dark  green 
glass. 

2.  Yellow  or  white  sand,  100  parts  ;  kelp,  30  to  40 ;  lixiviated  wood  ashes,  from  160 
to  170  parts ;  fresh  wood  ashes,  30  to  40  parts ;  potter's  clay,  80  to  100  parts ;  cullet  or 
broken  glass,  100.    If  basalt  be  used,  the  proportion  of  kelp  may  be  diminished. 

In  two  bottle-glass  houses  in  the  neighborhood  of  Valenciennes,  an  unknown  in- 
gredient, sold  by  a  Belgian,  was  employed,  which  be  called  spar.  This  was  discovered 
by  chemical  analysis  to  be  solphnte  of  baryta.  The  glass-maltcrs  observed  that  the 
bottles  which  contained  some  of  this  substance  were  denser,  more  homogeneous,  more 
fusible,  and  worked  ruore  kindly,  than  those  formed  of  the  common  materials.  When 
one  prime  equivalent  of  the  silicate  of  baryta  =  123,  is  miied  with  three  primes  of  the 
silicate  of  soda  =  (3  X  77-6)  232-8,  and  exposed  in  a  proper  furnace,  vitrification 
readily  ensues,  and  the  glass  may  be  worked  a  little  under  a  cherry  red  heat,  wllh  as 
much  ease  as  a  glass  of  lead,  and  has  nearly  (be  same  lustre.  Since  the  ordinary  run 
of  glass-makers  are  not  familiar  with  atomic  proportions,  they  should  have  recourse  to 
a  scientific  chemist,  to  guide  them  in  using  such  a  proportion  of  Entphate  of  baryta  as 
may  suit  their  other  vitreons  ingredients ;  for  an  excess  or  defect  of  any  of  them  will 
injure  the  quality  of  the  glass. 

3.  Green mindote  glass,  or  broad  glass. — 11  pounds  of  dry  glauber  salts;  10  pounds  of 
soaper  salts;  half  a  bushel  of  lixiviated  soap  waste;  50  ponnds  of  sand;  23  pounds  of 
glass  pot  skimmings ;  1  cwt.  of  broken  green  glass, 

4.  Croiim  glass.— 300  parts  of  fine  sand ;  200  of  good  soda  ash  ;  33  of  lime :  from 
250  to  300  of  broken  glass;  60  of  white  ssmd;  30  of  purified  potash;  15  of  saltpetre 
(1  of  borax);  i  of  arsenious  acid. 

5.  Nearly  while  table  glass. — 20  ponnds  of  potashes  ;  1 1  pounds  of  dry  glnuber  salts  ; 
Idof  soapersalt;  55  of  sand;  140  of  cullet  of  the  same  kind.  Another.— 100  of  sand ; 
235  of  kelp ;  60  of  wood  ashes ;  1^  of  manganese ;  100  of  broken  glass. 

6.  While  table  glass.^0  pounds  of  potashes ;  II  of  chalk ;  76  of  sand ;  <^  of  manga 
nese ;  95  of  white  cuUel. 

Another.— SO  of  purified  potashes ;  100  of  sand  ;  20  of  chalk ;  and  2  of  saltpetre. 
Sohemian  table  or  plate  glass  is  made  with  63  parts  of  quartz;  26  of  purified  pot 
ashes;  11  of  sifted  slaked  lime,  and  some  cullet. 

7.  Crystal  glass.— 60  parts  of  purified  potashes ;  120  of  sand ;  24  of  chalk ;  2  of  sal! 
petre;  2  of  arsenious  acid;  ^  of  manganese. 

Another.— 70  of  purified  pearlasbes  ,  120  of  white  sand;  10  of  saltpetre  ;  |  of  arse 
nious  acid ;  |  of  manganese. 

A  third, — 67  of  sand ;  23  of  purified  pearlashes ;  10  of  sifted  slaked  lime ;  j  of  man 
ganese;  (5  to  8  of  red  lead). 

A  fourth.— 120  of  white  sand  ;  50  of  red  lead ;  40  of  purified  pearlash  ;  20  of  salt 
petre ;  J  of  manganese. 

Afifih,- laOofwhitesand;  40  of  pearlash  purified;  35  of  aed  lead ;  13  of  sallpetie 
I'j  of  manganese. 
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A  sevealh.  — ]00of  sand;  45  of  red  lead;  35  of  purified  pearlashes  i  i  of  manganess; 


a.  Plate  glass. — Teiy  while  sand  300  pails ;  dry  purified  soda  100  parts ;  carbonate 
o!'  lime  43  parts;  manganese  1  j  cullet  300, 

Another. — Finest  sand  720;  purified   soda  450;  quicklime  80  parts;  saltpelrre  Za 
parts;  cullet  425. 

A  little  boras  lias  also  been  prescribed ;  much  of  it  communicates  an  eifoliating  pro- 
perly to  glass. 

Tabular  view  of  the  eomposilion  of  several  kinds  of  Glass. 


Silica   -        - 

Nee, 

»...,| 

71-7  69-2 

62.8 

69-2 

60-4 

53-55 

59'2 

5 1 '93 

42-5  , 

Potash 

12-7   15'8 

22' 1 

S'O 

3-2 

5-4S 

9-0 

11-7  1 

Soda     - 

2-5     3'0 

3'0 

Lime    - 

'■fl-7 

0-5 

0-4     I'2 

10-4 

6-01 

1-8 

Macnesia     - 

■/■(I 

0-6 

0'6 

Oxjde  of  iron 

(!■:< 

(t-i. 

J  2.6 

1-6 

5-74 

0-4 

(vv 

I'O 

—  kad    - 

28-3 

33-28 

43-5  ; 

Baryta 

0'9 

No.  1  is  a  very  beautiful  while  mine  glass  of  Neun'ejt  in  Bohemia. 

No.  2,  Glass  tubes,  much  more  fusible  than  common  wine  glasses. 

No.  3.  Crown  glass  of  Bohemia. 

No.  4.  Green  glass,  for  medicinal  Trials  and  retorts. 

No.  5.  Flask  glass  of  St.  Etienne,  for  which  some  heavy  spar  is  used. 

No.  6,  Glass  of  Sevres. 

No.  7.  London  glass  employed  for  chemical  and  physical  purposes. 

No.  8.  English  flint  glass.  ' 

No.  9.  Guinand's  flint  glass. 

The  manufacture  of  Glow  beads  at  Murano  near  Venice,  is  most  ingeniously  simple. 
Tubes  of  glass  of  every  color  are  drawn  out  to  great  lengths  in  a  gallery  adjoiaing  the 
filasB-house  pots,  in  the  same  way  as  the  more  moderate  lengths  of  thermomfeter  and 
barometer  tubes  are  drawn  in  our  glass-houses.  These  tubes  are  chopped  into  very  smaL 
pieces  of  nearly  uniform  length  on  the  upright  edge  of  a  fixed  chisel.  These  elementary 
cylinders,  being  then  put  in  a  heap  into  a  mixture  of  tine  sand  and  wood  ashes,  are  stirred 
about  with  an  iron  spatula  till  their  cavities  get  filled.  This  curious  miiture  is  now 
transferred  to  an  iron  pan  snspended  over  a  moderate  fire  and  continually  stirred  about 
as  before,  whereby  the  cylindrical  bits  assume. a  smooth  rounded  form  ;  so  that  when  re- 
moved from  the  fire  and  cleared  out  in  lie  bore,  they  constitute  beads,  which  are  packed 
n  casks,  and  eiportal  in  prodigious  quantities  to  almost  every  country,  especially  to 


Afric 


id  Spain. 


GLASS  CUTTING  AND  GRINDING,  for 
nechanical  process  the  surface  of  glass  may  b 
Jsefu!  form. 

.  The  grinding  of  ciyslal  ware.      This   kind  of  glass  is  best  adapted  t 


jiolished  facets  bo'h  " 
which  gives  lustre  to  ii 
mcnt,  fiirnithed  with  I 
arranged  right  n 


softness,  and  its  higher  refrat 

surface  The  cutting  shop  should  be  a  spacious  long  apa.l- 
merons  skj  lights,  having  the  grinding  and  polishing  lathes 
which  are  set  in  motion  by  a  steam-engine  or  water-wheel  at 
one  end  of  the  building.  A  shaft  is  fixed  as  usual 
in  eallowses  along  the  ceiling;  and  from  the  pulleys 
of  the  shaft,  hands  descend  to  turn  the  difierenl 
lathe=,  by  passiag  round  the  driving  pulleys  near 
their  ends 

The  turning  lathe  is  of  the  simplest  construction. 
FiZ  735,  D  is  an  iron  spindle  with  two  well-turned 
prolongations,  running  in  the  iron  pnppets  a  a, 
between  two  concave  bushes  of  tin  or  type  metal, 
nhich  may  be  pressed  more  or  less'togetber  by  the 
thumb-screws  shown  in  the  figure.  These  two 
piiIippN  are  made  fast  to  the  wooden  support  n, 
which  is  attached  by  a  strong  screw  and  bolt  to  the 
K       r  IS  the  fast  and  loose  pulley  for  putting  the 
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alhe  into  and  out  of  gear  with  the  driving  shaft.  The  projecting  end  of  the  spind)e  ii 
rurniehed  with  a  hollow  bead-piece,  into  which  the  rod  c  is  pushed  tight.  This  rod  car- 
ries the  cutting  or  grinding  disc  plate.  For  heaiy  work,  this  rod  U  fixed  ioto  the  head 
hy  a  screw.      When  a  conical  fit  is  preferred,  the  cone  is  covered  with  lead  to  increase 

LTpon  prajecting  rods  or  spindles  of  that  kind  the  different  discs  lor  cnlling  the  glass 
are  made  fast.  Some  of  these  are  nmde  of  fine  sandstone  or  polishing  slate,  from  8  to  10 
inches  in  diameter,  and  from  |  to  J  inch  thick.  They  must  be  carefullj'  turned  and  polish- 
ed at  the  lathe,  not  only  upon  their  rounded  bat  upon  their  flat  face,  in  order  to  grind  and 
polish  in  their  turn  the  flat  and  curved  surfaces  of  glass  vessels.  Other  discs  of  the 
same  diameter,  but  only  J  of  an  inch  thick,  are  made  of  cast  tin  truly  turned,  and  serve 
for  polishing  the  vessels  previously  ground;  a  third  set  consist  of  sheet  iron  from  4  'o  J 
an  inch  thick,  and  12  inches  in  diameter,  and  are  destined  to  cut  grooves  in  glass  by  the 
aid  of  sand  and  water.  Small  discs  of  well-hammered  copper  from  J  to  3  inches  in 
diameter,  whose  circumference  is  sometimes  flat,  and  sometimes  concave  or  convex,  serve 
(0  make  all  sorts  of  delineations  upon  c;lass  by  means  of  emery  and  oil.  Lastly,  there 
are  rods  of  copper  or  brass  furnished  with  small  hemispheres  from  i  to  J  of  an  inch  in 
diameter,  to  excavate  round  hollows  in  glass.  Wooden  discs  are  also  employed  for  polish- 
ing, made  of  white  wood  cut  across  the  grain,  as  also  of  cork. 

The  cutting  of  deep  indentations,  and  of  grooves,  is  usually  performed  by  the  iron 
disc,  with  sand  and  water,  which  are  allowed  constantly  to  trickle  down  from  a  wooden 
hopper  placed  right  over  it,  and  furnished  with  a  wooden  stopple  or  ping  at  the  apel,  to 
regulate  by  its  greater  or  Jess  looseness  the  flow  of  the  grinding  materials.  The  same 
eifect  may  be  produced  by  using  buckets  as  shown  in  fig.  726.  The 
i  sand  which  is  contained  in  the  bucket  >',  above  the  lathe,  has  a  spigot 
and  faucet  inserted  near  its  bottom,  and  is  snpplied  with  a  stream  of 
water  from  the  stopcock  in  the  vessel  g,  which,  together  running  down 
the  inclined  board,  are  conducted  to  the  periphery  of  the  disc  as  shown 
in  the  figure,  to  whose  lowest  point  the  glass  vessel  is  applied  with 
pressure  by  the  hand.  The  sand  and  water  are  afterwards  collected  in 
the  tub  H.  Kner  markings,  which  are  to  remain  without  lustre,  are 
made  with  the  Small  copper  discs,  emery,  and  oil.  The  polishing  is 
effected  by  the  edge  of  the  tin  disc,  which  is  from  time  to  time  moisten- 
ed with  putty  (while  oryde  of  tin)  and  water.  The  wooden  disc  is 
also  employed  for  this  purpose  with  putty,  colcothar,  or  washed  tripoli. 
For  fine  delineations,  the  glass  Is  first  traced  over  with  some  colored 
vErnish,  to  guide  the  hand  of  the  cutter. 

In  grinding  and  facetting  crystal  glass,  the  deep  grooves  are  first 
cut,  for  exaiople  the  cross  lines,  with  the  iron  disc  and  rounded  edge, 
by  means  of  sand  and  water.  That  disc  is  one  sixth  of  an  inch  thick 
and  12  inches  in  diameter.  With  another  iron  disc  about  half  an  inch  thick,  and  more 
or  less  in  diameter,  according  to  the  corvature  of  the  surface,  the  grooves  may  be  widen- 
ed. These  roughly  cut  parts  must  be  next  smoothed  down  with  (he  sandstone  disc  and 
water,  and  then  polished  with  the  wooden  disc  about  half  an  inch  thick,  to  whose  edge 
the  workman  applies,  from  time  to  lime,  a  bag  of  fine  linen  containing  some  ground  pumice 
moistened  with  water.  When  the  cork  or  wooden  disc  edged  with  hat  felt  is  used  for 
polishing,  putty  or  colcothar  is  applied  to  it.  The  above  several  processes  in  a  large 
manufactory,  are  usually  committed  to  several  workmen  on  the  principle  of  the  division 
of  labor,  so  that  each  may  become  expert  in  his  department. 

2.  The  grinding  of  optical  glaiHs. — The  glasses  intended  for  optical  purposes,  being 
spherically  ground,  are  called  lenses  ;  and  are  used  either  as  simple  magnifiers  and  spee- 
lacles,  or  for  telescopes  and  microscopes.  The  curvature  is  always  a  portion  of  a  sphere, 
and  either  convex  or  concave.  This  form  ensures  the  convergence  or  divergence  of  the 
rays  of  light  that  pass  through  them,  as   the  polishing  does  the  brightness  of  the 

The  grinding  of  the  lenses  is  performed  in  brass  moulds,  either  concave  or  convex, 
formed  to  the  same  curvature  as  that  desired  in  the  lenses  ;  and  may  be  worked  either  by 
hand  or  by  machinery.  A  gauge  is  first  cut  out  out  of  brass  or  copper  plate  to  suit  the 
curvature  of  the  lens,  the  circnhir  arc  being  traced  hy  a  pair  of  compasses.  In  this  way 
both  a  convex  and  concave  circular  gauge  are  obtained.  To  these  gauges  the  brass 
moulds  are  turned.  Sometimes,  also,  lead  moulds  are  used.  After  the  two  moulds  are 
made,  Ihey  are  ground  face  lo  face  with  fine  emery. 

The  piece  of  glass  is  now  roughed  into  a  circular  form  hy  a  pair  of  pincers,  leaving 
11  a  little  larger  than  the  finished  lens  ought  to  be,  and  then  smoothed  round  upon  the 
■tone  disc,  or  in  an  old  mould  with  emery  and  water,  and  is  next  made  fast  to  a  hoId< 
fkst.  This  consists  of  a  round  brass  plate  having  a  screw  in  its  back ;  and  is  somewhat 
tmaller  in  diameter  than  the  lens,  and  two  thirds  as  thick.    This  asturned  concave  upoi 
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Qie  lathe,  and  then  attached  to  the  piece  of  glass  by  drops  of  pitch  applied  to  severs, 
points  of  its  surface,  taking  care,  while  the  pilch  is  warm,  that  the  centre  of  (he  glass 
coincides  with  the  centre  of  the  brass  plate.  This  serves  not  merely  as  a  holdfast,  hy 
enabling  a  person  to  seize  its  edge  with  the  fingers,  but  it  prevents  the  glass  from  bend- 
ing hy  the  necessary  pressure  in  grinding. 

The  glass  must  now  be  ground  with  coarse  emery  upon  its  appropriate  mould,  whelhe- 
convex  or  concave,  the  emery  being  all  the  lime  kept  moist  with  water.  To  prevent  the 
neat  of  the  hand,  from  affecting  the  glass,  a  rod  for  holding  the  brass  plate  is  screwed  to 
its  back.  For  every  six  turns  of  circular  motion,  it  niust  receive  two  or  three  rubs  across 
the  diameter  in  different  directions,  and  so  on  allemalely.  The  middle  point  of  the  glass 
must  never  pass  beyond  the  edge  of  the  mould ;  nor  shouH  strong  pressure  be  al  any 
time  applied.  Whenever  the  glass  has  assumed  the  shape  of  the  mould,  and  touches  ii 
in  every  point,  the  coarse  emery  must  be  washed  away,  finer  be  substituted  in  its  place, 
and  ihe  grinding  be  continued  as  before,  till  all  the  scratches  disappear,  and  a  uniform 
dead  surface  be  produced.  A  commencement  of  polishing  is  now  to  be  given  with  pum- 
ice stone  powder.  During  all  this  time  the  convex  mould  should  be  occasionally  worlted 
in  the  concave,  in  order  that  both  may  preserve  their  correspondence  of  shape  between 
them.  Aner  the  one  surface  has  been  thus  finished,  the  glass  must  be  turned  over,  and 
treated  in  the  same  way  upon  the  other  side. 

Both  surfaces  are  now  lo  be  polished.  With  this  view  equal  parts  of  pitch  and  roein 
must  be  melted  together,  and  strained  through  a  cloth  to  separate  all  impurities.  The 
concave  mould  is  next  to  be  heated,  and  covered  with  that  mixture  in  a  fluid  stale  to  the 
thickness  uniformly  of  one  quarter  of  an  inch,  .The  cold  convex  mould  is  now  lo  be 
pressed  down  into  the  yielding  pilch,  its  surface  being  quite  clean  and  dry,  in  order  to 
give  the  pitch  the  exact  form  of  the  ground  lens;  and  both  are  to  be  plunged  into  cold 
water  lilj  they  be  chilled.  This  pitch  impression  is  now  the  mould  upon  which  the 
glass  is  lo  be  polished,  according  to  the  methods  above  described,  with  finely  washed 
colcolhar  and  water,  till  the  surface  become  perfectly  clear  and  brilliant.  To  prevent  the 
pitch  from  changing  its  figure  by  the  friction,  cross  lines  must  be  cut  in  it  about  J  an  inch 
asunder,  and  l-12th  of  an  inch  broad  and  deep.  These  grooves  remove  all  the  super- 
Ilnous  parts  of  the  polishing  powder,  and  lend  to  preserve  the  polishing  surface  of  the 
pitch  clean  and  unaltered.  Ko  additional  colcothar  after  Ihe  first  is  required  in  this  pan 
of  the  process;  but  only  a  drop  of  water  from  time  to  lime.  The  pitch  gets  warm  as  the 
polishing  advances,  and  renders  the  friction  more  laborious  from  the  adhesion  between 
the  surfaces.  No  interruption  must  now  be  suffered  in  the  work,  nor  must  either  water 
or  colcolhar  be  added  {  but  should  Ihe  pitch  become  too  adhesive,  it  must  be  merely 
breathed  upon,  till  the  polish  be  complete.  The  nearer  the  lens  is  brought  lo  a  true  and 
line  surface  in  the  first  grinding,  the  belter  and  more  easy  does  the  polishing  become.  It 
should  never  be  submiltcd  lo  this  process  with  any  scratches  perceptible  in  it,  even 
when  examined  by  a  magnifier. 

As  lo  small  lenses  and  spectacle  eyes,  several  are  ground  and  polished  together  in  a 
mould  about  6  inches  In  diameter,  made  fast  to  a  stiffening  plate  of  brass  or  iron  of  a 
shape  corresponding  with  Ihe  mould.  The  pieces  of  glass  are  affixed  by  means  of  drops 
of  pitch,  as  above  described,  to  Ihe  mould,  close  to  each  other,  and  are  Uien  all  treated  as 
if  they  formetl  but  one  large  lens.  Plane  glasses  are  ground  upon  a  surface  of  pitch 
rendered  plane  by  the  pressure  of  a  piece  of  plate  glass  opon  it  in  its  softened  slate. 

Lenses  are  also  ground  and  polished  by  means  of  machinery,  into  the  details  of  which 
the  limils  of  this  work  will  not  allow  me  to  enter. 

Glass  ik  tbe  Exhihttios.— So  far  aa  may  bo  inferred,  from  tlie  analysis  of  ordinary" 
commercial  samples  of  window-glass,  this  substance  has  not  only  a  very  variable  compo- 
Hition,  but,  wor^e  than  this,  is  out  of  all  lieeping  with  anything  like  deficiite  proportioiL 
That  it  should  be  full  of  strice,  and,  therefore,  refract  the  rays  of  light  equally,  as  it  does, 
90  as  lo  produce  Ihe  most  hideous  appearances  of  distortion,  is  a  mere  natural  consequence 
of  its  mechanical  composition,  which  might,  and  must  one  day,  be  corrected ;  but  that  whole 
nations  should  have  come  to  view  this  defect  as  on  unavoidable  peculiarily,  is  precisely 
one  of  those  surprising  facts  which  demonstrate  the  influence  of  habit  over  the  powers  of 
the  mind,  and  snow  how  easily  human  reason  can  reconcile  itself  to  the  most  gross  incon- 
sistencies. If  window-glas!  had  one  uniform  atomic  composition,  the  tendency  to  form 
these  Btriffi  woald  nowhere  esist  in  excess;  and,  therefore,  their  production  would 
diminish  as  the  skill  of  the  workmen  increased;  but,  with  the  present  variable  com- 
pound, the  glass  stretches  unequally  in  different  parts,  by  an  equal  application  of  force, 
and,  in  spile  of  human  skill,  presents  a  result  alternately  thick  or  thin,  as  accident 
determines.  That  these  striie  have  not  Che  same  composition  as  the  parts  surrounding 
them  is  very  obvious,  from  the  circumstance  that,  if  striated  glass  be  cut  to  an  uniform 
thickness,  and  polished  on  both  sides,  Ihe  optical  defects  remain  but  little  chajiged,  and 
Mcasionaily  they  are  found  to  be  increased.  Again  it  is  known,  that  the  more 
tomplei  the  composition  of  any  glass  may  be,  the  greater  the  liability  to  this  striated 
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efrueture, — of  wliich  flint  glass  off  ppo  t     11    t    t   n    for  here,  in  juWitifm  t« 

the  ordinary  components  of  glass,  tl        1  ca      fid  p    added.    How  tlie  specitlt 

grarity  of  eilicate  of  lead  ia  verj  1  h  mp  <I  ^r  th  tb  i  f  silicate  of  soda,  polssh, 
or  lime;  hence,  unless  employed  n  th  xa  t  q  ant  ty  t  f  m  a  chemical  combination 
with  the  other  silicates,  a  mer    mechan  cat  m    t  p    duced  of   veiy  different 

densities  throughont ;  and  the  product,  under  the  action  of  light,  displays,  permanently, 
that  peculiar  fagitive  appearance,  seen  when  ajrup  and  water,  or  alcoliol  and  water,  are 
mixed  together:  that  is  to  say.  a  series  of  carred  lines  are  formed,  by  the  unequal 
refraction  of  tLe  two  fluids,  which  entirely  disappear,  so  soon  as  perfect  adwiiture  has 
taken  place,  but  -which  remain  in  the  case  of  flint  glass,  from  the  utter  inpossibility  oi 
affecting  the  necessary  union  between  its  Tariotts  parts.  Although,  liowever,  this  can- 
not be  done  mechanical  Iv  vet.  in  a  chemical  way,  nature  performs  such  operations  witb 
ease  and  nnening  fidehly.  The  French  cliemist,  Berthier,  long  ago  proved  that  many 
neutral  salts  combine  tr^ether  by  fusion  in  atomic  proportions,  and  form  new,  anc 
definite  compounds.  Thus,  carbonate  of  potash  and  earlxinate  of  soda  when  mixed, 
atom  lor  atom,  unite  and  produce  a  compound  more  easy  of  fusion  than  the  most 
fusible  of  the  two: — similarly,  either  of  these  carbonates  will  act  with  carbonate  o( 
baryta  or  stronchia,  and  again,  flour-spar  and  sulphate  ot  lime,  two  remarkably 
f  'bl  sabsta.ncea,  when  mixed,  melt  readily,  at  a  low  red  heat,  into  a  fluid  as  mobile 
d  t  up  rent  as  water.  It  is  useless  to  multiply  examples  of  this  kind,  for  thou- 
d  t    and  the  alkaline  and  earthy  silicates  form  no  exception  to  this  almost 

rs  I     ule.    A  mixture  of  silicate  of  potash  and  Plicate  of  soda,  will,  if  in  atomic 
t       f       much  more  readily  than  either  of  them  alone.     Bnt  now,  let  ns  imagine  an 
a     mpt  to  fuse  these  two  bodies  together,  in  any  otlier  proportion  than  that  ia  which 
h  y  aturally  disposed  tp  combine; — say  that  the  silicate  of  soda  is  in  excess' 

tl        th      licate  of  potash  would  unite  with  exactly  suflicient  of  the  silicate  of  soda  to 
p  od  ce  th   extremely  fusible  compound  above  spoWen  of :  whilst  the  less  easily  fusible 
1  cate    f  soda,  added  in  excess,  would  form  a  kind  of  network  throughout  the  mass, 
t  m  y  b     sbSA,  that  a  higher  heat  would  overcome   this  difflcalty,  by  thoroughly 
1  q    f J  ng  the  silicate  of  soda ;  and  this  is  really  the  plan  now  used  with  (hat  view ; 
h  t      d  peident  ot  the  fact,  that  the  mixed  silicate  of  potash  and  soda  would  also 
d    g   a   orresponding  liquelitction,  and,  therefore,  favour  the  separation  of  the  silicate 
f  sodui    y  t,  as  chemical  union  is  impossible,  from  the  very  conditions  of  the  ex- 
p     m  nt     ren  the  most  perfect  mechanical  mixture,  under  Ibe  greatest  advantages  of 
flit     w  uld   never  generate  a  homogeneous  body.    The   strioe  might,  indeed,  be 
dm      bed   n  size;  but  this  would  imply  a  corresponding  increase  in  tlieir  number; 
d     f  carried  very  far,  complete  opacity  would  result  from  sucli   an  endeavour  to 
b      t  th   laws  ot  nature.     The  power  of  the  workmen  to  remedy  this  defect  is  there- 
f       1  m  t  d  to  Ibe  capability  of  modifying  its  more  salient  features;   he  can  neither 
m  destroy  it.    What  we  have  here  illustrated  by  the  simpl^t  of  all  assump- 

t   ns  g  th  ra  and  accumuTates  into  a  formidable  evil,  when  several  silicates  are  fused 
t  g  tl       h  Ting  considerable  diflerences  of  specific  weight.    Thus,  in  the  case  of  flint 
las    bef       alluded  to,  there  are  generally  Uiree,  and  sometimes  five,  of  these  silicates 
f     d  tog  Iher,  into,  probably,  one  of  the   most  antagonistic  compoonds  that  could  be 
on       ed     efracting  and  dispersing  the  ray  of  light  in  fifty  different  directions,  and 
d  m  nst      ng  the  unfriendly  nature  of  ila  coerced  union,  by  flying  m  pieces  from  the 
t  t        I  applications  of  heat  or  violence.    Yet  in  flint-glass  we  aie  not  surpassed, 
d     1   equalled,   b_y  any  other  nation  ;   and   so   thoroughly  lias   this   beautiful 
bst         become  associated  with  our  industrial  reputation,  that  the  name,  flint-gla^ 
h       b         adopted   into  several  continental   languages.      Nevertheless,  it  cannot  be 
1    bt  d  that  a  wide  field  of  improvement  is  open  in  this  quarter,  and  that  some  more 
I  I  f      d  tion  is  needed  by  our  manufacturers  in  this  line,  than  the  prestige  of  a  name, 
I    f       of  capital. 
In  our  concluding  remarks  we  shall  point  out  the  direction  in  which  improvement  is 
practicable  ;  and  at  present  it  may  not  be  uninteresting  to  examine  the  contents  of  the 
Great  Exhibition  in  respect  to  this  kind  of   glass.    The  display  of  goods  by  Messrs. 
Apsiey,  Peliatt  and  Co.,  is  alone  sufficient  (o  exiiaust  the  entire  subject  of  flint-glass; 
and  tiie  mere  inquirer  into  this  branch  of  manufacture  need  go  no  farther  to  get  a  perfect 
conception  of  the  wonders  that  can  bo  achieved  by  the  manipulation  of  this  material.  The 
conp  d'ffiil  is  certainly  most  beautiful :  bat,  supported  aa  it  is  and  multiplied  by  the  rival 
exhibitions  of  Messrs.  Oslor,  Harris,  Bacchus,  Powell,  Lloyd  and  Summerfleld,  and  a 
host  of  others,  the  effect  is  positively  dazzling  and  goroeous.    At  a  distance  suifiident  to 
cover  the  fiiults  of  refraction,  not  even  the  diamond  itself  has  a  more  pleasing  appear 
nnee  ;  and  indeed,  the  glass  to'i-i-noor  of  Mr.  Peliatt,  displayed  m  the  gallery,  might  be 
substituted  for  the  real  gem,  shown  in  the  mmn  avenue,  without  the  least  risk  of  detec- 
tion on  the  part  of  the  million,  or  any  great  loss  of  brilliancy  to  the  most  practised  eye, — 
so  perfect  is  the  imitation.    Is  it  not  then  to  be  deplored,  that  science  has  had  no  hand  ii 
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miBJuling  its  iotiaUigents  togetlier?    But  we  must  turn  froip  this  glittering  a 

and  destend  to  a  lower  level,  wherewe  sliall  find  Great  Britain  in  disgrace,  and  suffer- 
ing severely  from  comparison  with  a  rival  inferior  in  capita!  and  natural  resources,  but 
conscious  of  power  through  the  aid  of  real  koowiedge,  and  triumphantly  asserting  a  claim 
to  supremacy  in  the  very  perfection  of  the  glass-maker'e  art.  Tlie  plate-glasa  of  France 
casts  that  of  England  far  into  the  shade.  The  productions  of  St.  Qobain  stand  alone  in 
the  Exhibition;  they  have  no  competitors;  and  we  are  in  a  condition  to  prove  that 
chemiatry  has  done  this.  TIieplate-glassofMontlu^on,  too,  adds  to  the  defeat.  In  examin- 
ing the  refractive  aberrations  of  a  minor,  the  spectator  will  find  his  task  facilitated  by 
standing  BO  that  the  rays  of  light  from  any  geometrically  shaped  body  fall  upon  the  glass, 
at  an  angle  of  26°  ;  when,  of  Course,  they  will  be  reflected  towards  his  eye  at  the  same 
angle.  Now  gazing  intently  on  the  figure  in  question — and  wliieh,  in  the  Exhibition,  mav 
bo  one  of  the  parallelograms  formed  by  the  rafters  of  the  roof,  let  him  gentlj  move  his 
head  from  one  aide  to  tho  other.  If  the  glass  be  of  English  manufacture,  he  will  imme- 
diately perceive  a  tumultuous  movement  in  tho  lioes  of  tlie  figure,  as  if  this  were  subjected 
to  an  undulatory  action, — the  lines,  before  straight  and  parallel,  become  crooted  and  con- 
-"rgent  in  places,  and  mmnte  objects  lose  entirely  their  outline  and  definition.  In 
the  case  of  the  St.  Gobain  glass,  shown  in  the  French  department,  nothing  of  this  kind 
lakes  place.  Aa  it  can  serve  no  good  purpose  to  dwell  upon  eadi  individual  example 
"f  imperfection,  we  refrain  from  entering  ftirther  into  the  comparative  merits  of  the 
British  eshibitora.  They  are  all  surpassed  by  the  French  makers,  both  in  respect  to 
uniformity  of  composition  ^d  fineness  of  pohsh.  The  St.  Gobain  Company  having  had 
the  good  sense  to  place  a  number  of  small  samples  of  their  glass  for  the  acceptance  of 
those  visitors  who  may  feel  an  interest  in  the  manufacture,  we  have  selected  and  analyzed 
one  of  these  little  aquares,  and  shall  presently  detail  the  result ;  but  our  object  in  allu- 
ding to  them  here  is,  that  glass-makers  themselves  may  procure  one  of  those  specimens 
ond  contrast  it  with  a  like  morsel  of  English  plate-giaas.  If  the  two  be  laid  side  by  side 
upon  any  moderately  light-coloured  ground,  and  a  distant  object,  as  a  chimney  for  ev 
nmple,  be  subjected  to  reflection,  it  will  be  found,  that  whilst  the  French  gloss  gives  a 
clear  sharp  outline,  the  English  reflects  either  tiro  or  more  images  in  a  hazy  and  imper- 
fect manner.  There  is  no  getting  over  this  fact;  and  therefore  improvement  is  imperative. 
Tlie  mode  of  making  plate-glass  being,  so  to  say,  identical  in  the  two  countries,  ttie  dif- 
ference here  remarked  can  arise  from  nothmg  else  than  a  difference  m  composition. 

In  France,  as  in  England,  the  ingredients  are  mixed  with  some  care,  and  introduced 
into  a  crucible,  heated  by  a  powerful  furnace.  These  ingredients  are  sand  or  silica, 
carbonate  of  soda,  and  carbonate  ot  lime,  with  perhaps  a,  httte  groimd  felspar  in  some 
cases.  The  carbonate  of  soda  is  first  attacked  by  tlia  dlica,  and  its  carbonic  acid  driven 
off,  whilst  the  remaining  silica  and  carbonat«  of  lime  becomes  imbedded  in  the  vitrifying 
niiiss.  As  the  heat  increases,  a  more  perfect  fnsion  takes  place ;  and  then  the  carbonic 
ofid  of  the  carbonate  of  lime  makes  its  way  through  the  fused  materials  by  which  they 
are  mecliauically  mhi^led  together  during  the  effervescence,  which  is  technically  termed 
the  "'boil;"  and,  provided  no  after  separation  ensues  from  the  process  of  "settling,"  tlie 
whole  crudble  or  "pot"  of  glass  will  havo  a  uniform  composition,  But,  as  we  have  seen. 
Ibis  depends  altogether  upon  the  relative  proportion  of  the  materials  towards  each  other, 
for  an  excess  of  either  one  or  other  of  the  bases  will  destroy  the  honiogeneona  character 
of  the  whole,  and  introduce  a  plexus  of  striie.  Now  the  plate-giass  of  St.  Gobam  is 
almost  exactly  an  atomic  compound,  and  consists  of  one  atom  of  the  ti-isilicate  of  soda 
and  one  atom  of  the  trisilicate  of  lime,  with  a  small  percentage  of  alumina.  The  union 
is  therefore  complete;  and  when  it  is  remembered  that  the  celebrated  French  chemist. 
Gay  Lussac,  was  reg"Jarly  employed  as  an  adviser  to  ttiis  company,  and  that  his  son, 
M.  Jules  Lussac,  retains  that  appointment  to  this  day,  it  is  not  very  surprising  ttiat  our 
manulacturers  are  defeated  in  the  article  of  plate-glass.  Science  must  ever  take  the  lead 
uf  prejudice  and  custom. 

The  examination  of  English  plate-glass  fully  corroborates  the  general  result  deduced 
fj'om  the  action  of  li^ht.  There  is  no  approadi  to  an  atomic  arrangement.  The 
principal  conatitnent  is  trisilicate  of  soda,  but  variable  quantities  of  lime,  alumina, 
and  even  magne^a.  exist  in  it.  Potash  is  sometimes  present,  and  oxide  of  iron  is 
invariablv  so ;  but  in  not  one  single  instance,  out  of  11  samples  exarahied  with  great 
c.ire,  could  so  much  as  a  surmise  of  the  doctrine  of  combining  proportions  he  gathered 
from  the  result  of  the  analyses.  Similarly  fruitless  was  a  research  instituted  upon  fiint- 
glasa,  both  British  and  foreign.  Of  S5  samples  analyzed,  no  satisfactory  evidence 
could  be  adduced  to  favour  the  opinion  that  science  had  been  a  helpmate  to  industry, 
OF  was  at  all  concerned  in  this  branch  of  manufacture.  There  are,  however,  some 
points  of  vast  interest  associated  witli  the  practical  working  out  of  this  matter.  Potash 
va  known  to  give  a  more  brilliant  and  harder  glass  than  soda,  and  alumina  seems  to  tend 
in  the  some  direction.  The  Bohemian  glass,  so  celebrated  throughout  Europe,  is  a 
glass  of  this  description,  and  contains  silicate  of  alumina,  silicate  of  lime,  and  silicate  rf 
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potasb,  bu;  not  in  chemical  proportLona.    This  glass        Ih      f         t     tdaamyb* 
Been  by  eianiining  that  in  tbe  Austrian  department;  b  t   t  f    p    mit    f 

perfect  decoration  by  metallic  ositles  than  can  be  dev  1  pail       gl         f  1        anil      i 
This  Tery  probably  depends  upon  the  alaiuina  cont        d  F  ifl 

oversight,  the  use  of  carbonate  of  baryta  has  not  ytf      dtswyjntth        mp 
BJtion  of  glass,  though  we  can  scarcely  conceive  a  hpllmtelTl         b 

glance  may  be  had  in  large  quantity  in  tbe  North  of  E  -1     J     f  gr    t  p     ty       It 
a  merely  nominal  cost  as  compared  with  its  value  fo         h      p    p       as  gl      m  k 
That  it  would  fuse  readily  with  a  due  amount  ofed         dg  blaawl! 

chalk,  there  can  ba  no  doubt;  whilst  ita  great  density  wll  rt  ly  mp  th 
fracfive  power  of  the  reaultiog  product,  and  thus  ri  1  th  b  II  an  y  f  1  d  fi 
(class,  without  imparting  lliat  softness  and  liability  t      ec         sc    t  1       w!    h 

ctionable  in  the  latter  variety.    One  difficulty  m  y  pe  h  p         d         th    want    f 
mation  concerning  the  quantity  to  be  employed     B  t  tb  aa  ly   dj    t  J    f 

it  has  been  demonstrated  that,  during  vitrification,  the  1  ac  d  t  t  b^es  h 
proportion  of  three  atoms  to  one;  consequently  thre  toms  188  p  L  wll  t  y 
require  one  atom  of  each  base.  Therefore,  this  we  gh  f  good  1  y  sa  d  ra  y  be 
against  64  of  dry  carbonate  of  soila,  10  of  carbonate  f  ]  \&Ji  EO  f  j  matb! 
chalk,  99  of  carbonate  of  baryta,  anil  113  ot  oside  of  I  ajl  1  tl  g  h  j  po  ,  tb  , 
that  the  object  is  to  employ  carbonate  of  baryta  for  the  first  time,  here  6  atoms  or  276 
parts  of  sand,  1  atom  or  54  parts  of  dry  carbonate  of  soda,  and  1  atom  or  99  parts  of 
carbonate  of  baryta,  may  be  mixed  and  fused  together  with  every  prospect  of  obtaining 
a  good  residt;  or  9  atoms  of  silica,  1  of  carbonate  of  potash,  1  of  carbonate  of  soda, 
and  I  of  carbonate  of  baryta,  might  be  tried  witliout  fear  of  failure.  Again,  in  tho 
case  of  flint-glasfl,  112  of  litharge,  64  of  soda,  and  216  of  eand,  would  probably  succeed, 
or  an  additional  atom  of  trisibcate  of  potash  might  be  used.  For  many  years  past, 
M.  Dumas,  now,  perhaps,  llie  first  chemist  in  France,  has  been  in  the  habit  of  demon- 
strating To  bis  pupila  that  glass  of  all  liinds,  when  property  made,  must  necessarily 
be  an  atomic  compound;  and  yet  we  scarcely  eitpect  to  find  a  single  British  glass- 
maker  who  will  admit  that  bis  art  is  susceptible  of  such  ilecisive  and  beautiful  simpli. 
fication. 

To  aSMst  as  £ir  as  we  can  in  the  attainment  of  this  end,  we  shall  proceed  to  describe 
a  simple  means  Ibr  the  analysis  of  glass,  which  will  enable  any  person,  possessed  of  even 
very  trifling  chemical  skill,  to  determine  the  comjiosition  of  any  given  sample  of  glass 
in  a  comparatively  short  time.  From  the  nature  of  the  material,  it  becomes  necessary 
(o  divide  the  analynis  into  two  distinct  portions ;  one  of  which  has  for  its  object  the 
estimation  of  its  alkaline  ingredients,  the  ofher  that  of  tho  earthy,  metallic,  and  siliceous 
mattei'S.  Having  heated  a  sufficient  quantity  of  the  sample  ui  question  to  dull  redness, 
it  must  besuddeifly  thrown,  whilst  still  hot,  into  a  basin  containing  cold  water.  In  this  way 
it  becomes  cracked  and  flawed  in  all  direcliona,  so  as  to  fevour  its  reductbn  into  powder. 
When  dry  it  must,  therefore,  be  carefully  ground  in  an  agate  or  steel  mortar,  until  it 
has  the  appearance  of  fine  flour.  Nor  is  it  a  matter  of  indifference  whether  this  takes 
place  in  contact  with  water  or  not;  for  glass,  in  this  extreme  state  of  comminution, 
readily  gives  up  a  part  of  its  alkali  to  water ;  and  hence,  if  gronnd  in  (he  presence  of 
that  fluid,  Hie  resulting  analysis  would  prove  incorrect.  But  we  will  suppose  that  n 
quantity  of  finely  powdered  glass  has  been  obtained  as  above  indicated,  and  tbe  amount 
of  its  alkali  is  desired ;  then  weigh  out  100  grains  of  the  glass,  and  carefully  mix  with 
it  200  gnuna  of  pure  fluor  spar  in  a  elmilatly  powdered  condition.  Place  the  mixture 
in  a  platinum  or  leaden  vessel,  and  pour  over  it  500  grains  of  sfroflg  sulphuric  acid, — 
stirring  the  whole  well  together  with  a  silver  spoon ;  but  taking  care  not  to  remove 
any  portion  of  the  materials.  Kext,  apply  a  heat  of  about  212°  Fahr. ;  and  aa  the 
process  draws  to  a  conclusion,  this  may  be  raised  aa  high  as  300°.  When  all  evolution 
of  gaseous  fumes  lias  ceased,  water  may  be  poured  on  the  residuary  mass  to  the  extent 
of  four  or  five  ounces,  and  the  mixture  thrown  on  a  filter.  After  the  clear  fluid  lias 
passed  through,  a  little  more  water  most  be  added  to  the  filler,  so  as  to  wash  out  the 
whole  of  the  soluble  matter ;  these  wa^liings  being  joined  to  the  original  clear  fluid, 
which  consists  of  sulphate  of  soda  or  potash,  or  both,  with  a  quantity  of  aulphate  of 
lime,  and  perhapa  also  of  magnesia  and  alumina.  To  tliis  an  excess  of  carbonate  of 
ammonia  must  now  be  added,  to  admit  of  the  separation  of  the  earthy  salts  being 
effected  by  filtration.  The  clear  solution  is  next  boiled  down  to  dryness,  and  the  residue 
is  heated  red-hot  for  a  minute  or  two.  This  residue  is  the  soda  or  potiish,  or  both,  for- 
merly contained  in  100  grains  of  the  glass,  but  now  united  to  sulphuric  acid.  Having 
ascertained  its  weight,  the  relative  proportions  of  potash  and  so<la  may  be  found  by 
testing  its  content  of  sulphuric  acid  with  a  barytic  solution,  and  calculating  the  result 
hy  the  well-known  Archimedean  equation;  or  by  dissolving  the  mixed  salt  in  a  small 
quantity  of  water,  and,  after  adding  an  excess  of  tartaric  acid,  leaving  the  whole  for  a 
few  hours  covered  up  in  a  cool  place.     Almost  the  whole  of  the  potash  will  separate  ir 
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;trate  of  potash.  The  quantity  of  alkali  may  be  determ 
in  of  the  alkaline  salts.  Thus,  supposing  the  dry  residue  altt^eiher  com- 
ppsed  of  sulphate  of  soda,  then  aa  72  grains  of  it  indicate  32  of  pureaoda,  the  result  may 
be  obfiuned  by  the  rule  of  pruportion.  The  amount  of  ajkali  being  known,  another  por- 
tion of  the  powdered  glass  must  be  employed  for  asoertaining  the  remainder  of  the 
ingredients.  That  is  to  say,  100  grains  of  the  sample  must  be  mised  with  200  grains  of 
pure  potash,  and  the  whole  fused  together  in  a  silver  crucible,  at  a  red  heat,  until  pc-'--' 
liquefactionensuea,  when  the  crucible  and  i'         '     '  


s  may  be  withdrawn  from 

IS  cool  enough,  boiled  in  halfa-pint  of  pure  water,  so  as  thoroughly  lo  dis- 
solve the  fused  miifs  from  the  crucible.    An  excess  of  nitric  acid  being  poured  into  the 
It'       tE     m'  t       ■    th  po       d       dryn  ss,  by  wh*  h  th      d  d 

I    ed        1  b)      CO  acq      U  th     i  pi     t        f  w  t      th        m         and  m  y  b 

dd      dwhdwhltthlm       1  dldfth    glass  ra  y  be     p      t  J 

f  h     sol  bl      po  ti       by   tb     ad  1 1         fi    t      f      Iph       ted   hyd    l       wh  h 

p      t      th    1    d   th        f    mm    la.     h   h    hr  w    d  wn   h      1  mm         d  b> 

p  ca  b      t      f       mon  a,  wh   1   p      j  t  tea  th    1         as  bor  t       Th 

h      f        th      lUli      m  tt  f      d  by  p  oc  ss        i  tl        la,       thj        d 

ra  tall  1 1      I   b         th      both   fwhhm      becodtdtth       rat  1 

l_     be  m       dedt     mrl  y      b      t      fbrjt        th  ly        ffelaa.btl 

high  teraperatwe  required  with  this  substance  dia^pates  a  portion  of  the  alkaline  compo- 
nents, and  thus  leads  to  serioas  errors.  Even  mere  fasion  an  a  glass  furmice  expels 
soda  from  glass,  and  renders  it  more  and  more  infusible;  but  this  expulsion  is  much 
favoured  by  the  presence  of  baryta.  The  above  raethod  of  analyzing  glass  is,  therefoi 
tobep  f  dt  th  ba  t  pi  by "  d'  '  I  '  "  «-■■  "-  -  " 
h  y      XJ  1 1   m    ufact  d  pt    th 

f  felas    th  y  m  k      th      h  f   rat 

on     d  y  t    tly  f  11  w  d  by  f   1 

g         ont    II   g  tl     m       ft  It       ee      ally       d  th  t  th    best  gl 

1  Id  w      h  t    I      Urn    th    f  m  ces  g       m    t  h        f    m    t 

t      yfthd      feltth        htl  mtdbamt      Ipess  Tl 

t    If     most  Iklyru      bttb       |1      t         fta       sel  mhtbe 

■■''       ■'  '       'hped        ^tn.    Adm "         ' 


b't    lly     g  g  d  '    m      pi 
unm  y     | 

0  ly  1  ra  ted     f 


S    y, 

''bo 


I  gl   t  mpe 
id      t 
hoa  h  d     m 


f  th 


th 


1   k  d  ban/ 
0  d    by  D  It       th 


th 


d  this  perhaps  depends 
carb  m  id  of  either  of  the 
m    h  active  "boil"  and 

I  t  nc  th  where  this  gas  has 
b     h  w         would  only  diminish 

mbe        nd  such  glass  must, 
a     fly  b      omparison  with  that 

II  as  m  F  ance,  in  this  oarticular 
[■  g  md  t  y.  Since  the  graud 
finit     p    p  rtions,  there  can  be 

ce  w  th   t.  occasional  successes 

d   pa       The  laws  which  regu- 

a  th  h  h  tend  to  unite  silica 

mply  f  tile   Co   battle  with 

f  attainment,  we  Snd 

w    1.      f  man  which  have 

p    S3  of  iraperfection  and 


lemad 

3   1    H 


th 


'yq.' 


facilitit 

result  is  but  a  sorry  flight'of  ambili         '\\ 
from  us  something  more  than  medio     ty 
world  possesses  the  same  amount  of      tural 
chalk,  in  litharge,  we  are  naturally  rich  t 
us  the  command  of  eveiy  market ;  ou   man  f 
as  a  miserable  fiscal  impost  sat  lite 
interest,  inferiority  was  unavoidable    b  t  th 
glass  fhroughont  the  Great  Bxhibitio    is   car    ly 
and  we  refrain  from  terming  it  a  n  t       1  i' 
improvement  has  begun,  which  will  th      t  th 
the  past. 

An  AcHKOMATio  Telescope  of  gig    t     d 
constructed  for  the  Rev.  Mr.  Craig,  V  f  : 

W.  Cravaft,  Esq.  F.R.S.,  has  been  II      jC  v 


equal  to  thai  of  St.  Oobain, 

•ai     jlut,  remembering  the  great 

t        the  attainment  even  of  sucli  a 

pi      d  in  a  position  which  demands 

s  ful  competitioii,  as  no  nation  in  the 

tages.    In  fiiel,  in  soda,  in  sand,  in 

Our  capital  and  commerce  give 

ed  only  ask  and  have.    So  long 

p       the  back  of  the  glass-making 

u  !      ng  aspect  of  the  British  plate 

p  111  ted  by  this  excise  reminiscence ; 

-ace      ly  under  a  belief  that  already 

p     m  US  info  the  oblivious  records  of 

and  powers,  wliich  is  now  bang 

gt       under  the  superintendence  of 

f   h     nanufacture  of  some  admirable 
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nptical  flint  oliject  glasses  at  the  great  works  of  Messra.  Chance,  of  Birmingham.  It  u 
2i  inches  in  diameler,  and  is  perfectlj  clear  and  bomageDeans  in  structure.  The  crown 
glass  lens,  of  like  size,  is  of  plate  glass,  caat  by  tbe  Thames  Plate-glass  Company.  Ilia 
total  length  of  the  telescope  in  use  will  be  85  feet,  but  the  real  focal  length  of  the  lunsid 
much  less,  being  probably  about  7fl  feet.  A  quarter  of  an  inch  letter  can  be  read  with 
thia  telescope,  even  in  its  imperfect  state,  at  the  distance  of  half  a  mite.  It  promises  to  bo 
as  powerful  as  Lord  Rosf e  s  colossal  reflector,  and  it  is  mounted,  in  its  observatory,  on 
Wandsworth  Common  on  such  mechanical  principles,  as  to  be  moveable  in  any  direction 
with  the  slightest  touch  of  the  finger,  while  it  can  be  directed  to  objects  at  60"  of  eleva^ 
tion  above  the  horizon.  The  weight  of  the  tube  is  3  tons  ;  it  is  quite  inSexible  and  free 
fm  'bf         TlJi'b       h'hthtbe'l         ed         '1*     apable 

ra    ng  on  ai  which 


M 


Balm 


rm    or         g  To 

so  od  ts      sa  jja  ate  of 

soda  are  mixed,  and  the  mixture  is  heated,  with  occasional  stirnng,  in  the  furnace.  By 
exposure  to  n  low  red  lieat  for  fVom  6  to  10  hours,  a  perfect  silicate  of  soda  nill  bo 
formed.  A  silicate  of  potash  of  S6  per  cent,  is  made  by  heating  aj  cwt  of  sand,  2J-  cwl. 
of  sulphate  of  potash,  and  IS  pounds  of  charcoal,  t^nietimes  both  a  sulphate  and 
carbonate  of  a  base  are  used  together ;  and  sometimes  two  buses  are  used  to  make  a, 
double  silicate. 

In  all  cases,  chemical  equivalents  are  observed ;  a  single  equivalent  of  charcoal  to  one 
of  sulphata  To  make  a  double  silicate  of  soda  and  barjtes,  either  of  the  following  mix- 
tures may  be  used  : — 

No.  1.,  213  parts  of  sand,  72  sulphate  of  soda,  117  sulphate  of  baiytes,  and  12  charcoal. 
No.  3.,  278  sand,  72  sulphate  of  soda,  99  carbonate  of  barytes,  and  6  charcoal  A  fiow  of 
snlpliate  indicates  want  of  charcoal,  and  a  brown  colour  in  tiie  result  an  excess  of  char- 
coal ;  but  bolh  of  these  accidents  may  be  produced  by  too  low  a  heat  in  the  furnace. 
The  highest  working  temperature  is  a  fair  white  heal.  The  addition  of  5  or  10  per  cent, 
of  common  salt  aids  the  fluxing,  and  is  uot  hurtful  to  the  result.  The  sulphate  should  be 
in  fine  powder.  The  patentees  also  use  a  sulpburet  or  hyposnlphite  as  a  decomposing 
agent  for  the  sulphates  instead  of  charcoal.  Half  an  equivalent  proportion  of  sulphuret, 
or  a  single  equivalent  of  hyposulphite,  should  be  used  m  the  place  of  each  equivalent  of 
the  charcoal ;  as,  for  example,  20  parts  of  suiphuret  of  sodium  for  6  parts  of  cliarcoaL 
These  decompositions  and  combinations  are  effected  by  means  of  a  peculiar  reverberatory 

furnace,  with  two  inclined  beds  or  fli  '    ''       ■'    -''  '    "  -  '' 

Ifeietaii's  Journal,  xxxv.  223. 


h  which  the  fire  passes  and  plays.- 


The  duties  payable  in  the  United  Kingdoo:,  upon  llio  diflerent  descriptions  of  glasi 
are,  for  :— 

£    1.    d. 
Window  glass,  any  kind,  not  exceeding  ^  inch 

thickness      -  -  ■  -  -    0    3     6  per  cwt. 

All  glass  exceeding  ^  inch  thickness,  and  all 
silvered  or  polished  glass,  superficial  mea- 


—  U 

—  88  and  upwards     - 
Painted  or  ornamented 

All  white  flint  glass  bottles,  not  cut,  engraved, 
or  otherwise  ornamented,  and  beads  and 

Wiue  glasses,  tumblers,  and  all  other  white 
flirt  glass  goods  not  cut,  engraved,  or  other- 


9  per  superficial  foot. 

Oi  per  lb. 
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Unenmnerated,  and  old  broken  gla* 


eper  ci 


Glass,  Al'stbiam.  M,  Peligot  slates  that  the  hard  glass  of  Bohemia  is  composed  o[ 
100  parts  of  silica,  13  parts  of  quicklime,  and  only  28  parta  of  carbonate  of  potash. 
These  proportions  give  a  glass  quite  unmanageable  in  ordinary  furnaces;  but  the  ad- 
dition of  a  eomparatiTely  araail  quantity  of  boracic  acid  is  capable  of  datemiioing 
fusion,  and  the  result  is  a  glass  having  all  the  requisite  limpidity  at  a  high  temperature 
and  possessing  at  the  same  time  a  great  brilliancy  and  hardness. 

Glass,  Bobemiak.  Glasses  are  silicates  which  must  contain  at  least  50  per  cent  of 
silica;  the  more  Ihere  is  of  it,  the  more  perfect,  unalterable,  hard,  and  infusible  is  the 
glass.  The  hardest,  most  beautiful,  and  most  perfect  glass,  is  found  In  nature  in  the  state 
of  pure  silica  in  rock  crystal.  To  render  silica  fusible,  certwn  fluiea  must  be  added; 
tliese  fluxes  are  polossa,  soda,  lime,  and  oxide  of  lead- 
Silica  fuses  very  well  with  the  alkalis,  but  the  resulting  glall  is  rapidly  changed  by 
absorbing  moiBlure  from  tbe  air.  To  prevent  this  alteration,  it  is  always  necessary,  in 
llie  manufacture  of  glass,  to  introduce  a  cert^n  quantity  of  lime  or  of  oxide  of  lead. 

In  Ihe  following  (able  is  given  the  analyses  of  a  certain  number  of  Bohemian  glasses, 
whicli  will  indicate  their  composition  with  precision. 


(I.) 

(2) 

(3.) 

(4-) 

(5.) 

(3.) 

(7.) 

(8.) 

Silica 

Potassa    

II-O 

71-7 
13-7 
2'3 
10-3 

0'4 
0-S 
0.2 

69-4 
11-8 

9-2 

0-8 

63'8 
22-1 

12-a 

75-9 

ITa 
3-8 

-      - 

7S-85 
5-5 
I2'06 

6-e 

S-5 

70- 

20' 

5- 
0-6 

51- 
25- 

3- 
1-3 
0-4 

Lime 

Magnesia      -    -     -     . 

Oxide  of  Iron    -    -    - 

10' 

2'2 
3-9 
0-2 

lUl-2 

98-1 

100- 

100- 

100- 

100-5 

100- 

99-2, 

(1.)  Bohemian  glass  from  Keufeld,  (II.  Grus) ;  its  composition  is  represented,  nearly, 
by  the  formula,  Ca  S^  +  (AI  F)  S>  +  (K  Mg  Ma)  S'. 

(The  reader  will  remember,  that  these  are  mineralogical,  and  not  chemical,  symbols  ■ 
since  Ibe  letters  signify  the  oxides,  or  acids,  and  not  the  elementary  bases,  as  they  would 
in  chemistry. — Trans.) 

(2.)  A  fine  table  glass  from  Neuwelt  fM.  Berthier) ;  it  is  exceedingly  beautiful,  and 
is  prepared,  according  to  M.  Perdonnet,  with  a  mixture  of  100  quartz,  50  caustic  lime,  15 
carbonate  of  potassa,  and  a,  very  small  quantity  of  nitre,  arsenious  adil,  and  oxide  of 
manganese.  The  presence  of  arsenic  cannot  be  detected  by  analysis.  The  composition 
of  this  glass  is  expressed  by  the  formula  C  S  •  +  (K  N)  S «. 

(3.)  Old  Bohemian  glass,  {K  Dumas)  ;  its  formula  is  (Al  C  K)  S '. 

(i.)  Crown  glass  of  German  manu&cture,  (M.  Dumas);  its  composition  is  expressed 
by  tbe  formula  (KC)S*. 

(5.)  Glass  for  mirrors,  (M.  Dumas) ;  it  is  represented  bv  the  formula  (N  Al  C]  S  ■. 

(6.)  Another  glass  for  mirrors,  (M.  Dumas) ;  its  formula  lies  between  B  S  >  and 
B8«. 

(7.)  White  table  glass,  from  Silberberg  near  GraUen ;  its  composition  is  exactly  es' 
pressed  liy  the  formula,  2  (K  CalS  ■  +  (Al  F)  S  •. 

(8.)  Mirror  glass  from  ^ew-Hurkentha!,  far  the  manufacture  of  cast  mirrors.  It 
shows  a  greeni^  tint  in  section,  and  Eoftena  at  a  gentle  heat.  Its  composition  is  nearly 
represented  by  the  formula  (Al  F)  S'+  6  (K  C  M)  S>,  or  nirae  simply  (K  0  Al)  S'. 

Properties  of  Glass,  Transpareiite,  (Mcnirlessness. — Transparence  and  colourlessness 
are  the  first  properties  of  glass ;  to  obtain  (hem,  the  materials  must  be  employed  ex- 
tremely pure,  and  the  least  possible  iiux  added ;  an  excess  of  potassa  gives  Uie  glass  a 
greenl^  tint;  soda  and  its  salts  give  it  a  yellow  tint,  and  lime  renders  it  milky.  A 
very  small  quantity  of  (he  sulphate  of  potassa,  or  soda,  gives  it  a  yellowish,  or  blackish, 
brown  green;  iron  colours  it  strongly  bottle  green;  and  an  excess  of  the  manganese 
employed  to  remove  the  coloration  due  to  the  oxide  of  iron,  gives  it  a  bluish  tint,  which 
becomes  a  decided  violet  bv  the  action  of  ihe  solar  light.  If  the  minium  employed  in 
60 
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932  GLOVE  MANUFACTURE. 

the  niHuufactiire  of  crysta!  containa  a  little  copper,  which  very  often  bappena,  the  crvstal 
takea  a  alight  emerald  grceii  tint ;  this,  however,  is  not  to  be  feared  in  Bohemia,  wliera 
'a  single  establishment  which  mukes  lead  glaa 


Chircoal  colours  glaaa  of  a  topaa  yoUcw,  more  os  less  dark,  and  aometimes  reaching 
a  purple,  bo  that  it  is  impoEsible  to  obtain  a  perfectly  cnlourleas  glass  in  furnaces  which 
smoke,  or  in  those  which  are  healed  by  tur^  lignite,  or  bituoinons  coal ;  and  in  these 
casea  it  is  neceaaar^  to  employ  covered  crucibles,  aa  is  done  in  the  manufactoiy  of  crystal 
it  Choisy-le-Roi ;  it  is  alao  necessary  on  this  accoont,  when  in  fhe  fabrication  of  gla;a 
the  alkaline  carhonates  are  replaced  by  sulphate  of  aoda,  to  add  iu  the  crucible  a  little 
(about  jJj)  less  of  carbon  than  would  be  necessary  to  reduce  the  sulphate  corapletelv, 
and  even  thua  but  common  glasa  is  obtained  by  thia  process,  since  tlie  alight  excess  of 
eulphato  of  eoda,  which  must  be  left,  givea  a  blackish  brown  tint. 

Hardness,  Staaticily. — The  Bohemian  glass  is,  within  certain  liraits,  perfectly  elastic, 
and  very  eonoroua ;  when  Well  made,  it  is  sufficiently  hard  to  strike  fire  with  steel,  and 
is  scratdied  with  difficulty.  The  lead  glasses,  on  the  other  hand,  have  but  little  hard- 
ness, and  less  in  proportion  aa  they  contain  more  oxide  of  lead ;  besides  which  they 
rapidly  lose  their  brilliancy  by  use. 

Pusihility,  Cooling,  Annealing,  Demlri^calion. — All  glaES  is  more  or  less  fusible ;  when 
it  is  softened  by  the  action  of  heat,  it  may  be  worked  with  the  greatest  ease,  and  may 
"«  drawn  out  into  threads  as  fine  as  those  of  the  cocoon  of  the  silkworm.  Glass,  when 
■  "^  and  presents  aereral  very  remark- 
imfde  Prince  Kupert's  drops.  Glass 
iports  variations  of  temperatures  better  in  proportion  aa  it  haa  been  more  slowly 
led ;  thus,  when  it  has  l>een  but  slightly  annealed,  or  not  at  all,  its  fragility  may 
considerably  dimlniahed  by  annealing  it  in  water,  or  better,  in  boiling  oil 


A\l  glass  exposed  during  a  longer  or  shorter  time  lo  a  beat  safficiently  elevated,  loses 

transparency,   and  becomes  eitremely  hard,  and  much  leas  brittle  than  before. 

Tliere  takes  place  a  phenomenon  precisely  ainiilar  to  that  which  ye  see  takmg  place 

"  '      '     the  slow  cooling  of  the  slaga  of  our  amelting  furnaces,  and  especially  in 

Glass  with  a  soda  base  is  more  fusible  ani  less  bard  than  that  whose 

Densiti/. — Below  is  given  the  density  of  several  glaasoa  without  lead : — 

Old  Bohemian  glass  (Dumas)  .....  2-398 

Uolieraian  bottle  glass  ......  3.17^2 

do,  window  glass  ......  3-643 

Fine  glass,  called  Bohemian  crystal         .....  2-892 

Mirror  glass  of  Cherbourg,  (Dumas)        .....  2-50G 

da        St.  Gobain         -....-.  2-488 

do.        Newhaus  1812,  (Scholz)  .....  3-651 

do.  do.    1830. 2-663 

Action  of  Atmospheric  and  Chemicat  Agents. — The  harder  and  more  infusible  a  glass  is, 
the  less  is  it  alterabli  by  the  action  of  atutosphenc  and  chemical  agents,  with  the  exception 
of  hydrofluoric  acid.  Glasa  which  is  too  alkaline  attracta  gradually  the  moisture  of  the 
air  and  loses  ita  lustre  and  polish.  Many  glasses  are  perceptibly  attaokad  by  a  prolonged 
boiling  with  water,  auiJ  dj^riiori  by  acid  and  alkaline  aolutions;  (has,  the  bottle  glass 
is  frequently  attacked  by  the  tartar  which  is  found  in  the  wine.  According  to  Gnyton 
Morveau  all  glass  which  is  attacked  by  prolonged  boiling  with  concentrated  solutions 
of  alum,  common  salt,  sulphuric  acid,  or  potassa.  is  of  bad  quality. 

The  ailica  which  is  employed  in  Bohemia  in  the  manufacture  of  glass  is  obtained  by 
calcining  crystalline  quartz,  and  aftcrwarda  pounding  it  while  dry.  When  the  quartz 
has  been  heated  to  a  cherry-red,  it  is  withdrawn  from  fhe  fire,  and  thrown  immediatelj 
into  cold  -wateJ-. 

Almost  all  the  Bohemian  glass  is  a  potash  glaas.  because  soda  and  ita  salts  e  1  c  f 
glass  a  sensible  yellowish  tint.  The  limestone  which  is  used  is  aa  -nhite  aa  Ctrrara 
marble.  The  clay  employed  for  the  crucibles  is  very  white,  and  consists  of  silii-a  45^?^ 
alumina  40X,  aud  water  18^^. 

GLAUBER  SALT  is  the  old  name  of  sulphate  of  soda. 

GLAZES.    See  PoiTEaT. 

GLAZIER,  is  tlie  workman  who  cuts  plates,  or  panes  of  glass,  with  the  diamond,  and 
fastens  them  by  means  of  putty  in  frames  or  window  casements.  See  Diamond,  for  an 
Explanation  of  its  glass-Cutting  property. 

GLOVE  MANUFACTURE.  In  February,  1832,  Mr.  James  Winter  of  Stoke 
nnder-Hambdra,  in  the  county  of  Somerset,  obtained  a  patent  for  an  improrement  upon 
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a  former  palent  machine  of  his  for  sewing  and 
pointing  lealher  gloves.     Fig-.  "727  represents 
a  pedestal,  npon  which  llie  instrument  called 
3  the  jaws  is  to  be  placed.    Fig,  "728  shows  Ihe 

jaws,  which  instead  of  opening  ana  closing  bj 
a  circular  movement  upon  a  joint  as  described 
in  the  former  specification,  are  now  made  lo 
open  and  shut  by  a  parallel  horizontal  more- 
ment,  effected  by  a  slide  and  screw;  a  a  is  the 
i  fised  jaw,  made  of  one  piece,  on  the  under 
side  of  which  is  a  tenon,  to  be  inserted  into 
the  top  of  the  pedestal.  By  means  of  this 
tenon  the  jaws  may  be  readily  removed,  and 
another  similar  pair  of  jaws  placed  in  their 
stead,  which  affords  the  advantage  of  expediting 
the  operation  by  enabling  one  person  to  pre- 
pare the  work  whilst  another  is  sewing  ;  6  6  is 
the  moveable  jaw,  made  of  one  piece.  The 
two  jaws  being  placed  together  in  the  manner 
shown  at^g-.  728,  the  moveable  jaw  traverses 
backwards  and  forwards  upon  two  guide-bars, 
e,  which  are  made  to  pass  through  holes  ex- 
actly fitted  to  them,  in  the  lower  parts  of  the 
jaws.  At  the  upper  parts  of  the  jaws  are 
what  are  called  the  indexes,  d  d,  which  are 
tightly  together  by  a  spring,  shown  at 
jig.  729,  and  intended  to  be  inlroduceii  be- 
""""een  the  perpendicular  ribs  of  the  jaws  «( 
At  /  is  a  thumbscrew,  passing  through 
the  ribs  for  the  purpose  of  tightening  the  jaws,  and  holding  the  leather  fast  between  the 
iiidejes  while  being  sewnj  this  screw,  however,  will  seldom,  if  ever,  be  necessary  if  the 
spring  is  sufficiently  strong ;  g  is  an  eye  or  ring  fixed  lo  the  moveable  jaw,  through  which 
tile  end  of  a  lever,  ft,  in^^g.  727  passes ;  this  lever  is  connected  by  a  spring  to  a  treadle, 
t,  at  Ihe  base  of  ths  pedestal,  and  by  the  pressure  of  the  right  foot  upon  this  treadle, 
the  moveable  jaw  is  withdrawn  ;  so  that  the  person  employed  in  sewing  may  shift  the 
leather,  and  place  another  part  of  the  glove  between  the  jaws.  The  pieces  called  indexes 
ate  connected  lo  the  upper  part  of  the  jaws,  by  screws  passing  through  elongated  holes 
which  render  them  capable  of  adjustment. 

The  patentee  slates,  that  in  addition  to  the  index  described  in  his  former  patent,  which 
is  applicable  lo  what  is  called  round-seam  sewing  only,  and  which  permits  the  leather  to 
expand  bnt  in  one  direction  when  the  needle  is  passed  through  it,  name!)',  upwards,  he 
now  makes  two  Indexes  of  different  construction,  one  of  which  he  calls  the  receding 
index,  and  the  other  the  longitudinally  grooved  index.  Fig.  730  represents  an  end  view, 
and  Jig.  731  a  top  view  of  the  receding  index,  which  is  particularly  adapted  for  what  jre 
called  "drawn  sewin?,  and  prick-seam  sewing  j"  this  index,  instead  of  biting  to  the  top, 
is  so  rounded  otf  in  the  inside  from  the  bottom  of  the  cross  grooves,  as  to  permit  the 
needles,  by  being  passed  backwards  and  forwards,  to  carry  the  silk  thread  on  each  side 
of  the  leather  without  passing  over  it.  Fig.  732  represents  an  end  view  of  the  longitu- 
dinally grooved  index,  partly  open,  10  show  the  section  of  the  grooves  more  distinctly  j 
tndfig.  733  represents  an  inside  view  of  one  side  of  the  same  index,  in  which  the  longi- 
tudinal groove  is  shown  passing  from  fc  to  i.  This  innex  is  more  parlicukriy  adapted  to 
round  seam  sewing,  and  permits  the  leather  lo  expand  in  every  direction  when  the  needle 
is  passed  through  it,  by  which  the  leather  is  less  strained,  and  the  sewing  consequently 
rendeied  much  stronger. 

It  is  obvious  that  the  parallel  horizontal  movement  may  be  effected  by  other  mechani- 
cal means  besides  those  adopted  here,  and  the  chief  novelty  claimed  with  respect  to  that 
movement,  is  its  application  to  the  purpose  of  carrying  the  index  used  in  sewing  and 
painting  leather  gloves. 

Imimrtation  of  leather  gloves  for  home  consumption  ;  and  amount  of  duty  in 

J83B.  1837.  I  1836.  1837. 

1,461,769.      I      1,221,350.      |      -£27,558.  £22,923. 

GLOVE-SEWING.    The  following  simple  and   ingenious   apparatus,   invented   by 

an  Englishman,  has  been  employed  extensively  in  Paris,  and  has  enabled  its  proprietors 

to  realize  a  handsome  fortune.    The  Prench  complain  that  "it  has  inundated  the  world 

with  gloves,  made  of  excellent  quality,  at  30  per  cent,  under  their  former  wholesale 


o^lc 


prices."  The 
shown  in  profile  ready  for  ac 
lion  in^g-.  734,  It  reseniblps 
an  iron  vice,  having  Ihe  upper 
poriion  of  each  jaw  made  of 
brass,  and  lipped  with  a  kind 
ofcomljofthesameinelal.  The 
leelh  of  this  comb,  only  one 
twelftli  of  an  inch  long,  are 
perfectly  regular  and  equal. 
Change  combs  are  provided  fur 
different  styles  of  work.    ""' 


e  fast  t 


the 


edge  of  the  bench  oi 
of  the  proper  height,  by   s 
Ifiumb-screw  c,  armed  with  a 
n  cramp  which  lays  hold  of  the 

lo]  wood.     Of  the  two  jaws  com- 

'-—'  posing  the  inftchine,  the  one  d 

ut  the  other  eIs  moveable  upon  the  solid  base  of  the  machine, 
ojnl  r.  At  1 1  is  shown  how  the  upper  brass  portion  is  ad- 
of  iron  |  the  two  being  secured  to  each  other  by  two  stout 
e  aralely  in  fig.  136,  is  made  fast  !o  the  upper  end  of  each 
n.    Fig.  735  is  a  front  view  of  the  jaw  mounted  with  its 

the  stoul  iron  wire  l,  with  a  pedal  pressed  by  the  needle- 
wishes  to  separate  the  two  jaws,  in  order  lo  insert  between , 
ather  to  be  sewed.  The  instant  she  lifts  her  foot,  the  two 
e  sprii^  G,  which  pushes  the  moveable  jaw  e  against  the 
g  is  made  fast  lo  the  frame  of  the  vice  by  the  screw  a. 
gc  to  be  sewed  in  its  place,  the  woman  passes  her  needle 
eeth  of  the  comb,  and  is  sure  of  making  a  regular  seam  in 
is  careful  to  make  the  needle  graze  along  the  holtoni  of  the 
iece  is  sewed,  she  presses  down  the  pedal  with  her  toes, 
der,  allowing  her  to  introduce  a  new  seam,  and  so  in  quick 


desired  shape,  stra 
0  the  kind  of  work 
n  requires ;  but  it  i 
every  requisite 


'ht  or  curved;  and  Ihe  teeth  may  h 
0  be  done.  With  this  view,  the  comb 
.  more  economical  to  have  sets  of  vice 
:  and  form. 


LU     NA  (Gun      F      Berryllerde,  Gcrra,),  is  one  of  the  primitive  earths,  originally 
sc         d  q  be  berjl  and  emerald.    It  may  be  extracted  from  either  of 

m  eir  powder  Bticcessively  with  potash,  with  water,  and  with 

id     T  by  the  latter,  being  eraporated  to  dryneaa,  is  to  be  digested 

water,  and  fiiltered.  On  pouring  carbonate  of  ammonia  in  excess  into  tbe  liquid,  we 
form  soluble  muriate  of  ammonia,  with  insoluble  carbonates  of  lime,  chrome,  and  iron,  as 
ilao  carbonate  of  glucina,  which  may  be  dissolved  out  from  Ihe  rest  by  an  excess  of  carbo' 
nate  of  ammonia.  When  the  liquid  is  filtered  aoew,  the  glucina  passes  through,  and  may 
be  precipitated  in  the  state  of  a  carbonate  by  boiling  the  liquid,  which  expe^  the  excess 
of  ammonia.  By  washing,  drying,  and  calcining  the  carbonate,  pure  gliu:ma  is  obtained. 
It  IS  a  white  insipid  powder,  mfosible  in  tlie  heat  of  a  smiUi's  forge,  insoluble  in 
water,  but  soluble  in  caustic  potash  and  soda;  as  also,  especially  when  it  is  a  hydrate, 
m  carbonate  of  ammonia.  It  has  a  metallic  base  called  glucJnum,  of 'which  100  parts 
combine  with  4B*2d3  of  oxygen  to  form  the  earth.  It  is  too  rare  to  be  snsceptiblc 
of  application  in  manufactures. 

GLUCOSE.    The  name  given  to  giape  and  starch  sugar  by  M.  Duma.^. 

GLUE  {OdU  forte,  Fr. ;  ieini,  T^sehlirleira.  Germ.)  is  ttio  chemical  substance  gela- 
tine in  a  dry  state.  The  prcparadon  and  preservation  of  the  skin  and  other  animal 
matters  employed  in  the  monu&icture  of  glue,  constitute  a  peculiar  branch  of  industry. 
1'hose  who  exerdse  it  should  atndy  to  prevent  the  feimentatioa  of  the  substances,  and 
to  diraioish  the  cost  of  carri^e  by  depriving  them  of  as  much  water  as  can  conveniently 
be  done.  They  may  then  be  put  in  preparation  by  macerating  them  in  milk  of  lime, 
renewed  three  or  four  times  in  the  course  of  a  fortnight  or  three  weeks.  This  process 
ia  performed  in  large  tanks  of  masonry.  They  are  next  taken  out  with  all  the  adhering 
.ime,  and  laid  in  alayer,  2  or  3  inches  thick,  to  drain  and  dry,  upon  a  sloping  pavement, 
where  they  are  turned  over  by  prongs  two  or  three  times  a  day.    The  action  of  the 


other  tbick  hidea,  n'liich  furm  (lie  atrongest  article,  the  refuse  of  the  leather  dresser; 
both  afford  from  45  to  65  per  cent,  of  glue.  The  tendons,  and  many  other  oflala  of 
slaughter-houses,  also  afford  materials,  though  of  an  inferior  qualitf,  for  the  purpose. 
The  refuse  of  tanneries,  such  as  the  ears  of  oxen,  calves,  sheep,  ic,  are  better  articles ; 
but  parings  of  parchment,  old  gloves,  and,  in  fact,  animal  skin  in  every  term,  uncoiu- 
bined  with  tannin,  maj  be  made  ulo  glue. 

The  manufacturer  who  receives  these  materials  is  generally  careful  to  ensure  their 
purificatiou  by  subjecting  them  to  a  weak  lime  steep,  and  rinsing  them  by  exposure 
m  baskela  tt>  a  stream  of  water.  TTiey  are  lasllj;  drained  upan  a  sloping  surface,  as  above 
described,  and  well  tmned  over  till  the  quicklime  gets  mild  by  absorption  of  carbonic 
acid ;  for,  in  its  caustic  state,  it  would  damage  the  glue  at  the  heat  of  boiling  water.  It 
is  not  necessary,  however,  to  dry  them  before  (hey  are  put  into  the  boiler,  becanse  they 
dissolve  faster  in  their  soft  and  tumeSed  state. 

The  boiler  is  made  of  copper,  rather  slmllow  in  proportion  to  its  area,  with  a  uniform 
flat  bottom,  equably  exposed  all  over  to  the  flame  of  the  fire.  Above  the  true  bottum 
there  is  a  false  one  of  copper  or  iron,  pierced  with  holes,  and  standing  upon  feet  3  or  4 
inches  high;  which  serves  to  sustain  the  animal  matters,  and  prevent  them  from  being 
injured  by  the  fire.  The  copper  being  filled  to  two-thirds  of  its  height  with  wft  water, 
■.s  then  heaped  up  with  the  bulky  animal  substances,  so  high  as  to  surmount  its  brim. 
But  soon  after  the  ebullition  begins  they  sink  down,  and,  in  a  few  hours,  get  entirely 
immersed  in  the  liquid.  They  should  be  stiired  about  from  time  to  time,  and  well 
pressed  down  towards  the  false  bottom,  while  a  steady  bat  gentle  boil  is  maintained. 

The  solution  must  be  drawn  off  in  successive  portions ;  a  method  which  fractions  lbs 
products,  or  subdivides  them  into  articles  of  various  value,  gradually  decreasing  from 
the  first  portion  drawn  off  to  the  last.  It  has  been  ascertained  by  careful  eiperimenta 
that  gelatine  gets  altered  over  the  fire  veiy  soon  after  it  is  dissolved,  and  it  ought  there- 
fors  to  be  drawn  off  whenever  it  is  sufficiently  fluid  and  strong  for  forming  a,  clear 
gelatinous  mass  on  cooling  capable  of  being  cut  into  moderately  firm  slices  by  the  wire. 
This  point  is  commonly  determined  by  filling  half  an  e^-shell  with  the  liquor,  and 
exposing  it  fo  the  air  fo  cooL  The  jelly  ought  to  get  very  consistent  in  the  course  of  a 
few  minutes ;  if  not  so,  the  boiling  must  be  persisted  in  a  little  longer.  When  this  term 
is  attained,  the  fire  is  smothered  up,  and  the  onntents  of  the  boiler  are  left  to  settle  for  a 
quarter  of  an  hour.  The  stop-cock  being  partially  turned,  all  the  thin  gelatinous  liquor 
is  run  off  into  a  deep  boiler,  immersed  in  a  warm  water  bath,  so  that  it  may  continue 
hot  and  fluid  for  several  hours.  At  the  end  of  this  time  the  supernatant  clear  liquid  is 
to  be  drawn  off  into  congealing  boxes,  as  will  be  presently  esplained. 

The  grounds,  or  undissolved  matters  in  the  boiler,  are  to  be  again  supplied  with  a 
quantity  of  boiling  water  from  an  adjoining  copper,  and  are  to  be  once  mora  subjected  to 
the  action  of  the  fire,  tiU  the  contents  assume  the  appearance  of  dissolved  jelly,  and 
afford  a  fresh  quantity  of  strong  glue  liquor,  by  the  stop-cock.  The  grounds  should  be 
subjected  a  third  time  to  this  operation,  after  which  they  may  be  put  into  a  bag,  and 
squeezed  in  a  press  to  leave  nothing  unextraoted.  The  latter  solutions  are  usually  too 
weak  to  form  glue  directly,  but  they  may  be  strengthened  by  boiling  with  a  portion  of 
fresh  skin-parings. 

Ji^ff.  731.  represents  a  convenient  apparatus  for  the  boiling  of  skins  into  glue,  in  which 
there  are  three  coppers  upon  three  difterent  levels ;  the  uppermost  being  acted  upon  by 
the  waste  heat  of  the  chimney,  provides  warm  water  in  the  most  economical  way ;  the 
second  contains  the  crude  materials,  with  water  for  dissolving  them ;  and  tho  third 
receives  the  solution  to  be  settled.  The  last  vessel  is  doable,  with  water  contained 
between  the  outer  and  inner  one ;  and  discharges  its  contents  by  a  stop-cock  into  buckets 
for  filliug  the  gelatinizmg  wooden  boxes.  The  last  made  solution  has  about  one-five- 
liundredth  part  of  alum  in  powder  usually  added  to  it,  with-proper  agitation,  after  ivhioh 
it  is  left  to  settle  for  several  hours. 

The  three  successive  boils  furnish  three  different  qualities  of  glue, 

Flanders  or  Dutch  glue,  long  much  esteemed  on  the  Continent,  was  made  in  the 
manner  above  described,  but  at  two  boils,  from  animal  offals  well  washed  and  soaked,  so 
as  to  need  less  boiling.  The  liquor  being  drawn  off  thinner,  was  therefore  less  coloured, 
and  being  made  into  thinner  plates  was  very  transparent.  The  above  two  boils  gave 
iwo  qualities  of  glue. 

By  the  English  practice,  the  whole  of  Ihc-animal  matter  is  brought  into  solution  at 
once,  and  the  liquor  being  drawn  off,  hot  water  is  poured  on  the  residuum,  and  made  U> 
boil  on  ii  for  some  time,  when  the  liquor  thus  obtained  is  merely  used  instead  of  water 
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,^  —  a  form  are  cut  in  the  bottom  of  tha  box.  The  liquid  glue  ia  poured  mto  the  boie, 
placed  very  leTel,  through  funnels  furnislied  with  filter  clottis,  till  it  stands  at  the  brirei 
of  each.  The  apartment  in  which  this  is  done  ought  la  be  as  cool  and  dry  as  possible, 
to  favour  the  Bolidifieation  of  the  glue,  and  should  be  floored  with  stone  flags  kept  very 
clean,  so.  that  if  any  glue  rnu  through  the  seams,  it  may  be  recovered.  At  the  end  of 
12  or  18  hours,  or  usually  in  the  morning  if  the  boxes  have  been  filled  over-night,  the 
glue  is  sufficiently  firm  for  the  nets,  and  they  are  at  this  time  removed  to  an  upper  story, 
mounted  with  ventilating  windows  to  admit  tlie  air  from  all  quarters.  Here  the  boxes 
are  inverted  upon  a  moistened  table,  ao  that  the  gelatinous  cake  thus  turned  out  will 
not  adhere  to  its  surface  ;  usually  the  moist  blade  of  a  long  ioile  is  insinuated  round 
the  sides  of  the  boxes  beforehand,  to  loosen  the  glue.  The  mass  is  first  divided  into 
horiaonial  layers  by  a  brass  wire  stretched  in  a  frame,  like  tliat  of  a  bow-saw,  and  guided 
by  rulers  which  are  placed  at  distances  corresponding  to  the  desired  tbickness  of  the 
cake  of  glue.  The  Imes  formed  by  the  grooTes  in  the  bottom  of  the  box  define  the 
superficial  area  of  each  cake,  where  it  is  to  be  cut  with  a  moist  knife.  The  gelatinous 
layers  thus  formed,  must  be  dexterously  lifted,  and  immediately  laid  upon  nets  stretched 
in  wooden  frames,  till  each  frame  be  filled.  These  frames  are  set  over  each  other  at 
distances  of  about  three  inches,  being  supported  by  small  wooden  pegs,  stuck  into  mor- 
tise holes  in  an  aprigbt,  fixed  round  the  room ;  so  that  the  air  may  have  perfectly  free 
access  on  every  side.  The  cakes  must  moreover  be  turned  upside  down  upon  the  nets 
twice  or  thrice  every  day,  wiiich  is  readily  mani^ed,  as  each  frame  may  be  slid  out  like 
B  drawer,  upon  the  pegs  at  iti  two  sides. 

The  drying  of  the  glue  is  the  most  precarious  part  of  the  manufacture.  The  least 
disturbance  of  the  weather  may  injure  the  glue  during  the  two  or  three  first  days  of  its 
exposure  ;  should  the  temperature  of  the  air  rise  considerably,  the  gelatine  maj  turn  so 
soft  as  to  become  unshapely,  and  even  to  run  through  Ihe  meshes  upon  the  pieces  below, 
or  it  may  get  attached  to  the  strings  tha.t  surround  them,  so  as  not  to  be  separable  with- 
out plunging  the  net  into  boiling  water.  If  frost  supervene,  the  water  may  freeze  and 
form  numerous  cracks  in  the  cakes.  Such  pieces  must  be  immediately  re-melted  and 
re-formed.  A  slight  fog  even  produces  upon  glue  newly  exposed  a  serious  deterioration; 
the  damp  condensed  upon  its  surface  occasioning  a  general  mouldiness,  A  thunder- 
storm somatimea  destroys  the  copgulating  power  in  the  whole  laminie  at  once ;  or  causes 
the  glue  to  itirn  on  the  nets,  in  the  language  of  the  manufacturer.  A  wind  too  dry  or 
too  hot  may  cause  it  to  dry  so  quickly,  as  to  prevent  it  from  contracting  Ic  its  proper 
size  without  numerous  cracks  and  fissures.  In  this  predicament,  the  closing  of  all  the 
flaps  of  the  windows  is  the  only  means  of  abating  the  mischieC  On  these  acconnts  it 
is  of  importance  to  select  tlie  most  temperate  season  of  the  year,  such  as  spring  and 
autumn,  for  the  glue  manufacture. 

After  the  glue  is  dried  upon  the  nets  it  may  still  preserve  too  much  flexibility,  or 
softness  at  leasts  to  be  saleable  ;  in  which  case  it  must  be  dried  in  a  stove  by  artificial 
beat,    This  aid  is  peculiarly  requisite  m  a  humid  climate,  like  that  of  Great  Britain. 

When  sufiiciently  dry  it  next  receives  a  gloss,  by  being  dipped  cake  by  cake  in  ho' 
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water,  and  then  rubbed  with  a  brush  also  moistened  in  hot  water ;  after  -which  the  glue 
is  arranged  npon  a  hurdle,  and  tranjferred  to  the  stove  room,  if  the  weather  be  not 
sufficiently  hot.  One  day  of  proper  drought  will  make  it  ready  for  being  packed  up  in 
casks. 

The  pale'Colored,  hard,  and  solid  article,  possessing  a  brilliant  fracture,  which  is  made 
from  the  parings  of  ox-hides  by  the  first  process,  is  the  best  and  most  cohesive,  and  is 
most  Bailable  for  joiners,  cabinet-makers,  painters,  fee.  But  many  workmen  are  influ- 
enced by  snch  ignorant  prejudices,  that  they  still  prefer  a  dark-colored  article,  with  some- 
what of  a  fetid  odor,  indicative  of  its  impurity  and  bad  preparation,  the  result  of  bad 
materials  and  too  long  exposure  to  the  boiling  heat. 

There  is  a  good  deal  of  plue  made  in  France  from  bones,  freed  from  the  phosphate  of 
lime  by  muriatic  acid.  This  is  a  poor  article,  possessing  little  cohesive  force.  It  dis- 
solves almost  entirely  in  cold  water,  which  is  the  best  criterion  of  its  imperfection.  Glue 
should  merely  soften  in  cold  mater,  and  the  more  considerably  it  swells,  the  better,  gener- 
ally speaking,  it  is. 

Some  manufacturers  prefer  a  brass  to  a  copper  pan  for  boiling  glue,  and  insist  much 
on  skimming  it  as  it  boils  ;  but  the  apparatus  I  have  represented  renders  skimming  of 
little  consequence.  For  ase,  glue  should  be  broken  into  small  pieces,  put  along  with  some 
water  into  a  vessel,  allowed  to  soak  for  some  hours,  and  subjected  to  the  heat  of  a  boil- 
■ig-water  bath,  but  not  boiled  itself.  Thesurroundinghot  water  keeps  it  long  in  a  £t  state 
(or  joiners,  cabinet-makers,  &c. 

Water  containing  only  one  hundredth  part  of  good  glue,  forms  a  tremulous  solid. 
When  the  solution,  however,  is  hea.ted  and  cooled  several  times,  it  loses  the  property  of 
gelatiuizinf^,  even  though  it  be  enclosed  in  a  vessel  hermetically  sealed.  Isinglass  or  Ush- 
glue  undergoes  the  same  change.  Common  glue  is  not  soluble  in  alcohol,  but  is  pre- 
cipitated in  a  white,  coherent,  elastic  mass,  when  its  watery  solution  is  treated  with  thai 
fluid.  By  transmilliog  chlorine  gas  through  a  warm  solution  of  glue  a  combination 
is  very  readily  effected,  and  a  Tiscid  mass  is  obtained  like  that  thrown  down  by  alcohol. 
A  little  chlorine  sutSces  to  precipitate  the  whole  of  the  glue.  Concentrated  sulphuric 
acid  makes  glueundei^  remarkable  changes;  during  which  are  produced,  sugal  of  gela- 
tine, leucine,  an  animal  matter,  &c.  Nitric  acid,  with  the  aid  of  heat,  converts  glue  into 
malic  acid,  oxalic  acid,  a  fat  analogous  to  suet,  and  into  tunnin ;  so  that,  in  this  way, 
one  piece  of  skin  may  be  made  to  tan  another.  When  the  mixture  of  glue  and  "nitric 
aeid  is  much  evaporated,  a  detonation  at  last  takes  place.  Strong  acetic  acid  renders 
glue  first  soft  and  transparent,  and  then  dissolves  it.  Though  the  solution  does  not 
gelatinize,  it  preserves  the  property  of  gluing  surfaces  together  when  it  dries.  Liquid 
glue  dissolves  a  considerable  quantity  of  lime,  and  also  of  the  phosphate  of  lime  recently 
precipitated.  Accordingly  glue  is  sometimes  contaminated  with  that  salt.  Tannin 
both  natural  and  arlillcial  combines  with  glue ;  and  with  such  eifect,  that  one  part  of 
glue  dissolved  in  5000  parts  of  water  affords  a  sensible  precipitate  with  the  infusion  of 
nutgalls.  Tannin  unites  with  glue  in  several  proportions,  which  are  to  each  other  as 
the  numbers  1,  1|,  and  2  ;  one  compound  consists  of  100  glue  and  89  tannin  ;  another 
of  100  glue  and  60  tannin  ;  and  a  third  of  100  glue  and  120  tannin.  These  two  sub- 
stances cannot  be  afterwards  separated  from  each  other  by  any  known  chemical 
process. 

Glue  may  be  freed  from  the  foreign  animal  matters  generally  present  in  It,  by  soft- 
ening it  in  cold  water,  washing  it  with  the  same  several  times  till  it  no  longer  gives  out 
any  color,  then  bruising  it  with  the  band,  and  suspending  it  in  a  linen  bag  beneath  the 
surface  of  a  large  quantity  of  water  at  60°  F.  In  this  ease,  the  water  loaded  with  the 
soluble  impurities  of  the  glue  gradually  sinks  to  the  bottom  of  the  vessel,  while  the  pure 
glue  remains  in  ,he  hag  sLrrounded  with  water.  If  this  softened  glue  be  heated  to  92^ 
without  adding  water,  it  will  liquefy ;  and  if  we  heat  it  to  1S2°,  and  filter  it,  some  albt^ 
minous  and  other  impurities  will  remain  on  the  filler,  while  a  cokirless  solulioo  of  glue 
will  pass  through. 

Experiments  have  not  yet  explained  how  gelatine  js  formed  from  skin  by  ebullition. 
It  is  a  change  somewhat  analogous  to  tbat  of  starch  into  gum  and  sugar,  and  takes  place 
without  any  appreciable  disengagement  of  gas,  and  even  in  close  vessels.  Gelatine,  says 
£erze1iu3,  does  not  exist  in  the  living  body,  but  several  animal  tissues,  such  as  skin, 
cartilages,  hartshorn,  tendons,  the  serous  membranes,  and  bones,  are  susceptible  of  beiog 
converted  into  it. 

GLUTEN  (Col!eV<!gtlale,Fr.;  Kli^xr,  Germ.)  was  first  extracted  by  Beccaria  froc 
wheat  Aour,  and  was  long  regarded  as  a  proximate  principle  of  plants,  till  Einhof,  Tad- 
deijftnd  Benelius  succeeded  in  showing  that  it  tnay  be  resolved  by  means  of  alcohol  into 
three  different  substances,  one  of  which  resembles  closely  animal  albnmine,  and  has  been 
called  Zymome,  or  vegetable  albumine ;  another  has  been  called  Gliadine ;  and  a  third, 
HfficiJie,  The  mode  of  separating  gluten  from  the  other  conslituents  of  wheat  flour  has 
Dcen  described  towards  the  end  of  the  article  Bread, 
Gluten,  when  dried  in  the  air  or  a  stove,  diminishes  greatly  in  size,  becomes  hard,  brit 
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britfle,  glitteuing,  and  of  s  'deep  yellow  colour.  It  is  insoluble  in  ether,  lu  fat  and 
essential  oils,  and  nearlj  so  ia  wnter.  Alcoliol  and  acetic  acid  cause  gluten  to  swell  and 
make  a  sort  of  milk^  eolutioD.  Dilute  acids  and  alkaline  lyes  dissolve  gluten.  Its 
nitimafe  eonstitnenla  are  Dot  determined,  but  azote  is  one  of  them,  and  accordingly 
Tfhen  moiat  gluten  is  left  to  ferment,  it  exhales  the  smell  of  old  cheese. 

bonis  years  sino^  M.  E.  M.  Martin,  of  Vervios,  proposed  io  extract  the  standi 
without  injuring  the  gluten,  which  then  becomes  avadable  for  alimentary  purposes. 
His  process  is  a  mechanical  one  (resembling  that  long  practised  iu  laboratories  Ebr 
procuring  gluten),  and  consista  in  washing  wheat  flour,  made  into  a  paste,  with  water, 
either  by  the  hand  or  machinery. 

The  puten  thus  obtained  is  susceptible  of  nomerous  useful  applieations  for  alimentary 
purposes.  Mixed  with  wheat  flour,  in  the  proportions  of  SO  parts  of  flour,  10  of  fresh 
gluten,  and  7  of  water,  it  has  been  employed  to  produce  a  superior  sort  of  macaroni, 
vermicelli,  and  other  kinds  of  Italian  paste3;  and  MM.  V^rfBi  ftfirea.  of  Paris,  have 
made  with  it  a  new  sort  of  paste,  which  they  have  termed  graniUated  gluien  (gluten 
grannU). 

Mr.  L  P.  Gentile,  of  the  Habertcoford  works,  near  Totneas,  in  Devonshire,  has 
for  some  time  past  been  engaged  ia  the  manufiicturo  ot  gluten  for  alimentary  purposes, 
and  placed  in  the  Eshihition  samples  of  several  dietetical  substances  made  with  gluten  : 
such  33  macaroni,  vermicelli,  a  sort  of  gluten  chocolate,  and  a  kind  of  meal  biscuit 

Madame  St.  Etienne,  the  wife  of  Mr.  Gentile's  foreman,  also  placed  in  the  Exhi- 
bition a  very  complete  collection  of  alimentary  preparations,  made  with  gluten. 

To  the  same  category  belongs  Mr.  Bullocks  Semola,  of  which  he  has  ^ven  an 
account  in  the  Lancet  of  December  IB,  1849,  and  March  9,  1850.  It  is,  in  fact,  wheat 
gluten  made  into  a  pasta  with  wheat  flour,  and  granulated. 

In  all  the  above  preparatbns,  the  gluten  employed  is  that  extracted  from  wheat  by  a 
mechanical  process  (hand  working),  as  practised  by  M.  E.  M.  Martin. 

Messrs.  Orlando  Jones  and  Co.,  manufacturers  of  rice  slai-ch,  ^o  placed  in  the  Ex- 
hibition a  specimen  of  rice  gluten.  But,  as  it  is  extracted  from  rice  by  a  solution  of 
caustic  soda,  and  precipitated  from  its  alkaline  solution  tij  an  acid,  it  is  obvious  that  it 
must  have  suffered  deterioration,  and  be  less  proper  for  alimentary  purposes  than  gluten 
extracted  from  the  grain  by  a  mechanical  process. 

We  hail  with  much  satis&ction  these  attempts  to  introduce  into  use,  as  alimentary 
substances,  preparations  of  gluten.  No  one  has  hitherto  succeeded  in  making  in 
England  macaroni  and  vermicelli  equal  to  the  Italian  pastes ;  for,  although  the  English- 
made  article  presented  a  tolerably  good  appearance,  it  failed  In  cooliing,  either  running 
into  a  mass,  or  falling  to  pieces;  whereas  it  should  simply  expand  and  retain  its  form, 
even  after  long  boiling.  With  Mr.  Gentile's  gluten  it  is  to  be  hoped  that  good  pastes 
may  be  made,  even  with  English  wheat.  Hitherto,  hundreds  of  tons  of  a  most  valuable 
and  important  article  of  food  have  been  annually  lost^  and  the  prevention  of  this  by  the 
economic  application  of  the  gluten  deserves,  therefore,  every  encouragement 

By  mixing  gluten  with  wheat  flour,  Mr.  Gentile  prepares  what  he  calls  gluteit  fiimr, 
containing  12  per  cent,  or  four  times  the  normal  qnantity  of  gluten,  this  preparation 
is  susceptible  of  several  very  useful  applications.  It  yields  a  very  nutritious  and 
digestible  glvten  biscml ;  mixed  with  cocoa  It  forms  an  agreeable  and  nutritious  gluien 
cbomlate ;  and  mixed  with  beef  or  mutton  It  furnishes  a  highly-condensed  nutritive 
food.  Bread  made  with  gluten  flour  might  be  advantageously  employed  by  diabetic 
patients  as  a  substitute  for  Bouchardat's  gluten  bread. 

GLYCERINE,  ia  a  sweet  substance  which  may  bo  extracted  {i-aia  fatty  snbstauces. 
If  we  take  equal  parts  of  olive  oil  and  finely-ground  litharge,  put  them  into  a  basin 
t^\h  a  little  water,  set  this  on  a  sand  bath  moderately  heated,  and  stir  the  mixture  con- 
stuitly,  with  the  occasional  addition  of  hot  water  to  replace  what  is  lost  by  evaporation, 
we  shall  obtain,  in  a  short  time,  a  soap  or  plaster  of  lead.  After  having  added  more 
water  to  this,  we  remove  the  vessel  from  the  fire,  decant  the  liquor,  filler  it,  pass  sul- 
phuretted hydrogen  through  it  to  separate  the  lead,  then  filter  luresh,  and  concentrate 
the  liquor  as  much  as  possible  wiihout  bnrnuig  upon  tho  sand-bath.  What  remains 
must  be  finally  evaporalod  within  the  receiver  of  the  air-pump.     Glycerine  thus  pre- 

Eared  is  a  transparent  liquid,  without  colour  or  smell,  and  of  n  syrupy  consistence.  It 
as  a  very  sweet  taste.  Its  specific  gravity  is  1-27  at  the  temperature  of  60°.  When 
thrown  upon  burning  coals,  it  takes  fire  and  burns  like  an  oil.  Water  combines  with 
it  in  almost  all  proportions;  alcohol  dissolves  it  readily;  nitric  acid  converts  it  into 
Dxnlir  acid ;  and  accordii^  to  Yogel,  sulphuric  acid  transforms  it  into  sugar,  iu  the 
lame  way  as  it  does  starch.  Ferment  ot  yeast  does  not  affect  it  in  any  degree. 
Its  coustituenta  are,  carbon  40,  hydi'ogen  9,  oxygen  51,  in  100. 

Tho  employment  of  glycerine  as  an  application  in  the  treatment  of  deafness,  and  also 
for  other  purposes  as  a  medicinal  agent,  has  given  rise  to  enquiries  on  the  subject,  on 
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rhich  aecount  a  few  practicnl  remarto  may  p    b  biy  i>        t       t   g  t        to      f    u( 
:  eatjers. 

Glyccrba  is  one  of  the  producta  of  the  eapt    fit         f  f  t     1       It       j     d      J 
Inrge  quantities  in  the  soap  manufactories  in  a       y  mp         t  t    b     g        lam      t  d 
with  fialiiio  and  eraDjreumude  mattera,  and  ha     K  ry  d     gr      b!      d 

III  order  to  obtain  glycerine  from  this  scarce,  th    re  d  ary  In  p  rated      d 

treated  with  alcohol,  which  dissolves  out  the  glyce  Th       1    b  I  h  b 

separated  by  evaporation,  the  glycerine  is  diliit  dwhwt         dboldwh       ml 
charcoal.    'Diis  process  must  be  repeated  several  tmi  til  tl  It         fli       tU 

free  from  snielL    It  is,  however,  estremely  diffic  It  I      bla     p        gly  f  1 

euuree,  on  account  o/  tbe  nature  and  condition    f  th       g    d     Is         lly   mpl  y  d 
making  soap,  which  it  is  almost  impossible  to  dep  fran  d    d 

The  beet  method  of  obtaining  glycerine  for  m  d        1  p    p    es       t  po    t    tl 

water  used  in  making  emplastrum  plumbi.  Wh  th  1  mpl  yd  f  h  II 
process  is  carefully  conducted,  the  result  is  easily  m  d   fit  f  and       1   ost  w  tl      t 

odour.    Any  lead  with  which  it  may  be  contami    t  d         pa    ted  by  p  t      m 

of  sulphuretted  hydrogen  through  it  when  in  a  d  1  t     t  t       Th  f  cap 

during  the  process  of  evaporation.  If  requisite  tm  beonliwth  alh  I 
filtered,  and  evaporated.    The  specific  gravity,  wh         d      d      th    p    p  t 

is  1-21. 

It  is  now  about  twelve  months   since   an   an  m    t     pp       d        (h     m  d     I 

journals,  respecting  a  new  cure  for  deafness,  disc  d  by  II  1  1  y  Tl  ml 
was  reported  to  be  peifectly  simple,  remarkably  f  d  y  ffMi  1  S  1  pap 
oy  Mr.  Tearsley  appeared  in  the  Lan  t  dur'  _  J  ly  d  A  t  1S48  d  f  tl 
statements  therein  contained,  it  appea    d  h     t£  t  d       th  if 

a  piece  of  moistened  cotton  wool  int  ar  p         lar  m  I  t 

tbe  intimation  that  lie   "had  not  so    nl      d  h       odas    rer     d  b! 

others  to  adopt  it  with  naore  than  a  m  ccess     M    T       1  y    b 

"in  answer,  I  hare  only  to  say,  that  th     xp         ce  ral  1  is  t    gl  t  m    II   t 

It  is  impoBsiblo  to  convey  to  others,       w  h      ph   t  tli  as    I  all        bl 

thera  to  manipulate  with  any  degree  act    t  was        h  t    h 

I  have  so  long  held  back  fram  pubh  h   g  any  ftl         mkU    ftjld 

observed  in  my  practice." 

GNEISS,  is  the  name  of  one  of  the  great  m      t 
oldest  of  (he  stratified  rocks.    It  is  composed    f  th 
quartz,  mica,  and  felspar.     In  gneiss,  however,  th  y 
scales,  BO  as  to  give  the  mass  a  slaty  structure.    It   bo 

GOLD.     (Eng.  and  Germ.;  Or,  Ft.)     This  m     1 
yellow  colour;  its  great  density  =.  19'3  compa    d  t 
S2d  degree  of  Wedgewood'a   pyrometer;   its   p       m 
whence  it  can  be  beat  into  leaves  only  1-232,0  0  h     I 
bility  in  any  acid  menstruum,  except  the  raiit         f 

by  the  alchemists  aq-aa  reijia,  because  gold  was  d  mdbytlmi  iwui  mg  i 
metals. 

Gold  is  found  only  in.  the  metallic  state,  Eom  t  rytlld       th       bedta 

derivative  forms.     !t  occurs  also  in  threads  of  va  t       t  d       d      t    1       d      t 

a  chain  of  minute  octahedral  crystals ;  as  also         pi  d   h  g  wh   h 

when  of  a  certain  magnitude  are  called  pepiia      Th      mall  g  t  fratm    Is 

broken  from  a  greater  mass ;  but  they  eiiow  by   h        fl  tt       d  d    1    pe       d  tl 

rounded  outline  that  this  ia  their  original  state.     Th       p       g  ft        g  Id 

from  13-3  to  17'7.    Humboldt  states  that  the  1         1  ;;  d       k    w  f      d 

Peru  weighing  about  12  kilogramroea  (28J-  lbs.  d)bt       asb        b        j         I 

in  til  J  province  of  Quito  which  weighed  nearly  f       t  m     as        h 

Another  ore  of  goM  is  the  alloy  with  silver,  o       g    fol  g  Id    h      1    1    m    f  PI 
so  called  from  its  amber  shade.    It  seems  to  be  a  d^nile  compound,  containing  in  100 
parts,  84  of  gold  and  36  of  silver. 

The  mineral  formations  in  which  this  metal  occurs  are  the  cryatallina  primitive  rocks, 
the  compact  transition  rocks,  the  trachytic  and  trap  rocks,  and  alluvial  grounds. 

It  never  predominates  to  such  a  degree  as  to  constitute  veins  by  itsell  It  is  either 
disseminated,  and  as  it  were  impasted  in  stony  mas^s,  or  spread  out  in  thin  plates  or 
grains  on  their  surface,  or,  lastly,  implanted  in  their  cavities,  under  the  shape  of  fila- 
ments  or  crystallized  twigs.  Tlie  minerals  composing  the  veins  are  either  quartz,  calc- 
spar,  or  sulphate  of  baiyta.  The  ores  that  accompany  tbe  gold  in  these  veins  aro  chiefly 
iron  pyrites,  copper  pyrites,  galena,  blende,  and  mispickel  (arsenical  pyrites). 

In  the  ores  called  auriferous  pyrites,  this  meiai  occurs  either  in  a  visible  or  invisible 
f<irm,  and  though  invisible  in  the  fresh  pyrites  becomes  visible  by  its  decomposition  ;  as 
the  bydrated  oxide  of  ron  allows  the  native  gold  particles  to  shine  forth  on  their  reddish 
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Drona  groand,  even  when  tne  precious  metal  may  conciliate  cnly  the  five  millionth  pari 
or  its  nreifht,  as  at  Bammelsbeii;  in  tbe  Hariz.  In  that  state  it  has  b.>en  e):tracted  willi 
.irolit ;  most  frequently  by  amalgamalion  with  mercury,  proving  that  tlie  gold  was  in  the 
native  slate,  and  not  in  Ihal  or  a  sulphurel. 

Gold  exists  among  the  primitive  strata,  disseminated  in  small  grains,  S[>angles,  and 
crystals.  Brazil  affords  a  remarkable  example  of  this  species  of  gold  mine.  Beds  of 
granular  quartz,  or  micaceous  specular  iron,  in  the  Siena  of  CociLes,  12  leagues  beyond 
Villa  Rica,  which  form  a  portion  of  a  mica-slate  district,  include  a  great  quantity  d' 
native  gold  in  spangles,  which  in  this  ferruginous  rock  leplace  mica. 

Gold  has  never  been  observed  in  any  secondary  formation,  but  pretty  ahundanily  in 
ila  true  and  primary  locality  among  the  trap  rocks  of  igneous  origin  ;  implanted  on  the 
sides  of  (he  fissures,  or  disseminated  in  the  veins. 

The  auriferous  ores  of  Hungary  and  Transylvania,  composed  of  tellurium,  silver 
pyrites  or  sulphuret  of  silver,  and  native  gold,  lie  in  masses  or  powerful  veins  in  a  rock 
of  trachyte,  or  in  a  decomposed  feldspar  subordinate  to  it.  Such  is  the  locality  of  the 
gold  ore  of  Konigsberg,  of  Telkehanya,  between  Eperies  and  Tokay  in  Hungary,  ant 
probably  thai  of  the  gold  ores  of  Kapnick,  Felsobanya,  fee,  in  Transylvania  i  an  arrange- 
Dienent  nearly  the  same  with  what  occurs  in  Equatorial  America.  The  auriferous  vein: 
Df  GuanasruatOj  of  Reai  del  Monte,  of  Villalpando,  are  similar  to  those  of  Sohemnitz  in 
Hungary,  as  to  magnitude,  relative  position,  the  nature  of  the  ores  they  include,  and  of 
the  rocks  they  traverse.  These  districts  have  impressed  all  mineralogists  with  the  evi- . 
dences  of  (be  action  of  volcanic  fire.  Breislak  and  Hacquet  have  described  the  gold 
mines  of  Transylvania  as  situated  in  the  crater  of  an  ancient  volcano.  Jt  is  certain  that 
the  trachytes  which  form  (he  principal  portions  of  the  rocks  including  gold,  are  now 
almost  universally  regarded  as  of  igneous  or  volcanic  origin. 

It  would  seem,  however,  that  the  primary  source  of  the  gpld  is  not  in  these  rocks,  but 
rather  in  the  sienites  and  greenstone  porphyries  below  them,  which  in  Hunitary  and 
Transylvania  are  rich  in  great  auriferous  depasites;  for  gold  has  never  been  found  in 
■he  trachyte  of  the  Euganean  mountains,  of  the  mountains  of  the  Vicentin,  of  those 
)f  Auvergnci  all  of  which  are  superposed  upon  granite  rocks,  barren  in  metal. 

Finally,  if  it  be  true  (bat  the  ancients  worked  mines  of  gold  in  the  island  of  Ischia,  ii 
would  be  another  example,  and  a  very  remarkable  one,  of  the  ptesenee  of  this  metal  in 
■rachytes  of  an  origin  evidently  volcanic. 

Gold  is,  however,  much  more  common  in  tbe  alluvial  grounds  than  among  the  primi- 
.ive  and  pyrogenous  rocks  just  described.  It  is  found  disseminated  tinder  the  form  of 
spangles,  ia  (he  silicioas,  argillaceous,  and  ferruginous  sands  of  certain  plains  and  rivers, 
especially  in  their  re-entering  angles,  at  the  season  of  low  water,  and  after  storms  anc 
temporary  floods. 

It  has  been  supposed  that  the  gold  found  in  the  beds  of  rivers  had  been  torn  out 
by  the  waters  from  the  veins  and  primitive  rotks,  which  they  traverse.  Some  have 
even  searched,  but  in  vain,  at  the  source  of  auriferous  streams,  for  the  native  bed  of  this 
precious  metal.  The  sold  in  them  belongs,  however,  to  the  grounds  washed  by  the  waters 
as  they  glide  along.  This  opinion,  suggested  at  fii-st  by  Delias,  and  supported  by  Deborn, 
Guettard,  Eohitant,  Balbo,  &c.,  is  founded  upon  just  observations.  I.  The  soil  of  Ihese 
plains  contains,  frequently,  at  a  certain  depth  and  in  several  spots,  spangles  of  gold, 
separable  by  washing.  2.  The  beds  of  the  auriferous  rivers  and  streamlets  contain 
more  gold  after  storms  of  rain  upon  the  plains  than  in  any  other  circumstances.  3.  It 
happens  almost  always  that  gold  is  found  among  the  saods  of  rivers  only  in  a  very  cir- 
cumscribed space;  on  ascending  these  rivers  their  sands  cease  to  afford  gold;  though 
did  this  metal  come  from  the  rocks  above,  it  should  be  found  more  Bbundanlly  near  the 
source  of  the  rivets.  Thus  it  is  known  that  the  Oreo  contains  no  gold  except  fron; 
Pont  to  its  junction  with  the  Po.  The  Ticino  affords  gold  only  below  the  Lago  Mag- 
giore,  and  consequently  far  from  the  primitive  mountains,  after  traversing  a  lake,  where 
its  course  is  slackened,  and  into  which  whatsoever  it  carried  down  from  these  mountains 
must  have  been  deposited.  The  Khine  gives  more  go.o  near  Strasburg  than  near  Basle, 
though  the  latter  be  much  closer  to  the  mountains.  The  sands  of  the  Danube  do  not  con- 
tain a  grain  of  gold,  while  this  river  runs  in  a  mountainous  region }  (hat  is,  from  the 
frontiers  of  the  bishopric  ot  Fassau  to  EfTerding ;  but  its  sands  become  auriferous  in  the 
p  lins  below.  The  same  thing  is  true  of  the  Ems  ;  the  sands  of  the  upper  portion  of  this 
river,  as  il  Hows  among  the  mountains  of  Styria,  include  no  gold ;  but  from  its  entrance 
into  the  plain  at  Steyer,  till  its  embouchure  in  the  Danabe,  its  sands  become  auriferous, 
and  are  even  rich  enough  to  be  washed  with  profiL 

The  greater  part  of  (he  auriferous  sandij  in  Europe,  Asia,  Africa,  and  America 
are  black  or  red,  and  consequently  ferruginous ;  a  remarkable  circumstance  in  th( 
geological  position  of  alluvial  gold.  M.  Napione  supposes  that  the  gold  of  these  ferru- 
ginous grounds  is  due  to  the  decomposition  of  auriferous  pyrites.  The  auriferoui 
(and  occurring  in  Hungar;  almost  always  in  the  neighborhood  of  (he  beds  of  lignileij 
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anJ  ihe  peltiSiei  wood  covered  wilh  gold  grains,  found  buried  at  a  depth  of  55  yards  ir 
clay,  in  the  mine  of  Vorospatak  near  Abrabanja  ia  Transylvania,  migtit  lead  us  to  pre- 
sume that  the  epoch  of  the  formation  of  Ihe  auriferous  alluvia  is  not  remote  from  llial 
of  the  Jignites,  The  same  association  of  gold  ore  and  fossil  wood  occurs  ia  South 
America,  at  Mora.  Near  the  village  of  Lloro,  have  been  discovered  at  a  depth  of  2C 
feet,  large  trunks  of  petrified  trees,  surrounded  with  fragments  of  trap  rocks  interspersed 
with  spangles  of  gold  and  platinum.  But  the  alluvial  soil  affords  likewise  all  the  cha- 
racters of  the  basaltic  rocks;  thus  in  France,  the  C^ze  and  the  Gordon,  aariferous 
risers,  where  Ihey  afford  most  gold,  flow  over  ground  apparently  derived  from  the 
destruction  of  the  trap  rocks,  which  occur  in  silu  higher  up  the  country.  This  fact  had 
struck  Reaumur,  and  this  celebrated  observer  had  remarked  that  the  sand  which  more 
immediately  accompanies  the  gold  spangles  ui  most  rivers,  and  particularly  in  the  Rhone 
and  the  Khine,  is  composed,  like  that  of  Ceyion  and  Expailly,  of  black  proloxyde  of  iron 
and  small  grains  of  rubies,  corindon,  hyacinth,  &c.  Titanium  has  been  observed  more 
recently.  It  has,  lastly,  been  remarked  that  the  gold  of  alluvial  formations  ia  purer  than 
that  extracted  from  rocks. 

pTindpal  GoM  Mmes. 

Spain  anciently  possessed  mines  of  gold  in  regular  "eins,  especially  in  the  province  of 
Asturias;  but  Uie  richness  of  the  American  mines  has  made  them  lo  be  negleeted. 
The  Ta?us,  and  some  other  streams  of  that  country,  were  said  to  roil  over  golden  sands. 
France  contains  no  workable  gold  mines  i  but  it  presents  in  several  of  its  rivets  auri- 
ferous sands.  There  are  some  gold  mines  in  Piedmont ;  particularly  the  veins  of  aurife- 
rous pyrites  of  Macugnagna,  at  the  foot  of  Monte  Rosa,  lying  in  a  mountain  of  gneiss ; 
and  allhqi^h  they  do  not  contain  10  or  11  grains  of  gold  in  a  hundred  weight,  they  have 
long  defrayed  the  espense  of  working  them.  On  the  southern  slope  of  the  Pennine  Alps, 
from  the  Simplon  and  Monte  Rosa  to  the  valley  of  Aoste,  several  auriferous  districts  and 
rivers  occnr.  Such  are  the  torrent  Evenson,  which  has  afforded  much  gold  by  washing ; 
the  Oreo,  in  its  passage  from  ihe  Pont  to  the  Po ;  the  reddish  grounds  over  which  this 
little  river  runs  for  several  mQes,  and  the  hills  in  the  ne^bborhood  of  Chivasso,  contain 
gold  spangles  in  considerable  quantity. 

In  the  county  of  Wicklow,  in  Ireland,  a  quartzose  and  ferruginous  sand  was  discovered 
not  long  ago,  containing  many  panicles  of  gold,  with  jwpHaa  or  solid  pieces,  one  of  which 
weighed  22  ounces.    No  less  than  1000  ounces  of  gold  were  collected. 

There  are  auriferous  sands  in  some  rivers  of  Switzerland,  as  the  Beuss  and  Ihe  Aar. 
In  Gerniaay  no  mine  of  gold  is  worked,  except  in  the  territory  of  Salzburg,  amid  Ihe 
chain  of  mountains  which  separates  the  Tyrol  and  Carinthia. 

The  mines  of  Hungary  and  Transylvania  are  the  only  gold  mines  of  any  importance  in 
Europe  ;  they  are  remarkable  for  their  position,  the  peculiar  metals  that  accompany  them, 
and  their  product,  estimated  at  about  1430  pounds  avoird.  annually.  The  principal  ones 
are  in  Hungary.  1,  Those  of  Konigsberg.  The  native  gold  is  disseminated  in  ores  of 
sulphuret  of  silver,  which  occur  in  small  masses  and  in  veins  in  a  decomposing  feldspar 
rock,  amid  a  conglomerate  of  pumice,  constituting  a  portion  of  the  trachytic  formation. 
2.  Those  of  Borson,  Schemnitz.  And,  3.  of  Felsobanya  ;  ores  also  of  auriferous  sulphu- 
ret of  silver,  occur  in  veins  of  sienite  and  greenstone  porphyry.  4.  Those  of  Telke- 
banya,  lo  the  south  of  Kaschau,  are  in  a  deposile  of  auriferous  pyrites  amid  trap  rocks 
of  the  most  recent  formation. 

In  Transylvania  the  gold  mines  occur  m  veins  ofien  of  great  magnitude,  6,  8,  and  some- 
times 40  yards  thick.  These  veins  have  no  side  plates  or  wall  stones,  but  abut  without 
intermediate  gangues  at  the  primitive  rock.  They  consist  of  carious  quartz,  ferriferous 
limestone,  heavy  spar,  flnor  spar,  and  sulphuret  of  silver.  The  mine  of  Kapnik  deserves 
notice,  where  the  gold  is  associated  with  orpiment,  and  that  of  Vcrospatak  in  granite 
locks;  those  of  Offenbany^  Zalatna,  and  Nagy-Ag,  where  it  is  associated  with  tellu 
rium     The  ItrJ.  is  in  a  sienitic  rock  on  the  limits  of  the  tracbyle. 

In  Sweden,  the  mine  of  Edelfora  in  Smoland  may  be  mentioned,  where  the  gold 
occurs  native  and  in  auriferous  pyrites;  the  veins  are  a  brown  quartz,  in  a  mountain 
of  foliated  hornstone. 

In  Siberia,  native  gold  occurs  in  a  hornstone  at  Schlangenberg  or  Zmeof,  anl  af 
Zmeino-garsk  in  the  Altai  inountains,  accompanied  with  many  other  ores. 

The  gold  mine  of  Berezof  in  the  Oural  mountains  has  been  long  known,  consisting  of 
partially  decomposed  oiirifeTous  pyritet,  disseminated  in  a  vein  of  greasy  quarta.  About 
1320,  a  very  rich  deposit  of  native  gold  was  discovered  on  the  east&n  side  of  the  Oural 
mountains,  disseminated  at  some  yards  depth  in  an  argillaceous  loam,  and  accompanied 
with  the  lieiris  of  rocks  which  usually  compose  the  auriferous  alluvial  soils,  as  greenstone, 
eerpcntine,  protoxide  of  iron,  corundum,  Ac  The  rivers  of  this  district  possess  auri- 
ferous sands.    The  product  of  the  gold  mines  of  the  Oural,  in  1S45,  was  11,808  pounds 
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avoirdupol)',  and  in  lifiG,  1I,33'I  pomida ;  that  of  Siberia,  in  1846,  ST,ft7B  pounds,  find 
in  1846,  4B,B6S  pounds.  In  these  accounts  tbe  pood  haa  been  reckoned  at  36  lbs.  It  ie 
believed  that  in  1S47  duiI  1849  the  yield  was  etill  larger,  but  it  must  eiuce  have 
materially  Mien  off,  aa  it  ia  stated  in  Ennan'i  Archives  that  the  yield  in  1851  will  not 
exceed  20,000  pounda  troj;. 

In  Asia,  aod  especially  in  its  southern  dialriota,  there  are  many  tnines,  streams,  rirers. 
and  wastes,  which  contain  thia  metal.  The  Factolus,  a  small  river  of  Ljdia,  rolled  over 
such  golden  eanda,  that  it  was  supposed  to  constitute  the  origin  of  tlie  wealth  of  Crcesus. 
But  these  deposits  are  now  poor  and  foigotlen.  Japan,  Formosa,  C^lon,  Java,  Sumatra, 
Borneo,  the  Philippines,  and  some  other  islands  of  the  Indian  Archipelago,  are  rich  in 
gold  mines.  Those  o!  Borneo  are  worked  by  the  Chinese  in  an  alluvial  aoil  on  the 
western  coast,  at  the  foot  of  a  chain  of  Toleanic  mountains. 

Little  or  no  gold  comes  into  Europe  from  Asia,  because  its  servile  inhabitants 
place  their  fortune  in  treasure,  and  love  to  lioard  Tip  that  precious  metal 
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auy  vein ;  nor  do  they  construct  a  gallery.    By  repeated  washlnga  they  separate  the 
gold  from  the  earthy  matters. 

The  aame  district  furnishes  also  the  greater  part  of  what  is  carried  to  Morocco  Fez, 
and  Algiers,  by  the  caravans  whidi  go  from  Tirabuctoo  on  the  Niger,  across  the  great 
desert  of  Zaara,  The  gold  wiiicli  arrives  by  Sennaar  at  Cairo  and  AleKandria  comes  from 
the  same  quarter.  From  Mungo  Park's  description,  it  appears  that  the  gold  spangles  are 
found  usually  in  a  ferruginous  small  gravel,  buried  under  rolled  pebbles. 

The  third  spot  in  Africa  where  gold  ia  collected  ia  on  the  souih-east  coast,  between  the 
twenty-fifth  and  the  twenty-second  degree  of  south  latitude,  (^posite  to  Madagascar,  in 
the  country  of  SoMa.  Some  persons  thinl:  that  thia  was  the  kingdom  of  Ophir,  whence 
Solomon  obtained  his  eold. 

In  modem  limes,  the  richest  gold  mines  are  found  in  Souih  America.  It  occurs  there 
pruidpatly  in  spangles  among  the  alluvial  earths,  and  in  the  beds  of  rivers ;  more  rarely 
in  veins.    See  Calyfornia.  infra. 

There  is  little  gold  in  the  northern  part  of  America.  In  181P,  a  mass  of  alluvial  gold, 
weighing  28  pounds,  was  found  in  the  gravel  pita  of  the  creeks  of  Koclihole,  district  of 
Leifflnon,  in  North  Carolina. 

Previously  to  the  important  discoveries  in  California,  Brazil,  Choco,  and  Chili,  were  the 
regions  which  furnished  most  gold.  The  only  contributor  of  Chilian  objects  to  the  Great 
EuhibitLon  was  one  who  forwarded  a  lump  of  gold  ore  weighing  S  cwt,  which  was 
brought  up  from  a  deep  mine  on  the  back  of  a  mmer,  from  a  depth  of  45  yards  beneath 
the  surface. 
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AU  the  gold  furnished  by  Hew  Grenada  (New  Columbia)  is  tlie  product  of  wasliings 
e^tablisJied  in  alluvial  grouada.  The  gold  exists  in  spangles  and  in  grains,  disseminaied 
among  frngnients  of  greenstone  and  jjorphyry.  At  Ciioco,  along  with  the  gold  and 
platinum,  bjadnths,  zh'cons,  and  titanium  occur.  There  has  been  found,  as  already 
stated,  in  the  auriferous  locdities,  large  trunks  of  petrified  trees.  The  sold  of  Antioquia 
is  20  carats  fine,  that  of  Choco  21,  anii  the  largest  lamp  OTpepila  of  gold  weighed  about 
2^i  pounds  aToirdupoia.     The  gold  of  Chili  also  occurs  in  alluvial  formations. 

Brazil  does  not  contain  anj  gold  mine,  properly  ao  called;  for  the  veins  containing 
the  metal  are  seldom  worked. 

It  is  in  the  sands  of  the  Mandi,  a  branch  of  the  Rio-Dolce,  at  Catapreta,  that  the  auri- 
ferous ferruginous  sands  were  first  discovered  in  1B82.  Since  then  they  have  been 
found  almost  everywhere  at  the  foot  of  the  immense  chain  of  mountains,  which  runs 
nearly  parallel  with  the  coast,  from  the  Bth  degree  south  to  the  30th.  It  is  particularly 
near  Villa  Rica,  in  the  environs  of  the  village  Cocaes,  that  the  numerous  washings  for 
gold  are  established.  The  pepitas  occur  in  diETerent  forms,  often  adhering  to  micaceous 
specular  iron.  Bat  in  the  province  of  Minas  Geraes,  the  gold  occurs  dao  in  veins,  in 
beda,  and  in  grains,  disseminated  among  the  alluvial  loams.  It  has  been  estimated  in 
annual  product,  by  several  authors,  at  about  2800  pounds  avoirdupois  of  fine  metal. 

We  thus  see  that  almost  all  the  gold  brought  into  the  market  comes  from  alluvial 
lands,  and  is  extracted  by  'washing, 

TJie  gold  coiu  of  (he  ancienla  was  made  chiefly  out  of  alluvial  gold,  for  in  these  early 
times  Ibe  metallurgic  arts  were  not  sulficientlj  advanced  l«  enable  them  to  purify  it.  The 
gold  dust  from  Bambonk  in  Afiica  is  of  22i  carats  fine,  and  some  from  Morocco  is  even 
23. 

TJie  gold  of  Giron,  in  New  Grenada,  is  of  23Jci 
"  For  those  who  trafiick  in  gold,"  Bays  Humboldt,  "i 
the  metal  has  been  collected,  to  know  its  title." 

Gali/amian  Gold  Mines. — Tlie  accident  which  first  revealed  the  goldtn  treasures  of  the 
soil  ot'^Oaliforniais  thus  related  by  a  writer  of  Article  VII.  of  the  Quarterly  Review, 
for  September,  1862.  Captain  Suter,  the  first  while  man  who  had  established  himself 
in  the  district  where  the  Americanos  joins  the  Sacramento,  having  erected  a  sawmill  on 
the  former  river,  whose  tail  race  turned  out  to  be  too  narrow,  took  out  the  wheel,  and 
let  the  water  run  freely  off.  A  great  body  of  earth  having  been  carried  away  by  the 
torrent,  laid  bare  many  shining  yellow  spangles,  and  on  examination,  Mr.  Marshall,  his 
surveyor,  picled  up  several  little  lumps  of  gold.  He  and  Captain  Suter  then  com- 
menced a  search  together  and  gathered  an  ounce  of  the  ore  from  the  sand  without  any 
difiiculty ;  and  with  his  knife  the  captdn  picked  out  a,  lump  of  an  ounce  and  a  half  from 
the  rod;.  A  Kentnckian  workman  employed  at  the  mill  had  espied  their  supposed 
secret  discovery,  and  when  after  a  short  absence  the  gentlemen  returned,  he  ahowe-i  them 
a  handful  of  Uie  glittering  dust.  The  captain  hired  a  gang  of  fifty  IndianEi,  and  set 
them  to  work.  The  newa  spread,  but  the  announcement  of  the  discovery  wna  received 
with  incredulity  beyond  the  immediate  neighbourhood.  But  presently  when  large  aod 
continuous  imports  of  gold  from  San  Francisco  placed  the  matter  beyond  doubt,  there 
ensued  such  a  stir  in  the  States,  as  even  in  that  go-a-bead  region  is  wholly  without  pa- 
rallcl ;  numbers  of  every  age  and  of  every  variety  of  occupation  pnshed,  for  the  land 
of  promise.  Many  were  accompanied  by  their  ftmilies,  and  most  under  the  excitement 
of  the  hour  overlooked  their  pbyaical  unfilnesa,  and  their  inability  to  procure  necesaaries. 
The  waters  of  the  Humboldt,  from  their  head  to  their  "  sink,"  a  space  of  nearly  300 
miles,  are  in  the  dry  season  strongly  impr^oated  with  alkali :  and  it  was  here  that  they 
first  began  to  faint.  Some  died  from  thirst,  others  from  ague,  others  fell  beneath  tlie 
burdens  they  attempted  to  carry  when  their  last  animal  dropped  into  the  putrid  marsli, 
which  grew  thicker  at  every  step.  Beyond  the  "  sink"  the  diminished  bands  had  to 
encounter  pisty  or  seventy  miles  of  desert,  where  not  a  blade  of  herbage  grew,  and  not 
a  drop  of  pure  water  could  be  procured ;  and  those  who  pushed  safely  through  this 
ordeal  had  still  to  ascend  the  icy  slopes  of  Sierra  Nevada,  when  the  rigours  of  winter 
were  added  lo  all  other  diflicultiea.  At  different  points,  one  being  almost  in  sight  of  tho 
golden  land,  overwearied  groups  had  formed  encampments,  in  case  perhaps  some  help 
might  reach  them.  It  is  to  the  credit  of  the  settlers  that  on  hearing  this,  they  strained 
tlieir  resources  to  the  utmost  lo  afford  relief  Yet  when  all  waa  done,  a  sick,  destitute, 
most  wretched  horde  of  stragglers,  was  all  that  remained  of  the  multitude,  who,  full  of 
hope  and  spirits,  had  commemSd  the  prairie  journey. 

Enterprise  and  energy  have  now  overcome  or  smoothed  the  worst  difficulties  of  the 
I'oute.  A  great  central  lailroad  has  been  projected,  and  will  probably  at  no  distant 
tiuie  be  formed. 

To  this  time,  the  stream  of  life  fiowing  into  California  has  kept  continually  increasing. 
Upwards  of  30,000  souls,  and  about  60,000  animals,  forming  a  scattered  train  of  about 
loo  miles  in  length,  passed  Fort  Kearney  in  the  month  of  May  last    In  this  multituda 
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the  strangest  contrasts  were  seen  ;  ladies  on  spirited  steeds,  in  full  Bloomer  costume,  o( 
in  the  more  modest  equestrian  habit  to  whidi  we  are  accustomed,  and  men  gollanllj 
mounted  -wiili  Koasulli  hat  and  plume,  iwept  by  the  hamWe  pedlar  driTing  a?3  or  mule, 
and  toil-worn  women,  leading  tLeu'  children  by  the  hand.  SomS  had  their  little  stock 
of  provisions  strapped  on  their  backs  ;  others  trusted  to  haod-carta  and  wheelbarrows, 

"  The  journey  would  be  pleasant,"  writes  one  of  the  company,  "but  for  the  vast  number 
of  graves  along  the  road.  There  are  about  80  graves  to  100  miles  so  far ;  that  ia 
new  ones,  the  old  ones  are  nearly  obliterated,  and  their  places  nolonger  known  by  man." 
This  passage  depicts  well  the  reoklesaiess  with  which  in  the  States  life  is  squojidered  in 
the  pursuit  of  gain.  By  sea,  the  arrivals  are  even  more  numerous  ;  upwards  of  !0,000 
landed  at  the  port  of  San  Francisco  in  May,  and  about  an  equal  number  in  June.  In 
the  first  six  months  of  the  year  10.000  Chinamen  had  arrived  to  claim  part  m  the  golden 
harvest ;  400  more  followed  in  Ibe  first  fortnight  of  July,  and  eighteen  women,  in  tiie 
costume  of  the  Celestial  Empire,  had  come  infrom  Hong  Kong.  Tha  population  of 
California  was  about  200,000  at  the  commencement  of  the  present  year;  it  will  be 
800,000  by  its  close.  Already  (he  seaboard  of  California  is  brought  within  a  month's 
passage  of  England;  and  its  exports  now  amount  in  value  to  one  fourth  the  exports  of 
the  United  Kmgdom.  The  produce  of  California  up  to  the  10th  of  January,  1861,  is 
Etated  by  Mr.  Scheer  at  about  82  millions  sterling ;  but  these  figures  taken  from  a  gold 
circular  published  at  San  Francisco  most  be  much  (oo  high.  From  35  to  40  millions 
would  probably  be  neai'er  the  mark.  17,339,644/.  is  the  amount  foe  last  year,  as  care- 
fully computed  by  Mr.  Birkmyre.  See  3\mes,  May  21.  The  exports  this  year  are 
known  to  have  been  during  the  three  first  months,  3,900,000  dollars  more  tiian  those  of 
the  thfpfi  corresponding  monlbs  of  the  preceding  year,  1851. 

Report  of  deposits  of  Gold/rom  California,  at  ths  several  United  States  Mints, 

in  1848 44,7n 

1840 6,147,509 

1850  .....  8n.0l4.062 

1851 55,'9SBi2S2 

Rtissey  d  Co'a  Circular,  San  Franciseo,  July  30,  l8o2. 

Auilralian  Gold  Jfines.— The  discovery  of  a  great  gold  field  in  Australia  to  the 
westward  of  BatliursI,  about  160  miles  trom  Sydney,  was  officially  made  known  in 
Great  Britain,  by  a  despatj^  from  Sir  0.  A.  Fitzroy  to  Earl  Grey,  on  the  18th  Sep- 
tember, 1S61,  many  persons  with  a  tin  dish  having  obtained  from  one  to  two  ounces  pet 
(lay.  On  the  25tb  of  May,  he  writes  that  lumps  have  been  obtained  varying  in  weight 
from  an  ounce  to  four  pounds.  On  the  29th  May,  he  writes  that  gold  has  been  found 
in  abundance,  that  people  of  every  class  are  proceeding  to  the  locality,  that  the  field 
is  rich,  and  from  the  geological  formation  of  the  country  of  immense  area.  By 
assay  the  gold  was  found  to  consist  of  01.1  of  that  metal  and  about  8.333  of  silver,  witli 
a  little  base  metal ;  or  of  S2  carats  in  fineness.  July  lltb,  a  mass  of  gold  weighing 
106  pounds  was  found  imbedded  in  the  qnartz  matrix,  about  53  miles  from  Bathurst ; 
and  much  more,  justifying  tJie  anticipations  formed  of  the  vast  richness  and  extent  of 
the  gold  field  in  this  colony.  Tliia  magnificent  treasure,  the  property  of  Dr.  Kerr,  sur- 
passes the  largest  mass  found  in  California,  which  was  38  pounds ;  and  that  in  Russia, 
whicli  was  10  pounds,  now  in  the  museum  at  Petersburg.  One  party  of  six  persons 
got  at  the  same  time  400/.  in  ten  days,  by  means  of  a  quicksilver  machine  ;  and  a  party 
of  three,  who  were  rnisoccessful  for  seven  days,  obt^ned  in  five  days  more.  300  ounces.  A 
royalty  of  10  pec  cent,  was  ordered  to  be  paid  on  gold  in  matrix  if  found  in  Crown  lands, 
and  6  per  cent,  if  found  in  private  property.  Four  armed  men  travel  in  the  carriage 
that  conveys  the  gold  from  the  diggings  to  Sydney,  accompanied  by  two  armed  con- 
stables, in  general  weekly,  or  oftener  if  required.  The  licence  fee  is  SOs.  a  month, 
August  I9th.  1851,  the  Governor  Sir  C.  Fitzroy  reports  to  Earl  Grey,  that  gold  to  the 
value  of  10,0001.  had  been  already  collected ;  and  on  the  21st,  that  3,614  oza.  had  that 
morning  arrived  at  Sydney  from  Bathurst,  worth  upwards  of  13,600?. 

August  25th,  18B1,  Lieutenant  Governor  C.  J.  Latrobe  announced  to  Earl  Orey  from 
Melboume,  the  discovery  of  large  deposits  of  gold  in  that  district  of  the  colony.  In  a 
second  Parliamentary  blue  book,  issued  February  3,  1863.  it  ia  stated  that  T9,S40  ounces 
of  gold,  worth  251,855/.  7s.  had  been  previously  forwarded  (o  England ;  and  that  the  gold 
fields  of  Iho  colony  of  Victoria  rival,  if  they  do  not  exceed  in  value,  tiia  first  discovered 
gold  fields  of  New  South  Wales ;  the  total  value  beingnow  300,000/. ;  and  a  little  (Jme 
afterwards  about  half  a  million  sterling.  Mr.  E,  Hargravea,  commissioner  for  Crown 
lands,  announces  from  Bathurst,  that  no  part  of  California  whii-h  he  harl  seen  has  pro- 
duced gold    so  generally  and  to  such  an  extent    as  Snmraerhill  Creeli,   the  Turon 
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River  nnd  its  Iribufariea.  A  letter  from  Sir  J.  F.  W.  Herechel,  Bart.,  dat«!d  Boynl  Mint, 
London,  February  llh,  1853,  says,  "  it  is  believed  that  in  California,  gold  to  the  value  of 
18  miUious  sleriing  had  been  found  during  each  of  the  (wo  Jast  years;  and  prior  to  Ilia 
discovery  of  that  gold  region,  tlie  whole  annual  produce  througliout  tie  world  was  sup 
posed  to  be  only  about  one-fifth  of  that  amount. 

Taking  the  actual  amount  shipped  from  Melbourne  to  tbe  end  of  March  last,  and 
allowing  for  the  quantity  supposed  to  be  at  the  diggings,  and  waiting  shipment,  it  would 
appear  that  about  100,000  omices  had  been  raised  in  Violaria.  At  3/.  per  oz.  ^is  would 
be  worth  2,100,000/.  The  licences  ap  to  the  same  date  were  49,386 ;  equivalent  to  421. 
10s.  as  the  average  monthly  earnings  of  each  licensed  di^or.  The  amount  raised  in 
New  South  Wales  to  the  end  of  Marob  may  be  taken  at  320,000  ounces,  and  the  value  at 
9G0,000i. ;  being  at  the  rate  of  81?.  St.  monthly  per  individual;  probably  about  1?.  daily 
for  each  digger.  Australia  ivill  soon  be  supplied  with  silver  coin.  The  shipments  on 
board  {September  13)  are  understood  to  amount  to  3,000,000?.  and  estimating  the  addi- 
liona!  sum  taken  out  by  emigrants,  it  is  probable  that  the  value  of  the  total  quantity 
exported  equals  that  of  the  gold  received.  The  diners  must  be  largely  benefited  by 
these  shipmEnts  of  coin,  as  the  gold,  which  in  London  woidd  realize  il.  per  oz.,  baa  not 
always  brought  them  SI.  The  gold  fields  discovered  in  Australia  stretch  over  1000  miles, 
in  a  south-westerly  direction  from  Moreton  district  to  BallaraL 

Up  to  the  first  week  in  June  last,  it  is  certain  from  the  actual  esporta,  that  the  total 
gold  raised  in  Australia  must  have  amounted  in  value  to  4,000,000i.  sterling;  and  the 
produce  was  still  on  the  inereaae.  The  number  of  diggers  at  present  hardij  reaches 
20,000.  It  seema  moderate  to  assume  that  50,000  labourers  will  be  scattered  over 
the  Aualralian  gold  fields  before  the  end  of  the  present  year;  and  taking  their  earn- 
ings at  only  20t  per  month,  we  shall  have  a  yield  then  of  12,000,000/.  yearly. 
Mr.  Birkmyre  supposes  that  in  1848  there  were  raised  from, — 

£ 

North  and  South  America 1,301.500 

Russia 3,414,427 

Austria 382,760 

Piedmont,  Spain,  and  Nortt  Germany  -  -  -         20,69e 

Africa 203,900 

Bomc-o 305,900 

Ava,  Malacca  and  other  countries  ....       311,519 

£  6,849  692 
This  total  is  exclusive  of  China  and  Japan. 

Meiallurgis  Irealimnt  of  gold. — The  gold  found  in  the  sands  of  rivers,  or  in  auriferous 
soils,  needs  not  be  subjected  to  any  melallurgie  process,  properly  speaking.  The 
OtpaiQers  separate  it  from  the  sands,  hy  washing  thera  first  upon  inclined  tables, 
sometimes  covered  with  a  cloth,  and  then  hy  hand  in  wooden  bowls  of  a  particular  form. 
Amalgamation  is  employed  to  carry  off  from  the  sand  the  minuter  particles  of  gold  they 
may  contain.  The  people  called  Bohemians,  Cigans,  or  Tehinganes,  who  wash  the 
auriferous  sands  ia  Hungary,  employ  a  plank  with  24  transverse  grooves  cut  in  ils 
surface.  They  hold  this  plank  in  an  inclined  position,  and  put  the  sand  to  be  washed 
in  the  first  groove ;  they  then  throw  water  on  il,  when  the  gold  mixed  wjlh  a  little  sand 
colieolB  usually  towards  the  lowest  furrow.  They  remove  this  mixture  into  a  fiat  wooden 
Irasin,  and  by  a  peculiar  sleight  of  hand,  separale  the  gold  entirely  from  the  sand.  The 
richest  of  the  auriferous  ores  consist  of  the  native  gold  quite  visible,  disseminated  in  a 
gangue,  but  the  veins  are  seldom  continuous  for  any  length.  The  other  ores  are  auri- 
feroilE  metallic  snlphurels,  such  as  sulphurets  of  copper,  silver,  arsenic,  &c.,  and  particu- 

The  stony  ores  are  first  ground  m  the  stampmg  mill,  and  then  washed  in  hand-basins, 
or  on  wooden  tables. 

The  auriferous  sulphurets  are  much  more  common,  but  much  poorer  then  the  former 
ores  ;  some  contain  only  one  200,0001h  part  of  gold,  and  yet  Ihey  may  be  worked  with 
advantage,  when  treated  with  skill  and  economy. 

The  gold  of  these  ores  is  separated  by  two  different  processes ;  namely,  by  fusion  and 
amalgamation. 

The  auriferous  metallic  sulphurets  are  first  roasted;  then  melted  into  tnalles,  which 
are  roasted  anew ;  next  fused  with  lead,  whence  an  auriferous  lead  ^s  obtained,  which 
may  be  relined  by  the  process  of  cnpeUalion. 

When  the  gold  ores  are  very  rich,  they  are  melted  directly  with  lead,  without  pre- 
liminary calcination  or  fusion.  These  processes  are,  however,  little  practised,  because 
they  are  less  economical  and  certain  than  amalgairation,  especially  when  the  gold  ores 

nt  hai  hfen  pushed  to  the  poinl 
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of  obldining  auriferooa  lose  copper,  or  eren  black  copper  incladlnc  eolJ,  the  pretjous 
metal  cannot  be  separated  by  the  process  of  liquation,  because  the  gold,  having  more  affin- 
ity for  copper  than  for  lead,  can  be  bat  partially  run  off  by  the  latter  metal.  For  these 
rensons  the  process  of  amalgamtttion  is  far  preferable. 

This  process  being  the  same  for  silver,  I  shall  reserve  its  description  for  this  melal. 
The  rich  ores  in  which  the  native  gold  is  apparent,  and  merely  disseminated  in  a  stony 
gangue,  are  directly  triturated  with  qniclisilver,  without  any  preparatory  operation.  As 
to  the  poor  ores,  in  which  the  gold  seems  lost  amid  a  great  mass  of  iron,  salphurct  of 
copper,  &c.,  they  are  subjected  to  a  roasting  before  being  amalgamated.  This  process 
seems  requisite  to  lay  bare  the  gold  enveloped  in  the  sulphurets.  The  quicksilver  with 
which  the  ore  is  now  ground,  seizes  the  whole  of  its  gold,  in  however  small  quantity  this 
metal  may  be  present. 

The  gold  procured  by  the  refining  process  with  lend,  is  free  from  copper  and  lead,  but 
it  may  contain  iron,  tin,  or  silver.  It  cannot  be  separated  from  iron  and  tin  without 
great  difficulty  and  expense,  if  the  proportion  of  gold  be  too  small  to  admit  of  the  employ 
ment  of  muriatic  acid. 

By  cupellation  with  lead,  gold  may  be  deprived  ofany  antimony  vniled  with  it. 

Tin  gives  gold  a  remarkable  hardness  and  brittleness;  a  piece  of  gold,  exposed  for 
some  time  over  a  bath  of  red  hot  tin,  becomes  brittle.  The  same  thing:  happens  more 
readily  over  antimony,  from  the  volal^ity  of  this  melal.  A  two  thousandth  part  of  anti- 
mony, bismuth,  or  lead,  destroys  the  dactilily  of  gold.  The  tin  may  be  got  rid  of  by 
throwing  some  corrosive  sublimate  or  nitre  into  a  crucible,  containing  the  melted  alloy. 
By  the  flrst  agent,  perchloride  of  tin  is  volatilized;  by  the  second,  alannale  of  potash 
forms,  which  is  carried  off  in  the  resulting  alkaline  BCOria». 

Gold  treated  by  the  process  of  amalgamation,  contains  commonly  nothing  but  a  tittle 
silver.  The  silver  is  dissolved  out  by  nitric  acid,  which  leaves  the  gold  untouched ;  but 
to  make  this  parting  with  success  and  economy  on  the  great  scale,  several  precautions 
must  be  observed. 

If  the  gold  do  not  contain  folly  two  thirds  of  its  weight  of  silver,  ibis  metal,  being 
thoroughly  enveloped  by  the  gold,  is  partially  screened  from  the  action  of  the  acid.  When, 
ever,  therefore,  it  is  known  by  a  trial  on  a  small  scale,  that  the  silver  is  mnch  below  Ihii 
proportion,  we  must  bring  the  alloy  of  gold  and  silver  to  that  standard  by  adding  the  re- 
quisite qnanlity  of  the  latter  melal.    This  process  is  called  quarlation. 

This  alloy  is  then  granulated  or  laminated ;  and  from  twice  to  thrice  its  weight  of  sul- 
phuric or  nitric  acid  is  to  be  boiled  upon  it ;  and  when  it  is  judged  that  the  solution  has 
been  pnshed  as  far  as  possible  by  this  first  acid,  it  is  decanted,  and  new  acid  is  poured  on. 
Lastly,  after  having  washed  the  gold,  some  sniphuric  acid  is  to  be  boiled  over  it,  which 
canies  off  a  two  or  three  thousandth  part  of  silver,  which  nitric  acid  alone  could  not  dis- 
solve.   Thus  perfectly  pure  gold  is  obtained. 

The  silver  held  in  solution  by  the  sulphuric  or  nitric  acid  is  precipitated  in  the  metallic 
state  by  copper,  or  in  the  state  of  chloride  by  sea-salt.    See  Parting. 

Not  only  has  the  ratio  between  the  value  of  gold  and  silver  varied  much  in  different 
ages  of  the  worldi  but  the  ratio  between  these  metals  and  the  commodities  they  repre- 
sent has  undergone  variations,  owing  to  the  circumstances  in  which  their  mines  have 
been  successively  placed ;  since  they  have  always  poured  a  greater  quantity  of  the  metals 
into  the  market  than  has  been  absorbed  by  use.  This  quantity  has  greatly  increased 
since  the  discovery  of  America,  a  period  of  little  more  than  300  years.  The  mines  of 
that  continent,  rich,  numerous,  and  easily  worked,  by  augmenting  the  mass  of  gold  and 
silver,  necessarily  lessened  the  value  of  these  metals  cotopared  with  that  of  the  objects 
of  commerce  represented  by  them,  so  that  everything  else  being  equal,  there  is  now 
required  for  purchasing  the  same  quantity  of  commodities,  much  more  gold  or  silver 
than  was  necessary  in  the  reign  of  Henry  Vn.,  before  the  discovery  of  America.  This 
productiveness  of  Ibe  American  mines  has  had  an  influence  on  those  of  the  ancient  con- 
tinent; many  of  whose  silver  and  goldmines  have  been  abandoned,  not  because  the 
veins  or  auriferous  sands  are  less  rich  than  they  were,  but  because  their  product  no 
longer  represents  the  value  of  human  labor,  and  of  the  goods  to  he  furnished  in  return 
for  their  exploitation. 

In  the  3d  vol.  of  the  Mining  Journal,  p.  331,  we  have  the  following  statement  as  to 
the  produce  of  the  precious  metals.^"  In  40  years,  from  1790  to  1830,  Mexico  produced 
e,436,453f.  worth  of  gold,  and  139,818,032/.  of  silver.  Chili,  2,768,488/.  of  gold,  and 
1,822,924(.  of  silver.  Buenos  Ayres,  4,024,896(.  of  gold,  and  27,182,673/.  of  silver. 
Russia,  3,703,743/.  of  gold,  and  1,502,981/.  of  silver.  Total,  1880  millions  sterling,  or 
47  millions  per  annum. 

The  following  table  shows  what  proportion  the  prodncl  of  the  mines  of  America  bearj 
to  that  of  the  mines  of  the  ancient  continent. 


,  Google 


Tabu  of  the  Quanlilks  of  Gold  uAicft  may  be  cotijider&i  m  having  6e«i  bro'ight  into 
the  European  Market,  R'trj  Year  on  ait  M-erage,  from  1790  to  1802, 


C„,i_,.. 

o.„. 

Ancient  Continent. 

16..  Avoir. 

3740 
3300 

1330 
165 

165 

Hungary      ...                 .        , 

Haiti  and  Hessia         .... 

Sweden                 -                 .        .        . 
France                          .... 

Spain,  &c,                     ....     J 

Tola!  of  the  Ancient  Continent 

SetHi 

New  Continent 
North  America  - 
South  America  - 

Brazil      ■ 

2860 

22,000 
15,400 

Total  of  the  New  Continent 

40,260 

The  mines  of  America  have  sent  into  Europe  three  Hnd  a 
twelve  limes  mora  silver,  than  those  of  the  ai    ' 
Eilver  was  lo  that  of  gold  in  the  ratio  of  55  to 
holds  teaEy  in  Iha  value  of  these  t 
difference  depends  upon  several  cans 
but  it  may  be  stated  that  gold,  by  it 
arts  than  silver,  the  demand  for  it 
lower  its  price  much  beneath  what  jt  iv 
riuanlity  compared  to  that  of  silver. 


alf  times  more  gold,  and 
The  total  quantity  of 
,  a  very  different  ratio  from  that  which 
0  metals,  which  is  in  Europe  as  1  to  15.  This 
s,  which  cannot  be  investigated  here  at  length; 
s  rarity  and  price,  being  much  less  employed  in  the 
's  also  much  less;  and  this  cause  is  sufficient  to 
vould  have  been,  if  it  had  followed  the  ratio  of  its 
Thus  also  bismuth,  tin,  &c.,  though  much  rarer 
than  Silver,  are,  nevertheless,  very  inferior  in  price  to  it.  Before  the  discovery  of 
America,  the  value  of  gold  was  not  so  distant  from  that  of  silver,  because  since  that  era 
silver  has  been  distributed  in  Europe  in  a  far  greater  proportion  than  gold.  In  Asia 
the  proportion  is  now  actually  only  {  to  II  or  12 ;  the  product  of  the  gold  mines  in  that 
quarter,  being  not  so  much  below  that  of  the  silver  mines  as   in  the  rest  of  the 

The  total  annual  production  of  Gold  at  present  has  been  estimated  as  follows. 
From  the  ancient  Spanish  colonies  of  America  -        -        -        10,400  kilogrammes 

Brazil 600 

Europe  and  Asiatic  Russia         .        .        -        .        .  6,200 

The  Indian  Archipelago 4,700 

Africa 14,000  J 

35,900=36  tons  nearly 
without  tailing  into  account  the  quantity  of  gold  now  extracted  from  silver. 

Gold  Jias  less  affioity  for  oxygen  than  any  other  metal.  When  alone,  it  cannot  be 
oxydized  by  any  degree  of  heat  with  contact  of  air,  although  in  combination  with  other 
oxydized  bodies,  it  may  pass  into  the  state  of  an  oxyde,  and  be  even  vitrified.  The  pur- 
ple smoke  into  which  gold  leaf  is  converted  by  an  electric  discharge  is  not  an  oxyde, 
Ibr  it  is  equally  formed  when  the  discharge  is  made  through  it  in  hydrogen  gas.  There 
are  two  oxydes  of  giDld ;  the  first  or  protoiyde  is  a  green  powder,  which  may  be  ob- 
tained by  pouring,  in  the  cold,  a  solution  of  potash  into  a  solution  of  the  metallic 
jhloride.      It  is  not  durable,  but  soon  changes  in  the  menstruum  into  metnllic  gold, 
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and  iieroiyde.  Its  consdtuenls  are  96'13  metal,  and  3-87  oxygen.  Thi-  peroxyde  is  best 
prepared  by  aciJin?  magnesia  to  a  solution  of  the  metallic  cLloride;  washing  [he  precipi- 
(ale  wllh  water  till  this  no  longer  takes  a  yellow  tint  from  muriatic  acid ;  then  digesting 
strong  nitric  acid  upon  the  residuum,  which  removes  the  magnesia,  and  leaves  the  per- 
D.ijde  in  the  form  of  a  black  or  dark  brown  powder,  which  seems  to  partake  more  of  the 
properties  of  a  metallic  acid  than  a  base.  It  contains  lO'TT  per  cent,  of  oxys;en,  Fol 
(he  curious  comhinalion  of  gold  and  tin,  called  the  Purple  Precipitate  of  Cassids,  see 
this  article,  and  PrfiMENTs  ViTRiriABLE. 

Gold  healing, — This  is  the  art  ol'  reducing  gold  to  eJitremeJy  Ihin  leaves,  by  healing 
with  a  hammer.  The  processes  employed  for  this  purpose  may  be  applied  10  other 
metals,  as  silver,  platiautn,  and  copper.  Under  tin,  zinc,  &c.,  we  shall  mention  such 
modifications  of  the  processes  as  these  metals  require  to  reduce  them  o  thin  leaves.  The 
Romans  used  to  gild  the  ceilings  and  walls  of  their  apartments!  and  Pliny  tells  us,  thai 
from  an  ounce  of  gold  forming  a  plate  of  4  Engera  square,  about  600  leaves  of  the  same 
area  were  hammered.  At  the  present  day,  a  piece  of  gold  is  eilended  so  as  to  cover  a 
space  651,590  times  greater  than  its  piimary  surface  when  cast. 

The  gold  employed  in  this  art  ought  to  be  of  the  linest  standard.  Alloy  hardens  gold, 
and  renders  it  less  malleable  ;  so  that  the  fraudulent  tradesman  who  should  attempt  lo  de- 
base the  gold,  would  expose  himself  to  much  greater  loss  in  the  operations,  than  he  could 
derive  of  profit  from  the  alloy. 

Four  principal  operations  constitute  the  art  of  gold  beating.  1.  The  casting  of  the 
gold  ineots.    2.  The  hammering.    3.  The  lamination;  and  4,  the  beating. 

1.  The  gold  is  melted  in  a  crucible  along  with  a  little  boras.  When  it  has  become 
.iquid  enough,  it  is  poured  out  into  the  ingot-moulds  previously  heated,  and  greased  on 
the  inside.  The  ingot  is  taken  out  and  annealed  in  hot  ashes,  which  both  soflen  it  and 
free  it  from  grease.  The  moulds  are  made  ot  cast  iron,  with  a  somewhat  concave  in- 
ternal surface,  to  compensate  for  the  greater  contraction  of  the  central  parts  of  the  metal 
in  cooling  than  the  edges.      The  ingots  weigh  about  2  ounces  each,  and  are  J  of  an  inch 

2.  The  forging. — When  the  ingot  is  cold,  the  French  gold-beaters  hammer  it  out  on 
a  mass  of  steel  4  inches  long  and  3  broad.  The  hammer  for  this  purpose  is  called  the 
forging  hammer.  It  weighs  about  3  pounds,  with  a  head  at  one  end  and  a  wedge  at  the 
other,  the  head  presenting  a  square  face  of  Ij  inclics.  Its  handle  is  6  inches  long.  The 
workman  reduces  the  ingot  to  the  thickness  of  X  of  an  inch  at  most ;  and  during  this  op- 
eration he  anneals  it  whenever  its  substance  becomes  hard  and  apt  lo  crack.  The  English 
gold-beaters  omit  this  process  of  hammering. 

3.  The  lamination. — The  rollers  employed  for  this  purpose  should  be  of  a  most  per- 
fectly cylindrical  figure,  a  polished  surface,  and  so  powerful  as  not  to  bend  or  yield  in  the 
operation.  The  ultimate  excellence  of  the  gold  leaf  depends  very  much  on  the  precision 
with  which  the  riband  is  extended  ia  the  rolling  press.  The  laminating  machine  repre- 
sented under  the  article  Mint,  is  an  excellent  pattern  for  this  purpose.  The  gold-beater 
desires  lo  have  a  riband  of  snch  thinness  that  a  square  inch  of  it  will  weigh  6J  grains. 
Frequent  annealings  are  requisite  dutii^  the  lamination. 

4.  Beating. — The  riband  of  gold  being  thus  prepared  uniform,  the  gold-beater  cuts  it 
with  shears  into  small  sqnares  of  an  inch  each,  having  previously  divided  it  with  com- 
passes, so  that  the  pieces  may  be  of  as  equal  weight  as  possible.  These  squares  are  piled 
over  each  other  in  parcels  of  150,  with  a  piece  of  line  calf-akin  vellum  interposed  between 
each,  and  about  20  extra  vellums  at  the  lop  and  bottom.  These  vellum  leaves  are  about 
4  inches  square,  on  whose  centre  lie  the  gold  laminfc  of  an  inch  square.  This  packet  is 
kept  togelher  by  being  thrust  into  a  case  of  strong  parchment  open  at  the  ends,  so  as  to 
form  a  bell  or  band,  whose  open  sides  are  covered  in  by  a  second  case  drawn  over  the 
packet  at  right  angles  to  the  first.  Thus  the  packet  becomes  sufficiently  compact  to 
bear  beating  with  a  hammer  of  15  or  16  pounds  weight,  having  a  circular  face  nearly  4 
inches  diameter,  and  somewhat  convex,  whereby  it  strikes  ihe  centre  of  the  packet  most 
forcibly,  and  Ihus  squeezes  out  the  plates  laterally. 

The  beating  is  performed  on  a  very  strong  bench  or  stool  framed  lo  receive  a  heav^ 
block  of  marble,  about  9  inches  square  on  the  surface,  enclosed  upon  every  side  by  wood- 
work, except  the  front  where  a  leather  apron  is  attached,  which  the  workman  lays  be- 
"ore  him  to  preserve  any  fragments  of  gold  that  may  fall  out  of  Ihe  packet.  The  hammer 
is  short-handled,  and  is  managed  by  the  workman  with  one  hand  ;  who  strikes  fairly  on 
the  middle  of  the  packet,  frequently  turning  it  over  lo  beat  both  sides  alike ;  a  feat  dex- 
terously done  in  the  interval  of  two  strokes,  so  as  not  lo  lose  a  blow.  The  packet  is  oc- 
casionally bent  or  rolled  between  the  hands,  to  loosen  the  leaves  and  secure  the  ready 
extension  of  Ihe  gold ;  or  it  is  taken  to  pieces  lo  examine  the  gold,  and  to  shift  the  cen- 
tral leaves  tc  the  outside,  and  vice  versa,  that  every  thing  may  beequalized.  Whenever 
Ihe  gold  plates  lave  extended,  under  this  treatment,  to  nearly  the  size  of  the  vellum, 
.hey  are  removed  from  the  packet,  and  cu    into  four  equal  sjuares  by  a  knife.    The" 
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Bre  Ihus  Feduced  lo  neaclj  Ihe  same  size  as  at  first,  and  are  again  mode  Hp  into  packetj 
and  enclosed  as  before,  with  lliis  diHercnce,  that  skins  prepared  from  ox-gul  are  now 
Inltrpoaed  between  each  gold  leaf  instead  of  vellum.  The  second  course  of  heating  is 
performed  wilh  a  smaller  hammer,  about  10  pounds  in  weight,  and  is  continued  till  the 
leaTes  are  extended  to  the  size  of  the  skins.  During  this  period  the  packet  must  he  often 
folded,  to  render  the  gold  as  loose  as  possible  between  the  membranes  ;  otherwise  tlie 
leaves  are  easily  chafed  and  broken.  They  are  once  more  spread  on  a  cushion,  and  sub- 
divided into  four  square  pieces  by  means  of  two  pieces  of  cane  cut  lo  very  sharp  edges, 
and  fixed  down  transversely  on  a  board.  This  rectangular  cross  being  applied  on  each 
leaf,  wilh  slight  pressure,  divides  it  into  four  equal  portions.  These  are  ncjl  mode  up  into 
a  third  packet  of  convenient  thickness,  and  finally  hammered  oat  to  the  area  of  fine  gold 
leaf,  whose  average  size  is  from  3  lo  3^  inches  square.  The  leaves  will  now  have  ob- 
tained an  area  192  limes  greater  than  the  plates  before  llie  hammering  begun.  As  these 
were  originally  an  inch  square,  and  75  of  them  weighed  an  ounce  (=;  6^  X  75  =  487|), 
the  surface  of  the  finished  leaves  will  be  192  X  75  =  14,400  square  inches,  or  100  square 
feet  per  ounce  troy.  This  is  by  no  means  the  uUimale  degree  of  attenuation,  for  an 
ounce  may  be  hammered  so  as  lo  eover  160  square  feet  i  hut  Ihe  wasle  incident  in  this 
case,  from  the  number  of  broken  leaves,  and  the  increase  and  nicety  of  the  labor,  make 
this  an  unprofitable  refinement ;  while  the  gilder  finds  such  thin  leaves  to  make  less 
durable  and  satisfactory  work. 

The  finished  leaves  of  gold  are  put  up  in  small  boolis  made  of  single  leaves  of  soft 
paper,  rubbed  over  with  red  chalk  lo  prevent  adhesion  between  them.  Before  pulling 
the  leaves  in  these  books,  however,  they  ure  lifted  one  by  one  with  a  delicate  Tair  of  pin- 
cers out  of  the  finishing  packet,  and  spread  out  on  a  leather  cushion  by  blowing  them  flat 
down.  They  are  then  cut  lo  one  size,  by  a  sharp-edge  square  moulding  of  csne,  glued 
on  a  flat  hoard.  When  this  square-framed  edge  is  pressed  upon  the  gold,  it  cuts  it  to  the 
desired  size  and  shape.    Each  book  commonly  contains  29  gold  leaves, 

I  shall  now  describe  some  peculiarities  of  the  French  pmctice  of  gold  beating.  The 
workman  cuts  the  laminated  ribands  of  an  inch  broad  inlo  portions  an  inch  and  a  half 
long.  These  are  called  gaaTliera.  He  takes  24  of  them,  which  he  places  exactly  over 
each  other,  so  as  lo  form  a  thickness  of  about  an  inch,  the  riband  being  J  of  a  line,  or 
Jj  "^  an  inch  thick;  and  he  beats  them  together  on  the  steel  slab  with  Ihe  round  face 
(patiTie)  of  the  hammer,  so  as  to  stretch  them  truly  out  into  the  square  form.  He  begins 
by  extending  Ihe  substance  towai-ds  ihe  edges,  thereafter  advancing  towards  the  middle ; 
he  then  does  as  much  on  the  other  side,  and  finally  hammers  the  centre.  By  repeating 
this  mode  of  beating  as  often  as  necessary,  he  reduces  at  once  all  the  guaTlieri  (squares) 
of  the  same  packet,  till  none  of  them  is  Ihiclier  than  a  leaf  of  gray  paper,  and  of  Ihe 
size  of  a  square  of  2  inches  each  side. 

When  Ihe  qKarlitri  are  brought  lo  this  slate,  the  workman  lakes  66  of  them,  which 
he  piles  over  each  other,  and  with  which  he  forms  Ihe  first  packet  (caticfter)  in  the  man- 
ner already  described  ;  only  two  leaves  of  vellum  are  interposed  between  each  gold  leaf. 
The  empty  leaves  of  vetlnm  at  the  top  end  bollom  of  the  packet  are  called  emplures. 
They  are  4  inches  square,  as  well  as  the  parchment  pieces. 

The  packet  thus  prepared  forms  a  rectangular  parallelopiped;  it  is  enclosed  in  two 
iheaths,  composed  each  of  several  leaves  of  parchment  applitd  to  each,  and  glued  at  Ihe 
wo  sides,  forming  a  bag  open  at  either  end. 

The  block  of  black  marble  is  a  foot  square  at  lop,  and  18  inches  deep,  end  is  framed 
IS  above  described.  The  hammer  used  for  beating  the  first  packet  is  called  the  fiat, 
3r  the  enlarging  hammer;  its  head  is  round,  about  5  inches  in  diameter,  and  very  slightly 
convex.  It  is  6  inches  high,  and  tapers  gradually  from  its  head  to  the  other  extremity, 
which   gives   it   the   form  of  a  hexagonal   truncated  pyramid.      It  weighs  14  or  15 

The  French  gold-beaters  employ,  besides  this  hammer,  three  others  of  the  same  f^rm ; 
namely,  1.  The  commatcing  hammer,  which  weighs  6  or  7  pounds,  has  a  head  4  inches 
in  diameter,  and  is  more  convex  than .  the  former.  2.  The  spnadiiig  hammer  (marleau 
d  ckasser) ;  its  head  is  two  inches  diameter,  more  convex  than  the  last,  and  weighs  only 
4  or  6  pounds.  3.  The  JinUking  hammer ;  it  weighs  12  or  13  pounds,  has  a  head  four 
inches  diameter,  and  is  the  most  convex  of  all. 

The  beating  processes  do  not  differ  essentially  from  the  English  described  above.  The 
vellum  is  nibbed  over  wilh  fine  calcined  Paris  plaster,  with  a  hare's  foot.  The  skin  of 
the  gold-beater  is  a  pelljcte  separated  from  Ihe  outer  surface  of  ox-gut ;  but  before 
being  employed  for  this  purpose,  it  must  undergo  two  preparations.  1.  It  is  sweated,  in 
Older  to  expel  any  grease  it  may  contain.  With  this  view,  each  piece  of  membrane  is 
placed  between  two  leaves  of  white  paper;  several  of  these  pairs  are  piled  over  each 
other,  and  struck  strongly  with  a  hammer,  which  drives  the  grease  from  the  gut  iolo  the 
paper. 

2.  A  body  is  givn  lo  the  pieces  of  gut;  that  is,  they  are  moistened  with  an  infusion 
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o!  cinnam'in,  nutmeg,  and  other  wnrm  and  aroEialic  ingredients,  in  order  to  preservi 
Ihem ;  an  operation  repeated  after  they  have  been  dried  in  the  air.  When  the  leaves  of 
Bkin  aie  dry,  they  nre  put  in  a  press,  and  are  now  tenciy  fcr  Jse,  After  the  parchment, 
cellum,  Bnd  gut  njembrane  have  been  a  good  deal  hammered,  ihej  beeocoe  unfit  for  work, 
(ill  they  are  restored  lo  proper  flexibility,  by  being  placed  leaf  by  leaf  between  leaves 
□f  white  paper,  taoistened  sometimes  with  -vinegar,  at  others  with  white  wine.  They  are 
lefl  in  this  predicament  for  3  or  4  hours,  under  compression  of  a  plank  loaded  with  weights. 
When  they  have  imbibed  the  proper  Iiumidily,  Ihey  are  put  between  leaves  of  psrchinenl 
12  inches  square,  and  beat  in  thai  situation  for  a  whole  day.  They  are  then  rubbed 
over  with  line  Calcined  gypsnm,  as  the  vellum  was  originally.  The  gut-skin  is  apt  to 
contract  damp  in  standing,  and  is  therefore  dried  before  being  used. 

The  average  thickness  of  common  gold  leaf  is  .^^^^  of  an  inch. 

The  art  of  Gt/ding.— This  art  consists  in  covering  bodies  with  a  thin  coal  of  goW ; 
which  may  be  done  either  bj  mechanical  or  chemical  means.  The  mechanical  mode  ig 
the  application  of  gold  leaf  or  gold  powder  to  various  surfaces,  and  their  fixation  by  va- 
lioos  means.  Thus  gold  may  be  applied  lo  wood,  plaster,  pasteboard,  leather ;  and  to 
metals,  such  as  silver,  copper,  iron,  tin,  and  bionze;  so  that  gilding,  geneially  speaking, 
includes  several  arts,  exercised  by  Tery  different  classes  of  tradesmen. 

1.  Mechanical  GUdaig. — Oil  gilding  is  the  first  method  under  this  head,  as  oil  is  the 
fluid  most  generally  used  in  the  operation  of  this  mechanical  art.  The  following  process 
has  been  much  extolled  at  Paris, 

1.  A  coat  of  imyresjion  is  to  be  given  first  of  all,  namely,  a  coat  of  white  lead  paint, 
made  with  drying  linseed  oil,  containing  very  little  oil  of  lurpenline. 

2.  Calcined  ceruse  is  to  be  ground  very  well  with  unboiled  linseed  oil,  and  tempered 
with  essence  of  turpentine,  in  proportion  as  it  is  laid  on.  Three  or  four  coats  of  this 
'lard  tint  are  to  be  applied  evenly  and  diTly  on  the  ornaments  and  the  parts  which  are  to 
^e  most  carefully  gilded. 

3.  The  Gold  color  is  then  to  be  smoothly  applied.  This  is  merely  the  dregs  of  the 
colors,  ground  and  tempered  with  oil,  which  remain  in  the  little  dish  in  which  painters 
;lean  their  brushes.  This  substance  is  extremely  rich  and  gluey;  after  being  ground 
jp,  and  passed  through  fine  linen  cloth,  it  forms  the  ground  for  gold  leaf. 

4.  When  the  gold  color  is  dry  enoufih  lo  catch  hold  of  the  leaf  gold,  this  is  spread  on 
ihe  cushion,  cot  into  pieces,  and  carefully  applied  with  the  palette  knife,  pressed  down 
wiili  cotton,  and  in  the  small  ornaments  with  a  line  brush. 

5.  If  the  gildings  be  for  outside  exposure,  as  balconies,  gratings,  statues,  &c.,  they 
must  not  be  varnished,  as  simple  oil  gilding  stands  better;  for  when  it  is  varnished,  a 
bright  sun-beam,  acting  after  heavy  rain,  gives  the  gilding  a  jagged  appearance.  When 
the  objects  are  inside  ones,  a  coat  of  spirit  yarnish  may  be  passed  over  the  gold  leaf,  then 
a  glow  from  the  gilder's  chafing  dish  may  be  given,  and  finally  a  coat  of  oil  varnish.  The 
workman  who  causes  the  chafing  dish  to  glide  in  front  of  the  varnished  surface,  must 
avoid  stopping  for  an  instant  opposite  any  point,  otherwise  he  would  cause  the  varnish 
to  boil  and  blister.  This  heat  brings  out  the  whole  transparency  of  the  varnish  and 
Inslre  of  the  gold. 

Oil  Gilding  is  employed,  with  varnish  polish,  upon  equipages,  mirror-frames,  and  other 
furniture.    The  following  method  is  employed  by  eminent  gilders  at  Paris. 

1.  White  lead,  with  half  its  weight  of  yellow  ochre,  and  a  little  litharge,  are  sepa- 
rately ground  very  fine ;  and  the  whole  is  then  tempered  with  linseed  oil,  thinned  with 
essence  of  turpentine,  and  applied  in  an  evenly  coat,  called  impression, 

2.  When  this  coat  is  quite  dry,  several  coals  of  the  hard  lint  are  given,  even  so  many 
as  lo  or  12,  should  the  surface  require  it,  for  smoothing  and  filling  up  the  pores.  These 
coats  are  given  daily,  leaving  them  to  dry  in  the  interval  in  a  warm  sunny  exposure. 

3.  When  the  work  is  perfectly  dry,  it  is  first  softened  down  with  pumice  stone  and  water, 
afterwards  with  worsted  cloth  and  very  finely  powdered  pumice,  till  the  hard  tint  give 
no  reflection,  and  be  smooth  as  glass. 

4.  With  a  camel's  liair  brush,  there  must  be  given  lightly  and  with  a  gentle  heat,  from 
4  lo  5  coats  at  least,  and  even  sometimes  double  that  number,  of  fine  lac  varnish. 

5.  When  these  are  dry,  the  grounds  of  the  panels  and  the  sculptures  must  bC  first 
polished  with  shave-grass  (de  la  prill) ;  and  next  with  putty  of  tin  and  tripoli,  tempered 
with  water,  applied  with  woollen  cloth  !  by  which  the  varnish  is  polished  till  it  shines 

6.  The  work  thus  polished  is  carried  into  a  hot  place,  free  from  dust,  where  it  receives 
very  lightly  and  smoothly  a  thin  coat  of  gold  color,  lnu;h  softened  down.  This  coat  a 
passed  over  it  with  a  clean  soft  brush,  and  the  thinner  it  is  the  belter, 

7.  Whenever  the  gold  color  is  diy  enough  to  take  the  gold,  which  is  known  bv  laying 
;he  back  of  the  hand  on  a  corner  of  the  frame  work,  the  gilding  is  begun  and  'finished 

8.  The  20ld  is  smocHhed  ol 
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9.  It  is  then  varnished  with  a  spirit  of  wine  varnish  i  which  is  treated  with  the  chaling 
dish  as  above  described. 

10.  When  this  varnish  is  dry,  two  or  three  coals  of  eepil  or  oil  varnish  are  applied,  a) 
intervals  of  two  days. 

11.  Finally,  the  panels  are  polished  with  a  worsted  cloth,  imbued  with  tripoli  ar.J 
water,  and  lustre  is  given  by  friction  with  the  palm  of  the  hand,  previously  softened  with 
B  little  olive  oil,  taking  care  not  to  mb  off  the  gold. 

In  this  country,  burnished  gilding  is  practised  by  first  giving  a  ground  of  size  whitin", 
in  several  successive  coats ;  next  applying  gilding  size ;  and  then  the  gold  leaf,  which  is 
burnished  down  with  agate,  or  a  dog's  tooth. 

Gilding  in  distemper  of  the  French,  is  the  same  as  our  burnished  gilding.  Their  pro- 
cess seems  to  be  very  elaborate,  and  the  best  consists  of  17  operations ;  each  of  them 
said  to  be  essential. 

1.  EncoUage,  or  the  gltte  coal.  To  a  decoction  of  wormwood  and  garlic  in  maler, 
strained  through  a  cloth,  a  little  common  salt  and  some  vinegar  are  added.  This  com- 
position, as  being  destructive  of  worms  in  wood,  is  mixed  with  as  much  good  glue  ;  and  the 
mixture  is  spread  in  a  hoi  slate,  with  a  brush  of  boar's  hair.  When  plaster  or  marble  is 
to  be  gilded,  the  salt  must  be  left  out  of  the  above  composition,  as  it  is  apt  to  attract  hu- 
midity  in  damp  places,  and  to  come  out  as  a  white  powder  on  the  gilding.  But  the  salt 
is  indispensable  for  wood.    The  first  glue  coating  is  made  thinner  than  the  second. 

2.  While  preparation.  This  consists  in  covering  the  above  surface  with  8,  10,  or  12 
coals  of  Spanish  white,  mixed  up  with  strong  size,  each  well  worked  on  with  the  brush, 
and  in  some  measure  incorporated  with  the  preceding  coat,  (o  prevent  their  peeling  off 

3.  Stopping  up  the  pores,  with  thick  whiting  and  gloe,  and  smoothing  the  surface  with 

4.  Polishing  the  surface  with  pumice-stone  and  very  cold  water. 
a.  Reparatioa;  in  which  a  skilful  artist  retouches  the  whole. 

6.  Cleansing  ;  with  a  damp  linen  rag,  and  then  a  soft  sponge. 

7.  Preltr.  This  is  rubbing  with  horse's  tail  {shavt-grass)  the  parts  to  be  yellowed,  in 
order  to  make  them  softer. 

8.  yytoioing.  With  this  view  ydiovi  ocltn  is  carefully  ground  in  water,  and  mixed 
with  transparent  colorless  size.  The  thinner  part  of  this  miiture  is  applied  hot  over  the 
white  surface  with  a  fine  brash,  which  gives  it  a  Una  yellow  hue. 

9.  Ungraining  consists  in  rubbing  the  whole  work  with  shave-grass,  to  remove  any 
granular  appearance. 

10.  Coat  of  assiette ;  trencher  caai.  This  is  the  composition  on  which  the  gold  is  to 
he  laid.  It  is  composed  of  Armenian  bole,  1  pound  {  bloodstone  (hematite),  2  ounces  ; 
and  as  much  galena;  each  separately  ground  in  water.  The  whole  are  then  mixed  to- 
gether, and  ground  up  with  about  a  spoonful  of  olive  oil.  The  asiie'j<  well  made  and  ap- 
plied gives  beauty  to  the  gilding.  The  assielle  is  tempered  with  a  white  sheep-skin  gine, 
very  clear  and  well  strained.  This  mixture  is  healed  and  applied  in  three  successive 
coats,  with  a  very  fine  long-haired  brush. 

11.  Rubbing,  with  a  piece  of  dry,  clean  linen  cloth;  except  the  parts  to  be  burnished, 
»ihich  are  to  receive  other  two  coals  of  assiette  tempered  with  glue. 

12.  Gilding.  The  surface,  being  damped  with  cold  water  (iced  in  summer),  ha-s  then 
the  gold  leaf  applied  to  it.  The  hollow  grounds  must  always  be  gilded  before  the  pro- 
minent parts.  Water  is  dexterously  applied  by  a  soft  brush,  immediately  behind  the 
gold  leaf,  before  laying  it  down,  which  makes  it  lie  smoother.  Any  excess  of  water  is 
then  removed  with  a  dry  brush. 

13.  Bamisking  with  bloodstone. 

14.  Deadening.  This  consists  in  passing  a  thin  coat  of  glue,  slightly  wanned,  over  the 
parts  that  are  not  to  he  burnished. 

15.  Mending ;  IhaC  is,  moistening  any  broken  points  with  a  brush,  and  applying  bits 
ofgoldleaf  la  them. 

16.  The  vermeil  coat.  Vermeil  is  a  liquid  which  gives  lustre  and  fire  to  the  gold  ;  and 
mak^s  it  resemble  or  moulu.  It  is  composed  as  follows  ;  2  ounces  of  annollo,  1  ounce 
of  gamboge,  I  ounce  of  vermilion,  half  an  ounce  of  dragon's  blood,  2  ounces  of  salt  ot 
tartar,  and  18  grains  of  salTron.  are  bailed  in  a  litre  (2  pints  English)  of  water,  over  a 
slow  fire,  till  the  liquid  be  reduced  to  a  fourth.  The  whcde  is  then  passed  through  a 
silk  or  muslin  sieve.  A  little  of  this  is  made  to  glide  lightly  over  the  gold,  with  a  very 
soft  brush. 

17.  Repassage  is  passing  over  the  dead  surfaces  a  second  coat  of  deadening  glue, 
which  must  be  hotter  than  the  first.    This  finishes  the  work,  and  gives  it  strength. 

Leaf  gilding,  on  paper  or  vellum,  is  done  by  giving  them  a  coal  of  gum  water  or  Bee 
iize,  applying  the  golill  leaf  ere  the  surfaces  be  hard  dry,  and  burnishing  with  agate. 
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Gold  leilering,  on  bound  books,  is  given  without  size,  by  laving  the  gold  leaf  on  IhE 
leather,  and  imprinting  it  with  hoi  brass  types. 

The  edges  of  Ihe  leasts  of  books  are  gilded  while  they  are  in  the  press,  where  they  ha»» 
been  c"t  smoolh,  by  applying  a  solution  of  isinglass  in  spirits,  and  laying  on  the  gold 
when  the  edges  are  in  a  proper  slate  of  dryness.  The  French  workmen  employs  ground 
of  Artienian  bole,  mixed  with  powdered  sugar-candy,  by  toeans  of  white  of  egg.  This 
gionnd  is  laid  very  thin  upon  the  edges,  ailer  fine  size  or  gum  water  has  been  applied  ; 
and  when  Ihe  ground  is  dry  il  is  rubbed  smoolh  with  a  wet  ritg,  which  moistens  it  suffi- 
ciently to  take  the  gohl. 

Japaima-'s  ^Mbig  is  done  by  sprinkling  or  daubing  with  wash  leather,  some  gold  pow- 
ier,  over  an  oil  sized  surface,  mised  with  oil  of  turpentine.  This  gii-es  the  appearance 
of  frosted  gold.  The  gold  powder  may  be  obtained,  either  by  precipitating  gold  ftom  its 
solution  in  aqua  regia  by  a  solution  of  pure  sulphate  of  iron,  or  hy  evaporating  away  Ihe 
mercury  from  some  gold  ama^am. 

;i.  Chemical  giidiag,  or  the  application  of  gold  by  chemical  affinity  to  mttallic  sur 

A  compound  of  copper  with  one  seventh  of  brass  is  tlie  best  metal  for  gildii.g  on  ;  cop- 
per by  itself  being  too  soft  and  dark  colored.  Ordinary  brass,  however,  answers  very 
weU.  We  shall  describe  the  process  of  wash  gilding,  with  M.  D'Arcet-'s  late  improve- 
ments, now  generally  adopted  in  Paris. 

Wash  gilding  consists  in  applying  evenly  an  amalgam  of  gold  to  the  surface  of  a  cop- 
per alloy,  and  dissipating  the  mereury  with  heat,  so  as  to  leave  the  gold  film  fixed.  Tlie 
surface  is  aflerwards  burniahed  or  deadened  at  pleasure.  The  gold  ought  to  be  quite 
pure,  and  laminated  to  facilitate  its  combination  with  the  mercury;  which  should  also 

PrepaTotion  of  the  amalgam.  Alter  weighing  the  fine  gold,  the  workman  puts  it  in  a 
crucible,  and  as  soon  as  this  becomes  faintly  red,  he  pours  in  the  requisite  quantity 
of  mercury  J  which  is  about  8  to  1  of  gold.  He  stirs  up  the  miilure  with  an  iron  tod, 
bent  hookwlse  at  the  end,  leaving  the  crucible  on  the  fire  till  he  perceives  that  all  the 
gold  is  dissolved.  He  ijien  pours  the  amalgam  into  a  small  earthen  dish  containing  water, 
washes  it  with  care,  and  squeezes  out  of  it  with  his  lingers  ell  the  running  mercury  that 
he  can.  The  amalgain  that  now  remains  on  the  sloping  sides  of  the  vessel  is  so  pasty  as 
to  preserve  the  impression  of  the  fingers.  When  this  is  squeezed  in  a  shamoy  leather 
ba^  it  gives  up  much  mercury;  and  remains  an  amalgam,  consisting  of  about  33  of  mer- 
cury, and  57  uf  gold,  in  100  parls.  The  mercury  which  passes  through  the  bag,  under 
the  pressure  of  the  fingers,  holds  a  good  deal  of  gold  in  solution;  and  is  employ^  in  ma- 
kins  fresh  amalgam. 

Preparation  of  (he  mercarial  solution.  The  amalgam  of  gold  is  applied  to  brass,  through 
the  intervention  of  pure  nitric  acid,  holding  in  solution  a  little  mercury. 

100  parts  of  mercnry,  and  110  parts  by  weight  of  pure  nitric  acid,  specific  gravity  1-33, 
are  to  be  put  into  a  glass  matrass.  On  the  application  of  a  gentle  heat  the  mercury  dis- 
solves with  the  disengagement  of  fumes  of  nitrous  gas,  which  must  he  allowed  to  escape 
into  the  chimney.  This  solution  is  to  be  diluted  with  about  25  limes  its  weight  of  pure 
water,  and  bottled  up  for  use. 

1.  Amalittg. — The  workman  anneals  the  piece  of  bronze  after  it  has  come  out  of  the 
hands  of  the  turner  and  engraver.  He  sets  it  among  burning  charcoal,  or  rather  peats, 
which  have  a  more  equal  and  lively  flame  ;  covering  it  quite  up,  so  that  it  may  be  oiydized 
as  liltle  as  possible,  and  taking  care  that  the  thin  parts  of  the  piece  do  not  become  hotter 
than  the  thicker.  This  operation  is  done  in  a  dark  mom,  and  when  he  sees  the  piece  of 
a  cherry  red  color,  he  removes  the  fuel  from  about  il,  lifts  it  out  with  long  longs,  and  sets 
it  to  cool  slowly  in  the  air. 

2.  The  decapage. — The  object  of  this  process  is  to  clear  the  surface  from  (he  coat  or 
oiyde  which  may  have  formed  upon  it.  The  piece  is  plunged  into  a  bucket  filled  with 
extremely  dilute  sulphuric  acidi  it  is  left  there  long  enough  to  allow  the  coat  of  oxyde  to 
be  dissolved,  or  at  least  looaened  ;  and  it  is  then  rubbed  with  a  hard  brush.  When  the 
piece  becomes  perfectly  bright,  it  is  washed  and  dried.  Its  surface  may  however  be  still 
a  little  variegated;  and  the  piece  is  therefore  dipped  in  nitric  acid,  specific  gravity  1'33, 
and  aftei-wards  rnbbcd  with  a  long-hauled  brush.  The  addition  of  a  htile  common  salt 
to  Ihe  dilute  sulphuric  acid  wonld  probably  save  the  use  of  nilric  acid,  which  is  so  apt  to 
produce  a  new  coat  of  oxyde.  It  is  finally  made  quite  dry  (after  washing  in  pure  water), 
by  being  rubbed  well  with  tanners'  dry  hark,  saw-dust,  or  bran.  The  surface  shoald 
now  appear  somewhat  de-polished ;  for  when  it  is  very  smooth,  the  gold  does  not  adhere 

Jpplicatioa  of  Ihe  amalgam.—Thi  gilder's  scrald^brask  or  pencil,  made  with 
fine  brass  wire,  is  to  be  dipped  into  the  solution  ol'  nitrate  of  mercury,  and  is 
then  to  be  drawn  over  a  lump  of  gold  amalgam,  laid  on  the  sloping  side  of  an  earthen 
ffessel,  after  which  it  is  to  be  applied  to  the  surface  of  the  brass.    This  process  is  ti  be 
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repeated,  dipping  llie  brash  into  xoe  solaliou,  and  drawing  it  orer  the  ama.gara,  till  the 
ivhole  surface  lo  be  gilded  is  ooaied  with  Its  just  proportioR  of  gold.  The  piece  13  then 
washed  in  a  body  of  water,  dried,  and  put' to  the  fire  lo  Tolatilize  the  mercury.  If  one 
coal  of  gilding  be  insufficient,  the  piece  is  washed  over  anew  with  an  algaoi,  and  the  op- 
eration recommenced  till  the  work  prove  satisfactory. 

4.  Vblalilixaiioa  of  the  mercury, — Whenever  the  piece  i3  well  coated  with  amalgam, 
the  gilder  exposes  it  to  glairing  charcoal,  turning  it  about,  and  heating  it  by  degrees 
lo  the  proper  point ;  he  then  withdraws  it  from  the  fire,  lifts  it  with  long  pincers,  and, 
seizing  it  in  his  left  hand,  protected  by  a  stuffed  glove,  he  turns  it  over  in  every  direc- 
tion, rubbing  and  striking  it  all  the  while  with  a  long-haired  brush,  in  order  to  eijualize 
the  amalgam.  He  now  restores  the  piece  (0  the  fire,  and  treats  it  in  the  same  way  till 
the  mercury  be  entirely  volatilized,  which  he  recognises  by  the  hissing  sound  of  a  drop 
of  water  Jet  fall  on  it.  During  this  time  he  repairs  the  defective  spols,  lulling  care  to 
volnlilijie  the  mercury  very  slowly.  The  piece,  when  Ihnroughly  coated  with  gold,  is 
washed,  and  scrubbed  well  with  a  brnsh  in  water  acidulated  with  vinegar. 

ir  the  piece  is  to  have  some  parts  bnrDished,  and  others  dead,  the  parts  to  be  burnished 
are  covered  wiljl  a  miiture  of  Spanish  white,  bruised  sugar-candy,  and  gnm  i'ssolved  in 
water.  This  operation  is  called  in  French  epargaer  (proleding).  When  the  gilder  has 
protected  the  burnished  points,  he  dries  the  piece,  and  carries  the  beat  high  enough  to 
e):pel  (he  little  mercury  which  might  slill  remain  on  it.  He  then  plunges  it,  while  still 
a  little  hot,  in  water  acidulated  with  sulphuric  acid,  washes  il,  dries  it,  and  gives  it  the 
burnish. 

5.  The  burnish  is  glTen  by  rubbing  the  piece  wilh  bmniahers  of  hematite  (blood- 
stone). The  workman  dips  his  burnisher  in  water  sharpened  wilh  vin^jar,  and  rubs  the 
piece  always  in  the  same  direction  backwards  and  forwards,  till  it  exhibits  a  fine  polish, 
and  a  complete  metallic  iuslre.  He  then  washes  it  in  coM  ivater,  dries  it  with  fine  linen 
cloth,  and  concludes  the  operation  by  drying  it  slowly  on  a  grating  placed  above  a  chafing 
dish  of  burning  charcoal. 

6.  The  dea^iaitg  is  given  as  follows.  The  piece,  covered  with  the  proledioa  on  (hose 
parts  that  are  to  be  burnished,  is  attached  with  an  iron  wire  lo  the  end  of  an  iron  rod, 
and  is  heated  strongly  so  as  lo  give  a  brown  hue  lo  the  epargite  by  its  partial  carbon- . 
ization.  The  gilded  piece  assumes  thus  a  fine  tint  of  gold ;  and  is  next  coated  over  with 
a  mixture  of  sea  salt,  nitre,  and  alum,  fused  in  the  water  of  crystallization  of  the  latter 
salt.  The  piece  is  now  restored  to  the  fire,  and  heated  till  the  saline  crust  which  covers 
it  becomes  homogeneous,  nearly  transparent,  and  enters  into  true  fusion.    It  is  then  taken 

ind  suddenly  plunged  into  cold  water,  which  separates  the  saline  crust,  car- 
rn  the  coatof  epoigw.  The  piece  is  lastly  passed  through  very  weak  nitric 
I  a  great  body  of  water,  and  dried  by  exposure  either  to  the  ait,  over  a 
ir  with  clean  linen  cloths. 

oulii  color. — When  it  is  desired  to  put  a  piece  of  gilded  bronze  into  or- 
less  scrubbed  with  the  scratch-brush  than  usual,  and  made  to 
w  back  again  by  heating  it  more  strongly  than  if  it  were  to  be  deadened,  and  allowing 
il  then  to  cool  a  little.  The  or-mtmlu  coloring  is  a  mixture  of  hematite,  alum,  and 
sea  salt.  This  mixture  is  to  be  thinned  with  vin^ar,  and  applied  with  a  brush  so  as  to 
cover  Uie  gilded  brass,  with  rraerve  of  the  fanrnished  parts.  The  piece  is  Ihen  put  on 
glowing  coals,  urged  a  little  by  the  bellows,  and  allowed  to  bent  till  the  color  begins 
to  blacken.  The  piece  ought  to  be  so  hot  that  water  sprinkled  on  it  may  cause  a  hissing 
noise.  It  is  then  taken  from  the  fire,  plunged  into  cold  water,  washed,  and  next  mbhcd 
wilh  a  brush  dipped  in  vinegar,  if  the  piece  be  smooth,  but  if  it  be  chased,  wealt  nitric 
acid  mus:  be  used.  In  either  case,  it  must  bs  finally  washed  in  a  body  of  pure  water,  and 
diied  over  a  gentle  fire. 

S.  0/red  gold  color. — To  give  this  hue,  the  piece,  afler  being  coated  wilh  amalgam 
and  heated,  is  in  this  hot  slate  to  be  suspended  by  an  iron  wire,  and  tempered  with  tlie 
composilion  known  under  the  name  of  gilder's  wax ;  made  with  yellow  wax,  red  ochre, 
verdigris,  and  alum.  In  this  slate  it  is  presented  lo  the  dame  of  a  wood  fire,  is  heated 
strongly,  and  the  combustion  of  its  coating  is  ihvored  by  tlicowing  some  drops  of  the  wax 
mixture  inf«  the  burning  fuel.  It  is  now  turned  round  and  round  over  the  fire,  so  that  the 
fiame  may  act  equally.  When  all  the  wax  of  the  coloring  is  burned  away,  and  when  the 
flame  is  extinguished,  the  piece  is  to  be  plunged  in  water,  washed,  and  scrubbed  with  the 
scratch-brush  and  pure  vinegar.  If  the  color  is  not  beautiful,  and  quite  equal  in  shade, 
the  piece  is  coated  with  verdigris  dissolved  in  vinegar,  dried  over  a  gentle  fire,  plunged 
in  water,  and  scrubbed  with  pure  vinegar,  or  even  wilh  a  little  weak  nitric  acid  if  flie 
piece  exhibit  too  dark  a  Ir^e.  It  is  now  washed,  burnished,  washed  anew,  wiped  with 
linen  cloth,  and  finally  dried  over  a  gentle  fire. 
The  following  is  the   outline  of  a  complete   gilding  factory,  as  now  filled  up  al 
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iieat  the  deadening  pu 


r.  Ashpit  of  this  furnace. 

N.  Chimney  of  this  furnace  constructed  of  brxcLs  is  lar  as  the  pontraclion  of  tue 
great  chimney  s  of  the  forge,  and  which  is  terminated  by  a  summit  pipe  risin"  2  or  S 
jards  above  this  contraction. 

B,  FoK>e  for  annealing  the  pieces  of  bronze    for  drjint!  the  gilded  piecei  &.e 

c.  Chimney  of  communication  between  the  anneaUn?  lorge  B,  and  the  space  d  below 
the  forge.  This  chimney  serves  to  carry  the  noxious  fumes  into  the  great  vent  of  the 
factory. 

n.  Bucllet  for  the  brightening  operation. 

A.  Foi^e  for  passing  the  amalgam  over  the  piece. 

«.  Shelffor  the  brushing  operations 

E  r.  Coal  cellarets. 

0.  Foi^e  for  the  deadening  process. 
G,  Furnace  for  the  same. 

M.  An  opening  into  the  furnace  of  apps.,  oy  which  vapors  may  be  let  oif  from  any  ope 
ration  by  taking  out  the  plug  at  m. 

1.  Cask  in  which  the  pieces  of  gilded  brass  are  plunged  for  ihe  deadening  process. 
The  vapors  rising  Ibenee  are  carried  up  the  general  chimney. 

J  J.  Casement  with  glass  panes,  which  serves  lo  contract  ihe  opening  of  the  hearths, 
without  obstructing  the  view.    The  casement  may  be  rendered  moveable  lo  admit  larger 

H  H.  Curtains  of  coarse  cotton  cloth,  for  closing  at  pleasure,  in  whole  or  part,  one  or 
several  of  the  forges  or  hearths,  and  for  quickening  the  current  of  air' 


s  for  the  heating  of  the  poMmt 


ft.  Opening  above  the  drauglit  furnace,  which  si 
mat  (deadening  pan). 

Gilding  on  polished  iron  and  sleel. — If  a  nearly  neutral  solution  of  gold  in  marialic 
acid  be  miJLed  with  sulphuric  ether,  and  agitated,  the  ether  will  lake  up  the  gold,  and 
float  above  the  denser  acid.  When  this  auriferous  ether  is  applied  by  a  hair  pencil  to 
brightly  polished  iron  or  sleel,  the  elher  flies  off,  and  the  gold  adheres.  It  must  be  fixed 
by  polisMi^  with  the  burnisher.  This  gilding  is  not  very  rich  or  durable.  In  fact,  tht 
affinity  between  gold  and  iron  is  feeble,  compared  to  that  between  gold  and  copper  or 
silver.  But  polished  iron,  sleel,  and  copper,  may  be  gilded  with  heal,  by  gold  leaf. 
They  are  first  healed  till  the  iron  takes  a  bluish  lint,  and  till  the  copper  has  attained  Ic 

like  temperaiure:   a  first  coat  of  gold  leaf  is  now  applied,  which  is  pressed  genllv 
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Sown  with  a  burn[sher,  and  then  exposed  to  a  gentle  heat.  Several  leaves  either  single 
ir  double  are  thus  applied  in  succession,  and  the  last  is  burnished  down  colci. 

Cold  gilding. — Sixty  grains  of  fine  gold  and  12  of  rose  copper  are  to  be  (iissolvea  in 
(wo  ounces  of  aqua  regia.  When  the  solution  is  completed,  it  is  to  be  dropped  on  cleui 
linen  rags,  of  such  bulk  as  to  absorb  all  llie  liquid.  They  are  then  dried,  and  burned  in- 
lo  ashes.    These  ashes  contain  the  gold  in  powder. 

When  a  piece  is  to  be  gilded,  after  subjecting  it  to  the  preliminary  operations  of  soft- 
ening or  annealing  and  hrightening,  it  is  rubbed  wilh  a  moistened  cork,  dipped  in  the 
above  powder,  till  the  surface  seems  to  be  sufficiently  gilded.  Large  works  are  Ihere- 
Edler  burnished  with  pieces  of  hematite,  and  small  ones  with  steel  burnishers,  along  with 
soap  water. 

In  gilding  small  articles,  as  buttons,  with  amalgam,  a  portion  of  this  is  taken  equivalent 
to  the  work  (o  be  done,  and  some  nitrate  of  mercury  solution  is  added  to  it  in  a  wooden 
trough  ;  the  whole  articles  are  now  put  in,  and  well  workal  about  with  a  hard  hrush,  till 
their  surfaces  are  equably  coaled.  They  are  then  washed,  dried,  and  pnt  altogether  jiito 
an  iron  frying-pan,  and  heated  till  themercury  hegins  to  fly  ofl",  when  they  are  turned  out 
into  a  cap,  in  which  they  are  tossed  and  well  stirred  about  with  a  painter's  brush.  The 
operation  must  he  repeated  several  times  for  a  strong  gilding.  The  surfaces  ere  Anally 
brightened  by  brushing  them  along  with  small  beer  or  ale  grounds. 

Gold  viire  is  formed  by  drawrag  a  cylindrical  rod  of  the  metal,  as  pure  as  may  be, 
through  a  series  of  holes  punched  in  an  iron  plate,  duninishing  progressively  in  size.  The 
gold,  as  it  Is  drawn  through,  becomes  hardened  by  the  operation,  and  requires  frequent 
annealing. 

Gold  thread,  or  spun  gold,  is  a  flatted  siiver^llt  wire,  wrapped  or  laid  over  a  thread  of 
yellow  sUk,  by  twisting  with  a  wheel  and  iron  bobbins.  By  the  aid  of  a  mechanism  like 
the  Braiding  Machine,  a  number  of  threads  may  thus  be  twisted  at  once  by  one  master 
wheel.  The  principal  nicely  consists  in  so  regulating  the  movements  that  the  successive 
volutions  of  the  Hiitted  wire  on  each  thread  may  just  touch  one  another,  and  form  a 
continuous  covering.  The  Frenfch  silver  for  gilding  is  said  to  be  alloyed  with  5  or  6 
pennyweights,  and  ours  with  12  pennyweights  of  copper  in  the  pound  Itoy.  The  gold 
is  applied  In  leaves  of  greater  or  less  thickness,  according  to  the  quality  of  the  gilt  wire. 
The  smallest  proportion  formerly  allowed  in  this  country  by  act  of  parliament,  was  100 
grains  of  gold  to  one  pound,  or  5760  grains  of  silver;  but  more  or  less  may  now  be  used. 
The  silver  rod  is  encased  in  the  gold  leaf,  and  the  compound  cylinder  Js  then  drawn  into 
round  <i<ire  down  to  a  certain  eize,  which  is  Bflecwards  flatted  in  a  rolling  mill  such  As  is 
described  under  Mint. 

The  liquor  employed  by  goldsmiths  to  bring  out  a  ricli  color  upon  the  surface  of  their 
trinkets,  is  made  by  dissolving  1  part  of  sea  salt,  1  part  of  alum,  2  parts  of  nitre,  in  3  or 
4  of  water.  This  pickle  or  sauce,  as  it  is  called,  takes  up  not  only  the  copper  alloy,  but 
a  notable  quantity  of  gold  ;  the  total  amount  of  which  in  tJie  Austrian  empire,  has  been 
estimated  annually  at  47,000  francs.  To  recover  Ibis  gold,  the  liquor  is  diluted  with  at 
least  twice  its  bulk  of  bailing  water ;  and  a  solution  of  very  pure  green  sulphate  of  iron 
is  poured  into  it.  The  precipitate  of  gold  is  washed  upon  a  filter,  dried,  and  purified  by 
melting  in  a  crucible  along  with  a  miituie  of  equal  parts  of  nitre  and  borax. 

Gold  rijining. — The  following  process  has  been  cateated  as  a  foreign  Invention  by 
Mr.  W.  K  Newton  in  January,  1851. 

It  consists,  1,,  in  reducing  argentiferous  or  any  other  gold  bullion  to  a  granulated, 
or  spongy,  or  disintegrated  molecular  condition  by  fusion  therewith  of  zinc,  or  some 
other  metal  baser  than  silver,  and  the  subsequent  removal  of  the  zinc  by  dilute  sulphuric 
or  other  acid ;  that  is,  the  reducing  of  the  gold  bullion  to  a  state  to  allow  of  the  re- 
moval by  acids  of  the  silver  and  other  impurities  contained  therein,  so  as  to  fit  it  fur 
coinage  and  other  purposes  without  quartation  with  silver  or  any  other  interniedi.ite 
process.    And 

3.,  in  pulverizing  by  grinding  or  concussion  gold  bullion,  rendered  brittle  by  union 
with  lead,  solder,  or  other  suitable  meta),  the  silver  and  other  impurities  being  removed 
by  acids  in  this  as  in  the  preceding  case,  and  recovered  from  the  acid  solution  by  aay  of 
tho  known  chemical  means. 

Tliia  operation,  if  properly  conducted,  will  produce  fine  ductile  gold  in  a  state  of 
great  purity ;  that  is,  containing  from  985  to  996  per  cent,  of  pure  cold. 

GONG-GONG ;  or  (awi-(am  of  the  Chinese ;  a  kind  of  cymbal  made  of  a  copper 
alloy,  described  towards  the  end  of  the  article  Copper. 

GONIOMETER,  is  the  name  of  a  little  instrument  made  either  on  mechanical  or 
optical  principles,  for  measuring  the  angles  of  crystals.  It  is  indispensable  to  the  mine 
ralo^t. 

GEADUATOR,  called  by  its  contriver  M.  Wagenmann,  Saiigbilder.  whicli  means, 
in  German,  vinegar-maker,  is  represented  in  fig.  739.  It  is  an  oaken  tut,  SJ  feet  high, 
1}  feet  wide  at  top,  and  8  at  bottom,  set  upon  wooden  beams,  which  raise  its  bcltom 
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curvature  stands  one  inch  below  the  level  of  the  holes  in  the  side  of  the  tub,  to  prevent 
the  liquor  from  rising  so  high  as  to  overflow  Ibroogb  them.  The  syphon  is  so  bent  as  to 
retain  a  body  of  liqnor  12  inches  deep  above  the  bottom  of  the  lull,  and  to  allow  the  ex 
cess  only  to  escape  Into  the  subjacent  receiirer.  In  the  upper  part  of  the  gradualor,  but 
under  the  shelly  the  bulb  of  a  thermometer  is  inserted  through  the  side,  some  way  into 
liie  interior,  having  a  scale  exteriorly.  The  whole  capacity  of  the  cask  from  the  bottom 
up  to  within  one  inch  of  the  peribrated  shelly  is  to  be  filled  with  thin  shavings  of  beech 
wood,  grape  stalks,  or  birch  twigs,  previously  imbued  with  vinegar.  The  manner  of  using 
this  simple  apparatus  is  described  under  Acetic  Acid. 

GRANITE  is  a  compound  rock,  essentially  composed  of  quitrtz,  feldspar,  and  mica, 
each  in  granular  crystals.  It  constitutes  the  lowest  of  the  geological  formations,  and 
therefore  has  been  supposed  to  serve  as  a  base  to  all  the  rest.  It  is  the  most  durable 
material  for  bnilding,  as  many  of  the  ancient  Egyptian  monuments  testify. 

The  olielisk  in  the  place  of  Saint  Jean  de  Laternn  at  Home,  which  was  quarried  at 
Syene,  under  the  reign  of  Zetus,  king  of  Thebes,  1300  years  before  the  Christian  flra  ; 
and  the  one  In  the  place  of  Saint  Pierre,  also  at  Rome,  consecrated  to  the  Sun  by  a  son 
„f  Sesostris,  have  resisted  the  weather  for  fully  3000  years.  On  the  other  hand  there  are 
many  granites,  especially  those  in  which  feldspar  predominates,  which  crack  and  crumble 
down  in  the  course  of  a  few  years.  In  the  same  mountain,  or  even  in  the  same  quarry, 
granites  of  very  different  qualities  as  to  soundness  and  durability  occur.  Some  of  (he 
granites  of  Cornwall  and  Limousin  readily  resolve  themselves  into  a  white  kaolin  or 
argillaceous  matter,  from  which  pottery  and  porcelain  are  made. 

Granite,  when  some  time  dug  out  of  the  quarry,  becomes  refractory,  and  difHcult  to  cut. 
When  this  rock  is  intended  to  be  worked  it  should  be  kept  under  water  ;  and  that  variety 
ought  to  be  selected  which  contains  least  feldspar,  and  in  which  the  quartz  or  gray  crys- 
tals predominate. 

GRANULATION  is  the  process  by  which  metals  are  reduced  to  minute  grains.  It  i« 
effected  by  pouring  them,  in  a  melted  state,  through  an  iron  cullender  pierced  with  small 
holes,  into  a  body  of  water ;  or  directly  upon  a  bundle  of  twigs  immersed  in  water.  In 
this  way  copper  is  granulated  into  bean  shot,  and  silver  alloys  are  granulated  preparatory 
to  Parting;  which  see. 

GRAPHITE  <P/DmiagiB«,Fr. ;  fleiitWei,  Germ.)  is  a  mineral  substance  of  a  lead  or 
iron  gray  color,  a  nietallie  lustre,  soft  to  the  touch,  and  staining  the  fingers  with  a  lead 
gray  hue.  Spec.  srav.  2'08  to  2'45.  It  is  easily  scratched,  or  cnE  with  a  steel  edge,  and 
displays  the  metallic  lustre  in  its  interior.  Burns  with  great  difficulty  in  the  outward 
flame  of  the  blow-pipe.  It  consists  of  carbon  in  a  peculiai'  state  of  aggregation,  with  an 
extremely  minute  and  apparently  accidental  impregnation  of  iron.  Graphite,  called  also 
plnmbago  and  black  lead,  occurs  in  gneiss,  mica  slate,  and  their  subordinate  clay  slates 
and  lime  stones;  in  the  form  of  masses,  veins,  and  kidney-shaped  disseminated  pieces; 
9S  also  in  the  transition  slate,  as  at  Sorrodale  in  Cumberland,  where  the  most  precious 
deposite  exists,  both  in  reference  to  extent  and  quality,  for  making  pencils.  It  has  been 
found  also  among  the  coal  strata,  as  neat  Cumnock  in  Ayrshire.  This  substance  is  em- 
ployed for  counteracting  friction  between  rubbing  surfaces  of  wood  or  metal,  for  making 
crucibles  and  portable  furnaces,  for  giving  a  gloss  to  the  surface  of  cast  iron,  &c.  See 
Plumbago,  for  some  remarks  concerning  the  Cumberland  mine. 

GRAUWACKE,  or  GREYWACKE,  is  a  rock  formation,  composed  of  pieces  of  quartz, 
flinty  slate,  feldspar,  and  clay  slate,  cemented  by  a  clay-slate  basis ;  the  pieces  varying  in 
Ize  from  small  grains  to  a  hen's  egg. 
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GRAY  DYE.  (Temlare  grise.  Ft.;  Graufdrbe,  Germ.)  The  gray  d^'e?,  in  tlieii 
aumerous  shades,  are  merely  various  linls  of  black,  in  a  more  or  less  diluted  stale,  from 
the  deepest  to  the  lightest  hue. 

The  dyeing  materials  are  essentially  the  tannic  and  gallic  aciit  of  galls  or  other 
astringents,  along  with  the  sulphate  or  acetate  of  iron,  and  occasionally  wine  stone. 
Ash  gray  is  given  for  30  pounds  of  woollen  stuif,  by  one  pound  of  gall-nuts,  J  lb.  of  wine 
slone  (crude  tartar),  and  2i  lbs.  of  sulphate  of  iron.  The  galls  and  the  wine  stone  being 
boiled  with  from  70  Id  80  pounds  of  water,  the  stuff  is  to  be  turned  through  the  de- 
coction at  a  boiling  heat  for  half  an  honr,  then  taken  out,  when  the  bath  being  re- 
freshed with  cold  water,  the  copperas  is  to  be  added,  and,  as  soon  as  it  is  dissolved,  the 
stuff  is  to  be  put  in  and  fully  dyed.  Or,  for  36  pounds  of  wool;  2  pounds  of  tartar, 
i  pound  of  galls,  3  pounds  of  sumach,  end  2  pounds  of  sulphate  of  iron  are  to  be 
taken.  The  tartar  being  dissolved  in  80  pounds  of  boiling  water,  the  wool  is  to  be 
turned  Ihrou^n  the  solution  for  half  an  hour,  and  then  taken  out.  The  copper  being 
filled  up  to  its  former  level  with  fresh  water,  the  decoction  of  the  galls  and  sumach  is  to 
•te  pimrcd  in,  and  (he  wool  boiled  for  half  an  hour  in  (he  bath.  The  wool  is  then  taken 
out,  while  the  copperas  is  being  added  and  dissolved  ;  after  which  it  is  replaced  in  the 
hath,  and  dyed  gray  wjlh  a  gentle  heat. 

If  the  gray  is  to  have  a  yeUow  cast,  instead  of  (he  tartar,  its  own  weight  of  alum  is  la 
he  taken ;  instead  of  the  galls,  one  pound  of  eld  fustic ;  inslrad  of  the  copperas,  f  of  a 
aound  of  Saltzbui^  vitriol,  which  consists,  in  22|  parts,  of  17  of  sulphate  of  iron,  and  5j 
vf  sulphate  of  capper;  then  proceed  as  above  directed.  Or  (be  stuff  may  be  first  stained 
in  a  balh  of  fustic,  next  in  a  weak  bath  of  galls  with  a  little  alum ;  then  the  wool  being 
taken  out,  a  little  vitriol  (common  or  Saltzburg)  Is  to  be  put  in,  previously  dissolved  in 
a  decoclion  of  logwood ;  and  in  this  bath  the  dye  is  completed. 

Fearl  gray  is  produced  by  passing  the  stuff  first  through  a  decoclion  of  sumach  and 
logwood  (2  lbs.  of  the  former  to  cme  of  the  latter),  afterwards  through  a  dilute  solution 
of  sulphate  or  acetate  of  iron  ;  and  finishing  it  in  a  weak  bath  of  weld  containing  a  little 
alum.  Monse-gray  is  obtained,  when  with  the  same  proportions  as  for  ash-gray,  a  small 
quantity  of  alnm  is  introduced. 

For  several  other  shades,  as  tawny-gray,  iron-gray,  and  slate-gray,  the  stuff  must  re- 
ceive a.  previous  blue  ground  by  dipping  it  in  the  indigo  vat  j  then  it  is  passed  Ursl 
through  a  boiling  bath  of  sumach  with  galls,  and  lastly  through  the  iame  balh  at  a  lower 
lemperalnre  after  it  has  received  the  proper  quantity  of  solution  of  iron. 

For  dyeing  silk  gray,  fuslet,  logwood,  sumach,  and  elder-tree  bark,  are  employed 
instead  of  galls.    Archil  and  annolto  are  frequently  used  to  soften  and  beautify  the 

The  mode  of  producing  gray  dyes  upon  cotton  has  been  sufficiently  explained  in  the 
articles  Calico  Pbihting  and  Dveing. 

GREEN  DYE  is  produced  by  the  misiure  of  a  blue  and  yeJIow  dye,  the  blue 
being  first  applied.  See  Dyeing  ;  as  also  Blde  and  Yellow  Dyes,  and  Calico 
Printing. 

GREEN  PAINTS.  (Cuiiteurs  wrtu,  Fr. ;  Griine  pigmente.  Germ.)  Green,  which  is 
BO  common  a  color  in  the  vegetable  kingdom,  is  yery  rare  in  Ihe  mineral.  There  is  only 
one  metal,  copper,  which  affords  in  its  combinations  (he  various  shades  of  gieen  in 
general  use.  The  other  metals  capable  of  producing  this  color  are,  chromium  in  its  prot- 
oxyde,  nickel  in  its  hydraled  oiyde,  as  well  as  its  salts,  Ihe  seleniate,  arseniale,  and  sul- 
phate; and  titanium  in  its  prussiate. 

(5reen  p^menls  are  prepared  also  by  the  mixture  of  yellows  and  bines ;  as,  for  ex- 
ample, (he  green  of  Rinman  and  of  Gellerl,  obtained  by  (be  mixture  of  cobalt  blue,  and 
flowers  of  zinc ;  that  of  Barth,  made  with  yellow  lake,  Prussian  blue,  and  clay ;  but 
these  paints  seldom  appear  in  (he  market,  because  !he  greens  are  generally  extemporaneous 
preparations  of  the  artists. 

Mountain  greea  consists  of  the  hydrate,  oiyde,  or  carbonate  of  copper,  either  factitious, 

-Bremen  or  Brmutiiiefe  green  is  a  mixture  of  carbonate  of  copper  with  chalk  or  lime, 
and  sometimes  a  little  magnesia  or  ammonia.  It  is  improved  by  an  admixture  of  white 
lead.  It  may  be  prepared  by  adding  ammonia  to  a  mixed  solution  of  sulphate  of  copper 
and  alum. 

Frist  green  is  prepared  Willi  sulphate  of  copper  and  sal  ammoniac. 

Millia  green  is  an  arseniale  of  copper;  made  by  mixing  a  solution  of  acetate  or  sul- 
phate of  copper  with  arsenile  of  poUsh.    It  is  in  fact  Scheele's  green. 

Sap  green  is  the  inspissated  juice  of  backlhorn  berries.  These  are  allowed  (r)  fer- 
ment for  8  days  in  a  tub,  then  put  in  a  press,  adding  a  little  alum  to  the  juice,  and  con 
cenlrated  by  gentle  evaporation.  It  is  lastly  put  up  in  pigs'  bladders,  where  ii  beoimo 
dry  and  'lard 
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GUANO.    This  extra  rd    ary  m  us  ea-fowls,  which 

Docurs  in  immense  q  P    u,  Bolivia,  and 

Africa,  has  lately  he    m  m  er  and  of  intense 

interest  to  onr  agricultural  world.  Four  or  five  jears  ago  it  was  eihibited  ajid  talted 
of  merely  as  a  natural  curiosity.  No  one  could  then  have  imagined  that  in  a  short 
period  it  would  be  imported  from  the  coasts  of  the  Pacific  in  such  abundance,  and  at 
Guch  a  moderate  price,  as  to  cheer  by  its  fertilizing  powers  the  languid  and  depressed 
spirits  of  the  farmers  throughoat  the  United  Kingdom.  Such,  however,  is  now  the 
result,  as  attested  by  the  concurring  reporis  of  almost  all  the  agricultural  societies 
of  Great  Britain  and  Ireland.  No  less  than  28,500  tons  of  guano  have  been  already 
imported  from  Peru  and  Bolivia,  1,500  from  Chili,  and  8,000  from  Africa,  altogether 
38,000  tons,  while  more  ia  on  the  way.  The  store  of  it,  laid  up  from  time  immemorial 
in  the  above  localities,  seems  to  he  quite  inexhaustible ;  especially  since  it  is  receiving 
constant  accessions  from  myriads  of  cormorants,  cranes,  &c. 

Having  been  much  occupied  with  the  chemical  analyses  of  guano  during  the  lost 
two  years  for  Messrs.  Gihbs,  of  London,  and  Messrs.  Myers,  of  Liverpool,  who  are  the 
co-agents  of  the  Peruvian  aad  Bolivian  governments,  I  have  enjoyed  favorahle  oppor- 
lunides  of  examining  samples  of  every  description,  and  hope  to  show  that  many  of  the 
analyses  of  guano  hitherto  published  have  been  made  upon  specimens  not  in  their  nor- 
mal or  Eound  state,  like  the  best  imported  by  the  above  houses  from  Chincha  and  Bolivia, 
but  \n  a  certain  state  oT  eremacausis  and  decay. 

Huano,  in  the  language  of  Peru,  signifies  dung;  a  word  spelt  by  the  Spaniards  guano. 


s  have  employed 
given  fertility  to  the  otherwi 
13  governed  by  '' 


■e  from  the  remotest  t^es,  and  have  by  iti 
je  u.tprodnctive  sandy  soils  along  their  coasts.    While  Peru 
.  ^  _  icas,  the  birds  wereprotected  fromviolencebysererelaws. 

The  punishment  of  death  was  decreed  to  persons  who  dared  to  land  on  the  guanifer- 
oua  islands  during  the  bleeding  period  of  the  birds,  and  to  ail  persons  who  destroyed 
them  at  any  time.  Overseers  were  appointed  by  the  government  to  take  care  of  the 
guano  districts,  and  to  assign  to  each  claimant  his  due  share  of  the  precious  dung.  Tlie 
celebrated  Baron  Von  Humboldt  first  brought  specimens  to  Europe  in  I§04,  which  he 
sent  for  examination  to  Foureroy,  Vauquelin,  and  Klaprolh,  the  best  analytical  chcm- 
ista  of  the  day;  and  he  spoke  of  it  in  the  following  terms ;  "The  guano  is  deposited  in 
layers  of  50  or  60  feet  thick  upon  the  granite  of  many  of  the  South  sea  islands  off  (he 
coast  of  Peru.  During  300  years  the  coast  birds  have  deposited  guano  only  a  few 
lines  in  thickness.  This  shows  how  great  must  have  been  the  number  of  birds,  and 
how  many  centuries  must  have  passed  over  in  order  to  form  the  present  guano-beds." 
The  strata  have  undergone  many  changes,  according  to  the  length  of  time  they  have 
been  deposited.  Here  and  there  they  are  covered  with  silicious  sand,  and  have  thus 
been  protected  from  the  influence  of  the  weather ;  but  in  other  places,  Ihey  have  lain 
open  to  the  action  of  light,  air,  and  water,  which  have  produced  important  changes 
upon  them.  Fresh  guano  is  of  a  whitish  or  very  pale  drab  color,  but  it  becomes  pro- 
gressively browner  and  browner  by  the  joint  influence  of  the  above  three  atmospheri- 
cal agents.  Only  one  guano  examined  by  Foureroy  and  Vauquelin.  was  found  to  con- 
lain  a  fourth  of  its  weight  of  uric  acid  combined  with  ammonia,  whence  that  appears 
to  have  been  well  selected  by  Baron  Von  Humboldt.  They  also  found  phosphates  of 
ammonia,  of  lime,  with  urate  and  oxalate  of  ammonia,  and  some  other  constiinents  of 
little  value  in  agriculture.  Klaproth's  analysis  reported  16  per  cent,  of  nrate  of  ammo- 
nia, no  less  than  IS- 75  of  oxalate  of  lime,  10  of  phosphate  of  lime,  32  of  clay  and  sand, 
rith  28''75  of  water  and  indeterminate  organic  matter.  From  the  great  proportion  of 
;lay  and  sand,  Klaproth's  sample  of  guano  was  obviously  not  genuine.  I  have  met 
Tith  no  specimen  of  Peruvian  guano  that  contained  any  appreciable  quantity  of  clay, 
Ind  non<'  (hat  contained  above  4  or  5  per  cent,  of  silicious  sand. 
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To  Mr.  B]aiid,  of  (he  firm  of  Messrs.  Myers  nnil  Co.,  I  am  indebled  for  the  following 
raluable  information : — 

Tlie  Chincha  islands,  which  afford  Hie  best  Peruvian  guano,  ore  three  in  numltBT,  and 
lie  in  one  line  from  north  to  south,  about  half  a  mile  apart.  Each  island  is  from  five  to 
six  miles  in  circumference,  and  consists  of  granite  covered  with  guano  in  some  places  to 
a  height  of  200  feet,  in  successive  horizontal  Etrala,  each  stratum  being  from  3  to  10 
inches  thick,  and  varying  in  color  from  light  to  daric  brown.  No  earthy  otatter 
whatever  is  mixed  with  this  vast  mass  of  excrernent.  At  Mr.  Bland'a  visit  to  these 
islands  in  1842,  he  observed  a  perpendicular  surface  of  upward  of  100  feet  of  perfectly 
uniform  aspect  from  top  to  Imttotn.  In  some  parts  of  these  islands,  however,  the  deposite 
does  not  exceed  3  or  4  feet  in  thickness.  In  several  places,  where  the  surface  of  the 
guano  is  100  feet  or  more  above  the  level  of  the  sea,  it  is  strewed  here  and  there  -with 
masses  of  granite,  like  those  from  the  Alpine  mountains,  which  are  met  with  on  the  slopes 
of  the  Jura  chain.  These  seem  to  indicate  an  ancient  formation  for  the  guano,  and  ter- 
raqueous convulsions  since  that  period.  No  such  granite  masses  are  found  imbedded 
within  the  guano,  hut  only  skeletons  of  birds. 

The  good  preservation  of  the  Chincha  guano  is  to  be  ascribed  to  the  absence  of  rain  ; 
which  rarely,  if  ever,  falls  between  the  latitude  of  14°  south,  where  these  islands  lie, 
about  10  miles  from  the  main  land,  and  the  latitude  of  Paquica,  on  the  island  cf  £o- 
livia,  in  SI"  S.  L.  £y  far  the  soundest  cargoes  of  guano  which  I  have  analysed  have 
come  from  Chincha  and  Bolivia.  Beyond  these  limits  of  latitude  where  rain  falls  in 
greater  or  less  abundance,  the  guano  is  of  less  value — and  what  has  been  imported  from 
Chili  has  been  found  by  me  far  advanced  in  decay — most  of  the  ammonia  and  azotised 
animal  substances  having  been  decomposed  by  moisture,  and  dissipated  in  the  air  (by  the 
tremacanai)  cf  Liebig),  leaving  phosphate  of  lime  largely  to  predominate  along  with 
effete  organi«  matter.  The  range  of  the  American  coast  from  which  the  guano  is  taken 
must  therefore  be  well  considered  ;  and  should  not  extend  lunch  beyond  the  Chincha 
islands  as  the  northern  limit,  and  Paquica,  in  Bolivia,  as  the  southern. 

The  relative  eslimatioa  of  guajio  and  nitrate  of  soda  among  the  Peruvians  is  well 
shown  by  the  following  fact  communicated  to  me  by  Mr.  Bland  :  "  Near  the  coast  of 
Peru,  about  45  miles  from  IquiqueCtheshippingpottof  guano)  there  is  the  chief  deposite 
of  nitrate  of  soda.  The  farmers,  who  collect  and  pnrify  this  natural  product,  carry  it 
to  the  place  of  shipment,  and  always  require  to  be  paid  in  return  with  an  equivalent 
quantity  of  guano,  with  which  they  manure  their  land,  to  the  exclusion  of  the  far 
cheaper  nitrate  of  soda.  We  can  not  be  surprised  at  this  preference,  when  we  learn 
that  in  the  valley  of  Chaneay,  about  40  miles  distant  from  Lima,  the  soil  produces, 
when  farmed  with  irrigation  in  the  natural  way,  a  return  npon  maize  of  only  15  for  1 ; 
whereas,  with  the  aid  of  guano,  it  produces  600  for  ]!  Hence  the  Peruvian  proverb: 
Huano,  though  no  saint,  works  many  miracles. 

In  the  pamphlet  recently  published  by  Messrs.  Gibbs  and  Myers,  inlitled  "Peruvian 
and  Bolivian  Guano,  its  nature,  properties,  and  results,"  we  have  a  very  interesting 
view  of  the  best  established  fads  with  regard  to  its  operation  and  eifecls  upon 
every  viriety  of  soil,  and  in  every  variety  of  circumstance,  as  ascertained  by  the  most 
intelligent  agriculturists  of  the  United  Kingdom.  The  general  conclusion  that  may 
De  fairly  deduced  from  the  whole  evidence  is,  that  good  guano  will,  under  judicious 
application,  increase  the  crops  of  grain,  turnips,  potatoes,  and  grass,  by  about  33  per 
cent. ;  and  with  its  present  price  of  lOi.  per  ton,  at  a  cost  considerably  under  the  aver- 
age cost  of  all  other  manures,  whether  farm-yard  dung  and  composts,  or  artificial  com- 
pounds. Guano  is,  moreover,  peculiarly  adapted  to  horticultural  and  floricultural  im- 
provement, by  its  relative  cleanliness  and  facility  of  application. 

The  following  observations  upon  guano,  by  Dr.  Von  Martins,  of  Munich,  addressed 
to  the  agricultural  society  of  Bavaria,  deserve  attention.  Among  animal  manures, 
says  he,  it  clearly  claims  the  first  place.  It  is  uncommonly  rich  in  ammoniacal  sails, 
which  act  very  favorable  on  vegetation.  The  ease  with  which  these  salts  are  decom- 
posed, and  eiliale  their  ammonia  into  the  air,  is  by  him  assigned  as  the  reason  why 
plaints  manured  with  guano  generally  present  early  in  the  morning  accumulations  of 
dew  on  the  points  of  their  leaves.  The  guano  absorbs  the  atmospheric  vapor,  as  well 
as  carbonic  acid  j  whereby  it  becomes  so  valuable  a  manure  in  dry  barren  regions.  If 
we  compare  guano  with  other  excrementitious  manures,  we  shall  find  it  far  preferable 
to  those  afforded  by  man  or  other  mammalia,  which  do  not  generally  contain  morethan 
20  per  cent,  of  food  that  can  be  appropriated  by  plants.  It  ia  therefore  five  times  better 
than  night-soil,  and  also  very  superior  to  the  French  poudreiiey  wiiich,  being  dried  night- 
soil,  loses,  through  putrefaction  and  evaporation,  the  greater  proportion  of  its  ammonia- 
cal elements.  In  birds,  the  excretions  both  of  the  kidneys  and  intestines  are  contained 
in  the  cloaca;  whereby  the  volatile  elements  of  the  former  get  combined  with  themore 
fixed  components  of  the  latter.  The  guano  is  also  a  richer  manure,  on  account  of  its 
being  produced  b'  sea-fowl,  which  live  entirely  on  fish,  without  admixture  of  vijgetable 
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Aattcr.  The  exposure  also  oflhe  guano  as  soon  aa  deposited  to  the  heat  oT  R'tropical 
9un,  in  a  rainless  climate,  prevents  the  components  from  fermenting,  and  mummifiei 
them,  60  to  speulc,  immediately  into  a  concrete  substance  not  susceptible  of  decompositioQ 
till  it  gets  moisture  ;  whereas  the  dung  of  our  dove-coles  suffers  a  considerable  loss  by 
exposure  to  our  humid  atmosphere.  But  in  their  action  on  vegetation,  and  in  theii 
chemical  composition,  these  two  bird  excrefflents  are  analogous.  Davj  found  in  fresb 
dove-cole  manure  23  parts  in  100  soluble  in  woler,  which  yielded  abundance  of  car 
honate  of  ammonia  by  distillation,  and  lefl  carbonaceous  matter,  saline  matter,  princi* 
pally  common  salt,  and  carbonate  of  lime  as  a  residuum.  Paeons'  dang  readily  fer- 
ments, but  after  fermentation  afforded  only  8  per  cent,  of  soluble  matter,  which  gave 
pro [>orti:>n ably  less  carbonate  of  ammonia  in  distillation  than  the  dung  recently  voided. 
Dr.  Von  Martins  proceeds  to  compare  the  proportion  of  soluble  salts  in  guano  and 
pigeons'  dung,  and  thinks  that  by  that  comparison  alone  he  can  establish  the  superiority 
of  the  former ;  but  he  shoubi  have  considered  that  the  insoluble  urate  of  ammonia, 
which  is  so  powerful  and  copious  a  constituent  of  good  guano,  and  is  present  in  much 
smaller  proportion  in  pigeons'  dung,  is  sufficient  of  itself  to  tmn  the  balance  greatly  in 
favor  of  the  Peruvian  manure.  His  general  estimate,  however,  that  the  manuring  power 
of  genuine  guano  is  four  times  greater  than  that  of  p%eons'  dung,  is  probably  not  wide 
of  the  truth.  Besides  the  above-mentioned  constituents,  guano  derives  no  small  por- 
tion of  its  fertilizing  virtue  from  the  great  store  of  phosphoric  acid  which  it  contains, 
in  various  states  of  saline  combination,  with  lime,  magnesia,  and  ammonia.  Of  all  the 
principles  furnished  to  plants  by  the  soil,  the  phosphates  are,  according  to  Liebig,  the 
most  important.  Theyafford,  soto  speak,  the  bones  and  sinews  of  vegetable  bodies,  while 
nmmonia  supplies  them  with  their  indispensable  element,  azote.  Their  carbon,  hydrogen, 
and  oxygen,  are  derived  from  the  air  and  water.  Those  products  of  vegetation  wliich 
are  most  nutritious  to  man  and  herbiverous  animals,  such  as  bread-corn,  beans,  peas,  and 
lentils,  contain  the  largest  proportion  of  phosphates.  The  ashes  of  these  vegetable 
substances  afford  no  alkaline  carbonates.  A  soil  in  which  phosphates  are  not  present, 
is  totally  incapable  of  producing  the  above  cereals.  Agreeably  to  these  views,  Licbip 
believes  that  the  importation  of  1  cwt.  of  guano  is  equivalent  to  the  importation  of  8 
cwts.  of  wheat ;  so  that  1  cwt.  of  that  manure  assumes,  with  due  culture,  the  form  of 
8  cwts.  of  substantial  foodifot  man. 

Since  all  these  testimonies  concur  to  place  this  remarkable  excrementilious  product  in 
such  high  estimation,  it  becomes  a  paramount  duty  of  the  chemist  to  investigate  its  com- 
position, and  to  discover  certain  means  of  distinguishing  what  mity  be  termed  the  sound 
or  normal  stale  of  guano,  from  the  decomposed,  decayed,  and  effete  condition.  The 
analysis  by  Fourcroy  and  Vauqnelin  of  a  sample  of  guano  presented  to  them  by  Baron 
Von  Humboldt,  gave  the  following  composition  in  100  parts : — 

XJrate  of. 

Oxalate  of 

Oxalate  of  lir 

Phosphate  of 

Phosphate  of 

Sulphate  of  potash        -.-...  5-5 

Ssl  ammoniac 4-2 

Phosphate  of  lime 14-3 

Clay  and  sand               ......  4-7 

Water  and  oi^anic  matters 32-3 

How  different  are  these  constituents  from  those  assigned  by  Klaptoth — a  no  less  slol- 
ful  analyst  than  the  French  chemists  !  and  how  much  this  difference  shows  not  on]y  the 
complexity  of  the  substance,  but  its  very  variable  nature! 

The  general  results  of  an  analysis  by  Professor  Johnston,  published  in  his  paper  on 
guano,  in  the  3d  part  of  the  2d  vol.  of  the  Journal  of  the  Royal  Agricultural  Society 
of  England,  are  as  follows : — 


Water  and  ca.bonic  and  oialic  acids,  &c.,  expelled  by  a  red  heat 
Common  salt,  with  a  little  sulphate  and  phosphate  of  soda 
Phosphate  of  lime,  &c.  .... 


The  specimen  of  guano  represented  by  this  analysis  must  have  been  tai  advanced  in 
Jecomposition,  as  shown  by  the  very  scanty  portion  of  uric  acid  ;  and  musi  have  betn 
originally  impure  (jf  iirimts  ?)  from  the  large  proportion  of  common  salt,  of  which  I  hai  e 
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Dot  fonnd  above  4  or  5  per  cent,  in  any  of  the  genuine  guanoa  wiiich  I  have  had  oucaiion 
to  analyze.  In  another  sample,  Professor  Johnston  found  44-4  of  phosphate  of  limu, 
with  s.  Villls  phosph9.te  of  magnesia,  and  carbonate  of  lime.  These  results  resemble, 
to  a  certain  degree,  tliuae  which  I  hare  obtained  in  analyzing  aeveral  samples  of  Chilian 
and  African  guanos,  especially  in  the  predominance  of  the  earthy  phosphates.    The  pro- 

Crtion  of  ammonia  which  can  be  extracted  by  the  action  of  hydrate  of  60da  and  quick- 
ie, at  an  elevated  temperature,  is  the  surest  criterion  of  the  soundness  of  the  guano  ; 
for  by  this  process  we  obtain  not  only  the  ready  formed  ammonia,  from  its  several  saline 
compounds,  but  also  the  ammonia  producible  ^om  its  uric  acid,  and  undefined  anims.! 
matter.  These  two  latter  quantities  have  been  hitherto  too  little  regarded  by  most 
analysts,  though  they  constitute  the  most  durable  fund  of  azote  for  Uie  nutrition  of 
plants.  tJric  add,  and  urate  of  ammonia,  which  contaioa  10-lIths  of  uric  acid,  being 
both  nearly  insoluble  in  water,  and  fixed  at  ordinary  temperatures,  continue  to  give 
out  progressively  to  plants  in  the  soil,  the  azote,  of  which  tbey  contain  fully  one-third 
of  their  weight.  Under  the  influence  ot  oxygen  and  a  certain  temperature,  uric  acid 
passes  through  a  very  remarkable  series  of  transformation  ;  producing  allantoin,  urea, 
and  oxalic  acid,  which  eventually  becomes  carbonic  add.  Tnese  changes  are  produd- 
ble  immediately  by  the  action  of  boiling  water  and  peroxide  of  lead.  From  these 
metaoiorpbOBes,  we  can  readily  understand  how  much  oxalate  of  ammonia  and  of  lime  is 
reported  in  mauy  analyses  of  guano,  though  none,  I  believe,  is  to  be  found  in  the  normal 
stale,  as  it  is  occasionally  impoi'ted  from  the  Chincba  Islands  and  Bolivia ;  nor  were  any 
oxalates  found  in  the  dung  of  (be  gannet,  as  analyzed  by  Dr.  WoIlast«n,  or  of  the  sea 
eagle,  aecoiding  to  the  followiog  analysis  of  Coindet ;  afflmonia,  9*31  percent.;  uric  acid, 
8465  ;  phosphate  of  lime,  613^100.  The  Peruvian  sea-fowl,  by  feeding  exclusively  on 
lisb,  would  seem  to  swallow  a  large  proportion  of  earthy  phosphates;  since,  in  the  purest 
guano  that  has  Come  in  my  way,  I  have  found  these  salts  to  amount  t«from  10  to  16  per 

Dr.  Von  Martiu3  proposes  to  use  the  degree  of  solubility  of  the  guano  in  water  as  a 
good  criterion  of  its  qnality ;  but  this  is  a  most  fallacious  test.  Sound  guano  contains 
from  16  to  25  per  cent,  of  insoluble  urate  of  ammonia ;  nearly  aa  much  undefined  ^limal 
matter,  along  with  from  IB  to  20  of  earthy  phosphates,  leaving  no  more  than  60  or  66  per 
cent,  of  soluble  matter,  exclusive  of  moisture ;  whereas  decayed  guano  yields  often  60  or 
70  per  cent,  of  its  weight  io  water,  in  consequence  of  the  uric  acid  and  animal  matter 
being  wasted  away,  and  the  large  portion  of  moisture  in  it,  the  latter  amounting  very 
often  to  from  25  to  35  per  cent  The  good  Peruvian  guano  does  not  lose  more  than  from' 
T  fo  9  per  cent,  by  drying,  even  ataheatof  212°  Falir.;  and  this  loss  necessarily  includes 
a  little  ammonia.  Each  analysis  of  guano  executed  for  the  information  of  Ibe  farmer 
should  exhibit  definitely  and  accurately  to  at  least  1  per  cent. : — 

1 .  I'he  proportion  of  actual  ammonia. 

2.  The  proportion  of  ammonia  producible  also  from  the  uric  acid  anil  azotized 
animal  matter  present;  and  which  may  be  called  the  potential  ammonia.  This  is  a 
roost  valuable  product,  which  is,  however,  to  he  obtained  only  from  well-preserved  dry 

3.  The  proportion  of  uric  acid,  lo  which,  if  1  I'Jlh  of  the  weight  be  added,  the  quan- 
tify ofurale  oforomonia  is  given, 

4.  The  proportion  of  the  phosphates  of  lime  and  magnesia. 

5.  The  proportion  of  fixed  alkaline  salts,  distinguishing  lie  potash  from  the  soda 
salts  ;  the  former  being  more  valuable,  aad  leas  readily  obtainable,  than  the  latter  can 
be  !y  the  use  of  common  salt.  Wheal,  peas,  rye,  and  potatoes,  require  for  theft  success- 
ful CJltivation,  a  soil  containing  alkaline  sails,  especially  those  of  potash. 

6.  The  proportion  of  aandy  or  other  earthy  matter,  which,  in  genuine  guano,  care- 
fully collected,  never  exceeds  2  per  cent,  and  that  is  silica. 

7.  The  proportion  of  water,  separable  by  (he  heal  of  212°  F. 

The  farmer  should  never  purchase  guano  except  its  composition  in  ihe  yreceding 
particulars  be  warranted  by  the  analysis  of  a  competent  chemist.  He  should  cork  up 
in  a  bottle  a  half-pound  sample  of  each  Icind  of  guano  that  he  buys  ;  and  if  his  crop 
shell  disappoint  reasonable  expectation,  he  should  cause  Ihe  samples  to  be  analyzed  i 
and  should  the  result  not  correspond  to  the  analysis  exhibited  at  the  sale,  he  is  fairly 
entitled  to  damages  for  the  loss  of  his  labor,  rent,  crop,  &c.  The  necessity  of  follow- 
ing this  advice  will  appear  on  considering  the  delusive  if  not  utterly  false  analyses, 
under  which  cargoes  of  guano  have  been  too  often  sold.  In  a  recent  case  which  came 
under  my  cogniaance,  in  consequence  of  having  been  employed  professionally  to  analyze 
the  identical  cargo,  I  found  the  guano  lo  be  nearly  rotten  and  efiete;  containing  alio 
gether  only  2^  per  cent,  of  ammonia,  J  per  cent,  ofurale  of  ammonia,  nearly  9  of  sea 
lalt,  24  of  water,  and  45i  of  earlhy  phosphates.  Now,  this  large  cargo,  of  many 
hundred  tons,  fetched  a  high  price  at  a  public  sale,  under  the  exhibition  of  the  follow 
'ng  analysis  by  a  chemist  of  some  note  ■— 
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Urate  of  ammonia,  ammoniacal  saltSj  and  decayed  animal  matter  17-4 

Phosphate  of  lime,  phosphate  of  magnesia,  and  oialate  of  lime  -  48'1 

Fixed  allialine  salts  ■        -..-.-..  jo-g 

Earthy  and  stony  matter   .-..-...  1-4 

Moisture 22-3 

lOO'O 
The  purchasers,  I  was  told  by  the  broker,  bought  it  readily  under  a  conviction  that 
the  guano  contained  17-4  of  ammonia,  though  the  proportion  of  ammonia  is  not  stated, 
but  merely^  mystified,  and  adroitly  confound^  'with  the  decayed  animal  matter. 
By  the  following  hypothetical  analysis,  much  guano  has  been  well  sold ; — 
"  Bone  earth,  35  ;  lithic  acid,  &c.,  15  ;  carhonate  of  ammonia,  14  ;  organic  matter,  36 
=  100."    I  am  quite  certain  that  no  sample  of  guano  can  contain  14  percent,  of  carbonate 
of  ammonia — a  very  volatile  salt.    We  shall  see  presently  the  state  of  combinatioa  in 
ivhidi  the  ammonia  exists.    It  may  contain  at  the  utmost  4  or  6  per  cent,  of  the  carbo- 
nate i  but  such  guano  must  have  been  acted  upon  powerfully  by  humidity,  and  will 
therefore  contain  little  or  no  uric  acid. 

In  the  very  elaborate  evaminaiion  of  guano  by  T.  Oellacher,  apothecary  at  Inns- 
bruck, published  in  a  recent  number  of  Buchner's  Jfepcrti^rium  of  Pharmaq/,  it  is  said, 
that  if  a  glass  rod  dipped  into  muriatic  acid  be  held  over  gnano,  strong  fumes  are  de- 
veloped; and  the  solution  of  guano  has  an  alkaline  reaction  with  lilmna-paper.  These 
phenomena  evidently  indicate  the  presence  of  carbonate  of  ammonia,  and  of  course  a 
partially  decomposed  gaano ;  for  sound  Chineha  and  Bolivian  guanos  have  an  acid  re- 
action, proceeding  from  the  predominance  of  phosphoric  acid.  Farmers  frequently 
judge  of  the  goodness  of  guano  by  the  strength  of  the  nmmoniocal  odor ;  bat  in  this 
judgment  Ihey  may  egregiously  err,  for  the  soundest  guano  has  no  smell  of  ammonia 
whatever;  and  it  begins  to  give  out  that  smell  only  when  it  is  more  or  less  decomposed 
and  wasted. 

Oellaeher  could  find  no  evidence  of  urea  in  his  gnano;  I  have  obtained  fully  5  per 
cent,  of  this  suhstance  from  good  Peruvian  guano. 
I  shall  now  describe  my  own  system  of  analysis : — 

1.  In  every  case  I  determine,  first  of  all,  the  specific  gravity  of  the  guano;  which  I 
lake  by  means  of  spirits  of  turpentine,  with  a  peculiar  instrument  contrived  to  render 
the  process  easy  and  precise.  If  it  exceeds  1'75  in  density,  water  being  1-0,  it  mast 
contain  sandy  impurities,  or  has  an  excess  of  earthy  phosphates,  and  a  defect  of  azotized 
animal  matter. 

2.  I  triturate  and  digest  200  grains  of  it  with  distilled  water,  Cjter,  dry  the  insoluble 
matter,  and  weigh  it. 

3.  The  above  solution,  diHused  in  2,000  gr.  measures,  is  examined  as  to  its  speciRc 
gravity,  and  then  with  test  paper,  to  see  whether  it  be  acid  or  alkaline. 

4.  One  half  of  Ihia  solution  is  distilled  along  with  slaked  lime  in  a  matrass  connected 
with  a  small  quintuple  globe  condenser,  containing  distilled  water,  and  immersed  in  a 
basin  of  the  same.  As  the  condensing  apparatus  terminates  in  a  water-trap,  no  pari 
of  the  ammonia  can  be  lost;  audit  is  all  afterward  estimated  by  a  peculiar  meter,  whose 
indications  mate  maoifest  one  hundredth  part  of  a  grain. 

5.  The  other  half  of  the  solution  is  mised  with  some  nitric  acid,  and  divided  into  3 
equal  portions. 

ci,  the  first  portion,  is  treated  with  nitrate  of  barjles,  and  the  resulting  sulphate  oi 
barytes  is  collected,  ^nited,  and  weighed. 

b,  the  second  portion,  is  treated  with  nitrate  of  silver,  and  the  resulting  chloride  of 
silver  ignited  and  weighed. 

e,  the  third  portion,  has  a  certain  measureofadefinite  solution  of  ferric  nitrate  mixed 
with  it,  and  then  ammonia  in  excess.  From  the  weight  of  theprecipitatedsubpbosphate 
of  iron  after  ignition,  the  known  amount  of  oxide  used  being  deducted,  the  quantity  of 
phosphoric  acid  in  rtie  soluble  portion  of  the  gunno  becomes  known. 

i,  the  three  above  portions  are  now  mixed,  freed  by  a  few  drops  of  dilute  sulphuric 
and  hydrochloric  acids  from  any  barytes  and  silver  lefi  in  them,  and  then  tested  by 
nitrate  of  lime  for  oxalate  of  awmonia.  The  quantity  of  oxalate  of  lime  obtained,  de- 
termines that  point. 

e.  The  last  liquor  filtered,  being  freed  from  any  residuary  particles  of  lime  by  oxalate 
of  ammonia,  is  evaporated  to  dryness  and  ignited,  to  obtain  the  fixed  alkaline  matter. 
This  being  weighed,  is  then  dissolved  in  a  little  water,  neutralized  with  acid,  and  treated 
with  soda-chloride  of  platinum.  From  the  quantity  of  potash-chloride  of  platinum,  which 
precipitates,  after  l-eing  filtered,  dried,  and  weighed,  the  amount  of  potash  present  is 
deducted — the  rest  is  soda.  These  bases  may  be  assigned  to  the  anlphnric,  hydro-chJortc, 
and  phosphoric  acids,  in  proportions  corresponding  to  their  respective  affinities. 

7.  The  proportion  of  organic  matter  in  the  above  aoliitiott  of  guano,  is  determined 
directly  by  evapoi  111102  a  certain  porlion  of  it  to  dryness,  and   ignitinH.      The  loss  of 
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weight,  minus  tlie  ammonia  and  oxalic  acidj  represents  the  amount  of  organic  matter. 

8.  A  second  portion  of  a  solution  of  the  guano  is  evaporated  to  dryness  by  a  ger.tic 
steam  heat,  weighed,  enclosed  in  a  stout  weli-ilosed  phial  along  with  alcohol  of  0-825, 
and  hejted  to  21^.  After  cooling,  the  alcoholic  solution  is  decunlod  or  filtered  clear, 
evaporated  to  dryness  by  a  gentle  hpat,  and  weighed.  This  is  urea,  which  may  he  tested 
hy  its  conversion  into  carbonate  of  a  Tmooia,  when  heated  in  a  test  tnbeor  small  retort, 
[n  this  way,  I  have  obtained  from  Bo.ivian  guano,  6  per  cent,  of  urea;  a  certain  proof 
of  its  entire  soundness. 

9.  Jnalyah  of  the  inaolvlile  matter.  Onethirdof  it  is  digested  with  heat  inabandancc 
of  Boras-water,  containing  ^1^  of  the  sail,  filtered,  and  the  filter  dried  by  a  ateam  heat. 
The  loss  of  weight  indicates  the  amount  of  uric  acid,  whicli  is  verified  by  supersaturating 
the  filtrate  with  acetic  or  hydrochloric  acid,  thus  precipitating  the  uric  acid,  throwing  it 
upon  a  filter,  drying,  and  weighing  it.  This  weight  should  nearly  agree  with  the  above 
loss  of  weight,  the  small  difference  being  due  to  soloble  organicmatter,  sometimes  called 
geine  and  ulmic  acid.  The  uric  acid  is  evidenced,  1,  by  its  specific  gravity,  which  1 
find  to  be  only  1-25,  as  also  that  of  the  urate  of  ammotiia  j  £,  hf  its  affording  fine  purple 
mnrexide  when  healed  in  a  capsule  alongwilh  nitric  acid,  and  then  exposed  to  the  vapor 
of  ammonia  from  a  feather  held  over  it;  3,  by  its  dissipation  when  healed,  without 
emitting  an  empyrenmatic  odor. 

10.  Another  third  of  the  solid  matter  is  distilled  along  with  half  its  weight  of  slaked 
lime,  and  10  times  its  weight  of  water,  in  the  apparatus  already  described,  and  the  am- 
monia obtained  from  it  estimated. 

1 1.  The  remaining  third  having  been  ignited,  is  digested  with,  a  gentle  heat  in  weak 
hydrochloric  acid,  and  the  undissolved  silica  and  alumina  washed  on  a  filter,  dried,  and 
weighed.  To  the  hydrochloric  solution,  dilute  sulphuric  acid  is  added,  and  themiiture 
is  heated  till  all  the  hydrochloric  acid  be  expelled,  with  the  greater  part  of  the  water. 
AlcoholofO'SSOianowpoureduponthepaslyresiduum,  and  the  whole,  alter  being  well 
stirred,  is  thrown  upon  a  filter.  The  phosphoric  acid  passes  through,  as  also  the  magnesia 
in  union  with  sulphuric  acid.  The  sulphate  of  lime,  which  is  quite  insoluble  in  spirits 
or  wine,  being  washed  with  them,  is  dried,  ignited,  and  we%hed.  From  the  weight  of 
sulphate  of  lime,  the  auantily  of  phosphate  of  that  earth,  that  was  present,  becomes 
known. 

12.  Ammonia  in  excess  is  now  added  to  the  filtrate,  which  throws  down  the,  granular 
ihoBphate  of  ammonia  and  magnesia.  After  washing  and  drying  this  powder  at  a  heat 
(f  IrCP,  its  weight  denotes  the  quantity  of  that  compound  in  the  guano. 

13.  To  the  filtered  liquor  <of  12),  if  a  little  ammonia  he  added,  and  then  muriate  ol 
tiBgnesia  be  slowly  dropped  in,  phosphate  of  ammonia  and  magnesia  will  precipilate, 
from  the  amount  of  which  the  quantity  of  phosphoric  acid  may  be  estimated. 

14-  The  proportion  of  oxalate  of  lime  is  determined  by  igniting  the  washed  lesiduum 
(of  9)  and  placing  it  in  an  apparatus  for  estimating  the  quantity  of  carbonic  acid  given 
Dlfin  dissolving  carbonate  of  lime.  The  apparatus,  either  Jig.  1  or  2,  described  in  my 
iitlie  Treatise  on  Alkalimetry,  will  serve  that  purpose  well.  I  have  rarely  obtained 
more  than  j  gr.  of  carbonic  acid  from  the  insoluble  residuum  of  100  gr,  of  good  guano, 
and  that  corresponds  to  less  than  1|  per  cent,  of  oxalate  of  lime  in  the  guano.  Some- 
times no  effervescence  at  all  is  to  be  perceived  in  treating  the  washed  residuum  with 
acid  after  ignition. 

15.  The  carbonateofammonia  in  guano  is  readily  determined  by  filtering  the  solution 
of  it  in  cold  water,  and  neutralizing  the  ammonia  with  a  test  or  alkalimctrical  acid. 
(See  the  Treatise  on  Alkalimetry,  above  referred  to.) 

16.  Besides  the  above  series  of  operations,  the  following  researches  must  be  made  to 
complete  our  knowledge  of  guano.  The  insoluble  residuum  (of  10)  which  has  been 
deprived  by  two  successive  operations  of  its  uric  acid  and  ammonia,  may  contain  azo- 
tized  organic  matter.  It  is  to  be  therefore  well  dried,  mixed  with  5  times  its  weight  of 
the  usual  miirture  of  hydrate  of  soda  and  quicklime,  SJid  subjected  to  gentle  ignition  in 
a  glass  or  iron  tube  closed  at  one  end,  and  connected  at  the  other  with  an  ammonia 
condensing  apparatus.  The  amount  of  ammonia  being  estimated  by  a  proper  ammonia 
meter,  represents  the  quantity  of  azote,  allowing  14  of  this  element  for  17  of  ammonia, 
being  the  potential  ammonia  corresponding  to  the  undefined  animal  matter.  Inasample 
of  Peruvian  guano  I  obtained  o  per  cent,  of  ammonia  from  this  source. 

17.  The  whole  quantity  of  ammonia  producible  from  guano  is  to  be  determined  by 
gently  igniting  25  gr.  of  it  well  dried,  and  mixed  with  ten  times  its  weight  of  the  mix- 
ture of  hydrate  of  soda  and  quicklime  <2  parts  of  the  latter  to  I  of  the  former;.  The 
ammonia  disengaged  is  condensed  and  measured,  as  described  above. 

18.  The  ready-formed  ammonia  is  in  all  cases  determined  hy  distilling  a  mixture  ol 
100  gr,  of  it  with  50  gr,  of  slaked  lime,  condensing  the  disengaged  ammonia,  and  esli 
mating  it  exactly  by  the  meter. 

19.  The  relation  of  the  combustible  and  volatile  to  the  incombustible  and  fixed  con- 
['.ituenta  of  guano,  is  determined  by  igniting  iOO  gr.  of  it  in  a  poised  platinum  capsule. 
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The  loss  of  weight  denotes  the  amount  of  comtustible  and  volatile  matter,  incladini, 
Ihe  moisture,  which  is  known  from  a  previous  experimeut. 

20.  The  insoluble  matter  is  digested  in  hot  water,  thrown  upon  a  filter,  dried,  and 
weighed.  The  loss  of  weight  is  due  to  the  fixed  alkaline  salts,  which,  after  concenirn- 
ling  their  solutions,  are  inycstigated  by  appropriate  tests  :  1,  nitrale  of  barytes  for  the 
sulphates;  2,  nitrale  of  silver  for  the  chlorides  and  sulphatesi  and  3,  soda-chloride  of 
platinum,  for  distinguishing  the  potash  from  the  soda  salts. 

21.  The  insoluble  matter  (of  20)  is  digested  with  heat  in  dilute  nitric  or  hydro- 
chloric acid,  and  the  whole  thrown  upon  a  filter.  The  silica  which  remains  on  the 
filter  is  washed,  ignited,  and  weighed.  The  lime,  magnesia,  and  phosphoric  acid,  may 
be  drtermined  as  already  pointed  out. 

22.  J  have  endeavored  to  ascertain  if  muriate  of  ammonia  be  present  in  guano,  by 
evaporating  its  watery  solution  to  dryness,  and  subliming  the  residuum,  hut  I  have 
never  obtained  a  satisfactory  portion  of  sal  ammoniaci  and  therefore  I  am  inclined  to 
think  there  is  little  of  it.  TTie  r[uantity  of  chlorine  to  be  obtained  from  guano  is  too  in- 
considerable  to  lead  to  a  suspicion  of  its  presence,  except  in  combination  with  sodium 
and  potassium.  Phosphate  of  soda  is  also  a  doubtful  product — but  if  present,  it  may  be 
obtained  from  the  saline  matter  (of  20),  by  acidulating  it  with  nitric  acid ;  precipita- 
ting first  with  nitrate  of  barytes,  next  with  nitrate  of  silver,  taking  care  to  use  no  ex- 
cess of  these  two  re-agents,  then  supersaturating  the  residuum  with  ammonia,  and  ad- 
ding acetate  of  magnesia,  when  the  characteristic  dout  ",6  phosphate  of  this  earth  should 
fall,  in  case  phosphate  of  soda  be  present. 

By  the  preceding  Irainof  researches,  all  the  constituents  of  this  eomplej:  product  may 
be  exactly  disentangled  and  estimated  i  but  they  manifestly  require  mnch  care,  patience, 
time,  and  dexterity,  and  also  a  delicate  balance,  particularly  in  using  the  appropriate 
apparatus  for  generating  the  potential  ammonia,  and  for  measuring  the  whole  of  this 
volatile  substance  separated  in  the  several  steps  of  the  process.  It  may  be  easily  ha- 
agined  how  little  confidence  can  be  reposed  in  many  of  the  analyses  of  guano,  framed, 
I  fear,  too  often  with  the  view  of  promoting  the  sale  of  an  indifierent  or  even  spurious 
article  of  commerce. 

A.  I  shall  now  give  in  detail  my  analytical  results  upon  three  different  samples  of 
a  good  South  American  guano  ;  and  next  the  general  results  upon  three  samples  of 
African  and  Chilian  guanos  ; — 

1.  Guano  from  Bolivia,  imported  by  the  Mary  and  Anne.  This  sample  was  taken 
by  myself,  as  an  average  out  of  several  hags  in  the  lighter,  before  the  cargo  was  landed. 
Pale  yellow  brown  color,  dry,  partly  pulverulent,  partly  concreted,  in  small  lumps, 
with  a  few  small  fragments  of  granite  interspersed,  and  which,  being  ohvioas,  were 
separated  prior  to  the  analysis.  Specific  gravity  of  the  pulverulent  portion  without 
the  granite,  1.6(1 ;  of  the  concretions,  1-66 ;  mean  1-63.  Water  digested  on  Ihe  former 
portion  is  neutral  to  litmus,  that  on  the  latter  is  faintly  acid. 

2.  100  parts  lose  6-5  by  the  heat  of  boiling  water,  and  exhale  no  ammonia.  When 
digested  and  triturated  with  cold  water,  30-5  parts  dissolve,  and  S9-5  are  obtained  after 
drying,  at  212=  F.  Of  those  30-5  parts,  G-5  are  therefore  water,  easily  separable,  and 
24-5  parts  are  solid  matter. 

3.  100  parts,  mixed  with  9  times  their  weight  of  water,  and  50  of  lime,  being  distilled 
in  an  alembic  connected  with  the  five-globe  condenser,  &c.,  afibrded  exactly  4'2  of  am- 
monia. 20  grains  in  fine  powder,  along  with  200  of  a  mixture,  consisting  of  2  parts  of 
dry  lime  and  1  of  hydrate  of  soda,  were  gently  ignited  in  a  combustion-tube  connected 
with  the  ammonia-condensing  apparatus,  and  they  produced  4'25  grains  of  ammonia — 
equivalent  to  21-25  from  100  grains  of  the  guano.  Thus  only  4-2  per  cent,  of  ammonia 
were  ready  formed ;  while  17-05  lurked,  so  to  speak,  in  their  azotized  elements. 

From  its  aspect,  and  its  want  of  nmmoniacal  odor,  this  guano,  the  first  cargo  re- 
ceived from  Bolivia,  was  imagined  by  the  importers  to  be  of  bad  quality ;  and,  accord- 
ingly, my  very  favorable  report  of  its  analysis  surprised  them  not  a  little,  and  rather 
unsettled  the  little  faith  they  at  that  lime  ( Januan-,  1843)  had  in  chemistry.  Bat  about 
a  fortnight  after  the  date  of  my  report  they  received  a  letter  from  Peru,  apprizing  them 
of  the  excellence  of  that  cargo  of  Bolivian  guano,  and  of  its  being  prized  by  the  Ameri- 
;ing  fertilizing  powers  in  a  pre-eminent  degree.     1  consider  this  guano, 

n  the  manner  already  detailed,  and  was  fiuind 


2.  Sulphate  of  potash 

3.  Chloride  of  sodium 

i.  Biphosphate  of  alnmon 

5.  Oxalate  of  a 


5-00 
5-50 
0-60 
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In  these  amnioniacal  salts  there  nre  on|y  1-65  parts  of  ammonia ;  tnt  I  oTjlained  2'&5 
grains  in  distilling  the  soluble  matter  of  100  grains  of  the  guano.  The  remaining  0*9 
parts,  therefore,  must  have  proceeded  from  the  partial  decompoaition  of  the  urea  during 
the  long  ehuUition  necessary  to  extract  every  particle  of  ammonia,  in  distilling  thf 
guano  along  with  lime. 

Til.  The  insohble  matter  =69-5  parts,  was  found  to  consist  of— 

1.  Silica 2-23 

2.  Subphosphate  of  lime  ,  .  .  .  .      g-QO 

3.  Phosphate  of  magnesia  and  ammonia  -  -  .       i-25 

4.  Urate  of  ammonia         ......     15-27 

5.  Undefined  axothed  organic  matter,  affording,  with  the  14  parts 

of  uric  add,  by  ignition  with  hydrate  of  soda,  17'0S  parts 

of  ammonia  ......    41-73 

69-50 

This  result  as  to  the  large  proportion  of  organic  matter  in  the  dried  insoluble  residu- 
um was  verified  by  igniting  a  given  quantity  of  it,  when  it  was  found  to  lose,  out  of 
69-5  parts,  57;  corresponding  to  the  15'27  urate  of  ammonia,  41-73  of  undefined  organic 
matter,  and  0-08  of  ammonia,  in  the  double  jDagnesian  phosphate.  In  the  urate  and 
double  phosphate  are  1-33  of  ammonia,  which,  with  the  2'r>r,ma]£e  3-9  parts;  the  other 
0-3  parts  may  be  traced  to  the  urea. 

As  these  results  differ  very  considernbly  in  many  respects  from  those  of  the  analyses 
made  by  respectable  German  chemists,  I  was  careful  to  verify  them  by  manifold  varia. 
lions  of  the  process,  as  follows : — 

1.  The  soluble  matter,  with  acid  reaction,  of  100  parts  of  the  lumps  of  the  Bolivian 
guano,  was  examined  by  per-acetale  of  iron  and  ammonia,  for  phosphoric  acid,  and 
afforded  4  parts  of  it,  which  is  more  than  had  been  found  in  the  neutral  pnlverulent 
guano.  After  the  phosphoric  acid  was  separated  by  that  method,  chloride  of  calcium 
gave  no  cloud  with  the  filtered  liquor,  proving  that  no  osalic  acid  was  present  in  these 
nodules.  The  washed  insoluble  matter,  when  gently  ignited,  and  treated  with  dilute 
nitric  acid,  afforded  no  etfervescence  whatever,  and  therefore  showed  that  no  oxalate  of 
lime  had  been  present,  for  it  would  have  become  a  carbonate. 

It  is  necessary  to  determine  from  time  to  time  the  quantity  of  ferric  oxide  in  tne 
acetate  or  nitrate,  as  it  is  liable  to  be  deposited  from  the  solution  when  this  is  kept  for 
some  time.  If  this  point  be  not  attended  to,  serious  errors  would  be  committed  in  the 
estimation  of  the  phosphoric  acid. 

2.  The  quantity  of  uric  acid  was  verified  by  several  repetitions,  and  found  to  be  14 

3.  The  undefined  organic  matter,  wlien  deprived  of  the  uric  acid  by  prolonged  diges- 
tion with  weak  borax,  being  subjected  to  ignition  along  with  hydrate  of  soda,  yielded 
the  quantity  of  ammonia  requisite  to  constitute  the  whole  sum,  that  producible  from  the 
uric  acid  also  being  token  into  account. 

4-  The  little  lumps  of  the  guano  luftbrded,  by  distillation  along  with  quicklime,  5-27 
per  cent,  of  ready-formed  anmionia,  probably  from  the  uric  acid  having  been  partially 
decomposed  by  the  moisture  which  had  caused  them  to  concrete.  It  is  a  curious  fact, 
that  the  solution  of  borax,  from  being  of  an  alkaline,  becomes  of  an  acid  reaction,  after 
digestion  with  the  Bolivian  guano. 

5.  For  distinguishing  and  separating  the  soda  salts  from  those  of  potash,  I  tried  the 
antimoniate  of  potash,  according  to  Wackenroder's  prescription,  but  I  found  reason  w 
prefer  very  much  the  crystallised  soda-chloride  of  platinum,  for  that  purpose. 

From  another  specimen  of  the  Bolivian  guano,  I  extracted  3-5  per  ct.  of  the  ammonia- 
phosphate  of  magnesia. 

B.  A  sample  of  guano  from  the  Chincha  islands,  of  nearly  the  same  light  color  as 
the  preceding,  and  the  same  dryness,  being  an  early  importation  of  250  tons  in  the 
present  year,  was  subjected  by  me  to  a  careful  analysis. 

1.  The  solution  in  water  of  this  guano  had  an  alkaline  reaction  from  caibonate  of 
ammonia,  which,  being  neutralized  by  test  acid,  indicated  0-34  per  cent-  of  ammonia, 
f  luivalent  to  about  1  of  the  smelling  sesqui-carbonate. 

2.  Of  this  guano,  47  per  cent-  were  soluble  in  water,  and  53  per  cent-  remained,  after 
drying  at  a  heat  of  212=  P.     Of  the  above  47  parts,  8-5  were  moisture  in  the  guano- 

3.  The  solution  being  acidulated  with  nitric  acid,  was  treated  with  acetate  of  barytes, 
m  a  quantity  equivalent  to  the  sulphuric  acid  present,  and  it  afforded  13  parts  of  eul- 
piiate  of  barytes.  With  the  filtered  liquor,  700  water  grain  measures  of  ferric  acetate 
were  mixed,  and  then  ammonia  in  excess ;  18-5  parts  of  washed  and  ignited  sub-phosphate 
jf  iron  were  obtained,  from  which  deducting  8-8  parts  present  in  the  acetate,  9-7  re- 
main as  the  quantity  of  phosphoric  acid;  but  9'7  of  acid  produce  13-25  of  bi-phos- 
phateof  ammonia,  which  contain  only  9-3  of  ammonia,  combined  wi'V  0-95  of  water 
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or  its  elements.  From  the  alkaline  excess  in  the  guano,  there  con  be  do  doubt,  hew 
3ver,  that  it  contained  the  sub-phosphate  {/cuHd  in  the  ■ariiie  of  Canmora),  and  not  tin 
l>!-phosphate  o(  that  base.  In  this  case,  9'7  of  acid  produce  14-32  of  dry  saline  com- 
pund,  coutaiaing  4-62  of  ammonia,  which,  with  the  0-34  of  ammonia  in  the  carbonate, 
constitute  a  sum  of  4'%.  To  the  liquor  freed  from  the  phosphate  of  iron,  and  acidu- 
lated vfilh  nitric  acid,  acetate  of  lime  being  added,  3'33  paits  of  oinlale  of  this  base 
were  obtained,  which  are  equivalent  to  3'23  oxalate  ammonia,  containing  0'89  of  urn- 
mania. 

4.  Nitrate  of  silver  now  produced  from  the  filtered  residual  solution  8  parts  of  chlo- 
ride, cotresponding  to  nearly  3  of  sai  ammoniac,  which  contain  nearly  0-95  of  ammonia. 

5.  The  53  parta  insoluble  in  water  weredigested  with  weak  solution  of  borax  at  a  boil- 
ing lieat,  thrown  on  a  filter,  and  the  uric  acid  being  precipitated  from  the  filtrate  bj 
means  of  a  little  hydrochloric  acid,  washed  and  dried,  was  found  to  weigh  13'5  parts. 
There  were  left  on  the  filter  36-5  parts,  dried  nt  212=  F.,  so  that  3  parts  of  solable  or- 
ganic matter  had  passed  through  the  filter.  These  36-Si  parts  lost  by  ignition  only  9-7 
parts  in  organic  matter,  became  white,  and  afforded  a  very  faint  effervescence  with 
hydro-chloric  ncid,  showing  thai  a  very  little  oxalate  of  lime  had  been  present.  1'25 
parts  of  silica  were  left  after  the  action  of  the  acid.  To  the  solution  of  tiie  26-55  parts, 
sulphuric  acid  was  added,  and  the  mixture  being  healed  to  expel  the  hydro-chloric  acid 
and  the  excess  of  the  sulphuric,  the  residuarj-  mailer  was  digested  and  washed  with  di- 
lute alcohol,  and  thrown  on  a  filter;  the  solution  of  magnesia  passed  through,  while  the 
sulphate  of  lime  remained.  After  ignition,  this  weighed27-5  parts,  equivalent  to  22  of 
Bub-phosphate  of  lime.  On  sapersalurating  the  filtrate  with  ammonia,  4-5  parts  of  the 
magnesian  ammonia  phosphate  were  precipita,tcd,  containing  0.32  of  ammonia.  With 
the  13*5  parts  of  uric  acid,  1-23  of  ammonia  had  been  originally  combined,  forming  14-73 

6.  25  grains  of  the  dry  guano  afforded,  by  ignition  in  (he  combustion-tube  along  with 
200  grains  of  the  mixed  lime  and  hydrate  of  soda,  4-165  of  ammonia,  which  correspond 
10  16  66  in  100  parts  of  the  dry,  or  to  15-244  in  the  natural  state ;  leaving  therefore  £ 
parts  for  the  qnantity  of  potential  ammonia,  or  of  ammonia  producible  from  the  de 
composition  of  its  azotized  organic  matter.  This  gnano  is,  therefore,  well  adapted  tc 
promote  permanently  the  fertility  of  a  soil.  It  yields  besides  to  alcohol  a  notable 
nuantity  of  urea,  which  I  did  not  think  it  worth  while  to  determine  quantitively,  and 
from  which  undoubtedly  a  portion  of  the  ammonia  proceeded,  in  the  distillation  witt 
milk  of  lime. 

7    100  parts  afforded  by  distillation  with  milk  of  lime,  JO-2  of  ai 
fi    The  total  constituents  of  that  guano,  being  tabulated,  o 
I.    Matter  soluble  in  water  -  .  . 


47-00 


igof— 


1.     Sulphate  of  potash. 

I'ith  a  little 

sulphate  of  soda 

G-00 

2.     Muriate  of  ammonu 

3.    Phosphate  of  ammon 

14-32 

4-62 

4.    Scsqui-carbonale  of 

1-00 

0-34 

5.    Sulphate  of  ammon 

2-00 

0-50 

6.     Osalato  of  ammonia 

3-23 

S.    Soluble  organic  mat 

er  and  urea 

8-95 

II.    Matter  insoluble  iti 


Undefined  organic  matter 
Urate  of  ammonia     - 
Oxalate  of  iime 
Sub-phosphate  of  lime 
Phosphate  of  magnesia  and 


The  remaining  1.25  of  actual  ammonia  may  be  fairly  traced  to  the  partial  decomposi 
lion  of  the  area  during  the  distillation  with  lime  i  whereas  the  o  per  cent,  of  pWenlial 
ammonia  proceeded  from  the  transforming  decomposition  of  the  uric  acid. 

C,  Foliated  guano,  {TomVtm,  in  caked  pieces,  the  layers  very  thin,  pnrBlle],and  in- 
.erspersed  with  white  strealis.  This  guano  was  somewhat  dense  for  a  pure  specimen, 
baving  a  specific  gravity  of  1-7.     The  insoluble  matter  afforded  bv  disestinn  wiili  bnrai 
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,  no  less  than  2o'2  per  ct.  of  pale  yeEow  uric  aeid ;  9  of  oilier  cembustible  oig«n.« 
r,  and  15  of  earthy  matter ;  consisting  of  silica,  3'5 ;  phosphate  of  magnesia  anJ 
nia,  6-5 ;  and  only  5  of  sub-phosphale  of  lime  or  hone  earth.  It  lost  10  per  cent, 
when  dried  in  a  heat  of  212=  F.  The  remaining  30-8  parts  soluble  in  water,  had  a 
Btron?  acid  reaction,  and  afforded,  hy  ferric  acetate  and  ammonia,  6  of  phosphoric  acid, 
equivalent  to  9"7  of  crystallized  bi-phosphale  of  ammonia,  after  acetate  of  barytee  had 
separated  the  sulphuric  acid.  No  less  than  17  parts  of  chloride  of  silTer  were  obtained, 
by  precipitating  with  nitrate  of  silver  the  liquor  filtered  from  the  phosphate  of  iron,  and 
acidulated  with  nitric  acid.  As  the  present  is  an  accidental  sample,  and  not  an  average 
of  any  importation,  I  did  not  prosecute  the  research  further. 

D.  Chincha  guano,  of  a  somewhat  darker  color  than  tie  preceding,  and  alkaline  re- 
action i  specific  gravity,  1'62.  Digested  with  water  and  strained,  56-75  parts  remained 
after  drying  it  at  212''  F.  The  solution,  evaporated  and  dried  also  at  212=,  afforded 
31'25  of  saline  matter.  This  saline  mass  hcing  mixed  with  four  fifths  of  its  weight  of 
slaked  lime,  nme  times  its  weight  of  water,  and  distilled,  afforded  of  ammonia  14-2S 
per  cent.  Some  chemists  have  prescribed  potash  instead  of  lime,  for  separating  the  am- 
monia  in  distillation ;  but  no  person  of  intelligence  who  has  made  the  experiment  once 
will  choose  to  repeat  it,  because  the  potash  forms  with  the  oi^nic  matter  of  the  guano 
a  viscid  compound,  that  frotha  up  like  a  mass  of  soap-bubbles,  and  coming  over  with 
the  vapors,  obstructs  and  vitiates  the  resnll. 

2.  When  dried  altogether  by  a  steam  heat,  100  parts  lost  12  in  moisture  ;  whereas  by 
evaporating  and  drying  the  soluble  matter  by  itself,  the  loss  amoanled  to  16-3,  no 
doubt  by  the  dissipation  of  some  of  the  ammoniacal  salts ;  for  100  parts  of  the  entire 
guano  afford,  by  distillation  with  qniclclime,  9  parts  of  ammonia,  and  by  the  trans- 
forming decomposition  with  hydrate  of  soda  and  lime,  16-25,  indicaUng  7-25  o[  potential 
ammonia,  in  addition  to  the  9  of  ready  formed.  The  insoluble  matter  of  100  parts 
afforded  to  borax-water  a  solution  containing  16-5  of  uric  acid,  corresponding  to  18  of 
arate  of  ammonia.  There  remained  on  the  filter,  after  drying  it  at  212=  F.,  only  33-8 
parts !  so  that  abont  5  pans  of  soluble  organic  matter  had  passed  through  the  filter  in 
the  borax  water.  These  33-8  consisted  of  subphosphate  of  lime  IT,  magnestan  phos- 
phate of  ammonia  5-5,  silica  0-7,  and  combustible  oraanic  matter  10-6. 

The  ammonia  in  the  soluble  portion  was  in  the  state  chiefly  of  phosphate;  there  was 
merely  a  faint  trace  of  oxalate  of  ammonia. 

E.  J/rican  Guano. — Among  the  many  samples  of  African  guano  which  I  have  had 
occasion  lo  analyze  for  the  importers,  none  has  contained  any  appreciable  quantity 
of  uric  acid,  or  by  consequence  of  potential  ammonia.  The  best  afibrded  me  10  per 
cent,  of  ready-formed  ammonia,  existing  chiefly  in  the  state  of  a  phosphate,  though  they 
all  contain  carbonate  of  ammonia,  and  have  of  consequence  an  alkaline  reaction.  The 
said  sample  contained  21-5  of  moisture,  separable  by  a  heat  of  212^  F.  Its  specific 
gravity  was  so  low  as  1-57,  in  consequence  of  the  large  proportion  of  moisture  in  it. 
It  contained  23  per  cent,  of  subphosphate  of  lime,  3  of  magnesian  phosphate  of  am- 
monia, 1  of  silica,  and  1-5  of  alkaline  sulphate  and  muriate.  The  remaining  50  parts 
consisted  of  decayed  oi^anic  matter,  with  phosphate  of  ammonia,  and  a  little  carbonate, 
equivalent  to  hajf  a  grain  of  ammonia,  which  is  the  largest  quantity  in  such  guanos. 
Other  African  guanos  have  afforded  from  24  to  36  of  moisture,  no  uric  acid;  no  po- 
tential ammonia;  but  decayed  organic  matter;  from  5  to  7  of  ready-formed  ammonia  in 
the  state  of  phosphate,  with  a  little  carbonate;  from  35  to  35  per  eeal.  of  subphosphate 
of  lime;  5  or  6  of  the  magnesian  phosphate  of  ammonia;  more  or  less  oxalates  from 
the  decomposition  of  the  uric  acid,  and  3  to  5  per  cent,  of  fixed  alkaline  salts. 

F.  The  CAilitm  GucHW  gathered  on  the  coast,  already  adverted  to,  contained  a  remarka- 
ble proportion  of  common  sal'.,  derived  probably  from  the  sea  spray. 

The  following  is  the  general  report  of  the  chemical  examination  of  teveral 
samples  of  guano,  which  I  made  for  Messrs.  Gibbs  of  London,  and  Messrs.  Myers  of 
Liverpool  :— 

"  In  these  various  analyses,  performed  with  the  greatest  care,  and  with  the  aid  of  the 
most  complete  apparatus  for  both  inorganic  and  oi^anic  analysis,  my  attention  has  been 
directed,  not  only  to  the  constituents  of  the  enano  which  act  as  an  immediate  manure, 
but  to  those  which  are  admitted  by  practical  farmers  to  impart  durable  fertility  to  the 
grounds.  The  admirable  researches  of  Professor  Liebig  have  demonstrated  that  Azote, 
the  indispensable  element  of  the  nourishment  of  plants,  and  especially  of  wheat  and 
others  abounding  in  gluten  (an  azotized  product),  must  be  presented  to  them  in  the  state 
of  ammonia^  yet  not  altogether  ammonia  in  the  pure  or  saline  form,  for,  as  such,  it  is 
too  readily  evaporated  or  washed  away;  but  'n  the  dormant,  or  as  one  may  say,  in  the 
poteniiat  condition  in  contradistinction  from  t.xc  aclual.  Genuine  Peruvian  and  Bolivian 
guanos,  like  those  which  I  have  minutely  analyzed,  surpass  very  far  all  other  species 
of  manure,  whether  natural  or  artificial,  in  tKe  quantity  of  potential  ammonia,  and, 
therefore,  in  the  permanency  of  their  action  upon  the  roots  of  plants,  while,  in  conse 
Huenee  of  the  ample   store  of  actual  ammonia  which  they  contain  ready  formed,  Ihej 
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ice  q^ualifled  to  gire  immediate  vi^or  to  vegetation.  Ura 
consideralile  porlion  of  Ihe  azotized  organic  matler  in  well-preserved  guano;  il  is 
nearly  insoluble  in  water,  net  at  all  volatile,  and  is  callable  of  yielding  to  the  soil,  by 
its  slow  decomposition,  nearly  one  third  of  its  weight  of  ammonia.  No  other  manure 
nan  rival  this  animal  saline  compound.  One  of  the  said  samples  tf  guano  aiforded  me 
no  less  than  17  per  cent,  of  potential  ammonia,  besides  4t  per  cent,  of  the  actual  or 
ready  formed;  others  from  7  to  8  per  cent,  of  ammonia  in  each  of  these  states  re 
apectively.  These  guanos  which  I  have  examined  are  the  mere  excrement  of  hirds, 
and  are  quite  free  from  the  sand,  earth,  clay,  and  common  salt,  reported  in  the  analyses 
of  some  Euanoa,  and  one  of  which  (sand)  to  the  amount  of  30  per  cent.  I  found  cayself 
n  a  sample  of  gonno  from  Chile. 

'  The  Peruvian  guano,  moreover,  contains  from  ID  to  25  per  cent,  of  phosphate  of 
lime,  the  sime  substance  as  bone-earth,  but  elaborated  by  the  birds  into  a  pulpy  con- 
sistence, which,  while  it  continues  insoluble  in  water,  has  heen  thereby  rendered  more 
readily  absorbable  and  digestible  (so  to  speak)  by  the  roots  of  plants.  I  have  there 
forp  no  doubt,  that  by  the  judicious  application  of  these  genuine  guanos,  mixed  with 
twice  or  thrice  their  weight  of  a  marly  or  calcareous  soil,  to  convert  their  phosphate  of 
ammonia  into  phosphate  of  lime  and  carbonate  of  ammonia,  as  also  to  dilute  all  their 
ammoniacal  compounds — such  crops  will  be  produced,  even  iin  sterile  lands,  as  the 
fanner  has  never  raised  upon  the  most  improved  soil  by  the  best  ordirary  manure.  To 
the  W  eat  India  planter,  guano  will  prove  the  greatest  boon,  since  it  condenses  in  a 
portable  and  inoffensive  shape  the  means  of  restoring  fertility  to  his  exhausted  cane 
helds,  a  benefit  il  has  long  conferred  on  the  poorest  districts  of  Peru. 

"  I  respectfully  observe,  that  no  analysis  of  guano  hitherto  made  public  at  all  ex- 
hibits the  value  of  the  cargoes  referred  to  above,  while  none  gives  the  quantity  of 
ammonia  dormant  in  the  azotized  animal  matter  of  the  birds'  dung,  wliich,  called  into 
activity  with  the  seeds  in  the  soil,  becomes  the  most  valuable  of  its  constituents,  as  a 
source  of  perennial  fertility.  In  the  detailed  account  of  my  analyses  of  this  comples 
excretion  {now  preparing  for  publication),  all  the  above  statements  will  be  bionghl 
within  the  scope  of  general  comprehension.  T  shall  also  describe  my  '  ammonia  gene- 
rator,' based  on  the  process  invented  in  the  laboratory  ofProfessor  Liebig,  and  also  my 
'ammonia  meter,' which,  together,  can  detect  and  measure  one  hundredth  part  of  a 
grain  weight  of  absolute  ammonia,  whether  potential  or  actual,  in  any  sample  of 
guano. 

"  Meanwhile  the  following  may  be  oflered  as  the  average  result  of  my  analyses  of 
eenuine  guano  in  reference  toils  agricultural  value  : — 

"  1,  Azotized  animal  matter,  including  urate  of  ammonia,  to- 
gether capable  of  affording  from  8  to  16  per  cent,  of 
ammonia  by  slow  decomposition  in  the  soil  -  -  50 

2.  Water 8  to  11 

3.  Phosphate  oflime 12  to  25 

4.  Phosphate  of  ammonia,  sulphate  of  ammonia,  ammonia- 

phosphate  of  magnesia,  together  containing  from  5  to 
9  parts  of  ammonia  -  -  -  -  -  13 

h.  Siliceous  sand  -  -  -  -  -  -     1 

100 
actual  and  less  potential  ammonia  than  the 
"Andrew  Ube. 


Dellacher's  analysis  of  a  brownish  yeEow  guano  i3  as  follows  [see  top  of  next 
page]  :— 

I  am  satisfied  from  its  large  proportion  of  oxalate  of  ammonia,  that  the  sample  thrt 
analyzed  was  ay  no  means  a  fair  or  normal  specimen  of  guano  ;  and  it  is  in  fact  wiaely 
Jifferent  from  all  the  fresh  samples  which  have  passed  through  my  hands.  It  is 
■Jfcscribed  as  "  knobby,  being  mixed  with  light  laminated  crystalline  portions,  in  while 
grains,  from  the  size  of  a  pea  to  that  of  a  paeon's  egg."  Having  some  lumpy  conere 
lions  of  a  similar  aspect  in  my  possession,  I  submitted  them  to  chemical  examination. 

G.  1,000  grains  being  digested  in  boiling  water  and  strained,  afforded  a  nearly  color- 
less solution.  This  was  concentrated  till  crystals  of  oxalate  of  ammonia  appeared.  It 
was  then  acidulated  with  hydrochloric  ocid,  to  protect  the  phosphoric  acid  from  pre- 
cipitation, and  next  treated  carefully  with  a  solution  of  nitrate  oflime  equivalent  to  the 
Dxalic  acid  present.  The  oxalate  of  lime  thus  obtained  being  converted  into  carbonate 
weighed  80-5  grains,  corresponding  to  100  of  oialat:  of  ammonia,  being  10  per  cent, 
of  the  we'ght  of  the  guano. 
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:.  Oxalate  of  ar 
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!.  Phosphate  of 
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i.  Phosphate  of  iimi 

■,  Muriate  of  ammo 

I.  Chloride  of  sodiu 

I.  Carbonate  of  a 

).  Carbonate  of  lime 

I.  Sulphate  of  potash 

!.  Sulphate  of  soda 

t.  Huinate  of  ammonia 

I,  Substance  resembling  w 

>.  Sand 

i.  ■Water  (hygroscopic) 

?.  Undefined  organic  malt 
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-  11-63 
.  20-16 


100-00 
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The  liqnor  filtered  from  the  oxalate  was  precipitated  by  nitrate  ;  *  barytes^anil 
afforded  !12  grains  of  sulphale  of  harytes=38  sulphuric  acldr  and  C.e  last  filfrate 
being  mixed  with  a  given  measure  of  ferric  acetate,  and  the  mixture  supersaturated 
with  ammonia,  yielded  suhphospbate  of  iron,  equivalent  to  5  per  cent  of  phosphoric 
acid.  I  digested  with  heat  other  500  grains  of  the  same  guano  in  a  -weak  solnlion  of 
borax,  filtered,  acidulated  the  liquid,  but  obtained  merely  a  trace  of  uric  acid.  It  is 
clear  thecefote  that  the  oxalate  of  ammonia  had  been  formed  in  this  guano  at  the 
espenae  of  the  nric  acid,  and  that  its  concreted  stale,  and  the  cryslalliae  nodules  dis- 
Beminaled  through  it,  were  the  result  of  transformation  by  moisture  in  a  hot  climate, 
which  had  agglomerated  it  to  a  density  of  1-75  ;  whereas  clean  fresh  guano,  friable  and 
dry  like  the  above,  is  seldom  denser  than  1-65.  The  guano  contained  only  3-23  of 
aiamonia ;  65  of  insoluble  matter,  53  of  earthy  phosphates,  5  silica,  3  oltaline  sails 
tfixed),  and  7  organic  matter. 

Oxalate  of  ammonia,  being  readily  mashed  away,  it  is  a  bad  substitute  for  the  urala 
of  ammonia,  urea,  and  azotized  animal  matter,  which  it  has  replaced,  Oellacher 
could  find  no  urea  in  the  guano  which  he  analyzed  ;  another  proof  of  its  dis- 
integration. 

Bartel's  analysis  of  a  brown-red  guano  is  as  follows  ; — 

1.  Murialeofammonia        -        -  ....      6-500 

2.  Oxalate  of  ammonia        -        -                 .        .        -        -     13-351 
3    Ura         ammonia 3-244 

P        h  ammonia 6-450 

b  sembling  was  and  jcsin       .        .        -        -       :-600 

6         ph  potash  -------       1-277 

h  oda l-li9 

R    P      ph  soda  -        -        - 5-291 

9    Ph      h  lime 9-940 

P        h  ammon'a  and  magnesia  -        -        -      4-196 

11.  Common  salt  .        - 0-100 

12.  Oxalate  of  lime  16-360 

13.  Alumina 0-104 

14.  Sand  insoluble  in  nitric  acid,  aad  iron      -        .        -        .      5-800 

15.  Loss  (water  and  volatile  ammonia  and  undefined  organic 

matter) 22'*18 

iOO-000 
Voelckel,  in  his  analysis  of  guano,states  7  percent,  of  oxalate  orime— a  result  quite 
ii  variance  with  all  my  experience— for  I  have  never  found  so  much  as  2  per  cent,  of 
carbonate  of  lime  in  the  washed  and  gently  ignited  insoluble  matter ;  whereas,  according 
lo  Bartels  and  Voelckel,  from  10  to  5  per  cent,  of  carbonate  should  be  obtained,  as  the 
equivalents  of  the  proportions  of  the  oxalate  assigned  by  Ihem, 

All  theseanalysesaredcfectivemoreoverinnot  showing  the  total  quantity  of  ammonia 
which  the  guano  is  capable  of  giving  out  in  the  soil ;  and  since  it  appears  that  the  freshest 
guano  abounds  most  in  what  I  have  called  polenlial  ammonia,  it  must  nossess  of  con- 
jequence,  the  greatest  fertilizing  virtue. 
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A  eample  of  decayed  ifai-i-irowK  moiet  guano  from  Chile,  being  esamiiied  aa  above 
deEcribed,  for  osnJate  of  ammonia,  was  found  to  contain  none  wliatever ;  and  it  contained 
less  than  1  per  cent  of  uric  acid. 

H.  An  article  offered  (o  the  public,  by  advertisement,  as  Peruvian  guano,  was  lately 
Bent  to  me  for  analysis.    I  found  it  to  be  a  spurious  composition ;  it  consisted  of — 
1.  Common  salt       ......     g^o 

3.  Common  siliceous  sand    -  -  -  .  .    230 
8.  Sulphate  of  iron  or  copperas       -            -            -  -      5-2 

4.  Phosphate  of  lime  .....      40,  ■with 
5-  Organic  matter  from  bad  guano,  io.  (to  ^ts  it  smell)         23'3 

6.  Moisture  -  -  -  .  -      I'S 

1000 
Geouine  guano,  when  burned  apon  a  red  hot  shovel,  leaves  a  wliite  ash  of  phos' 
phate  of  lime  and  magnesia ;  whereas  this  factitious  substnuce  left  a  black  fused  mass 
of  sea  salt,  copperas,  ajid  sand.  The  specific  gravity  of  good  fresh  guano  is  seldom  moia 
than  1-66,  water  being  100 ;  whereas  that  of  the  said  substanoe  was  bo  high  as  2'17 
proiluced  by  the  salt,  sand,  and  oopperas, 

GUM  (Gomme,  Pr.  j  Gammi,  PjlametachMm,  Germ.)  -S  the  name  of  a  proiimale 
vegetable  product,  which  forms  with  water  a  slimy  solution,  but  is  insoluble  in  alcohol, 
ether,  and  oils ;  it  is  convened  by  strong  sulphuric  acid  into  oxalic  and  mucic  acids. 

Tfiere  are  six  varieties  of  gum  :  I.gumarabic;  2.  gum  Senegal;  3  gum  of  the  cherry 
and  other  stone  fruit  trees  :  4.  gum  Iragacanlb  ;  5.  gum  of  Sassora;  6.  Ihe  gum  of  seeds 
and  roots.  The  first  five  spontaneously  flow  from  the  branches  and  trunks  of  iheir  trees, 
and  sometimes  from  the  fruits,  in  the  form  of  a  mucilage  which  dries  and  hardens  in  the 
air.    The  sixth  kind  is  extracted  by  boiling  water. 

Gum  arable  and  gum  Senegal  consist  almost  wholly  of  the  purest  gum  railed  arabhe  by 
Ihe  French  chemists  ;  our  native  fruit  trees  contain  some  cerasine,  along  with  a'ab' 
the  gum  of  Sassora  and  gum  Iragacanlh  consist  of  arahine  and  bassorine. 

Gum  arabic  Hows  from  the  acacia  arabica,  and  the  acacia  txra,  which  g  ow  p  n  he 
banks  of  the  Nile  and  in  Arabia.  It  occurs  in  commerce  in  the  form  of  mall  p 
rounded  upon  one  side  and  hollow  upon  the  other.  It  is  transpsreriti  w  Ih  ut  n  11 
brittle,  easy  to  pulverize,  sometimes  colorless,  sometimes  with  a  yellcw  b  mn  h 
lint.  It  nay  be  bleached  by  exposure  to  the  air  and  the  sun-beams,  at  the  t  mp  a  u  e 
of  boiling  water.  Its  specific  gravity  is  I-365.  Moistened  gutn  arabic  dd  n  1  m 
paper,  owing  to  the  presence  of  a  little  supermalate  of  lime,  which  may  b  m  d  by 
boiling  alcohol ;  it  shows  also  traces  of  the  chlorides  of  potassium  and  calcium,  and  the 
acetate  of  potash.  100  parts  of  good  gum  contain  70-40  of  arahine,  17-60  of  water, 
with  a  few  per  cents,  of  saline  and  earthy  matters.  Gum  arabic  is  used  in  medicine,  as 
also  to  give  lustre  to  crapes  and  other  sillt  Stuffs, 

Gum  levegal  is  collected  by  the  negroes  during  the  month  of  Noveml)er,  from  the 
acacia  leaegal,  a  tree  IS  or  SO  feet  high.  It  comes  to  us  in  pieces  about  the  size  of  a 
partridge  egg,  but  sometimes  larger,  with  a  hollow  centre.  lis  specific  gravity  is  1-436. 
It  consists  of  8M0  arabine;  16-10  water;  and  from  2  to  3  of  saline  matters.  The 
chemical  properties  and  uses  of  this  gum  are  the  same  as  those  of  gum  arabic.  It  is 
much  employed  in  calico-priming. 
Cherry-tree  ptm  consists  of  52-10  arabine;  54-90  cerasine ;   I2wateri  and  1  saline 

Glim  iriigacantk  is  gathered  abort  die  end  of  June,  from  the  astragalus  tragacaniha 
of  Crete  and  the  surrounding  islands.  It  has  the  appearance  of  twisted  ribands ;  is  while 
or  reddish ;  nearly  opaque,  and  a  little  ductile.  It  is  difficult  to  pulverize,  without  heat- 
ing the  mortar.  Its  specific  gravity  is  1-3B4.  When  plunged  in  water,  it  dissolves  in 
part,  swells  considerably,  and  forms  a.  very  thick  mucilage.  100  parts  of  it  consist  of 
53-30  arabine;  33-30  bassorine  and  starch;  Il-O  water;  and  from  2  to  3  parts  of  salins 
matters.    It  is  employed  in  calico  printing,  and  by  shoemakers. 

Gum.  of  Sassora  ;  see  Eassohike. 

Gum  of  suds,  as  linseed,  consists  of  52-70  arabine;  28-9  of  an  insoluble  matter;  lOJ 
water ;  and  7-11  saline  matter.  Neither  bassorine  nor  cerasine  seems  to  be  present  in 
seeds  and  roots.    For  Britisk  Gum,  see  Stahch. 

GUM  RESINS.  (Gomme-reai-aes,  Fr.;  Sckl^mhane,  Germ.)  When  incisions  are 
made  in  the  stems,  branches,  and  roots  of  certain  plants,  a  milky  juice  exudes,  which 
gradually  hardens  in  the  air;  and  appears  to  be  formed  of  resin  and  essential  oil,  beld 
suspended  in  water  charged  with  gum,  and  sometimes  with  other  vegetable  matters, 
such  as  caoutchouc,  bassorine,  starch,  wax,  and  several  saline  matters.  The  said  con- 
crete juice  is  called  a  gum-resin  ;  an  improper  name,  as  it  gives  a  false  idea  of  the  nature 
«f  the  substance.   They  are  all  solid  ;  heavier  than  water ;  in  general  opaque  and  brittle ; 
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many  have  an  send  taste,  and  a  etroDg  smeli ;  their  colour  ia  very  variable.  They  are 
partially  soluble  in  water,  and  also  in  alcohol;  and  the  solution  in  the  formor  Lquid 
seldom  bocomes  transparent  Almost  all  the  gum  resins  are  medicinal  substances,  and 
little  employed  in  tlie  arts  and  manufacfures.  The  following  ia  a  list  of  them :  assa- 
fcetida ;  gum  ammoniac;  bdellium;  euphorbium ;  galbanum;  gamboge;  myrrh;  oliba.- 
num  or  frankincense ;  opoponax ;  and  scammony.  Some  of  theao  are  described  in  thia 
wort  under  their  peculiar  names. 

GUMS.  Under  the  generic  name  Gum  eeveral  substances  have  been  claased,  which 
differ  essentially,  though  they  poBseas  the  following  properties  in  common;  viz.  form- 
ing a  thick  mucilaginous  liqmd  with  water,  and  being  precipitahle  from  that  solution 
by  alcohol.  Properly  spealime,  we  should  style  gums  only  such  substances  as  are  trans- 
formed mto  mocic  add  by  mtric  acid ;  of  which  bodies  there  are  Ibree :  1.  Arabine, 
which  constitutes  almost  the  whole  of  gum  arabic ;  3,  Baisorine.  which  forms  the  chief 
part  of  gum  tragacanfb;  and  S.  Cerasine,  which  occurs  in  cherry-tree  gum,  and  is  con- 
vertible into  gum  arabic  by  hot  water. 

1.  Gum  arabic,  in  its  ordinary  slate,  contains  17  per  cei  ra 
by  a  heat  of  213°  Fahr. 

2.  Cherry-tree  gum  consists  of  63  per  cent  of  arabine  an  "iim 
vhich  has  been  called  CerasiTte.  This  latter  substance  is  C'>  to  g 
ay  boiling  it  with  very  dilute  snlphoric  acid. 

GUNPOWDER.    ITie  following  memoir  upon  (his  sab 
the   Journal   of  the  Eoyal   Institution  for  October,  1830.  lai      tl 

several  careful  analytical   esperiraents,  as   also  of  observ  R 

Gunpowder   Works  at  Wnllham  Abbey,  and   at  some  mm  la 
neighbourhood  of  London. 

Odnfowdek  is  a  mechanical  combinaljon  of  nitre,  sul  ai  g 

the  intensity  of  its  explosiveness  from  the  purity  of  its  c 
which  they  are  mixed,  and  the  intimacy  of  the  admixture, 

I.  Oil  the  nilTt. — Niy'e  may  be  readily  purified,  by  aolul  w 

tion,  from  tlie  muddy  particles  and  foreign  salts  with  whic  al  m 

In  a  saturated  aqueous  solution  of  nitre,  boiling  hoi,  the  F 

the  relation  of  the  salt  to  its  solvent  is  in  weight  as  three  to       ,   y  my     p    im 
five  lo  one,  as  MM.  Bottee  and  Eiffault  have  stated.      We  must  not,  however,  ado|it  the 
general  lan?Ba?e  of  chemists,  and  saj  that  three  parts  of  nilre  are  solnble  in  one  of  boil- 
ing water,  since  the  liquid  has  a  much  higher  heat  and  greater  solvent  power  than  this 
expression  implies. 

Water  at  60°  dissolves  only  one  fourth  of  ite  weight  of  nitre;  or,  more  exactly,  this 
saturated  solution  contains  21  per  cent,  of  salt.  lis  specific  gravity  is  M415  ;  100  parts 
in  volume  of  the  two  constituents  occupy  now  97*91  parts.  From  these  data  we  may 
perceive  that  little  advantage  could  be  gained  in  refining  crude  nitre,  by  making  a  boiling' 
hot  saturated  solution  of  it;  since  on  cooling,  the  whole  would  concrete  into  a  moist 
saline  mass,  consisting  by  weight  of  2|  parts  of  salt,  mixed  with  1  pari  of  water,  holding 
\  of  salt  in  solution,  and  in  hulk  of  1|  of  salt,  with  about  1  of  liquid  ;  for  the  specific 
gravity  of  nitre  is  2'005,  or  Tcry  nearly  the  double  of  water.  It  is  better,  therefore,  to 
use  equal  weights  of  saltpetre  and  Water  in  making  the  boiling-hot  solation.  When  the 
filtered  liquid  is  allowed  to  cool  slowly,  somewhat  less  than  three  fourths  of  the  nitre  will 
separate  in  regular  crystals  i  while  the  foreign  salts  that  were  present  will  remain  wilh 
fully  one  fonrth  of  nitre  in  the  mother  liquor.  On  redissolving  these  crj'stals  wilh  heat, 
in  about  two  thirds  of  their  weight  of  water,  a  solution  will  result,  from  which  crystalline 
nilre,  lit  for  every  purpose,  wiil  concrete  on  cooling. 

As  the  principal  saline  impurity  of  saltpetre  is  muriate  of  soda  {a  substance  scarcely 
more  solnble  in  hot  than  in  cold  water),  a  ready  mode  thence  arises  of  separating  thai 
salt  from  the  nitre  in  mother  waters  that  contain  them  in  nearly  equal  proportion. 
Place  an  iron  ladle  or  basin,  perforated  with  small  holes,  on  the  bottom  of  the  boiler  in 
which  the  solution  is  concen  Ira  ling.  The  muriate,  as  it  separates  by  the  evaporation  of 
Ihe  water,  will  fall  down  and  fill  the  basin,  and  may  be  removed  from  time  lo  lime. 
When  small  needles  of  nitre  begin  lo  appear,  the  solution  must  be  run  ofl'  into  the  crys- 
tallizing cooler,  in  which  moderately  pure  nilre  will  be  obIained,'lo  he  refined  by  another 
similar  operation. 

At  the  Waltham  Abbey  gunpowder  works  the  nitre  is  rendered  so  pure  by  successive 
solutions  and  crystallizations,  that  it  causes  no  opalescence  in  a  solution  of  nitrate  of 
silver.  Such  crystals  are  dried,  fused  in  an  iron  pot  al  a  temperature  of  from  500°  10 
600°  P.,  and  cast  into  moulds.    The  cakes  are  preserved  in  casks. 

About  the  period  of  1794  and  1795,  under  the  pressure  of  the  first  wars  of  their 
revolution,  the  French  chemists  employed  by  Ihe  government  contrived  an  expeditious, 
economical,  and  sufiidenlly  effective  mode  of  purifying  their  nitre.  It  must  be  observed 
.iiat  this  salt,  as  brought  to  the  gunpowder-works  in  France,  is  in  general  a  much  cruder 
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sriicle  than  Ihut  imported  into  this  country  rrom  India.  It  is  extracted  from  Vh 
nitrous  Baits  conlained  in  the  mortar-rubbish  of  old  buildings,  especially  those  of  the 
lowest  and  filthiest  descriptions.  By  their  former  melhods,  the  French  could  not  refine 
their  nitre  in  less  time  than  eight  or  ten  days  {  and  the  salt  was  obtained  in  great  lumiis, 
very  difficult  lo  dry  and  divide  ;  whereas  the  new  process  was  so  easy  and  so  quick,  that 
in  less  than  Iwenty-four  hours,  at  one  period  of  pressure,  the  crude  saltpetre  was  con- 
verted into  a  pure  salt,  brought  to  perfect  dryness,  and  in  such  a  state  of  eslremc  division 
fts  lo  supersede  the  operations  of  grindins;  and  sifting,  whence  also  considerable  waste 

The  following  is  a  brief  outline  of  this  method,  with  certain  improvements,  as  now 
practised  in  the  eslablishinent  of  the  ^dirdnistratiim  des  poadres  et  taltpeires,  in  France. 

The  refining  boiler  is  charged  over  night  with  600  kilogrammes  of  waler,  and  120C 
kilogrammes  of  saltpetre,  as  delivered  by  the  salpStriers,  No  more  fire  is  applied  than 
is  adequate  to  effect  the  solution  of  this  first  charge  of  sallpelre.  It  may  here  be  observed, 
that  such  an  article  contains  several  deliquescent  Bijts,  and  is  much  more  soluble  Ihao 
purs  uilre.  On  the  morrow  morning  the  fire  is  increased,  and  the  boiler  is  charged  at 
different  intervals  with  fresh  doses  of  saltpetre,  till  the  whole  amounts  lo  3000  kilo- 
grammes. During  these  additions,  care  is  taken  to  stir  the  liquid  very  diligently,  and  tc 
skim  off  the  froth  as  it  rises.  When  it  has  been  for  some  time  in  ebullition,  and  when  it 
may  be  presumed  that  the  solution  of  the  nitrous  salts  is  effected,  the  muriate  of  sodn  is 
scooped  out  from  the  bottom  of  the  boiler,  and  certain  affuSions  or  inspersions  of  coid 
water  are  made  into  the  pot,  to  quicken  the  precipitation  of  that  portion  which  the  boiling 
motion  may  have  kept  afloat.  When  no  more  is  found  to  fall,  one  kilogramme  of  Flinders 
glue,  dissolved  in  a  sufficient  quantity  of  hot  water,  is'  poured  into  the  boiler ;  the  mix- 
ture is  thoroughly  worked  together,  the  froth  being  skimmed  off,  with  several  successive 
inspersions  of  cold  water,  till  400  additional  kilogrammes  have  been  introduced,  consti- 
tuting altogether  1000  kilogrammes. 

When  the  refining  liquor  affords  no  more  froth,  and  is  grown  perfectly  clear,  all  manip- 
ulation must  cease.  The  fire  is  withdrawn,  with  the  exception  of  a  mere  kindling,  so  ai 
to  maintain  the  temperature  till  the  next  morning  at  about  SS°  C.  —  190'4  F. 

This  liquor  is  now  transferred  by  hand-basins  into  the  crystallizing  reservoirs,  taking 
care  to  disturb  the  solution  as  little  as  passible,  and  to  leave  untouched  the  impure 
matter  at  the  bottom.  The  contents  of  the  long  crystallizing  cisterns  are  stirred  back- 
wards and  forwards  with  wooden  paddles,  in  order  lo  quicken  the  cooling,  and  the 
consequent  precipitation  of  the  nitre  in  minute  crystals.  These  are  raked,  as  soon  as  they 
fall,  to  the  upper  end  of  the  doubly-inclined  bottom  of  the  crystallizer,  and  Ihence  re- 
moved to  the  washing  chests  or  boxes.  By  the  incessant  agitation  of  the  liquor,  no  large 
crystals  of  nitre  can  possibly  form.  When  the  lemperatnre  has  fallen  lo  within  7"  or  8' 
F.,  of  the  apartment,  thai  is,  alter  seven  or  eight  hours,  all  the  saltpetre  that  it  can  yieid 
will  have  been  obtained.  By  means  of  the  double  inward  slope  given  to  the  crystallizer, 
the  supernatant  liquid  is  collected  in  the  middle  of  the  breadth,  and  may  be  easily  laded 

The  saltpetre  is  shovelled  out  of  the  crystallizer  into  the  washing  chests,  and  heaped 
up  in  them  so  as  to  stand  about  six  or  seven  inchn  above  their  npper  edges,  in  order  to 
allow  for  the  subsidence  which  it  must  experience  in  the  washing  process.  Each  of  these 
chests  being  thus  filled,  and  (heir  bottom  holes  being  closed  with  plugs,  the  salt  is  be- 
sprinkled from  the  rose  of  a  watering-can,  with  successive  quantities  of  water  saturated 
with  saltpetre,  and  also  with  pure  water,  tUl  the  liquor,  when  allowed  lo  run  off,  indicates 
by  the  hydrometer,  a  satnraled  solution.  The  water  of  each  sprinkling  oiight  to  remain 
Ml  the  sail  for  two  or  three  hours ;  and  then  it  may  be  suffered  to  drain  off  through  the 
plug-holes  below,  for  about  an  hour. 

All  the  liquor  of  drainage  from  the  first  watering,  as  well  as  a  portion  of  the  second, 
is  set  aside,  as  being  considerably  loaded  with  the  foreign  salts  of  the  nitre,  in  order  lo 
he  evaporated  in  the  sequel  with  the  mother  waters.  The  last  portions  are  preserved, 
because  they  contain  almost  nothing  but  nitre,  and  may  therefore  serve  to  wash  another 
ioseof  Ihat  salt.  It  has  been  proved  by  experience,  that  Ihe  quantity  of  water  employed 
in  washing  need  never  exceed  tiiirty-six  sprinklings  in  the  whole,  composed  of  three 
waterings,  of  which  the  first  two  consist  of  fifteen,  and  the  last  of  six  pots  =  3  gallons  E.; 
or  in  otlier  words,  of  fifteen  sprinklings  of  water  saturated  with  saltpetre,  and  twenty- 
one  of  pure  water. 

The  saltpetre,  after  remaining  five  or  six  days  in  the  washing  chests,  is  transported  into 
ttie  drying  reservoirs,  healed  by  Ihe  flue  of  the  nearest  boiler ;  here  it  is  stirred  up  from 
lime  to  lime  with  wooden  shovels,  to  prevent  its  adhering  to  the  bottom,  or  running  into 
lumps,  as  well  as  to  quicken  the  drying  process.  In  the  course  of  about  four  hours,  it 
gets  completely  dry,  in  which  slate  il  no  longer  slicks  to  the  shovel,  but  falls  down  into  a 
loft  powder  by  pressure  in  the  handi  and  is  perfectly  white  and  pulverulent.      Il  is  now 
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passed  I?irough  a  brass  sieve,  lo  separale  anysinsll  lumps  or  foreign  particles  accidealallj 
present,  anil  is  Itien  packed  up  in  t>ags  or  barrels.  Even  iu  tlie  shortest  winter  days,  the 
drying  tasin  may  be  twice  charged,  so  as  to  dry  700  or  800  kilogramme B.  By  this  ope- 
ration, the  nett  produce  of  3000  kilogrammes  < 3  tons)  thns  refined,  amounts  lo  froia 
1750  to  ISOO  kilogrammes  of  very  pure  nitre,  quite  ready  for  the  mo-infaeture  of  gun- 

The  moiher  waters  ate  ncit  concentrated ;  but  into  their  management  il  is  needless  to 

On  reviewing  the  above  process  a 
revolntionary  crisis,  its  conductors  tr, 
with  a  brief  period  of  drainag;e. 

a.  On  the  sulphur. — The  sulphur  now  imported  into  Ibis  country,  from  the  volcanic 
districts  of  Sicily  and  Itnly,  for  our  manufactories  of  sulphuric  acid,  is  much  purer  than 
the  sulphur  obtained  by  artificial  heat  from  any  varieties  of  pyrites,  and  may,  therefore, 
by  simple  processes,  be  rendered  a  fit  constituent  of  the  best  Etnpowdef,  As  it  is  not 
my  purpose  here  lo  repeat  what  may  be  found  in  common  chemical  compilations,  I  iLoU 
say  nothing  of  the  sublimation  of  sulphur  ;  a  process,  moreover,  much  too  wasteful  for 
the  gunpowder-maker. 

Sulphur  may  be  most  easily  analyzed,  even  by  the  manufacturer  himself  i  for  I  find  it 
to  he  soluble  in  one  tenth  of  its  weight  of  boiling  oil  of  turpentine,  Qt  SIS'  Fahrenheit, 
forming  a  solution  which  remains  clear  at  J80'.  As  it  cools  to  the  atmospheric  tempera- 
lure,  beautiful  crystalline  needles  form,  which  may  be  washed  sufficiently  with  cold  alco- 
hol, or  even  tepid  water.  The  usual  impurities  of  the  sulphur,  which  are  carbonate  and 
sulphate  of  xinc,  oxyde  and  sulphuret  of  iron,  sulpharet  of  arsenic  and  silica,  will  remain 
unafFected  by  the  volatile  oil,  and  may  be  separately  eliminated  by  the  curious,  though 
!uch  separatifn  is  of  little  practical  importance. 

Two  modes  of  refining  sulphur  for  the  gunpowder  worlis  have  been  employed ;  the 
Arst  is  by  fusion,  the  second  by  distillalion.  Since  the  combustible  solid  becomes  b3 
limpid  as  water,  at  the  temperature  of  about  330°  Fahrenheit,  a  ready  mode  oflers  of 
lemoving  at  once  its  denser  and  lighter  impurities,  by  subsidence  and  skimming.  But 
I  may  take  the  liberty  of  observing,  that  the  French  melting  pot,  as  described  in  the 
elaborate  Work  of  MM.  Bollee  and  Kifi"ault,  is  singularly  ili-contiived,  for  the  fire  is 
kindled  right  under  it,  and  plays  on  its  bottom.  Now  a  pot  for  subsidence  ought  lo  be 
cold  setj  that  is,  should  have  its  bottom  part  imbeEided  in  clay  or  mortar  for  four  or  six 
inches  up  the  side,  and  be  exposed  lo  the  circulating  Same  of  the  fire  only  round  its 
middle  zone.  This  arrangement  is  adopted  in  many  of  our  great  chemical  works,  and 
is  found  10  be  very  advantageous.  With  such  a  boiler,  judiciously  heated,  I  believe 
that  crude  sulphur  might  be  made  remarkably  pure  i  whereas  by  directing  the  heal 
against  the  bottom  of  the  vessel,  the  crudities  are  tossed  up,  and  incorporated  with  the 

The  sulphur  of  commerce  occurs  in  three  prevailing  colors ;  lemon  yellow  veiling  on 
green,  dark  yellow,  and  brown  yellow.  As  these  difierent  shades  result  from  the  differ- 
ent  degrees  of  heat  lo  which  it  has  been  exposed  in  its  original  extraction  on  the  great 
scale,  we  may  thereby  judge  lo  what  point  it  may  still  be  healed  anew  in  the  refinery 
melting.  Whatever  be  the  actual  shade  of  the  crude  article,  the  art  of  the  refiner  con- 
sists in  regulating  the  heat,  so  that  afler  the  operation  it  may  possess  a  bril'iant  yellow 
hoe,  inclining  somewhat  to  green. 

In  seeking  to  accomplish  this  purpose,  the  sulphur  should  first  be  soried  according  lo 
its  shades;  and  if  a  greenish  variety  is  lo  be  purified,  since  this  kind  has  been  but  little 
heated  in  ils  extraction,  the  fusion  may  be  urged  pretty  smartly,  or  the  lire  may  be  kept 
up  lili  everything  is  melted  but  the  uppermost  layer. 

Sulpt)^'  of  a  strong  yellow  tinge  cannot  bear  so  great  a  hear,  and  Uierefoje  the  fire 
must  be  wilhdrawn  whenever  three  fourths  of  the  whole  mass  have  been  melled. 

Broivn-coiored  brimstone,  having  been  already  somewhat  scorched,  should  be  healed 
as  little  as  possible,  and  the  fire  may  be  removed  as  soon  as  one  half  of  the  mass  is 

Instead  ol  melting,  separately,  sulphurs  of  diiferent  shades,  we  shall  obtain  a  belter  re- 
sult by  first  filling  uj  the  pot  to  iialf  ils  capacity,  with  the  greenish- colored  article,  pulling 
over  this  layer  one  iiuarter  volume  of  the  deep  yellow,  and  filling  il  to  the  brim  with 
ihe  brown-colored.  The  fire  must  be  extinguished  as  soon  as  the  yellow  is  fused.  The 
pot  must  then  be  closely  covered  for  some  lime;  after  which  the  lighter  impuri lies  will  ht 
found  on  the  surface  in  a  black  froth,  which  is  skimmed  oif,  and  the  heavier  ones  sink 
to  the  bottom.  The  sulphnr  ilself  must  be  left  in  the  pot  for  ten  or  twelve  houis,  afltr 
h'  h  ■   ■   lad  d    u   'n     di     rj    alJz'ng  bo       oak 

D        an  all    dame      mp        and  n  m   al  means  of  purifying  sulphur, 

w      hwafi  rodednohFnhgpwd      estnblishments,  when    their 

mp  a  a  of  h  b  I  ahan  and  dan  u  ph  nas  obstructed  by  the  British 
na         H         heupunedn        m  wna  rare  vapor;  and  be  deposiird 
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■n  a  puhenilenl  form  (ailed  flowers ;  for  Ihe  only  object  of  the  refiner  is  lo  bring  ovei 
the  whole  of  the  pure  snlphur  into  his  condensing  chamber,  and  lo  leave  all  its  crudities 
'a  the  body  of  the  still.  Hence  a  strong  fire  is  applied  to  elerale  a  denser  mass  of 
vapors,  of  a  yellowish  color,  which  passing  over  inlo  the  condenser,  are  deposited  in 
a  liquid  stale  on  its  bottom,  whilst  only  a  few  lighter  particles  attach  themselves  to  the 
upper  and  lateral  surfaces.  The  refiner  must  therefore  gite  to  the  heat  in  this  opera- 
tion very  considerable  intensity;  and,  at  some  leight  above  the  edge  of  the  boiler,  he 
should  provide  an  inclined  plane,  which  maj  let  the  firel  ebnllition  of  the  sulphur  over- 
Gow  into  a  safety  recipient.  The  condensing  chamber  should  be  hot  enough  lo  main- 
tain the  distilled  sulphur  in  a  fluid  slate — an  object  most  readily  procured  by  leading 
the  pipes  of  several  distilling  pots  inlo  it ;  while  the  conlinaity  of  the  operations  is  se- 
cured,  by  charging  each  of  the  stills  alternately,  or  in  succession.  The  heat  of  the  re- 
ceiver must  be  never  so  high  as  lo  bring  the  sulphur  to  a  sirupy  consistence,  whereby  its 
color  is  darkened. 

In  the  sublimation  of  sulphur,  a  pot  containing  about  4  cwls.  can  be  worked  off  only 
onee  in  Iwenty-four  hours,  from  the  requisite  moderation  of  its  temperature,  and  the  pre- 
caution of  an  inclined  plane,  which  restores  (o  it  the  accidental  ebullitions.  But,  by  dis- 
tillation, a  pot  conlaming  fully  ten  cwts.  may  complete  one  process  in  nine  hours  al  most, 
with  a  very  considerable  saving  of  fuel.  In  the  former  plan  of  procedure,  an  interval 
must  elapse  between  the  successive  charges ;  but  in  the  latter,  tiie  operation  must  be 
continuous  to  prevent  Uie  apparatus  from  gelling  cooled;  in  sublimation,  moreover,  where 
communication  of  atmospheric  air  to  Ihe  condensing  chamber  is  indispensable,  explosive 
combustions  of  the  sulphurous  vapors  frequently  occur,  with  a  copious  production  of  suU 
phurous  acid,  and  correspondent  waste  of  the  sulphur ;  disadvantages  from  which  the  dia- 
tillalory  process  is  in  a  great  measnre  exempt. 

I  shall  here  describe  briefly  the  form  and  dimensions  of  the  distilling  apparatus 
employed  al  Marseilles  in  purifying  solphnr  for  the  national  gunpowder  works,  which 
was  found  adequate  to  supply  the  wants  erf"  Napoleon's  great  empire.  This  apparatus 
consists  of  only  two  stiU-pots  of  cast  iron,  formed  like  the  large  end  of  an  egc;,  each 
about  three  feet  in  diameter,  two  feet  deep,  and  nearly  half  an  inch  thick  at  the  bottom, 
but  much  thinner  above,  with  a  horizontal  ledge  four  inches  broad.  A  pot  of  good 
Kist  iron  is  capable  of  distilling  1000  toas  of  sulphur  before  it  is  rendered  unserviceable, 
by  the  action  of  the  brimstone  on  its  substance,  aided  hy  a  strong  red  heal.  The  pot  is 
covered  in  with  a  slopingroof  of  masonry,  the  upper  end  of  which  abuts  on  the  brickwork 
of  the  vaulted  dome  of  condensation.  A  large  door  is  formed  in  tlie  masonry  in  front 
of  the  mouth  of  the  pot,  through  which  it  is  charged  and  cleared  out ;  and  between  the 
roof-space  over  the  pot,  and  the  cavity  of  the  vault,  a  large  passage  is  opened.  At  the 
back  of  the  pot  a  stone  step  is  raised  to  prevent  the  sulphur  boiling  over  into  the  con- 
denser. The  vault  is  about  ten  feet  wide  within,  and  fourteen  feel  from  the  bottom  np  lo 
ihe  middle  of  the  dome,  which  is  perforated,  and  carries  a  chimney  about  twelve  feet  high, 
and  twelve  feet  diameter  inside. 

As  the  dome  is  exposed  to  the  expansive  force  of  a  strong  heal,  and  to  a  very  con- 
siderable pressure  of  gases  and  vapors,  it  must  possess  great  solidity,  and  be  therefore 
hound  with  iron  straps.  Between  the  still  and  the  contiguous  wall  of  the  condensing 
chamber,  a  space  must  be  left  for  the  circulation  of  ait ;  a  precaution  found  by  experience 
indispensable  1  for  the  contact  of  the  fu/naces  woald  produce  on  the  wall  of  the  chamber 
such  a  heat  as  to  make  it  crack  and  form  crevices  for  the  liquid  sulphur  to  escape. 
The  sides  of  the  chamber  are  constructed  of  solid  masonry,  forty  inches  thick,  snr- 
mounted  by  a  brick  dome,  covered  with  a  layer  of  stones.  The  floor  is  paved  with 
tiles,  and  the  walls  are  lined  with  them  iip  to  the  springing  of  the  dome;  a  square 
hole  being  left  in  one  side,  furnished  with  a  strong  iron  door,  at  which  the  liquid 
sulphur  is  drawn  off  at  proper  intervals.  In  Ihe  roof  of  Ihe  vault  are  two  valve-holes 
covered  with  light  plates  of  sheet-iron,  which  turn  freely  on  hinges  at  one  end,  so  as 
to  give  way  readily  lo  any  sudden  expansion  from  within,  and  thus  prevent  dangerous 

As  the  chamber  of  condensation  is  an  oblong  square,  terminating  upwards  ip  vn  oblong 
vault,  it  consists  of  a  parallelopiped  below,  and  semi-cylinder  above,  having  the  IoIIgw- 
mg  dimensions: — 

Length  oflhe  parallelopiped  ....  IR|  feet 

Width  10* 

Height 7i 

fiadius  of  the  cylinder 5^ 

Height  or  length  of  semi-^rylinder  .        .        .  16| 

Whenever  the  workman  has  introduced  into  each  pot  its  charge  of  len  oi  iwelve  hun- 
jred  weight  of  crude  sulphur,  he  closes  the  chaining  doors  carefully  with  their  iron  plaiet 
and  cross-bars,  and  lules  them  tiiiht  with  loam.    He  then  kindles  his  fire,  and  makes  the 
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inlpliur  boil.  One  of  bis  first  duties  (and  tlie  lessl  neglect  in  its  discharge  ma,  occasion 
serious  accidents)  is  to  inspect  the  roof-valves  and  10  clean  (hem,  so  (hat  Ihey  may  play 
freely  and  give  way  to  any  expulsive  force  from  within.  By  means  of  a  cord  and  chain, 
connected  with  a  crank  attached  to  (he  valveSg  he  can,  from  lime  to  lime,  ascertain  their 
state,  wiihoui  mounting  on  Iheioof.  It  is  found  propel  to  work  one  of  the  pots  a  certain 
time  before  tire  is  applied  to  the  other.  The  more  steadily  vapors  of  sulphur  are  seen  to 
lesue  from  the  valreE,  the  less  atmospherical  air  can  elist  in  the  chpmber,  and  therefore 
the  less  danger  there  is  of  combustion.  But  if  the  air  be  cold,  with  a  sharp  north  wind, 
and  if  no  vapors  be  escaping,  Ihe  operator  should  stand  on  his  guard,  for  in  such  circom- 

As  soon  as  both  the  boilers  are  in  full  work  the  air  is  expelled,  the  fumes  cease,  and 
every  hazard  is  at  an  end.  He  should  bend  his  whole  attention  to  the  cutting  off  all  com- 
munication with  the  atmosphere,  securing  simply  the  mobility  of  the  valves,  and  a  steady 
vigor  of  distillation.  The  conclnsion  of  the  process  is  ascertained  by  introducing  his 
sounding-rod  into  the  pal,  through  a  small  orifice  made  for  its  passage  in  the  wall.  A 
new  charge  roust  then  be  given. 

By  the  above  process,  well  conducted,  sulphurs  are  brought  to  the  most  perfect  slalt 
of  purity  that  the  arts  can  require ;  while  not  above  four  parts  in  the  hundred  of  the  sul- 
prur  itself  are  consumed ;  the  crude,  incombustible  residuum  varying  from  five  to  eight 
pDils,  according  to  the  nature  of  the  raw  material.  But  la  the  sublimation  of  sulphur,  the 
frequent  combustions  inseparable  from  this  operation  carry  the  loss  of  weight  in  flowers  to 
about  twenty  per  cent.    See  Sulphuk,  for  a  figure  of  the  subliming  apparatus. 

The  process  by  fusion,  performed  at  some  of  the  public  works  in  this  country,  Joes 
not  afford  a  return  at  all  comparable  with  that  of  the  above  French  process,  though  a 
much  belter  article  is  operated  upon  in  England,  After  two  mellings  of  rough  sul- 
phur ^s  imparted  from  Sicily  or  Italy),  eighty-four  per  cent,  is  the  maximum  amount 
obtained,  the  average  being  probably  under  eighty  j  while  the  producliis  certainly  inferior 
in  rxuallty  to  that  by  distillation. 

3.  On  tite  charcoal. — Tender  and  light  woods,  capable  of  affording  a  friable  and  porous 
charcoal,  which  burns  rapidly  away,  leaving  the  smallest  residuum  of  ashes,  and  con- 
taining therefore  the  latest  proportion  of  carbon,  ought  to  be  preferred  for  charring  in 
gunpowder  works. 

After  many  trials  made  long  ago,  black  dogwood  came  to  be  preferred  to  every  plant 
for  this  purpose ;  but  modern  experiments  hive  proved  that  many  other  woods  afford  an 
equally  suitable  charcoal.  Thu  woods  of  black  alder,  poplar,  lime-tree,  horse-chestnut, 
and  chestnut-tree,  were  carbonized  in  exactly  similar  circumstances,  and  a  similar  gun- 
powder was  made  with  each,  which  was  proved  by  the  same  proof-morlar.  The  follow- 
ing results  were  obtained  ; — 


Poplar— mean  range 

Black  alder 

Lime 

Horse-chesti,at          -            -            .            - 
Chestnut-tree            .            -            .            - 

Toisea. 

Feel.              j 

113 
.10 

IK 
110 
109 

2  1 

t        1 

3  1 

By  subsequent  experiments,  confirmatory  of  the  above,  it  has  been  farther  found  that 
the  wJliow  presents  the  same  advantages  as  the  poplar,  and  ihat  several  shrubs,  such  as 
the  hazel-nut,  the  spindie-lrcee,  the  dogberry,  the  elder-tree,  the  common  sallow,  and 
some  others,  may  be  as  advantageously  employed.  But  whichever  wood  be  used,  we 
should  always  cut  it  when  full  of  sap,  and  never  after  it  is  deadj  we  shouhl  choose 
branches  not  more  than  five  or  six  years  old,  and  s'dp  Ihem  carefully,  because  the  old 
branches  and  the  bark  contain  a  larger  proportion  of  earthy  constituents.  The  branches 
ought  not  to  exceed  three  quarters  of  an  inch  in  thickness,  and  the  larger  ones  should  be 
divided  lengthwise  into  four,  so  that  their  pith  may  be  readily  burned  away. 

Wood  is  commonly  carbonized  in  this  country  into  gunpowder-charcoal  in  cast-iron 
cylinders,  with  their  axes  laid  horizontally,  and  built  in  brick-work,  so  Ihat  the  flame  of 
a  furnace  may  circulate  round  Ibem.  One  end  of  the  cylinder  is  furnished  with  a  door, 
for  the  introduction  of  the  wood  and  the  removal  of  the  charcoal ;  the  other  end  termi- 
nates in  a  pipe,  connected  with  aworm-tub  for  condensing  the  pyroligneous  acid,  and  giv- 
ing vent  to  the  carbureted  hydrogen  gases  that  are  disengaged.  Towards  the  end  of  the 
operation,  the  connexion  of  the  cylinder  with  the  pyroligneous  acid  cialem  ought  to  be 
cut  off,  and  a  very  free  eeress  opened  for  the  volatile  matter,  otherwise  ihe  charcoal  is 
apt  to  get  coated  with  a  fuliginous  varnish,  and  to  be  even  penetrated  ■Kir.h  condensable 
mttller,  which  materially  injure  its  qualities. 
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In  France,  the  wood  is  carbonEzed  for  the  punpomiler  works  rilher  in  oblong  vaulted 
ovens,  or  in  pils,  lined  with  brkk-work  or  cylinders  of  strong  sheet-iron.  In  either  case, 
the  heat  is  derived  from  the  imperfect  combustion  of  the  wood  itself  to  be  charred.  In 
f  encral,  the  ptodncl  in  charcoal  by  the  latter  method  is  from  16  to  i7  parts,  by  weight, 
from  100  of  wood.  Tlie  pit-procesa  is  supposed  to  afford  a  more  productive  relum,  and 
a  belter  article;  since  the  body  of  wood  is  m  h 
allowed  a  freer  escajie.    The  surface  of  a      od  m 

ening-.    See  Charcoal. 

The  charcoal  is  considered  fay  the  scientifi   m  ed 

inflaenliul,   by  its   flnctnaling   qualities,  m  g        w 

therefore,  it  onght  always   to   be  prepared      d  g 

directnr  of  the  powder  establishment.    If  i  b       k  mm 

at  first  with  water,  it  is  unsuitable  for  the  p  pa         C  ah 

close  vessel  by  exclusion  of  air,  and  aflerw  [  Imos)        ,      so  y 

from  three  to  four  per  cent,  of  moisture,  while  red-hot  charcoal  quenched  with  water  may 
lose  by  drying  twenty-nine  per  cent.  When  the  latter  sort  of  charcoal  is  used  for  gun- 
powder, a  deduction  of  weight  must  be  made  for  the  water  present.  But  charcoal  which 
has  remained  long  impregnated  with  moisluce,  constitutes  a  most  detrimental  ingredient 
of  gunpowder. 

4.  On  mixing  the  Cojii/i(iM)i/j  and  fortniag  the  P 

The  three  ingredients  Ihns  prepared  are  ready  for  manufa  gn  po 

They  are,  I.  Separately  ground  to  a  fine  powder,  which  is  paa  k 

sieves  or  bolting  machines.     2.  They  are  nflxed  tt^ether  in  pe         po 

Which  we  shall  afterwards  discuss.     3.  The  composition  is  then  w 

ciill,  which  consists  of  two  edge-stones  of  a  calcareous  kind,  turning  y  m  ans  of  a  hon 
iontal  shaft,  on  a  bed-slone  of  the  same  nalnre  ;  incapable  of  affording  sparks  by  col. 
lision  mitli  sieel,  as  sand-stones  would  do.  On  this  bed-slone  the  composition  is  spread, 
and  moistened  with  as  small  a  quantity  of  water  as  will,  in  conjunction  with  the  weight 
ol  the  revolving  stones,  bring  it  into  a  proper  body  of  cake,  but  by  no  means  into  a  pasty 
state.  Ths  line  of  contact  of  the  rolling  edge-atone  is  constantly  preceded  by  a  hard 
copper  scraper,  which  goes  round  with  the  wheel,  regnlarly  collecting  the  caking  mass, 
and  bringing  it  into  the  track  of  the  stone.  From  50  to  60  pounds  of  cake  are  usually 
worked  at  one  operation,  nnder  each  millstone.  When  the  mass  has  been  thoroughly 
kneaded  and  incorporated,  it  is  sent  to  the  corning-house,  where  a  separate  mill  is  em- 
ployed to  form  ths  cake  into  grains  or  corns.  Here  it  is  first  pressed  into  a  hard  firm 
mass,  then  broken  into  small  lumps;  after  which  the  corning  process  is  performed,  by 
placing  these  lumps  in  sieves,  on  each  of  which  is  laid  a  disc  or  fiat  cake  of  lignum  vitas. 
The  sieves  are  made  of  parchment  skins,  or  of  copper,  perforated  with  a  multitude  ol 
round  holes.  Several  sucli  sieves  are  fixed  in  a  frame,  which,  by  proper  machinery,  has 
such  a  motion  ^iven  lo  it  as  lo  malle  the  lignum  vitce  ninner  in  each  sieve  move  about 
with  considerable  velocity,  so  as  to  break  down  the  lumps  of  the  cake,  and  foitt  its  sub- 
stance through  the  holes,  in  grains  of  certain  sizes.  These  granular 'particles  are  after- 
wards separated  fr(\n  the  finer  dust  by  proper  sieves  and  reels. 

The  corned  powder  must  now  be  hardened,  and  its  rougher  angles  removed,  by  causing 
it  to  revolve  in  a  close  reel  or  cask  turning  rapidlyround  its  axis.  This  vessel  resemi  les 
somewhat  a  barrel-chum,  and  is  frequently  furnished  inside  with  square  bars  parallel  to 
its  axis,  lo  aid  the  polish  by  attrition. 

The  gunpowder  is  finally  dried,  which  is  now  done  generally  with  a  steam  heat,  or  in 
some  places  by  transmilling  a  current  of  air,  previoudy  heated  in  another  chamber,  over 
canvass  shelves,  covered  with  the  damp  grains. 

5,  On  ihe  proporlioa  of  the  Oynslilmnls. 

A  very  extensive  suite  of  experlm< 
:or  producing  the  best  gunpowder,  was  maoe 
Trench  chemists  and  artillerists,  in  1T94. 

Powders  in  the  five  following  proporiions  were  prepared : — 

I  K^.  Chjt™.!.       I       Sulphur. 

J  1  76  14  10  Gunpowder  of  Bale. 

'  2  76  12  12  Qimpowder  works  of  Grenelle. 

i  3  76  15  9  M.  Guylon  de  Morveau. 

1  4  77-35  13-44  I       9-24  Idem. 

I  5  77-5  Ifl  I      7-5  M.  Riifaull. 
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The  lesult  of  more  than  two  hundred  dischai^s  with  Ihe  prooPmortar  showed  lliBl 
the  first  and  third  gnnpowiierB  were  the  strongest;  and  (he  commissioners  in  conse- 
quence recommended  the  adoption  of  the  third  proportions.  But  a  few  years  Ihereafler 
it  was  thought  proper  lo  substitute  the  first  set  of  proportions,  which  had  been  fonnd 
equal  in  force  to  the  other,  as  they  would  have  a  belter  keeping  quality,  from  containing 
a  litlle  more  sulphur  and  less  charcoal.  More  recently  slili,  so  strongly  impressed  have 
Ibe  French  government  been  with  the  h^h  value  of  durability  in  gunpowders,  that  Ihey 
have  letumed  to  their  ancient  dosage  of  75  nitre,  I2|  charcoal,  and  12^  sulphur.  In 
this  miilure,  the  proportion  of  the  substance  powerfully  absorbent  of  moisture,  viz.,  the 
charcoal,  is  still  further  reduced,  and  replaced  by  the  sulphur,  or  the  conservative  ingre- 

If  we  inquire  how  the  masimum  gaseous  volume  is  lo  be  produced  from  the  chemical 
reaction  of  the  elements  of  nitre  on  charcoal  and  sulphur,  we  shall  find  it  lo  be  by  the 
generation  of  carbonic  osyde  and  snlphurous  acid,  with  the  disengagement  of  nitrogen. 
This  will  lead  as  to  the  following  proportions  of  these  constituents. 


1  prime  equivalent  of  nitre  - 
1                                  sulphur 
3                                  charcoal 

Hydroscn  =  1. 

r.rc.it 

102 
16 
J8 

75-00 
11-77 
13-23 

136 

100-00 

The  nitre  contains  five  primes  of  oxygen,  of  which  three,  combining  with  the  three  ol 
charcoal,  will_furniah  three  of  carbonic  oxyde  gas,  while  the  remaining  two  will  convert 
Ihe  one  prime  of  sulphur  into  snlphurous  acid  gas.  The  single  prime  of  nitrogen  is, 
therefore,  in  this  view,  disengaged  alone. 

The  gaseous  volume,  on  Ibis  supposition,  evolved  from  136  grains  of  gunpowder,  eqai 
valent  in  bulk  to  76^  grains  of  water,  or  to  three  tenths  of  a  cubic  inch,  will  be,  at  the 
atmospheric  temperature,  as  follows: — 


th    t  mp    ttture  of  the  gases  at 

d         t    this  volume  may  be 

!   d  nl  1      pwards  of  two  tliou- 


being  an  expansion  of  one  volume  int  7S7  3 
the  instant  of  their  combnslive  format  n  n 
safely  estimated  at  three  times  the  ab  m 

sand  limes  the  bulk  of  the  explosive  s  1  d 

But  this  theoretical  account  of  th  ga  d  1  p  d  d  n  t  ell  accord  with  tbe 
experimental  products  usually  assigned  Ih  ugh  th  e  a  p  b  bly  not  altogether  exact. 
Much  carbonic  acid  is  said  lo  be  disengaged,  a  1  rg  quanl  ty  of  n  trogen,  a  litlle  oxyde 
of  curbon,  sleam  o/jcaltr,  with  carlnirded  and  ijilphurete'i  kydTogen,  From  experiments 
to  be  presently  detailed,  I  am  convinced  that  the  amount  of  these  latter  products  printed 
in  italics  must  be  very  inconsiderable  indeed,  and  unworthy  of  ranking  in  the  calculation ; 
for,  in  Isct,  fresh  gunpowder  does  not  contain  above  one  per  cent,  of  water,  and  can 
therefore  yield  little  hydrogenaled  matter.  Mor  is  the  hydrogen  in  the  carbon  of  any 
eonsequence. 

It  is  obvious  that  the  more  sulphur  is  present,  the  more  of  the  dense  Eulphuroua  acid 
will  be  generated,  and  the  less  forcibly  explosive  will  be  the  gunpowder.  This  is  suf- 
ficiently confirmed  by  the  trials  at  Essonne,  where  the  gunpowder  that  contained  12  of 
sulphur  and  12  of  charcoal  in  100  parts,  did  not  throw  Ihe  proof-shell  so  far  as  thai 
which  contained  only  9  of  sulphur  and  15  of  charcoal.  The  conservative  property  is, 
however,  so  capital,  especially  fbr  the  supply  of  our  remote  colonies  and  for  humid  cli- 
mates, that  it  justifies  a  slight  sacrifice  of  slrenglh,  which  at  any  rale  mav  be  compen- 
■aled  by  a  small  addition  of  charge. 
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Table  of  Compoiilion  of  different  Gunpowikrs. 


Boyal  Mills  at  Wallham  Abbf  y  - 

Nitr.. 

Charcoal. 

Sulphur. 

73 

15 

10 

75 

French,  for  sportsmen         .        .        -        - 

78 

United  States  of  America    -        -        -        - 

75 

73-78 

Austria  (^mnsipid) 

17 

16 

76-47 

10-78 

Sweden 

76 

U 

75 

Theoretical  proportions  (as  above)      - 

75 

6.  On  Iht  Chanical  ExaminatiiM  of  Gimpov>ders. 

I  nave  treated  five  different  samples  i  1.  The  government  powder  made  at  Wallham 
Abbey ;  2.  Glass  gunpowder  made  by  John  Hall,  Dartford ;  3.  The  treble  slrona  gun- 
powder of  Charles  Lawrence  and  Son;  4.  The  Dortford  gunpowder  of  Pigou  and  Wilks ; 
5.  Superfine  treble  strong  sporting  gunpowder  of  Curtis  and  Harvey.  The  first  is 
eoarse-s rained,  the  others  nre  all  of  considerable  fineness.  The  specific  gravity  of  each 
was  taken  in  oil  of  turoentine  i  that  of  the  first  and  last  three  was  exactly  the  same, 
being  1-80 ;  that  of  the  second  was  1-793,  all  being  redneed  to  water  as  wiily. 

Tiie  above  density  for  specimen  first,  may  be  calculated  thus  ; — 

75  parts  of  nilce,  specific  gravity  =  2-000 
;5  parts  of  charcoal,  specific  gr,  =  1-154 
10  parts  of  sulphur,  specific  gr.     =  2-000 

The  volume  of  these  constituents  is  55-5  (the  volume  of  their  weight  of  water  bcmg 
100)  i  by  which  if  then:  weight  100  be  divided,  Ihe  q,uDtient  is  1-80. 

The  specific  gravity  of  the  first  and  second  of  the  above  powders,  incrading  the  Inler- 
Blices  of  their  grains,  after  being  well  shaken  down  in  a  vial,  is  1-02.  This  is  a  curioui 
resuU,  as  the  size  of  the  grains  is  ejlremely  different.  That  of  Pigou  and  Wilks,  sirai. 
larly  tried,  is  only  0-99;  that  of  the  Battle  powder  is  1-03  ;  and  that  of  Curtis  and  Har- 
vey is  nearly  l-Oo.  Gunpnwders  (bus  appear  to  have  nearly  the  same  weight  as  water, 
under  an  equal  bulk ;  so  thai  an  imperial  gallon  will  hold  from  10  pounds  to  10  pounds 
and  a  half,  as  above  shown. 

The  quantities  of  water  which  100  grains  of  each  part  with  on  a  steam  hath,  and 
absorb  when  placed  for  24  hours  under  a  moistened  receiver  standing  in  water,  arc  as 
follows ; — 


100  grains  of  Waltham  Abbey,  lose 
of  Hall 

Lawrence   - 
Pigou  and  Wilks     - 
Curtis  and  Harvey  - 


I  by  s' 


0-9 


n  heal,  gain  0-8  o' 


-  1-7 


Thus  we  perceive  that  the  large.grained  gavernmenl  powder  resists  lh.e  hygrometric 
influence  better  than  the  others;  among  which,  however,  Lawrence's  ranks  nearly  as 
high.    These  two  are  therefore  relatively  the  best  keeping  gunpowders  of  the  series. 

The  process  most  commonly  practised  in  the  Bn«lysis  of  gunpowder,  seems  to  be  toler- 
ably ejact.  The  nitre  is  first  separated  by  hot  distilled  water,  evaporated  and  weighed. 
A  minute  loss  of  salt  may  be  counted  on,  from  its  known  volatility  with  boiling  water. 
I  have  evaporated  always  on  a  steam  bath.  It  is  probable  that  a  small  portion  of  the 
lighter  and  looser  constituent  of  gunpowder,  the  carbon,  flies  off  in  the  operations  of 
corning  and  dusting.  Hence,  analysis  may  show  a  small  deficit  of  charcoal  below  the 
synthetic  proportions  originally  mixed.  The  residuum  of  charcoal  and  sulphur  left  on 
the  doable  filter-paper,  being  well  dried  by  the  heat  of  ordinary  steam,  was  estimated,  as 
usual,  by  the  difference  of  weight  of  the  inner  and  outer  papers.  This  residuum  was 
cleared  off  into  a  platina  capsule  with  a  tooth-brush,  and  digested  in  a  dilute  solution 
of  potash  at  a  boiling  temperature.  Three  parts  of  potash  are  fully  sufficient  to  dis- 
solve out  one  of  sulphur.     When  the  above  solution  is  thrown  on  a  filter,  and  washed 
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first  w[lh  a  very  dilate  solution  of  potash  boiling  hot,  then  with  boiling  water,  anil  after- 
wards  dried,  the  carbon  mill  remain;  the  weight  of  which  deducted  from  that  of  the  miied 
powder,  will  show  the  amount  of  sulphur. 

I  hnve  tried  many  other  modes  of  estimating  the  sulphur  in  gunpowder  more  directly, 
but  with  little  salisfaclion  in  the  results.  When  a  platina  capsule,  containing  gunpowder 
spread  on  its  bottom,  is  floated  in  oil,  heated  to  400°  Fahrenheit,  a  brisk  ei:halBtion  of 
sulphnr  fumes  rises,  hut,  at  the  end  of  several  hoars,  the  loss  does  not  amount  to  more 
[han  one  half  of  the  sulphur  present. 

The  iniied  residunm  of  charcoal  and  sulphur  digested  in  hot  oil  of  turpentine  gives 
up  the  sulphur  readily ;  but  to  separate  aKain  the  last  portions  of  the  oil  from  the  char- 
coal or  sulphur,  requires  the  aid  oif  alcohol. 

When  gunpowder  is  digested  with  chlorate  of  potash  and  dilute  muriatic  acid,  at  a  mod- 
orale  heat  in  a  retort,  the  sulphur  is  acidified  ;  but  this  process  is  disagreeable  and  slow, 
and  consumes  much  chlorate.  The  resulting  sulphuric  acid  being  tested  by  nitrate  of 
baryta,  indicates  of  course  the  quantity  of  sulphur  in  the  gunpowder.  A  curious  fact 
occurred  to  me  in  this  experiment.  After  the  sulphur  and  charcgal  of  the  gunpowder 
liad  been  quite  acidified,  I  poured  some  solution  of  the  baryta  salt  into  the  mixture,  hut 
no  cloud  of  sulphate  ensued.  On  evaporating  to  dryness,  however,  and  redissolying,  the 
nitrate  of  baryta  became  effectivcj  and  enabled  me  to  estimate  the  sulphuric  acid  gene- 
rated ;  which  was  of  course  10  for  every  4  of  the  sulphur. 

The  acidification  of  the  sulphur  by  nitric  or  nitro-muriatic  acid  is  likewise  a  slow  a,nd 
unpleasant  operation. 

By  digestinj  gunpowder  with  potash  water,  so  as  lo  convert  its  sulphur  into  a  sulphu- 
rei,  mixing  this  with  nitre  in  great  excess,  drying  and  igniting,  I  had  hoped  to  convert 
the  sulphur  readily  into  sulphuric  acid.  But  on  treating  the  fused  mass  with  dilute 
nitric  acid,  more  or  less  sulphurous  acid  was  exhaled.  This  occurred  even  though 
chlorate  of  potash  had  been  mixed  with  the  nitre  to  aid  the  oxygenation. 

The  following  are  the  results  of  my  analyses,  conducted  by  the  fir;t  described 
method  : 


ioogmic»nrro,d,ot 

fiilr.. 

Charcosl. 

Sulphur. 

w»,„. 

Waltham  Abbey    -    - 
Hall,  Hartford  -    -    - 
Pigou  and  Wilks  -    - 
Curtis  and  Harvey     - 
Battle  gunpowder 

74'5 
76-2 
77-4 

77-0 

M-4 
14-0 
13-5 
12'5 
13'5 

10-0 
9-0 

9'0 

0'5  loss  0-3 

0'6 

M  loss  0-7 

0-8  loss  0-7 

It  is  probable,  for  reasons  already  assigned,  that  the  proportions  mixed  by  the  manu- 
facturers may  differ  slightly  from  the  above. 

The  English  sporting  gunpowders  have  long  been  an  object  of  desire  and  emulation  in 
France,  Their  great  superiority  for  fowling  pieces  over  the  product  of  the  French  national 
manufactories,  is  indisputable.  Unwilling  to  ascribe  this  superiority  to  any  genuine  cause, 
M.  Vergnaud,  captain  of  French  artillery,  in  a  lillle  work  on  fulminating  powders  lately 
published,  asserts  positively,  that  the  English  manufacturers  of  'poudre  de  chasse'  are 
guilty  of  the  '  cbarlatanisme' of  mixing  fulminating  mercury  with  it.  To  determine  what 
truth  was  in  this  allegation,  with  regard  at  least  to  the  above  five  celebrated  gunpowders, 
I  made  the  following  expermients. 

One  grain  of  fulminating  mercury,  in  crystalline  particles,  was  mixed  in  water  with 
200  erains  of  the  Wa.iham  Abbey  gunpowder,  and  the  mixture  was  digested  over  a 
.amp  with  a  very  little  muriatic  acid.  The  filtered  liquid  gave  manifest  indications  of 
the  corrosive  sublimate,  into  which  fulminating  mercury  is  instantly  convertible  by  mu 
riatic  acid  ;  for  copper  was  quicksilvered  by  it ;  potash  caused  a  white  clond  in  it  that 
necame  vellow,  and  sulphiireted  hydrogen  gas  separated  a  dirty  yellow  white  precipi- 
tate of  b'isulphuret  of  mercury.  When  the  Wallham  Abbey  powder  was  treated  alone 
with  dilate  muriatic  acid,  no  effect  whatever  was  produced  upon  the  filtered  liquid  by  the 
sulphureted  hydrogen  gas.  .     ■      i, 

200  grains  of  each  of  the  above  sporting  gunpowders  were  treated  prwiss.y  in  the 
same  way,  but  no  trace  of  mercury  was  obtained  by  the  severest  tests.  Since  by  this 
process  there  is  no  doubt  bat  one  10,000th  part  of  fulminating  mercury  could  be  de- 
tected, we  may  conclude  that  Captain  Vergnaud's  charge  is  groundless.  The  superiority 
3f  our  sporting  gunpowders  is  due  to  the  same  cause  as  the  superiority  of  onr  cotton 
fabrics— the  care  of  our  manufacturers  in  selecting  the  best  materials,  and  their  skill  in 
combining  them. 

I  shall  subjoin  here  some  miscellaneous  observations  upon  gunpowder. 
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In  Bengal,  mis  n?  is  performed  by  shutting  ap  the  ingredients  in  barrels,  which  iie 
tumed  either  by  hand  or  machinery ;  each  containing  50~lbs.  weight,  or  more,  of  small 
brass  balls.  They  have  ledges  on  the  inside,  which  ocension  the  balls  and  composition 
to  tumble  about  and  mingle  together,  so  that  the  intermixture  of  the  inaredienis,  after 
tne  process  has  been  gone  through,  cannot  fail  to  be  complete.  The  operation  is  con. 
tinned  two  or  three  hours;  and  I  think  it  would  be  an  improvement  in  Her  Majesty's 
syslemof  manufacture  if  this  methodof  miiing  were  adopted. 

In  Enaland  two  or  three  pints  of  water  are  used  for  a  42  lb.  charge  ;  but  the  quantity 
is  variable;  both  the  letnperature  and  the  humidity  of  the  atmosphere  influence  it. 

Bramah's  hydrostatic  press,  or  a  very  slroni;  wooden  press  working  with  a  powerful 
screw,  lever,  and  windlass,  constitutes  the  description  n{  mechanism  by  which  density  is 
imparted  to  gunpowder.  The  incorporated  or  mill^;a!ie  powder  is  laid  on  the  bed  or 
follower  of  the  press,  and  separated,  at  equal  distances,  bf  sheets  of  copper,  so  that  when 
the  operation  is  over,  it  comes  ont  in  lai^e  thin  solid  cakes,  or  strata,  distinguished  by 
the  term  press-cake.  The  mill-cake  powder  at  Waltham  Abbey,  is  submitted  to  a  mean 
theoretic  pressure  of  70  to  75  tons  per  superficial  foot. 

Gunpowder  should  be  thoroughly  dried,  but  not  by  too  high  a  degree  of  heat ;  that 
of  i40»  or  15(P  of  Fahrenheit's  thermometer  is  sufBcient.  It  appears  10  be  of  no  conse- 
quence whether  i:  be  dried  by  solar  heat,  by  radiation  from  reC-hol  iron,  as  in  the  gloom 
stove,  or  by  a  temiierature  raised  bj  means  of  steam.  Her  Majesty's  gunpowder  is  dried 
bylhe  last  two  methods.  The  grain  should  not  be  suddenly  e:iposed  to  the  highest  degree 
oi  heat,  but  gradually. 

The  method  of  trial  best  adapted  to  show  the  real  inherent  strength  and  goodness  of 
gunpowder,  appears  to  be  an  eight  or  ten  inch  iron  or  brass  mortar,  with  a  truly  spherical 
solid  shot,  having  not  more  than  one  tenth  of  an  inch  windage,  and  fired  with  a  low 
chaise.  The  eight-inch  mortar,  fired  with  two  ouncesof  powder,  is  one  of  the  established 
methods  of  proof  at  Her  Majesty's  works.  Gunpowders  that  range -equally  in  this  mode 
of  trial,  may  be  depended  on  as  being  equally  strong. 

Another  proof  is  by  four  drachms  of  powder  laid  in  a  stliall  neat  heap,  on  a  clean,  polished 
copper  plato ;  which  heap  Is  fired  at  the  apex,  by  a  red  hot  iron.  The  explocion  sho'Jlct 
be  sharp  and  quick  ;  not  tardy,  nor  lingering!  it  should  produce  a  sudden  concussion  in 
the  air;  and  the  force  and  power  of  that  concussion  ought  to  be  judged  of  by  comparison 
with  that  produced  by  powder  of  known  good  quality.  No  sparks  shouldfly  off,  nor  should 
beads,  or  globules  of  alkaline  residuum,  l>e  lefl  on  the  copper.  If  the  copper  be  left 
clean,  i,  e.  without  gross  foulness,  and  no  lights,  i,  e.  sparks,  be  seen,  the  ingredients 
may  be  considered  to  have  been  carefully  prepared,  and  the  powder  to  have  been  well 
manipulated,  particularly  if  pressed  and  glazed;  but  if  the  contrary  be  the  result,  there 
has  been  a  want  of  skill  or  of  carefulness  manifested  in  the  manufacture. 

"  Gunpowder,"  says  Captain  Bishop, "  explodes  exactly  at  the  600°  of  heat  by  Fah 
renheit's  thermometer;  when  gunpowder  is  exposed  to  500°  it  alters  its  nature  altoge 
ther ;  not  only  the  whole  of  the  moisture  is  driven  off,  but  the  saltpetre  and  sulphur  are 
actually  reduced  to  fusion,  both  of  which  liquefy  under  the  above  degree.  The  powder, 
on  cooling,  is  found  to  have  changed  its  color  from  a  gray  to  a  deep  black ;  the  grain  baa 
oecome  extremely  indurated,  and  by  exposure  even  to  very  moiat  air,  it  then  suffers  no 
alteration  by  imbibing  moisture." 

The  mill  for  grinding  the  gunpowder  cake  may  be  understood  from  the  following 
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lioriioHtal  bere:  wheels  working  in  g,  q,  and  tiiriiiag  the  ahftftB  s,s;  t,  t,  two  horizontal 
spur  wheels  fiKed  to  the  upper  part  of  the  vertical  shafts,  and  driving  the  large  wheels 
II. '!,  To  the  shafts  of  these  latter  wheels  are  fixed  the  runners  v,  v,  wliich  traTerse  upon 
the  bed  stone  w,vi;  a,  x,  are  the  curbs  surrounding  the  bed  stone  to  prevent  the  powder 
from  falling  otf ;  o  is  the  scraper.  Mill  a  represents  a  view,  and  mill  b  a  section  of  the 
ijed  etone  and  curb. 

Gunpowder,  Anrdysis  of.  M.  Bolley  dissolves  out  the  sulphur  from  charcoal  in  gun- 
Dowder  (preriously  freed  from  its  nitre  by  water)  by  digesting  it,  at  a  boiling  heat  for  2 
iiours,  with  the  solution  of  20  times  its  weight  of  sulphite  of  soda,  whidi  ia  thereby 
converted  into  hyposulphite.  To  the  muture  water  must  be  added,  as  it  is  wasted  bytlie 
boiling.  If  the  residura  be  heated  on  platinum  foil,  it  will  eshale  auiphnr,  if  this  had 
not  been  all  removed  by  the  sulphurous  salt. 

GUTTA  PEECHi  (Native).  "Although  the  trees  yielding  this  eubatance  abound 
in  the  forests  of  the  Indian  Archipelago,  the  first  notice  taken  of  it  appears  to  have  been 
tiy  Dr.  W.  Montgomerie,  in  a  letter  to  the  Bengal  Medical  Board,  in  the  beginning  of 
_843,  wherein  bo  recommends  the  eobstance  as  likely  to  prove  useful  for  some  surgical 
purposes,  and  supposes  it  to  belong  to  the  fig  tribe.  In  April,  1848,  the  substance  was 
taken  to  Europe  by  Dr.  D" Almeida,  who  presented  it  to  the  E»yal  Society  of  Arts  of 
London,  but  it  did  not  at  first  attract  much  attention,  as  the  Society  simply  acknowledged 
the  receipt  of  the  gift ;  whereas  shortly  after  they  (honght  proper  to  award  a  gold  medal 
to  Dr.  W.  Montgomerie  for  a  similar  service.  Now,  as  the  discovery  of  both  of  these 
gentlemen  rested  pretty  much  upiai  the  same  foundation,  the  accidental  falling  in  with 
It  in  the  hands  of  some  Malays,  who  had  found  out  its  greatest  peculiarity,  and  availed 
themselves  thereof,  manufactured  it  into  whips,  which  were  brought  into  town  for  sale, 
there  rioes  not  appear  any  plausihle  reason  for  the  passing  over  the  first,  and  rewarding 
the  second.  Both  gentlemen  are  highly  to  be  commended  for  endeavouring  to  introduce 
to  public  notice  a  substance  which  lias  proved  so  useful  and  interesting.  The  gutta 
percha  having  of  late  attracted  much  attention,  and  as  yet  but  little  being  known  or 
published  about  it,  I  would  now  propose  to  supply,  to  the  bast  of  my  ability,  this  deai. 
deratnm,  and  give  a  description  of  the  tree,  its  product  and  uses,  so  far  as  it  iias  been 
made  available  for  domestic  and  other  purposes  in  the  place  of  its  origin. 

"  Tlie  gutta  percha,  tree,  or  gutta  tnban,  as  it  ought  mora  properly  to  be  called,  the 
percha  producing  a  spurious  article,  bebngs  to  the  natural  family  Sapofeu.  but  differs  so 
much  from  all  described  genera,  having  alliance  with  both  jleAros  and -Boisia,  but  differing 
in  some  essentials  from  both,  that  I  am  disposed  to  think  it  is  entitled  to  rank  as  a  new 
genus.  I  shall,  therefore,  endeavour  to  ^ive  its  general  character,  leaving  the  honour  of 
naming  it  to  some  more  competent  botanist,  espedally  as  I  have  not  quite  satisfied  myself 
regardmg  tba  slamene.  fhtm  want  of  specimens  for  observations, 

"The  tree  is  ot  a  large  size,  tVom  60  to  '70  feet  in  height,  and  from  2  to  3  feet  in 
diameter.  Its  general  appearance  resembles  the  genus  Durio,  or  well  known  Dooriaii, 
60  much  so  as  to  strike  the  most  superficial  observer.  The  under  surface  of  the  lea^  how- 
ever, is  of  a  more  reddish  and  decided  brown  than  in  the  Durio,  and  the  shape  is  some- 
what different. 

"  It  is  quite  estraordinary  how  difficult  it  is  to  obtain  specimens  ot  either  the  flower  or 
the  fruit  ot  this  tree,  and  this  is  probably  the  reason  of  its  not  having  been  earlier 
recognised  and  described  by  some  of  the  many  botanists  who  have  visited  these  parts. 

■'  Only  a  short  tune  ago  the  tuban  tree  was  tolerably  abundant  on  the  island  of  Singa- 
pore ;  but  already  all  the  large  timber  has  been  felled,  and  few,  if  any,  other  than  small 
plants  are  now  to  be  found.  The  range  of  its  growth,  however,  appears  to  be  considera- 
ble, it  being  found  ail  up  the  Malayan  Peninsula,  as  far  as  Fenang,  where  I  have 
ascertained  it  to  be  abundant ;  although,  as  yet,  the  inhabitants  do  not  seem  to  be  aware 
of  the  fact,  several  of  the  mercantile  houses  there  having  sent  down  orders  to  Singapore 
fur  sup])lies  of  the  article,  when  they  have  the  means  of  supply  close  at  liand.  The  trfee 
is  also  found  in  Borneo,  and,  I  have  httle  doubt,  is  to  be  found  in  most  of  the  islands 
adjacent. 

'■  The  localities  it  particularly  likes  are  the  alluvial  tracts  along  the  foot  of  hills,  where 
it  flourishes  luxuriantly,  forming,  in  many  spots,  the  principal  portion  of  the  jungle.  But, 
notwithstanding  the  indigenous  character  of  the  tree,  its  apparent  abundance  and  wide- 
spread diffnsion,  the  gutta  will  soon  become  a  very  scarce  article,  if  some  moie  provident 
t.  — (  adopted  in  its  collection  than  those  at  present  in  use  by  the  Malays  and 
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"The  mode  in  which  the  natives  obtain  the  gutta  is  by  cutting  down  (he  trees  uf  full 
growtli,  and  ringing  the  bark  at  distances  of  about  13  to  18  inches  apart,  and  placing  a 


t  shell,  spathe  of  a  palm  or  mcb  like  receptacle,  under  the  fallen  trunk, 
^ceive  the  milky  sap  that  immediately  exudes  upon  every  fresh  incision.  This 
9  collected  in  bamboos,  taken  to  their  houses,  and  boiled,  in  order  to  drive  oil 


ilky  sap  that  immediately  exudes  upon  every  fresh  incision.     This 
n  bamboos,  taken  to  their  houses,  and  boiled,  in  order  to  drive  oil 
ntery  particles  and  inspissnle  it  to  tlio  consistence  It  finally  assunies.    Although 
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the  process  of  boiling  appears  necessary  when  the  gutta  is  collected  in  1ai|;e  quantitiM, 
if  a  tree  be  freslily  wounded,  a  small  qusnlity  allowed  to  exude,  and  it  be  collected  and 
moulded  in  the  haud,  it  will  consolidate  perfectly  in  a  few  rninuCea,  aud  have  nil  liie 
appeuauce  of  the  prepared  article. 

"When  it  is  quite  pure  the  colour  is  of  a  praybh  wliite;  bnt,  as  brought  to  markul,  il 
is  more  ordinarily  found  of  a  reddish  hue.  ansisgfrom  cliipa  of  bark  that  fall  iDto  the  sap 
in  the  act  of  making  the  mciBionji,  and  wjiich  j'kld  their  colour  to  it.  Besides  these  acci- 
dental chips  there  la  a  great  ileal  of  intentional  adulteration  by  sawdust  and  other 
materials.  Some  specimens  I  hare  lately  seen  brought  to  market  could  not  have  con- 
tained much  less  than  i  lb  of  iinpunties;  and  even  in  the  purest  Bpecimena  I  could 
obtain  fur  surgical  pui  poses,  one  pound  of  the  substance  yielded  on  being  cleansed  one 
ounce  of  impurities ,  fortunately,  it  is  neither  difficult  to  detect  or  clean  the  gutia  of 
foreign  matter,  it  being  only  necessary  to  boil  it  in  water  until  well  softened,  roll  out  tlie 
substance  into  tlun  sheets,  and  then  pick  out  all  impurities,  which  is  easily  done  as  the 
gutta  does  not  adhere  to  anything,  and  all  foreign  matter  is  merely  entangled  in  its 
fibres,  not  incorporated  in  its  substance.  The  quantity  of  gutta  obtained  from  eadi  tree 
I'lries  Irom  5  to  20  catties,  so  that,  taking  the  average  at  10  catties,  which  is  a  tolerably 
liberal  one,  it  will  require  the  destruction  of  ten  trees  to  produce  one  picuL  Now.  the 
quantity  exported  from  Singapore  to  Great  Britain  and  the  continent,  from  Ist  January 
1S45  to  the  present  date,  amounted  to  6,918  picula,  to  obtain  'trhich  69,180  trees  must 
have  been  sacrificed.  How  much  better  would  it,  therefore,  be  to  adopt  tlie  metliod  or 
tapping  the  tree,  practised  by  the  Burmese  in  obtaining  the  caoutchouc  from  the  Ficui 
elastica  (viz.  to  make  oblique  Incisions  in  tlie  bark,  placing  bamboos  to  receive  tlie  sap 
which  runs  out  freely),  than  to  kiU  the  goose  in  the  manner  they  are  at  present  doing  1 
True,  they  would  not  at  first  get  so  much  from  a  sbgle  tree,  but  the  ultimate  gam 
would  be  incalculable,  particularly  as  the  tree  seems  to  be  one  of  slow  growth ;  by  no 
means  So  rapid  as  the  j'Jctii  elasiica,  I  should  not  be  surprised,  if  the  demand  incresSBs, 
and  the  present  method  of  extermination  be  persisted  in,  to  £ad  a  sudden  cessation  of  the 
Knpply. 

•'Proptrliti  of  the  Qutta. — Tiiis  substance  when  fresli  and  pure  is,  as  already  men- 
tioned, of  a  dirty  white  colour,  and  of  a  greasy  feel,  with  a  peculiar  leathery  smelt  It  is 
not  affected  by  boiling  alcohol,  but  dissolves  readily  in  boilmg  spirits  of  turpentine,  also 
in  naphtha  and  coal-tar.  A  good  cement  for  luting  bottles  and  other  purposes  is  formed 
by  boiling  together  equal  parts  of  gutta  and  coal-tar  and  ream.  I  am  indebted  for  this 
hint  to  Mr.  Little,  surgeon,  and  the  above  were  his  proportions.  I  have,  however, 
found  it  necessary  to  put  two  parts  of  the  gutta.  that  is,  one-halt  instead  of  one-third,  to 
enable  the  cement  to  stiud  the  heat  of  tills  climate.    When     q       d  f     n  n 

always  be  made  plastic  by  putting  the  pot  contuning  it  over  th    fi     f     a  f  w  min  t 
The  gutta  itself  is  highly  inflaumiable    a  strip  cut  off  takes  light,  and  b  m    w  tl 
a  bright  flame,  emittiug  sparks  and  dropping  a  black  residuum  lo  th    mann       f       1 
ing  wax,  whidi  m  its  combustion  it  very  much  resembles.    B  t  th    g    at  pecul  ar  5 
iif  this  substance   and  that  which  makes  it  so  eminently  usef  I  f     many  p    pi 
is  the  effect  of  boilmg  water  upon  it     Vniea  immersed  for  a  f  w  m       es   n       t 
above  150°  Fahr    it  be-omes  £>ft  and  plastic,  so  as  lo  be  capaU      f  be   g  ro    Id  d 
to  any  required  shape  or  form,  is  hii.h  it  retains  upon  cooling,    ifntpf      b       tH 
and  plunged  into  boiling  water,  it  contracts  in  size  both  in  length  and  breadth.    This 
is  a  very  anomalous  and  remarkable  phenomenon,  apparently  opposed  lo  all  the  laws  of 

"It  is  this  plasticity  when  plunged  into  boiling  water  that  has  allowed  of  its  being 
applied  to  so  many  useful  purposes,  and  which  first  induced  some  Malays  to  fabricate  it 
into  whips,  which  were  broi^ht  into  town,  and  led  to  its  further  notice.  The  natives  have 
mbsequently  exteiide4  their  manufactures  to  buckets,  basins,  and  jugs,  shoes,  traces, 
vessels  for  cooling  wines,  and  sevei'al  other  domestic  uses ;  but  the  number  of  patents 
lately  (alien  out  for  the  manufacture  of  tlie  article  in  England,  proves  bow  much  atten- 
tion it  has  already  attracted,  and  how  estensively  useful  it  is  likely  to  become.  Of  all 
the  purposes,  however,  to  which  it  may  be  adapted,  none  is  so  valuable  as  its  applica- 
bility to  the  practice  of  surgery.  Here  it  becomes  one  of  the  most  useful  anxihariea 
to  that  branch  of  the  healmg  art  which  of  all  is  the  least  conjectural.  Its  easy 
plasticity  and  power  of  retaining  any  shape  given  to  it  when  cool,  at  once  pointed 
it  out  as  suitable  for  the  mauufoctnre  of  bouses;  and  accordingly  my  predecessor, 
Dr.  W.  Montgoraerie,  availed  himself  of  this,  made  several  of  the  above  in  '  ■     -    ■ 


n  continued  by  me,  and  I  find  many  advantages  in  the  use  of  this  sub' 
BQCe.  It  also  answers  very  well  for  the  tubes  of  syringes,  which  are  always  getting 
it  of  order  in  this  country,  when  made  of  caoutchouc.  But  my  late  experiments  liav« 
von  it  a  much  liigber  value,  and  proved  it  the  best  and  easiest  application  cvit  yel 
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diacorered  in  the  mamigement  of  fractures,  combiaing  esse  and  comfort  to  the  patient, 
and  very  much  leasening  the  trouble  of  the  surgeon.  When  I  think  of  Uie  farrago  of 
baudnges  and  splints  got  rid  of,  the  lightness  and  simplicity  of  the  application,  the  gutta 
would  be  no  trifling  boon  to  mankind,  were  it  to  be  used  solely  for^ia  and  no  other  pur- 
pose. The  injuries  toming  onder  my  observation,  wherein  I  have  (fested  its  utility,  have, 
as  yet,  only  been  two  compound  fractures  of  the  1^,  and  one  of  (he  jaw ;  but  so  admira- 
bly liaa  it  not  only  answered,  but  exceeded  my  expectations,  tliat  1  should  think  myself 
culpable  in  not  givmg  the  &c(a  early  publicity.  Its  aljlity  in  fracture  of  the  lower  jaw 
must  at  once  stnlie  any  snrgeon.  So  well  does  it  mould  itself  to  every  sinuosity,  that  it 
is  more  like  giving  the  patient  a  new  Iwne  than  a  mere  support.  A  man  lately  brought 
into  hospital,  who  had  hia  lower  jaw  broken  by  the  kick  of  a  horse,  and  which  was  so 
severe  as  to  cause  hiemorrhage  fhim  the  ears,  smashing  the  bone  mlo  several  fragments, 
was  able  to  eat  and  speak  three  days  after  the  aceident,  and  felt  so  well  with  his  gutta 
Hplint  that  he  in^ted  on  leaving  the  hospital  within  ten  days.  My  mode  of  applying 
this  substance  to  frSiCtares  of  the  leg  is  as  follows : — 

■■  The  gutta  having  been  previously  roUed  out  into  sheets  of  convenient  size,  and  about 
one-fourth  of  an  inch  in  thickness,  is  thus  kept  ready  for  use.  'When  required,  a  piece  of 
tlie  necessary  length  and  breadth  is  plunged  into  a  tub  of  boiling  water.  The  limb  of 
tlie  patient  is  then  gently  raised  by  assistance,  mating  extension  in.  the  usual  manner. 
The  surgeon,  having  ascertained  that  the  broken  bone  is  in  its  place,  takes  the  sheet  of 
gutta  out  of  the  hot  water,  and  allows  it  to  cool  for  a  coople  of  minutes.  It  is  still  soft 
and  pliable  as  wash  leather.  Place  it  whilst  in  this  state  under  the  limb,  and  gently 
lower  the  latter  down  on  it.  The  gutta  is  then  to  be  brought  round  and  moulded  care- 
fully to  the  wliole  of  the  back  and  sides  of  the  leg,  bringing  the  edges  close  together,  hut 
not  uniting  them.  If  there  be  any  superfluous  substance,  it  can  be  cut  off  with  scissors, 
leaving  an  open  slit  down  the  front  of  the  leg.  Ton  have  now  the  leg  in  a  comfortable, 
soft,  and  smooth  case,  which  in  ten  minutes  will  be  stitf  enough  to  retain  any  shape  the 
u  e  n  may  have  given  it^  and  which  will  also  retain  the  bone  in  situ.  Place  the  leg 
so  e  p  0 1  a  double  incline  plane,  and  secure  it  thereto)  by  passing  three  of  tlie 
c  mmo  loop  bandages  around  the  whole ;  that  is,  one  at  the  top,  one  in  the  middle, 
.J  —  .      jjg  ju^gj  g[,j_    Lgt  the  foot  be  supported  by  a  foot-board,  and  a 


e  weight  of  his  patient.  .  ^ 

t  wdi  he  only  necessary  to  nutie  the  loop  bandages,  separate  the  edges  of  the 
gutta  splint  to  the  required  distance,  wash  and  cleanse  Uie  limb  without  shifting  any- 
thing except  the  dressing  and,  having  done  so,  shut  it  up  again.  The  most  perfect 
cleanliness  can  be  maintained,  as  the  gutta  is  not  affected  by  any  amount  of  ablution; 
neitJier  is  it  soiled  or  rendered  offensive  by  any  discharge,  all  which  washes  off  as  easily 
from  the  gutta  case  as  from  oil-cloth.  I  have  bad  a  patient  where  the  tibia  protruded 
through  uie  integuments  fully  two  inches,  walking  about  in  as  weeks  from  the  injury, 
with  a  leg  as  straight  and  well  formed  as  ever  it  had  been.  It  is  quite  obvious,  there- 
fore, that  if  it  answers  so  well  for  compound,  it  will  answer  equally,  if  not  better,  for 
simple  fractures  ;  and  that  any  broken  bone  capable  of  receiving  meciwiical  suppca^  can 
be  supported  by  the  gutta  better  than  by  any  other  contrivance ;  for  it  combines  light- 
ness, and  smoothness,  and  durability,  and  a  capability  of  adjustment  not  possessed  by 
any  other  known  sulitanco.  All  new  eKperimenta  have  to  run  (he  gauntlet  of  opposi- 
tion ;  and  I  do  not  suppose  that  these  recommendations  will  prove  any  exception  to  the 
rule ;  but  all  I  ask  of  any  surgeon  is,  to  try  the  experiment  ere  he  argues  on  its  pro- 
priety, and  I  feel  fully  convinced  that  all  other  splints  and  bandages  will  be  consigned 
to  the  tomb  of  the  Capulets.  There  are  some  other  uses  for  which  I  have  tried  this  sub- 
stance, via.,  as  capsules  for  trausmiasion  of  the  vaccine  viras,  which  ought  to  keep  well 
when  thus  protected,  for  it  is  most  perfectly  and  hermetically  sealed ;  but  I  have  not 
had  sufficient  experience  in  this  mode  of  using  it  to  pronounce  decidedly  on  its  merits, 
I  am  at  present  trying  the  effects  of  it  on  ulcers,  by  enclosing  the  ulcerated  limb  in  a 
ease  of  gatta,  so  as  to  esclode  all  atmospheric  air ;  and  so  iiir,  the  experiment  promises 

"Since  writing  the  foregoing  observations,  I  liave  had  an  official  intimation  from 
Penang  of  the  vactane  virus  transmitted  in  the  gutta  cap'ules  having  been  received  in 
J  lod  order  and  of  its  having  succeeded  satisfactorily.  I  have  also  opened  a  capsule 
Lontaimng  a  vaccine  crust  that  had  been  kept  here  tor  one  month  and  it  also  seems  to 
have  lost  none  of  its  efficacy,  as  the  case  inoculated  has  taken  This  will  appear  the 
more  strikuig  when  it  is  recollected  that,  to  preserve  the  vaccine  viriis  hitherto  m 
fcin^ap  re  even  for  a  few  days,  has  been  almost  impossible ,  that  this  settlement,  not- 
withstand  ng  every  exertion  on  the  part  of  both  private  and  public  practitioners  baa 
neen  n  thoi  t  the  benefit  of  this  important  prophylactic  for  an  interval  st"  -  ' " ' 
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years ;  and  that,  at  all  times,  tlie  obfainine  and  tianamitting  tMs  desirable  temedj  hui 
been  a  cause  of  trouble  and  difficulty  to  all  the  medical  officers  I  have  ever  met  ivith  <■ 
the  S  traits."— jtfr.  T.  Ozhy.  Surgeon,  Prince  of  Wales  Island  and  Malacca. 

'  I  observed  in  the  Mechanica'  Mogaiine  for  March,  1S47,  a  notice  of  several  patents 
taken  out  for  the  working  of  the  article  by  Mr.  Charles  Hancock,  in  which  ah  elaborate 
process  is  described  for  cleaning  the  gutta,  as  also  mention  of  its  having  a  disagreeable 
acid  nmell.  The  gutta,  when  pure,  is  certiunly  slightly  acid,  that  ia,  it  will  cause  a  very 
slight  effervescence  when  put  info  a  eolution  of  soda,  but  is  unalfected  by  liquor  potaseie. 
The  smell,  althoueb  peculiar,  ra  neither  strong  nor  unpleasant,  so  that  the  article  eiperi. 
niented  upon  must  have  been  exceedingly  impure,  and  possibly  derived  a  large  portion 
of  its  acidity  from  the  admixture  ana  fermentation  of  other  vegetable  substances. 
Again  ;  it  appears  to  me  that,  if  the  gutta  be  pure,  the  veiy  elaborate  process  described 
as  being  necessary  for  cleauiu^  it,  is  superfluous.  The  gutta  can  be  obtained  here  in  a, 
perfectly  pure  state  by  simply  boiling  it  in  hot  water  until  well  softened,  and  then 
rolled  out  into  thin  sheets,  when,  as  I  have  before  laid,  all  foreign  matter  can  be  easily 
removed.  I  would  recommend  that  llie  manufacturers  at  home  ahould  offer  a  higher 
price  for  the  article  if  previously  str^ed  through  cloth  at  the  time  of  being  collected, 
when  they  will  receive  the  gutta  in  a  state  that  will  save  them  a  vast  deal  more  in 
trouble  and  expense  than  the  trifling  addition  necessary  to  the  origina!  prime  cost"— 
Mr.  Oxlet/. 

In  February,  1S47,  Mr.  Charles  Hancock  obtained  a  patent  for  improvements  in  the 
manufacture  of  gutta  percba,  consisting,  in  the  first  place,  in  the  construction  of  a  slicing 
machine,  consisting  of  a  circular  irtm  plate,  formed  with  three  radial  alots,  hi  which 
knives  are  fixed  in  a  similar  manner  to  the  irons  of  an  ordinary  plane  or  spoke  shave  ; 
the  shaft  which  carries  the  plate  is  caused  to  rotate  by  steam  or  other  power.  Tlie 
lumpa  of  gutia  percba  drop  against  the  knives,  a  plate  by  which  they  are  cut  into  slices, 
of  a  degree  of  thickness  corresponding  to  the  projection  given  to  the  knives.  These  slices 
are  then  soaked  in  a  vessel  of  hot  water  till  they  become  pliable.  Instead  of  a  circular 
revolving  cutter,  a  vertical  cutter  or  chopper  may  be  osed ;  curved  knives  may  be  had 
recourse  to  Ibr  refractory  lumps.  The  sitftened  alices  are  oest  subjected  to  the  action  of 
breakers  or  rollers  with  serrated  blades,  which  are  mounted  transversely  over  the  tank. 
In  front  of  each  breaker  there  is  a  pair  of  fluted  feeding  rollers  ;  and  the  pieces  of  gutta 
pereha  are  passed  to  the  rollers  of  the  first  breaker.  There  is  an  inclined  endless  web 
mounted  upon  two  rollers,  the  front  one  of  which  is  immersed  in  the  water,  and  the 
other  is  situated  opposite  the  space  between  the  feeding  rollers  of  the  second  breaker. 
There  b  a  second  inclined  web  placed  before  the  third  breaker.  There  is  also  a  wincing 
i^linder  with  radial  blades  working  paitly  In  the  water.  Tlie  feeding-rollers,  and  the 
carrying-rollers  of  the  endleaa  webs,  are  made  to  revolve  in  a  forward  direction,  while  Uie 
breakers,  the  miiwung  cylinder,  and  the  agitator,  are  made  to  revolve  in  the  opposite 
direction.  The  breakers  and  mincing  cylinder  should  revolve  at  the  rate  of  from  600  to 
800  revolutions  per  minute,  but  the  fecdin?  rollers  and  endless  webs  need  not  move 
faster  than  about  one-siiLth  of  that  rate,  "fiius,  the  substance  ia  reduced  to  small  frag- 
ments and  washed  in  the  wafer,  the  heavy  impurities  falling  to  the  bottom  of  the  tanks, 
and  the  lighter  and  purer  matter  floating.  The  water  should  be  used  cold.  When  the 
gutta  percba  haa  a  fetid  smell,  it  is  treated  with  carbonate  of  soda  or  chloride  of  lime, 
Tlie  aaid  apparatus  may  be  used  also  for  purifying  caoutchouc  and  iiulawani 

Mr.  Hancock  now  considers  the  use  of  sulphur  to  be  altogether  objectionable  by  itself 
OB  account  of  its  offensive  smell  and  efflorescing  property  aa  a  means  of  vulcaniaing 
caoutchouc  Ee  has  found  that  if  a  minute  portion  of  sulphur  be  used  along  with  a 
sulphuret  the  best  result  is  obtained  ;  the  proper  proportions  being  6  parts  of  sulphuret 
of  antimony,  or  hydrosulphuret  of  lime,  and  1  pait  of  sulphur  to  48  parts  of  gutta  percba 
or  caoutchouc.  When  these  materials  have  been  mixed,  the  compound  is  put  into  a 
boiler  and  healed  under  pressure  to  a  temperature  of  from  360°  to  300°  F.  and  is  to  be 
left  in  this  state  for  a  perioil  vaiying  from  half  an  hour  to  two  hours,  according  to  the 
thickness  of  the  materials.  He  prefers  for  effecting  the  union  of  the  sulphurous  consti- 
tuent the  IbUawiog  method  to  the  masticating  madiine.  1st.  He  subjects  the  purified 
gutta  percba  to  the  conjoined  action  of  steam  and  the  fumes  of  orpiment  and  sulphur 
mixed  in  ihe  propordons  stated,  in  a  metat  chamber,  provided  with  a  steam-tight  cover 
secured  b^  screw-bolts.  There  is  also  a  steam  boiler  connected  therewith,  and  when  the 
beat  in  it  is  raised  to  about  SBO°  Fahr.,  a  fire  is  lighted  beneath  the  pot  containing  the 
sulphuring  materials.  But  the  gutta  percba,  ix.  should  be  healed  with  the  steam  before 
it  is  sulpbnred.  lu  from  half  an  hour  to  two  hours  the  sulphuring  ia  finished.  Or,  tlie 
j^tta  pereha  may  be  rubbed  strongly  over  with  the  su^hnrous  mixture  and  then 
neated,  eitbei»dry  or  with  the  aid  of  steam,  or  coated  in  the  form  of  a  paste  along  with 
l^tta  pereha. 

Another  of  Mr.  Hancock's  inventions  is  to  expose  the  gutta,  pereha  to  the  deutoxido 
Df  aiote,  or  chloride  of  zinc,  concetitrated  and  boiling  hot,  and  then  washed  witii  an 
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ilkaline  solntlon  or  more  water.  Gufta  percha  tlius  treated  by  ihe  action  ofnifioiisgiis, 
M  it  is  evolved  from  nitric  odd  aod  copper  iron,  or  sine,  beciDiuea  exceedingly  smooth, 
and  of  a  Instre  aoproactiiog  to  metallic  so  also  does  common  unsulplmred  caouidioac. 
It  ia  thus  also  freed  from  all  stickiness  while  the  sulphared  acquires  under  this 
freatment  llie  irmny  softncaa  of  velvet  Chloride  of  zinc  and  nitrous  gas  remove 
tlio  smell  of  vulcnnized  caoutcbo  c  in  a  g  cit  measure,  especially  if  it  be  afterwards 
washed. 

Other  new  inventions  are  practised  by  masticating  either  gntta  perclia,  caoutchouc,  or 
jlnlawan,  in  the  proportion  of  6  parla  with  1  of  chloride  of  zinc ;  all  which  compounds 
may  be  afterwards  sulphured  A  further  modification  cou^sts  in  producing  a  spongy 
gutta  pereha,  caoutcLonc,  or  jintawaQ,  for  atufBng  so&s,  &c  48  parfa  of  one  of  tliese, 
moistened  with  oil  of  turpentine,  coal  naphtha,  bisulphuret  of  carbon,  or  other  proper 
solvent,  6  parts  of  hydrosulphuret  of  lime,  sulphuret  of  antimony,  or  other  analogous 
Bulphnrct,  10  parts  of  carbonate  of  ammonia,  ottrVonate  of  lime,  ct  other  substance  that 
ie  eitlier  Tolatile  or  capable  of  yielding  a  volatile  prodtct,  and  1  part  of  aulphur.  Ho 
mixes  tbese  Diaterials  together  in  a  masticator,  and  then  subjects  them  to  a  high  degree 
of  heat,  observing  the  same  conditions  which  aie  stated  in  the  former  description,  except 
only  that  the  heat  may  be  pushed  with  advantage  several  degrees  higher,  eay  from  260° 
to  300"  Fahr. 

Articles  are  manufactured  of  ordinary  gutta  pereha,  caoutchouc,  or  jintawan,  such  aa 
^ngle  and  double  feature  watei'proof  fabrics,  boots,  galoshes,  bells,  bandages,  trousers' 
and  other  straps,  oapea,  life-preservers,  tubes,  knapsacks,  caps,  cups,  and  otlier  vessels  of 
capacity,  hammer  cloths,  cott«n  spinning  roUers,  backs  of  cards  (or  carding  wool,  piano- 
forte hammers,  paper  holders,  springs,  trusses,  &c.  By  taking  the  gutta  pereha,  caout- 
chouc, or  jintawan.  after  it  has  been  sulphured,  and  bmsbing  it  with  a  solution  of  resin 
in  boilmg  oil  (linseed  !)■  placing  it  in  a  chamber  heated  to  from  16°  to  100°  Fahr.,  and 
afterwards  polishing  it  by  the  means  usually  employed  by  the  japanners,  it  acquires  tbe 
lustre  of  japanned  wares. 

Mr.  Hancock  has  also  contrived  a  machine  for  cutting  gutta  pereha  into  strips  or  ribands, 
thread,  or  cord  of  anjr^  required  shape.  It  consists  of  two  grooved  rollers  of  iron  or 
steel,  mounted  in  a  snitable  framework.  Tlie  grooves  of  each  roller  are  semicircular, 
and  the  projecting  divisions  between  (he  grooves  are  made  with  knife  edges,  so  as  to 
divide  readily  any  sheet  or  imias  of  gutta  pereha  presented  to  them.  The  under  roller 
is  Hanged  at  both  ends,  and  the  upper  roller  is  made  to  (it  inside  of  these  flanges,  in 
order  to  keep  the  cutting  edges  from  shifting  or  being  diimaged.  To  cut  thin  sheets  of 
gutta  pereha  with  this  machme  into  strips  or  ribands,  the  material  is  passed  through  it  In. 
a  cold  state,  and  only  the  cutting  edges  are  brought  into  operation.  To  make  round  cord 
or  thread  by  means  of  it,  either  a  sheet  of  gutta  pereha  of  a  thickness  equal  to  the 
diameter  of  the  holes  formed  by  the  grooves,  and  at  a  temperature  of  300°  Fahr,  (pro- 
dui^d  by  supplying  it  from  a  feeaing-i^amber  heated  la  that  degree)  is  passed  through 
the  machine,  and  the  threads  or  cords  are  received  in  a  tank  of  cold  water,  from  which 
they  are  led  away  to  be  wound  on  reels  or  drums ;  or  the  gutta  pereha  is  employed  In  a 
plastic  state,  and  passed  under  a  gauge  before  it  enters  the  machine.  If  it  be  desired  to 
produce  a  cord  of  a  semicircular  form  in  the  transverse  section,  a  plane  roller  is  substi- 
tuted for  the  lower  grooved  roller ;  or  should  cord  of  a  square,  triangular,  or  hexangular, 
or  any  other  form  be  required,  the  two  rollers  must  he  shaped  tc  suit  — Nfwlan's  Journal, 

Gutta  Pereha  Letteri.  Gutta  Pereha  has  been  patented  for  mating  letters  for  shop 
signs  by  Mr.  Moore,  Barrister. 

Qutla  Fenha  Tubes ;  strength  of.  A  series  of  interesting  experimenls  have  just  been 
concluded  at  the  Birmingham  WaterworVs,  relative  to  the  sirengtli  of  Gutta  Pereha 
Tubing,  with  a  view  to  its  applicability  for  the  conveyance  of  water.  The  eirperlmenls 
were  made  (under  the  direction  of  Henry  Rofe,  Esq.,  engineer,)  upon  tube  f  of  an  inch 
diameter,  and  one  eighth  of  gutta  pereha.  These  were  attached  to  the  iron  main,  and 
subjected  for  two  months  to  a  pressure  of  EOO  feet  head  of  water,  without  being  in  the 
slightest  degree  deteriorated.  In  order  to  ascertain  if  possible  the  maximum  strength  of 
the  tubes^they  were  connected  with  the  Water  Company's  hydraulic  proving  pump,  the 
regular  load  of  which  is  250  lbs,  on  the  square  inch.  At  this  point  tlia  tubes  were  un- 
aifected,  and  the  pump  was  worked  up  to  331  lbs.,  but  to  the  astonishment  of  every  one 
the  tubes  stiU  remained  perfect.  It  was  then  proposed  to  work  tiie  pump  up  to  500  lbs., 
but  it  was  found  that  the  lever  of  the  valve  would  not  bear  this  weight.  The  utmost 
power  of  tlie  hydraulic  pump  could  not  break  the  tubes. 

Tlie  gutta  pereha  being  somewhat  clastic,  allowed  the  tubes  to  become  slightly  ex- 
panded by  the  extraordinary  pressure  which  was  applied,  but  on  its  wiliidrawal  they  re- 
sumed their  former  size. 

G^lla  Pereha  Tubing.  This  tubing  is  such  an  extraordinary  conductor  of  sound,  tliat 
its  value,  not  only  to  deaf  persons,  but  to  the  public  generally,  will  speedily  be  appre- 
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dated.  It  has  a1rea<jy  been  fitted  up  in  dwelling  houses,  in  lieu  of  i^ells  ; — as  speaking 
tubes  for  giving  and  receiving  messages  in  minea,  railway  etationa,  prisons,  workhouses, 
hotels,  and  all  Targe  eBiablislimenis.  it  ia  invaluable. 

GcTTA  Pekcsa — its  Properties,  Analysis,  Elementary  Composition  and  Applieafiont, 
ty  M.  Payen.  A7ithoat  possessing  any  exact  information  regarding  the  extraction  of  Iho 
substance  which  conies  to  us  from  the  Enstem  Archip«Iago  tinder  the  name  of  gutta 
percha,  we  know  that  this  substance  is  contained  in  the  descending  sap  of  the  laonandra 
Gtitta,  Hooker,  belongbg  to  the  natural  order  Sapolacea.  This  tree  attains  a  great  size, 
being  sometimes  as  much  as  a  yard  in  diameter,  and  SO  or  10  feet  io  height ;  its  soft  and 
fibrous  wood  is  nseless  for  industiial  purposes ;  its  fruit  furobhes  a  fatty  m\. 

It  is  said  that  a.  tree,  when  cut  down,  will  yield  18  kilogrammes  of  gutta  percha  or 
solid  gum.  The  juices,  dried  in  thin  strata  Laid  one  upon  another,  form  irregukr  masscE 
of  greater  or  less  thickness,  of  a  reddish  or  grayish  colour,  of  which  a  gradually  increasing 
quantity  has  been  annually  imported  into  Europe  and  America  since  1845, 

During  many  years  the  natives  of  the  countries  where  it  is  produced  have  employed  it 
almost  solely  m  the  formatioQ  of  handles  for  axes,  which  possess  when  cold  a  certain 
degree  of  flexibility  with  great  toughness.  At  present,  the  gutta  percha  is  purified  by 
rasping  it  in  cold  water,  ■which  removes  the  greater  part  of  the  soluble  organic  matter  and 
salts,  and  also  facilitates  the  separation  of  any  portions  of  wood  or  earthy  matters.  The 
purification  is  completed  by  means  of  warm  water  io  several  basins  ;  the  gutta  percha  is 
afterwards  dried,  and  formed  into  a  pasty  mass  by  besting  it  to  about  280°  F.  in  a  vessel 
with  a  steam  jaijiet. 

The  gutta  percha  thus  prepared  becomes  sufficiently  soft  to  be  readily  joined,  stretched 
out  info  sheets  or  straps  of  any  thickness,  drawn  into  tubes  of  various  diameters,  and 
moulded  into  any  form,  whilst,  ou  being  slowly  cooled,  it  acquires  great  tenacity  and 
solidity.  It  is  necessary,  however,  to  remark,  that  the  presence  of  a  small  quantity  of 
water  is  sufficient  fo  prevent  the  adhesion  of  its  parts. 

.  Properties  of  coaanon.  Gutta  Percha.— Tha  gutta  percha  thus  purified  for  manufactur- 
ing purposes,  is  of  a  reddish-brown  colour ;  it  readily  becomes  electrical  by  friction  and  is 
a  bad  conductor  of  both  electricity  and  heat.  At  the  ordinary  temperature  of  our  climate, 
say  from  82°  to  VX",  it  possesses  about  as  much  tenacity  as  thick  leather,  with  rather  less 
flexibility;  it  softens  and  becomes  sensibly  doughy  towards  120°,  although  still  rery 
tough.  Its  ductility  is  such,  at  n  temperature  of  from  110°  to  241",  that  it  is  readily 
extended  into  thin  sheets,  or  drawn  into  threads  or  tubes ;  its  flexibility  and  ductility 
diminish  as  the  temperature  becomes  lower.  It  does  not  possess  at  any  temperature  the 
peculiar  elastic  extensibility  which  characterises  caoutchouc.  Exposed  for  an  hour  to  a 
temperature  of  14°,  its  flexibility  is  slightly  diminished. 

In  its  various  forms,  gutta  percha  possesses  a  peculiar  porosity,  as  may  be  shown  in 
the  following  manner  : — A  drop  of  its  solution  in  sulphuret  of  carbon  is  to  be  placed  ou 
a  glass  slip ;  the  spontaneous  evaporation  soon  reduces  this  solution  to  a  whitish  plate ; 
if  it  be  then  examined  with  the  microscope,  the  numerous  cavities  with  which  it  is  pierced 
may  be  distinctly  porceivejj.    Tliese  cavities  may  be  r    d      d   tUm  bl   bym 

of  a  drop  of  water  ;  the  liquid  gradually  insinuates  itself  tb  mas  pp  m  pak 
and  by  means  of  the  microscope  (he  cavities  are  seen  to  be     1        d 

Similar  results  are  obtained  by  keeping  immersed  m  w         f  d     bl    t  m 

thin  transparent  lamina,  obtained  by  the  evaporati  by  h  f  sol  t  f  g  t 
percha. 

The  preceding  observations  led  me  to  think,  that  th        bs     ce      t  ns 

quence  of  its  porosity,  a  great  naany  minute  particles   f         wed      th  mi  t 

appearance  of  possessing  a  less  density  thaii  that  of  wate  ,  m  ly  0  Ji9.  In  fact,  on 
stretching;  gutta  percha  under  strong  pressure,  and  immediately  cutting  the  strips  thus 
produced  into  Tery  small  pieces  under  water,  the  greater  part  of  the  fragments  fell  to  the 
bottom  of  the  vessel — some  immediately,  others  after  absorbing  a  cert^u  quantity  of 
water.  The  same  result  was  also  obtained  by  keeping  very  thin  leaves  of  gutta  percha, 
prepared  by  different  methods,  immersed  for  a  month  in  water  deprived  of  air ;  their  pore* 
becoming  gradually  filled  with  the  liquid,  th^  became  heavier  than  the  water,  sua  then 
ceased  to  float.  Gutta  percha  is  also  heavier  in  proportion  to  the  length  of  time  it  has 
been  exposed  to  the  mr,  particularly  in  thin  leaves. 

The  porous  structure  of  gutta  percha  becomes  chimged  into  a  fibrous  texture  when  it  is 
drawn  out  so  as  to  double  its  length  ;  then  retaining  but  little  extensibility,  it  supports, 
without  breaking,  the  action  of  a  force  equal  to  double  that  required  for  its  elongation  in 
the  first  instance. 

Common  gutta  percha  resists  cold  water,  damp,  and  also  the  various  influences  which 
excite  fermentation ;  but  it  can  be  softened,  and  experience  a  sort  of  superficial  doughy 
fusion  by  the  action  of  the  solar  rays  in  summer. 

It  is  not  attacked  by  alkaline  solutions,  even  when  caustic  and  concentratpd ;  am- 
monia,  saline   solutions,  water   containing  carbonic  acid,   tlie   various  vegetable   and 
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minCTal acids,  do  aotact  upon  it ; .alcoholic  liquors  (wiaes, licer,  Ac.)  do  not  touch  it; 
efen  brandy  aearcely  disBOlTfis  a  trace  of  it.  Olive-oil  doea  not  appear  to  attack  gutta 
perchu  when  cold;  when  hot,  it  dissolFes  a  small  portion  of  it,  wblch  is  again  precipi- 
tated on  cooling. 

Sulphuric  acid  witli  one  equiv.  of  water  colours  it  brown,  and  disintegrates  it  witli  n 
sensible  erolution  of  sulphuroas  add. 

Muriatic  acid,  in  its  saturateij  solution  in  w  t  tat  tnp  t  'e  of  6S°  F.,  attack, 
putta  perdia  slowly,  and  gives  it  a  more  or  less  d    p  b    w        1      ,  at  length  renderiii;; 

Monohydrafed  nitric  acid  attacks  it  rapidly,  w  tb    ft  nd  an  abundant  ovo. 

lution  of  fuines  of  hyponitrous  acid  ;  the  subst  d      mposed,  and  coloured  of  a 

brownish-orange  red  ;  it  becomes  doughy,  and  ft  ward  1  d  fi  by  degrees  and  re- 
mains friable. 

In  the  cold,  and  even  by  heat,  only  a  part  tfth  g  tta  pe  h  (0'15  to  022)  is  dis- 
folved  by  anhydrous- alcohol  or  other.     Benzi  dot      f  turpentine  dissolve  it 

partially  whencold,  but  nearly  completely  by  h  t  Sulph  t  f  carbon  and  chloroform 
dissolve  gutta  pei'cha  when  cold;  the  Eolutiona  m  j  b  filt  d  b  neath  a  bell-glass  to 
prevent  evaporation;  the  filter  retains  the  for  gn  m  tie  fa  eddish-lrown  colour, 
whilst  the  solution  passes  perfectly  clear  and  Im  t  1  les  The  filtered  liquid, 
exposed  to  the  air  in  a  saucer,  allows  the  solvent  t  icap  d  d  posits  the  while  gutta 
petcha  in  a  plate  of  greater  or  leas  thickness,  wh  1  h  It  gr  i  ally  in  proportion  to 
the  evaporation  of  the  liquid. 

Except  the  colour,  -which  has  disappeared,  th  gutta  p  rch  ff  h  then  the  characters 
and  properties  mentioned  above  as  belonging  to  tb    Com  1     bstance.    Submitted 

to  a  gradually -raised  temperature,  it  softens  and  ra  Its  and  may  be  made  to  boil  with- 
out acquiring  a  sensihle  colour;  the  transparent  flmd  g  abond  nt  vapours  which  are 
condensable  into  a  nearly  colourless  oily  liqmd.  Th  po  ti  ns  last  distilled  have  a 
brownish-orange  colour,  and  a  thin  layer  of  carbonaceous  deposit  remains  adherent  to 
the  sides  of  the  vessel. 

Analysis. — We  have  said  above  that  alcohol  and  ether  can  dissolve  only  a  portion  ol 
gutta  percha  ;  this  is  becauae  that  substance  consists,  in  fact,  of  three  proximafe  princi- 
ples, the  separation  of  ■which  has  required  very  delicate  observation,  although  they  are 
very  clearly  distinguished  by  several  of  tlieir  properties.* 

When  gutta  percha  in  thin  leaves  is  brought  into  contact,  in  a  cIos«  vessel,  with 
16  to  SO  vols,  of  cold  anhydrous  alcohol,  and  the  temperature  raisod  slowly  by  means  of 
the  water-bath  to  the  point  of  ebullition  {172°  F.),  and  kept  at  this  point  during  se- 
veral hours,  the  liquid,  if  filtered  whilst  boilmg  and  left  in  a  closed  flask,  w  II  I  th 
end  of  from  12  to  S6  hours,  be^nfo  deposit  on  the  sides  of  the  vessel  and  on  th  f 
f  the  solution  white  opaline  granules,  distant  from  one  another,  but  some  of  th  m 


groups ;  their  size  will  gradually  inereaae  for  some  days.  These  granules, 
examined  under  the  microscope,  will  be  found  to  liave  the  form  of  spherules 
by  the  sides  of  the  vesseL    Their  surface  is  either  smooth  or  bristling,  with  v 


insparent,  elongated,  lamellar  crystals.  Some  superficial  fissures  appear  t  d  at 
mat  these  spherules  are  formed  of  a  sort  of  transparent  yellow  kernel  cover  d  w  th  a 
white  pellicle. 

Such  is  really  their  singular  crystalline  structure,  of  which  perhaps  no  othe  n  ]  1 
is  known.  In  fact,  cold  anhydrous  alcohol  dissolves  the  whole  of  the  yellow,  bj  t 
spheroidal  substance,  while  the  superficial  pellide,  in  the  interior  of  which  th  I  h  1 
has  substituted  itself  for  the  solid  globule,  appear  whiter  and  less  traosparent. 

The  alcoliolic  solution  which  has  been  for  some  days  depositing  this  compl  x    p] 
roidsl  crystallization,  can  ^iun  take  up  by  heat  a  portion  of  the  two  proxim  t   p 
ciples  remaining  in  the  substance,  allowing  a  fresh  quantity  to  crystallize  o      >«1   ;, 
The  extraction  is  completed  by  returning  the  boiling  alcohol  several  times    \       tl 
gutta  percha  until  it  no  longer  dissolves  anything. 

The  solid  substance  which  has  resisted  the  action  of  the  solvent^  possesses,  with  some 
modifications,  the  principal  properties  of  crude  gutta  percha ;  we  shall  here  call  it  p«r- 
autla  or  gulta.  As  to  the  two  other  organic  principles,  one  is  a  yellom  resin,  which  is 
much  more  soluble  in  cold  alcohol  than  the  other,  (he  white  cryitaltine  resin. 

By  taking  advantage  of  these  different  degrees  of  solubility,  we  are  enabled,  with  time 
and  patience,  to  efiect  the  complete  purification  of  these  three  prindples.  The  separa- 
tion may  also  be  effected  by  treatmg  finely-divided  gotta  percha  with  cold  ether,  which 
dissolves  the  mixture  of  the  two  resins  more  abundantly  than  alcohol ;  th^  are  after- 
wards separated  from  one  another  by  the  same  treatment  already  described  for  alcoliol 

The  tendency  of  the  white  resin  to  form  itself  into  groups  of  radiated  lamellle  is  ma- 
nifested in  a  rather  remarkable  circumstance,  which  it  is  easy  to  reproduce.   Narrow 

•  Tlieautliorapf  larstobcunncqnalntcil  villi  (lie  resesrdus  of  M.  Arppe  on  tlils  siibjeot    SeeCheiu. 
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ribbons  cat  from  a  thin  leaf  of  ordinary  gutta  perclia  are  fo  be  placed  in  a  tube,  Mil 
immersed  in  anhydrous  alcohol.  The  tube  is  tjien  "closed,  and  left  for  twenty  or  thirty 
days,  when  a  few  -whitish  points  nppear  here  and  there  on  the  ribbons,  and  afterwards  or 
tlie  sides  of  the  tobe.  These  points,  whicli  become  gradually  larger,  are  formed  of  crys 
tftllino  tufts  of  the  white  resin.  Thus  this  prosimate  principle  ia  separated  directly,  and 
in  the  cold,  even  when  (he  atmospheric  temperature  is  gradually  rieing,  for  instance 
during  the  spring  or  early  aummer. 

The  crystalline  white  resin,  when  completely  purified  by  washings  with  nJcohol,  and 
then  redissolved  in  anhydrous  alcohol,  b  deposited  by  slow  spontaneous  evaporation  in 
the  air,  in  radiated  lamellar  crystals,  forming  sometimes  symmetrical  tufts  arranged  in 
stars,  and  then  presenting  the  appearimce  of  a  sort  of  efflorescence. 

Siiiinclim  Characters  and  Troperties  of  the  Three  Froximate  frinciphi  which  conili- 
Me  common  GuHi  Percha.—The  most  abundant  of  these  three  principles,  forming  at 
least  from  13  to  82  per  cent,  of  the  whole  mass,  ia  the  pare  gutta,  which  presents  the 

Erincipal  properties  of  the  commercial  snbstauce ;  it  ia  white,  traijsparent  at  a  tempero- 
ire  01312°  F.,  when  all  its  parts  are  melted  together;  opakeor  semi-transparent  when 
cold,  from  its  then  acquiring  a  structure  which  causes  the  interposition  of  air,  or  of  a 
lii^uid  possessing  a  different  refraction  from  its  own.  This  structure  appears  still  more 
distinct  than  In  the  natural  substance  containing  all  three  principles. 

In  tJiin  sheets,  and  at  a  temperature  of  50°  to  68°  F.,  it  is  supple,  tough,  extensible  but 
not  very  elastic.  At  113°  F,  jt  softens  and  turns  back  upon  itself,  and  becomes  more  and 
more  adhesive  and  translucent  in  proportion  to  the  elevation  of  temperature,  undergoing 
a  sort  of  doughy  fusion,  which  becomes  more  distinct  towards  212"  to  £30°.  Heated 
beyond  this  point,  it  melts,  boila  and  distils,  furnishing  a  pyrogenous  oil  and  carburetted 

I'ure  gutta,  like  the  other  two  proximate  principles,  is  qnichly  rendered  electrical  by 
friction,  and  ia  a  bad  conductor  of  heat;  it  generally  floats  on  water  but  sinks  to  ttie 
bottom  as  soon  as  its  pores  are  filled  with  this  liquid.  It  is  insoluble  in  alcohol  and 
ether,  almost  completely  insoluble  in  benzma  at  32°  F.,  it  is  soluble  at  71°,  and  becomes 
more  and  more  so  in  proportion  as  the  temperature  is  raised.  The  saturated  solution  at 
86°  forma  itself  inlo  a  semi-transparent  mass  when  cooled  below  33°  ;  alcohol  precipitates 
the  gutta  from  its  solution  in.benztne. 

At  32°,  spirits  of  turpentine  dissolves  very  like  gutta,  whilst  it  disintegrates  and  dis- 
solves it  readily  when  hot 

Chloroform  and  eulphuret  of  carbon  dissolve  the  gutta  in  the  cold. 

After  the  extraction  by  means  of  ether  of  the  two  resins  interposed  in  the  thin  leaves 
of  white  gutta  percha,  leavuig  the  last  portion  of  ether  with  which  they  were  impregnated 
to  evaporate  in  the  open  air,  these  leaves,  enclosed  in  a  flask,  experienced,  after  remain- 
ing there  for  two  months  at  a  temperature  of  from  68°  to  82°  F.,  an  alteration  which 
appeared  to  depend  on  their  porosity,  the  action  of  the  air,  and  perhaps  the  ether 
retained  in  their  pores.  However  it  be,  these  leaves  had  then  acquired  new  properties ; 
they  were  brittle;  exhaled  a  very  distinct  sharp  odour;  brought  into  contact  with  an 
excess  of  anhydrous  ether,  they  were  partially  dissolved ;  the  soluble  portion,  obtained 
by  the  evaporation  of  the  ether  and  desiccation  at  194°  F.,  was  glutinous  and  translucent; 
it  became  opake  and  hard  by  cooling  down  to  14°  F. 

Sulphuret  of  carbon,  renewed  three  times  In  six  days,  and  evaporated  each  time  after 
two  days'  contact,  left  as  residue  a  white  flexible  leaf.  The  portion  not  dissolved,  swelled 
and  transparent,  did  not  appear  to  undergo  any  change  when  left  in  sulpburet  of  carbon 
for  ten  days. 

This  kind  of  spontaneous  transformation  would  perhaps  become  complete  if  more 
p  1  g  J;  its  study  will  require  much  time;  it  will  pcrlmps  put  us  in  the  way  of  nsoer- 
tai  B  the  causes  of  certain  changes  observed  in  some  small  objects  formed  of  gutt» 
[  ha.  I  have  already  been  able  to  ascertain,  that  tliin  leaves,  exposed  for  eight  con- 
t  days  to  the  action  of  the  sun  in  moist  air,  were  discoloured,  and  that  their  suh- 
t         h  d  become  in  great  part  soluble  in  ether. 

M  hydrated  sulphuric  acid  disintegrates,  and  communicates  a  brown  colour  to  the 
p  tta.  with  evolution  of  sulphurous  acid;  after  eight  days'  contact,  the  deep  brown 

I  q  d  n  dilution  with  water,  becomes  turbid,  and  furnishes  a  brown  fiocoulent  precipi- 
t  t  ^  t  ic  acid,  with  a  single  equivalent  of  water,  attacks  the  pure  gutta  with  a,  lively 
effervescence,  and  the  evolution  of  orange  vapours  of  hyponitroua  add.  Muriatic  acid,  in 
its  saturated  jolution,  slowly  attacks  the  tbin  leaves  of  gutta,  giving  them  a  deep  brown 
colour  ;  at  tVie  end  of  eight  days  it  becomes  ftiable.  The  reaction  of  muriatic  acid  estab- 
lishes an  additional  distinctlvo  character  between  this  proximate  principle  and  the  two 

Cryitalline  WMle  Mesiii.—Obis.iDed  pure  by  means  of  the  operations  above  described; 
(t  presents  itself  as  a  light  pulvem'.ent  mass,  apparently  opake,  which  under  the 
microscope  exhibits  the  transparent  lamellar  ciystals.    From  S3°  to  3IR°  F  it  does  uol 
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fxperience  any  sensible  cha            t    f  t  3  C         t    4      t    S5G°  it 

acquires  an  oleiform  fluidity  md      mpl  t      an  p  w  fl  t      y             lie  colour; 

it  solidifies  c«  cooling,  shrink  wh  h  ca  t  pi  dm  t  p  ent  and  a 
Uttie  heavier  tliati  walcr. 

The  crjBlftlliied  resin  iav          Ibl           p  fipt  on  benz          ipliurct  of 

carbon,  ether  and  diloroforn           th      po  ia  p  rat  f  tl     tw   list  eolveiita, 

it  crystallizes  in  long,  narrow    1  in    pearly  lam  ce    f    m  p       t     gr     p    radiating 

Anhydrous  alcohol   disaol         t  p    tty      adily    t   fh    t  mpe  f  167"  F.:  on 

cooling,  groups  of  crystals  sep      te  wh  h  ^       g  1  d  j      th    cold  solu- 

tion, decanted  after  crystal]]    t  dlfttpoteo  po  jl<la  similar 

crops  of  more  voluminous  lam  Hie 

Tiiesc  crystals  are  not  atta  k  d  d  ly         t      d  by     tl  Id        b   1  ng  water, 

as  is  also  the  case  with  hot  Id  ca  t  alL  h  sol  t  na  m  la,  d  the  various 
dilute  acids.    Monobydrated     ulpb  d      t  d       t     L    t  rap  dly  producing 

similar  phenomena  to  these    lxr^dth  t         ppB  ita,    M    lalio  acid, 

on  the  contrary,  does  not  act    p      tb      h  t  ral    f   hes      h    acters  it  ap- 

proaches to  the  breane  est      t  d  by  M  S     be  f   m  th      es       f  I  It  would  ba 

well  to  submit  these  two  principles  to  a  comparative  study. 

YelloiB  Resin. — This  amorphous  transparent  resin  of  a  lemon  or  orange  colour  accord- 
ing to  its  thickness,  is  a  little  heavier  than  water,  solid,  and  even  hard  and  brittle,  at 
32''  F. ;  it  gradually  becomes  more  flexible  in  proportion  as  tbe  temperature  is  raised ; 
at  132°  F.  it  becomes  pasty;  it  does  not  become  completely  fluid  below  212°  to  230°. 
Ueated  beyond  tbis  point,  it  boils,  but  then  gradually  undergoes  considerable  alteration, 
becomes  brown,  and  evolres  add  fumes  and  carbarets  of  hydrogen. 

This  resin  strongly  tet^s  tlie  alcohol  in  which  it  has  been  dissolved ;  it  is  separated 
from  it  by  beating  in  nacuo  to  212"  F.  until  bubbling  entirely  ceases. 

It  is  soluble  In  the  cold  in  alcohol,  ether,  benzine,  essential  oil  or  turpentine,  sul- 
phuret  of  carbon  and  clJoroform;  all  these  liquids,  when  evaporated,  leave  as  residue 
the  amorphous  resin. 

Dilute  acids,  concentrated  alkaline  solutions,  and  ammonia  do  not  attack  tho  yellow 
resin.  Monobydrated  sulpburic  and  nitric  acids  act  upon  it  rapidly,  producing  pheno- 
mena analogous  to  those  eahibit«d  with  the  other  two  principles.  Muriatic  acid,  even 
in  its  saturated  solution  at  SS°  F.,  is  without  action  upon  it.  But  the  most  remarkable 
character  of  this  resin  is  the  power  of  forming,  ander  the  circumstances  already  in- 
dicated, those  globose  crystals  covered  with  awhite  pellicle  of  another  resin,  and  offering 
in  their  complex  form  the  appearance  of  opaline  spherules. 

We  see  thus  that  the  gutta  perCha,  as  it  occurs  in  (i^mmerce,  consists  of  three  distinctly 
characterized  proximate  principles,  besides  some  other  matters  in  smalt  quantities;  tlie 
most  abundant  of  these  principles  possesses  the  properties  of  the  oiiginal  substance;  I 
give  it  the  name  of  pure  gutta  or  outta  ;  tha  two  other  principles  are  neutral  resins. 

In  order  to  recat  their  characteristic  properties,  I  will  give  the  name  of  cryaialbane  or 
albane  U>  that  which  ia  obtained  without  difficulty  in  white  crystals ;  and  that  of fiaavili 
to  the  third,  which  is  yellow,  and  becomes  sensibly  fluid  at  a  low  temperature. 

The  commercial  varieties  wliicli  I  have  examined  have  given  me  the  following  prO' 


GYPSUM,  Sulphate  of  Lmtf.  Alabasler,  or  Paris  Plaster.  This  substance  is  found 
in  tliree  geolt^ical  positions  in  the  crust  of  the  earth;  among  Iranaition  rocks;  in  the 
red  marl  furmation  ;  and  above  the  chalk,  in  the  tertiary  beds. 

1,  The  alpine  gypsums  are  ranged  ly  M.  Brochant  among  the  transiticai  class,  and 
arc  characterized  by  tbe  presence  of  anthracite  or  stone  coat ;  some  of  tliem  are  white 
and  pure,  others  gray  or  yellowish,  and  mixed  with  mica,  talc,  steatite,  black  oxide  of 
iron,  pyrites,  compact  carbonate  of  lime,  sulphur,  and  common  salt  Examples  of  such 
localities  are  found  in  the  gypsum  of  Val-Canaria  at  the  foot  of  Saint  Gothard,  that  of 
Brige  in  the  upper  Valais ;  of  tbe  Grilla  in  the  valley  of  Chamouni,  and  of  Saint  Ger- 
vais-les-Bains,  near  Sallenches  in  Savoy. 

2,  Tl:eaecondarygypsum,or  that  of  the  salt  mine  districts,  belongs  to  tbe  rejffrouiiit 
immediately  beneath  the  lias  in  the  order  of  stratification,  and  therefore  a  rock  relatively 
ancient.  Near  Northwick,  the  red  marl  beds  above  the  great  deposit  of  rock  salt,  are 
irregularly  intersected  with  ^psum,  in  numerous  laminse  or  plates.    At  Kewbiggin  in 
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BO  yards  in  a  direct  lin<3 ;  with  two  or  Cbree  lateral  branches  axteuding  sbaut  10  yard^ 
st  whose  estremities  are  large  spaces  where  the  gypsum  ia  blasted  wil£  gunpowder,  II 
U  generally  compact,  forming  a  regular  and  conformable  bed,  with  crystals  of  selenit* 
(crystallized  gypaura)  in  drusy  cavities.  Gypsum  occms  in  the  red  marl  in  the  iele  of 
A^olme,  and  various  other  places  in  Nottinghamshire.  In  Derbyshire  some  consider- 
able deposits  have  been  found  in  the  same  ted  sandBtone,  several  of  which  are  mined, 
as  at  Chellaston  hill,  which  would  exhibit  a  naked  and  water-worn  rock  of  gypsum, 
were  it  not  fur  a  covering  of  alluvinl  clay.  It  appears  in  general  to  present  itself 
cliiefly  in  particular  patches,  occasioning  a  Eudden  liae,  or  an  insulated  hill,  by  the 
additional  thickness  which  it  gives  to  the  stratum  of  the  red  ground  in  these  places. 
The  priudpal  demand  for  the  pure  white  ^psum,  or  that  fiuntly  streaked  with  red,  is  by 
the  potters  ia  Staffordshire,  who  farm  tbeu'  moulds  with  the  calcined  powder  which  it 
affords;  only  particularly  fine  blocks  are  selected  for  malting  alabaster  omamenta  on 
the  turning  lathe.  In  one  of  the  salt  pits  near  Droitwich,  the  strata  sunk  through  were 
Tegefable  mould,  3  feet ;  red  marl,  36  feet ;  gypsum,  40  feet ;  a  river  of  brine,  22  inches ; 

Sypaum,  16  feet ;  a  rock  of  salt,  bored  into  only  five,  but  probably  extending  much 
eeper.  On  the  Welsh  side  of  the  Bristol  Channel,  gypsum  occurs  in  the  rS  marl 
cliffs  of  Glamorganshire,  from  Peanarth  to  Lavernock.  Ho  er^oie  remains  or  metallic 
minerals  have  hitherto  been  found  in  the  gypsum  of  this  formation, 

3.  The  most  interesting  gypsums  in  a  general  point  of  view,  are  certainly  the  tertiary, 
or  those  of  the  plams,  or  hills  of  comparatively  modern  formation.  They  are  characterized 
by  the  presence  of  fossil  bones  of  extinct  animals,  both  mammiffra  and  birds,  by  sheila, 
and  a  ^rge  proportion  of  carbonate  of  lime,  which  gives  them  the  property  of  effer- 
vescing with  acids,  and  the  title  of  limestone  gypsums,  Such  are  the  gypsums  of  the 
environs  of  Paris,  as  at  the  heights  of  Montmartre,  which  contain  crystallized  sulphate 
of  lime  iu  many  forms,  but  most  commonly  the  lenticular  and  lance-shaped. 


Sulphate  of  lime  occurs  either  as  a  dense  compound  without  water,  and  is  called 
ank^diile  from  that  circumstaace ;  or  with  combined  water,  which  ia  its  most  ordinary 
state.  Of  the  latter  there  are  6  sub-species;  sparry  gypsum  or  selenite  in  a  variety  or 
crystalline  tbrms ;  the  foliated  granular ;  the  compact ;  the  fibrous ;  the  scaly  foliated ; 
the  earthy. 

The  prevailing  colour  is  white,  with  various  shades  of  gray,  blue,  red,  and  yellow. 
More  or  less  translucent.  Soft,  sectile,  yielding  to  the  nail.  Specific  gravity  2'2. 
Water  dissolves  about  one  five-hundredth  part  of  its  weight  of  gypsum,  and  acquires 
the  quality  of  hardness,  with  the  characteristic  selenitie  taste.  When  exposed  on  red 
hot  coals,  it  decrepitates,  becomes  while,  and  splits  into  a  great  many  brittle  plates.  At 
the  beat  of  a  baker's  oven,  or  about  400°  Fahr.,  the  combmed  water  of  gypsum  es- 
capes with  a  species  of  ebullition ;  at  a  higher  lempeiature  the  particles  get  indurated. 
When  rightly  calcined  and  pulverized,  gypsum  i?  mixed  with  water  to  the  consistence 
of  cream,  and  poured  into  moulds  by  tl(e  manufacturers  of  stucco  ornaments  and 
statues,  A  species  of  rapid  cryatallization  ensues,  and  the  thin  paste  soon  acquires  a 
solid  consistence,  which  is  increased  by  drying  the  figure  in  proper  atoves.  During 
the  consolidation  of  the  plaster,  its  volume  expands  into  the  finest  lines  of  the  mould, 
so  as  to  give  a  sharp  and  &ithful  impression. 

The  plaster  stone  of  the  Paris  basin  contains  about  12  per  cent  of  carbonate  of  lime. 
This  body,  ground  and  mixed  with  water,  forms  an  adhesive  mortar  much  used  in 
building,  a^  it  fixes  very  speedily.  Works  executed  with  pure  gypsum  never  become  so 
hard  as  ihose  made  with  the  calcareous  Mod ;  and  hence  it  might  be  proper  to  add  a 
certain  portion  of  white  slaked  lime  to  oar  caldned  gypsum,  in  order  to  give  the  stucco 
this  valuable  property.  Coloured  stuccos  of  great  solidity  are  made  by  adding  to  a 
clear  solutim  of  glue,  any  desired  colouring  tincture,  and  mixing  in  the  proper  quan- 
tity of  the  calcined  calcareous  gypsum. 

The  compact,  fine-grained  gypseous  alabaster  is  often  cut  into  various  ornamental 
figures,  such  as  vases,  statuary  groups,  <&;,,  which  take  a  high  polish  and  look  beautiful,  but 
from  their  softness  are  easily  injured,  and  require  to  be  kept  enclosed  within  a  glass  shade. 

In  America  and  France,  the  virtues  of  gypsum  in  fertilizing  land  have  been  highly 
extolled,  but  they  have  not  been  realized  in  the  trials  made  in  thia  kingdom. 

Pure  gypsum  conasts  of  lime  E8 ;  sulphuric  acid  40 ;  water  18 ;  which  are  the  re- 
spective weights  of  its  prime  equivalent  parts. 

M.  Gay  Lussac,  in  a  short  notice,  in  the  Annaies  He  Chimie  for  April  1829,  on  tlia 
setting  of  gypsum,  says  tliat  the  purest  plasters  are  those  that  harden  least,  and  that  the 
addition  of  lime  is  of  no  use  towards  promoting  their  solidity,  nor  can  the  heat  proper 
for  boiling  gypsum  ever  expel  the  carbonic  acid  gas  from  the  calcareous  carbonate 
present  in  the  gypsum  of  Montmartre.  He  conceives  that  a  hard  plaster-stooa  having 
lost  its  water,  will  resume  more  solidity  in  returning  to  its  first  state,  than  a  plaster- 
stone  naturally  tender  or  soft ;  and  that  it  is  the  primitive  molecular  arrangement  which 
is  regenerated.    See  Ai.*B.UTEa,  and  Stone  Aetificiai. 
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HADE  signifies,  among  English  miners,  the  inclination,  or  deTmlitm  from  thu  vertical 
of  any  mineral  \ein. 

HAIR  (Chevtv,,  Crin,  Fr, ;  Haar,  Geim.)  is  of  all  animal  prodHEtts,  Ihe  one,  leasl 
liable  lo  spontaneous  change.  It  can  he  dissolved  In  water  only  at  a  temperature  some- 
what above  230°  F.,  in  a  Papin's  digester,  bnl  it  appears  to  he  partially  decomposed  by 
this  heat,  since  some  suJphureted  hydrogen  is  disengaged.  By  dry  distillation,  hair  gives 
off  several  sulphareted  gases,  while  Ihe  residniim  contains  sulphate  of  lime,  common 
sail,  much  silica,  with  some  oxyde  of  iron  and  manganese.  It  is  a  remarkable  fact  that 
fair  liair  affords  magnesia,  instead  of  these  latter  twooxydes.  Horse-hair  yields  about  12 
per  cent,  of  phosphate  of  lime. 

Hairs  are  tubular,  their  cavities  being  filled  with  a  fat  oil,  having  Ihe  same  color  with 
themselves.  Hair  plunged  ia  chlorine  gas,  is  immediately  decomposed  and  eonvertoi  into 
1  viscid  mass ;  but  when  immersed  in  weak  aqueous  ciibrine,  it  undergoes  no  change, 
except  a  little  bleaching.  The  application  of  nitrate  of  mercury  to  hairy  skins  in  the 
process  of  .Kcretage,  is  explained  under  Peltet. 
For  the  dyeing  of  horse-hair,  see  the  next  article. 

Living  hairs  are  rendered  black  by  applying  to  ihem,  for  a  shott  time,  a  paste  made  by 
miKing  lilhai^c,  slaked  lime,  and  bicarbonate  of  potash,  in  various  nropotiions,  according 
lo  the  shade  of  color  desired. 

We  have  no  recent  analysis  of  hair.  Vauqueiin  found  nine  dilTerent  substances  in  black 
hair  (  in  red  hair,  a  red  oil  instead  of  a  greenish-black  one. 

The  salts  of  mercury,  lead,  bismoth,  as  well  as  Iheir  oxydes,  blacken  hair,  or  malie  il 
af  a  dark  violet,  by  the  formation,  most  probably,  of  metallic  sulphurels. 

Hair  as  an  object  of  manufactures  is  of  two  kinds,  Ibe  curly  and  the  atraight.  The 
formtr,  which  is  short,  is  spun  into  a  cord,  and  boiled  in  Ibis  state,  to  give  it  IJie  torlucua 
springy  form.  The  long  straight  hair  is  woven  into  clotli  for  sieves,  and  also  for  oma- 
mentoJ  purposes,  as  in  the  damask-hair  cloth  of  chair  bottoms.  For  this  purpose  Ihe  hair 
may  be  dyed  in  the  following  way. 

Forty  pounds  of  tail  hair  about  26  inches  long  are  steeped  in  lime  water  during  twelve 
hours.  Then  a  hath  is  made  with  a  decoction  of  20  pounds  of  logwood,  liept  boiling  for 
three  hours,  aiUr  vrhieli  lime  the  fire  is  withdrawn  from  the  boiler,  and  ten  ounces  of 
copperas  are  introdoced,  stirred  about,  and  the  hair  is  immersed,  having  been  washed  from 
Ihe  Jime  in  river  water.  The  hair  should  remain  in  this  cooling  bath  for  24  hours,  when 
the  operation  will  be  finished.    For  other  colors,  see  the  respective  dyes. 

The  looms  for  weaving  hair  difier  from  the  common  ones,  only  in  the  templet  and  Ihs 
shuttle.  Two  templets  of  iron  must  be  used  to  keep  the  sluff  equably,  but  lightly 
stretched.  These  templets,  of  which  one  is  represented  in  fig.  141,  are  constructed  in 
the  shape  of  flat  pincers ;  the  jaws  c  c  being  furnished  with  teeth  inside,  A  screw  c, 
binds  the  jaws  together,  and  hinders  the  selvage 
from  going  inwards.  Upon  the  side  cross  beam 
of  the  loom,  seen  in  section  at  I,  a  holt  is  fixed 
which  carries  a  nul  r  at  its  end,  into  which  a 
screwed  iron  rod  e  enters,  on  one  of  whose  ends 
he  handle  b.  The  other  extremity  of  the 
screw  E  ia  adapted  by  a  washer  and  pin  to  ths 
back  of  the  pincers  at  the  point  H,  so  that  b; 
taming  the  handle  lo  the  right  or  the  left,  we 
draw  onwards  or  push  backwards  the  pincers 
and  the  stnfl'  at  pleasure.  The  warp  of  the  web  is  made  of  black  linen  yarn.  The  weft 
IS  of  hair,  and  it  is  thrown  with  a  long  hooked  shuttle  ;  or  a  long  rod,  having  a  catch 
hook  at  its  end.  The  length  of  this  shuttle  is  about  3  feet;  its  breadth  half  an  inch,  and 
its  thickness  one  sixtli.  It  is  made  of  box-wood.  The  reed  is  of  polished  steel ;  the 
thread  warps  are  conducted  through  it  in  the  usnal  way.  The  workman  passes  tlus 
shuttle  between  the  hairs  of  the  warp  with  one  hand,  when  the  shed  or  shuttle  way  is 
opened  by  the  treddles ;  a  child  placed  on  one  side  of  the  loom  presents  a  hair  to  the 
weaver  near  the  selvage,  who  catches  it  with  the  hoolt  of  his  shuttle,  and  by  drawing  ii 
out  passes  it  through  the  warp,  The  hairs  are  placed  in  n  bundle  on  the  side  where  the 
child  stands,  in  a  chest  filled  with  water  to  keep  them  moist,  for  otherwise  they  would  not 
have  the  suppleness  requisite  to  form  a  web.  Each  tune  that  a  hau"  is  thrown  across,  the 
batten  is  driven  home  twice.  The  warp  is  dressed  with  paste  in  the  usual  way.  Thp 
hair  cloth,  after  it  is  woven,  is  hot  calendered  to  give  it  lustre. 


===)i^lc 


992  HARDNESS. 

HAIR  PENCILS  OR  BRUSHES  for  pamlitiE.  Two  sorts  are  made ;  Ihuse  with  cosiw 
nair,  as  that  of  the  swine,  the  wild  boar,  the  dog,  &c.,  which  are  attached  usuaUy  to  short 
wooden  rods  as  handles  ;  these  are  commonly  eijled  biiialies ;  and  hair  pencils,  properly 
50  called,  which  are  eomposed  of  very  fine  hairs,  as  of  the  minever,  the  manen,  the 
badger,  the  polecat,  &c.  These  are  mounted  in  a  quill  when  Ihey  are  small  or  of  mode- 
rate size,  but  when  larger  than  a  quill,,ihey  are  mounted  in  white-iron  tubes. 

The  most  essential  quality  of  a  good  pencil  is  to  form  a  fine  point.  Bo  that  all  the  nairs 
without  exception  may  he  united  when  they  are  moistened  hy  laying  them  upon  the 
tongue,  or  drawing  them  through  the  lips.  When  hairs  present  the  form  of  an  elongated 
cone  in  a  pencil,  their  point  only  can  be  used.  The  whole  difficnlly  consists  after  the 
hairs  are  cleansed,  in  arranging  them  together  so  that  all  their  points  may  lie  in  the  same 
horizontiil  plane.  We  must  wash  the  tails  of  the  animals  whose  hairs  are  to  he  used, 
by  scouring  them  in  a  solution  of  alum  till  they  he  quite  free  from  grease,  and  then  steep- 
ing them  for  24  hours  in  lulie-warm  water.  We  next  squeeze  out  the  water  by  pressing 
them  strongly  from  the  root  to  the  tip,  in  order  to  lay  the  hairs  as  smooth  as  possible. 
They  are  to  be  dried  with  pressure  in  linen  cloths,  combed  in  the  longitudinal  direction, 
with  a  very  fine-toothed  corah,  finally  wrapped  up  in  fine  linen,  and  dried.  When  per- 
fectly dry,  the  hairs  are  seized  with  pincers,  cut  across  close  to  the  akin,  and  arranged  in 
separate  heaps,  according  to  their  respective  lengths. 

Each  of  these  little  heaps  is  placed  separately,  one  after  the  other,  in  small  tin  pans 
with  flat  bottoms,  with  the  tips  of  the  hair  upwards.  On  striking  the  bottom  of  the  pan 
slightly  npon  a  table,  the  hairs  get  arranged  parallel  to  each  other,  and  their  delicate 
points  rise  more  or  less  according  to  their  lengths.  The  longer  ones  are  lo  he  picked  out 
and  made  into  so  many  separate  parcels,  whereby  each  parcel  may  be  composed  of  equally 
long  hairs.  The  perfection  of  the  pencil  depends  apon  this  equality;  the  tapering  point 
heing  prodHced  simply  by  the  allenuation  of  the  tips. 

A  pinch  of  One  of  these  parcels  is  then  lalten,  of  a  thickness  corresponding  to  the  in- 
tended size  of  the  pencil;  it  is  set  in  a  little  tin  pan,  with  lis  tips  undermost,  and  is  shakei 
bv  striking  the  pan  on  the  table  as  before.  The  root  end  of  the  hairs  being  tied  by  the 
fisnerman's  or  seaman's  knot,  with  a  £ne  thread,  it  is  taken  out  of  the  pan,  and  then 
hooped  with  stronger  thread  or  twine ;  the  knots  being  drawn  very  tight  by  means  of  two 
little  slicks.  The  distance  from  the  tips  at  which  these  ligatures  are  placed,  is  of  course 
relative  to  the  nature  of  the  hair,  and  the  desired  length  of  the  pencil.  The  base  of  the 
pencil  must  be  trimmed  flat  with  a  pair  of  scissors. 

Nothing  now  reraains  lo  he  done  but  to  mount  the  pencils  in  quill  or  tin-plate  tubes  as 
above  described.  The  quills  are  those  of  swans,  geese,  ducks,  lapwings,  pigeons,  or  larks, 
according  to  the  size  of  the  pencil.  They  are  steeped  during  S4  hours  in  water,  to  swell 
and  soften  them,  and  lo  prevent  thechance  of  their  splitting  when  the  hair  brush  is  pressral 
Into  them.  The  brush  of  hair  is  introduced  by  its  tips  into  the  large  end  of  the  col  qnill, 
having  previously  drawn  them  lo  a  point  with  the  lips,  when  it  is  pushed  forwards  with 
a  wire  of  the  same  diameter,  till  it  comes  out  at  the  other  and  narrower  end  of  the  quill. 

The  smaller  the  pencils,  the  finer  ought  the  hairs  to  be.  In  this  respect,  the  manufacture 
requites  much  delicacy  of  tact  and  experience.  It  is  said  that  there  are  only  four  first-rale 
hands  among  all  thedeiterouspencil-maker^of  Paris,  and  that  these  are  principally  women. 

HALOGENE  is  a  term  employed  by  Berzelius  to  designate  those  substances  which 
form  compounds  of  a  saline  nature,  by  their  union  with  metals;  such  are  Broniiie, 
Chlorine,  CyaTiogeae,  Fiuoi-ine,  Iodine.    Haloid  is  his  name  at  the  salt  thereby  formed. 

HANDSPIKE  is  a  strong  wooden  bar,  used  as  a  lever  to  move  the  windlass  and  cap. 
Stan  in  heaving  up  the  anchor,  or  raising  any  heavy  weights  on  board  a  ship.  The 
handle  is  smooth,  round,  and  somewhat  taper;  the  other  end  is  squared  lo  St  the  holes  in 
the  head  of  the  capstan  or  barrel  of  the  windlass. 

HARDNESS  (Durete,  Fr. ;  Harle,  Fealtgkiit,  Germ.)  is  mat  modification  of  coliesive 
aitraclion  which  enables  bodies  to  resist  any  effort  made  lo  anrade  their  surfaces.  Its  rel- 
ative intensity  is  measured  by  the  power  Ihey  possess  of  cutting  or  scratching  other  sub- 
stances. The  following  table  exhibits  pretty  nearly  tne  successive  hardnesses  of  the 
tcvcrat  bodies  in  the  list>— 
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Diamond  from  Ormus 

Pink  diamond 

Bluish  diamond 

Yellowish  diamond  - 

Cubic  diamond   - 

Ruby 

Pale  ruby  ftom  Bi 

Deep  blue  sapphir 

DiHo,  paler 

Topaz 

Whitbh  topaz     - 

Ruby  spinell 

Bohemian  lopasi  - 

Emerald 

Garnet   - 

Sa[v3onj'S 
Occidental  amethysl 
Crj-slal 
Cornelian 
Green  jasper 
Eeddish  yellow 
Schoerl 
Tourmaline 


Fluor 

Calcareous  spar 
Gypsum      - 
Chalk     - 


HARTSHORN,  SPIRIT  OF,  is  the  old  name  for  water  m 

HATCHING  OF  CHICKENS.     See  Ikcueation,  Art 

Hat  manufacture.    (Vart  de  Ckapslkr,  Fr. ;  H  Germ.)    Hal 

is  the  name  of  a  piece  of  dress  worn  upon  the  head  by  bo  paJly  by  the 

men,  and  seems  to  have  been  first  introduced  as  a  distinc  m  esiastics  in 

Ihe  12th  century,  though  it  was  not  till  the  year  1400  th  w  g  al  adopted  by 
respectable  laymen. 

As  the  art  of  making  common  hats  does  not  involve  the  description  of  any  curious  ma- 
chinery, or  any  interesting  processes,  we  shall  not  enter  into  very  minute  details  upon 
the  subject.  It  will  be  sufficient  to  convey  to  the  reader  a  general  idea  of  the  methods 
employed  in  this  mannfaclure. 

The  materials  nsed  in  making  slnff  hats  are  the  furs  of  hares  and  rabbits  freed  from 
the  long  hair,  together  wilh  wocJ  and  beaver.  The  beaver  is  reserved  for  the  finer  bats. 
The  foe  is  first  laid  upon  a  hurdle  made  of  wood  or  wire,  with  longitudinal  openings,' 
and  the  operator,  by  means  of  an  instrument  called  the  bow  (which  is  a  piece  of  elastic 
ash,  six  or  seven  feet  long,  with  a  catgut  stretched  between  its  two  eitremities,  and  made 
10  vibrate  by  a  bowstick),  causes  the  vibrating  string  to  strike  and  play  upon  the  fur,  so 
as  to  scatter  the  fibres  in  all  directions,  while  the  dust  and  filth  descend  through  the  grids 
wf  the  hurdle. 

Afler  the  fur  is  thus  driven  by  the  bow  from  Ihe  one  end  of  the  hurdle  to  the  other,  it 
forms  a  mass  called  a  bai,  which  is  only  half  the  quantity  safficient  for  a  hat.  The 
•Kit  or  capaik  thus  formed  is  rendered  compact  by  pressing  it  down  with  ibe  hardening 
sktn  (a  piece  of  half-tanned  leather),  and  the  union  of  ihe  fibres  is  increased  by  covering 
them  with  a  cloth,  while  the  workman  presses  them  together  repeatedly  with  his  hands. 
The  cloth  being  taken  off,  a  piece  of  paper,  with  Its  corners  doubled  in,  so  as  to  give  il 
a  triangular  outline,  is  laid  above  the  bat.  The  opposite  edges  of  the  bat  are  then  folded 
over  the  paprr,  and  being  brought  together  and  pressed  again  with  the  hands,  Ihey  form 
a  eonica,  cap.    This  cap  ia  next  laid  upon  another  bat,  ready  hardened,  so  that  the  joined 
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edges  of  the  first  bat  rest  upon  Ihe  new  one.  This  new  bat  is  folded  over  Ibe  other,  and 
its  ed^es  joined  by  pressure  as  before  i  so  that  the  joining  of  Ihe  first  conical  cap  is 
opposite  to  that  of  the  second.  This  compound  bat  is  now  wrought  with  the  hands  for  a 
oonsiderable  time  upon  (he  hardle  between  folds  of  linen  doth,  being  oci:»sionally  sprinkled 
with  clear  water,  till  Ihe  hat  is  basined  or  rendered  tolerably  firm. 
~"  '  '  '      receiver,  like  a  very  flat  mill-hopper,  consisting  of 

to  the  centre,  which  contains  a  kettle  filled  with 
water  acidiilated  with  sulphuric  acid.  The 
technical  name  of  this  vessel  is  the  battery.  Il 
consists  of  a  kettle  a;  and  of  the  planks,  b  c, 
which  are  sloping  planes,  usnally  eight  in  num- 
ber, one  being  allotted  to  each  workman.  The 
h-ilT  of  each  plank  neit  the  kettle  is  made  of 
lead,  the  upper  half  of  mahogany.  In  this  liquor 
the  hat  is  occasionally  dipped,  and  wrought  by 
the  hands,  or  sometimes  with  a  roller,  upon  Ihe 
doping  planks.  It  is  thus  fulled  or  thickened 
during  four  or  five  hours  ;  the  knots  or  hard  sub- 
stances are  picked  out  by  the  workman,  and  fresh 
felt  is  added  by  means  of  a  wet  brush  to  those 
pirts  that  require  it.  The  beaver  is  applied  at 
the  end  of  this  operation.  In  (be  manufacture 
of  beaver  hats,  Ihe  grounds  of  Iteer  are  added  to 
Ihe  liquor  in  the  kettle. 
Slopping,  or  ihickening  the  Ihm  spot":  "ieen  by  looking  through  the  body,  is  performed 
by  daubing  on  additional  stuff  with  successive  applications  of  the  hoi  acidulous  liquor 
from  a  brush  dipped  into  the  kettle,  until  the  body  be  su^ciently  shrunk  and  made 
uniform.  After  drying,  it  is  stiffened  with  varnish  composition  rubbed  in  with  a  brash ; 
the  inside  surface  being  more  copiously  imbued  with  it  than  the  outer;  while  the  brim  is 
peculiarly  charged  with  the  stiifening. 

When  once  more  dried,  the  body  is  ready  to  be  covered,  which  is  done  al  the  battery. 
The  first  cover  of  beaver  or  napping,  which  has  been  previously  bowed,  is  strewed  equaUy 
over  the  body,  and  patted  on  with  a  brush  moistened  with  the  hot  liquor,  until  it  gels  in- 
corporated ;  the  cut  ends  towards  the  root,  being  the  points  which  spontaneously  inlnide. 
The  body  is  now  put  into  a  coarse  hair  cloth,  then  dipped  and  rolled  in  the  hot  liquor, 
until  the  root  ends  of  (he  beaver  are  (horoushlj'  worked  in.  This  is  technically  called 
rolling  off,  or  Toughing,  A  strip  for  the  brim,  round  the  edge  of  the  inside,  is  treated  in 
the  same  way ;  whereby  cverj  thing  is  ready  for  the  second  cover  (of  beaver),  which  is 
incorporated  in  like  manner ;  the  rdlinE,  &c.  being  continued,  till  a  uniform,  close,  and 
weil-felted  hood  is  formed. 

The  hat  is  now  ready  to  receive  its  proper  sbtipe.  For  this  purpose  the  workman  turns 
up  the  edge  or  brim  to  the  depth  of  about  1|  inch,  and  then  relurns  the  point  of  the  cone 
back  again  through  the  aiis  of  the  cap,  so  as  to  produce  another  inner  fold  of  the  same 
depth.  A  third  fold  is  produced  by  returning  the  point  of  the  cone,  and  so  on  till  the 
point  resembles  a  jlat  circular  piece  having  a  number  of  concentric  folds.  In  this  stale 
it  is  laid  upon  the  plank,  and  wetted  wilh  Ihe  liquor.  The  workman  pulls  out  the  point 
with  his  fingers,  and  presses  it  down  with  his  hand,  turning  it  at  the  same  lime  round  on 
ils  centre  upon  the  plank,  till  a  flat  portion,  equal  to  the  crown  of  the  hat,  is  rubbed  out. 
This  flat  crown  is  now  placed  upon  a  block,  and,  by  pressing  a  string  called  a  mmmaiuler, 
down  [he  sides  of  the  block,  he  forces  the  parts  adjacent  to  the  crown,  to  assume  a  cylin- 
drical figure.  The  brim  now  appears  like  a  puckered  appendage  round  (he  cjlindrical 
cone ;  but  the  proper  figure  is  next  given  to  il,  by  working  and  rubbing  il.  The  body  is 
rendered  waterproof  and  still"  by  being  imbued  wilh  a  Tarnish  composed  of  shellac, 
Eandarach,  mastic,  and  other  resins  dissolved  in  alcohol  or  naplha. 

The  hat  being  dried,  ils  nap  is  raised  or  loosened  wilh  a  wire  brush  or  card,  and  some- 
times it  is  previously  pounced  or  tubbed  with  pumice,  to  take  off  (he  coarser  parts,  and 
afterwards  rubbed  over  wilh  seal-skin.  The  hat  is  now  lied  wilh  pack-lhread  upon  ils 
block,  and  is  afterwards  dyed.    See  Hat-dyeing,  infra. 

The  dyed  hats  are  now  removed  to  the  stiffening  shop.  Beer  grounds  are  next  applied 
on  the  inside  of  (he  crown,  for  (he  purpose  of  preventing  the  glue  from  coming  thronglv, 
and  when  the  beer  grounds  are  dried,  glue  (gum  Senegal  is  sometimes  used)  a  little 
thinner  than  Iha;  used  by  carpenters,  is  laid  with  a  brush  on  Ihe  inside  of  (be  crown,  and 
Ihe  lower  surface  of  the  brim. 

The  hat  is  then  softened  by  exposure  to  steam,  on  Ihe  steaming  basin,  and  is  brushed 
and  ironed  O  it  receives  the  proper  gloss.  It  is  lastly  cut  round  at  the  brim  by  a  knife 
tiled  at  the  end  of  a  gauge,  which  rests  against  the  crown.    The  brim,  however,  is  nol 


,  Cuu'ile 


MAT  MANUFACTUEE. 


035 


cut  entirely  through,  but  is  torn  off  so  as  to  leave  an  edging  of  beaver  round  the  external 
rim  of  the  hat.  Tho  crown  being  tied  up  in  a  gauze  paper,  which  ia  neatly  ironed 
flown,  is  then  ready  tor  the  last  operations  of  lining  and  binding. 

The  furs  and  wools  of  mhich  bals  are  manufactured  contain,  in  their  early  stage  of  prep- 
Hialion,  hemps  and  hairs,  whieh  must  be  remoTed  in  ordef  lo  produce  a  material  for  the 
better  description  of  hats.  This  separation  is  effected  by  a  sort  of  winnowing  machine, 
wiiich  wafts  away  the  finer  and  lighter  parts  of  the  furs  and  wools  from  the  coarser. 
Messrs.  Parker  and  Harris  obtained  a  patent  in  ]822  for  the  invention  and  use  of  such 
an  apparatus,  whose  struclureand functions  may  be  perfectly  nnderstood, from  its  analogy 
10  the  blowing  and  scutching  machine  of  the  cotton  manufacture;  lo  wliich  I  therefore 
refer  my  readers. 

I  shall  now  proceed  to  describe  some  of  the  recent  improYements  proposed  in  the  man- 
ufacture of  hats,  but  their  introduction  is  scarcely  possible,  on  account  of  the  perfectly 
oresnized  combination  which  exists  among  journeyman  hatters  throughoul  the  kingdom, 
by  which  the  masters  are  held  in  a  state  of  complete  servitude,  havin|:  no  power  to  take  a 
single  apprentice  into  tbeic  works  beyond  the  number  specified  by  the  Union,  nor  any  sort 
of  machine  which  is  likely  lo  supersede  hand  labor  in  any  remarkable  degree.  Hence 
the  hat  trade  is,  generally  speaking,  unproductive  to  tl:e  capitalist,  and  incapable  of  re- 
ceiving any  considerable  development.  The  public  of  s  free  conntiy  like  this,  ought  to 
counteract  Ibis  disgraceful  stale  of  things,  by  renouncing  the  wear  of  stuff  hats,  a  branch 
of  the  business  entirely  under  Ihe  control  of  this  despotic  (7ni<m,  and  betake  themselves 
lo  the  use  of  silk  bats,  which,  from  recent  improvements  in  their  fabric  and  -dyeing,  are 
not  a  whit  inferior  to  the  beaver  bats,  in  comfort,  appearance,  or  durability,  while  they 
may  be  had  of  the  best  quality  for  one  fourth  part  of  their  price. 

The  anneied  figures  represent  Mr.  Ollerenshaw's  machine,  now  generally  employed 
or  ironing  bats.      Jig.  743  is  Ihe  frame-work  or  standard  upon  which  three  of  these 
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lathes  are  mounted,  aa  A,  B,  c.  The  lathe  a  is  intended  to  be  employed  when  the 
crown  of  the  hat  is  to  be  ironed.  The  lathe  b,  when  the  flat  top,  and  the  upper  side  of 
the  brim  is  ironed,  and  lathe  c,  when  its  under  side  is  ironed ;  motion  being  given  lo  the 
whole  by  means  of  a  baud  passing  from  any  first  mover  (as  a  steam-engine,  water-wheel, 
&c.)  to  the  drum  on  the  main  shall  a  a.  From  Ibis  drum  a  strap  passes  over  the  rigger 
b,wbich  actuates  the  axle  of  the  lathe  a.  On  to  this  lathe  a  sort  of  chuck  is  screwed,  and 
to  the  chuck  the  block  e  is  made  fast  by  screws,  bolts,  or  pins.  This  block  is  represent- 
ed in  section,  in  order  to  show  the  manner  in  which  it  is  made,  of  several  pieces  held 
fast  by  the  centre  wedge-piece,  aa  seen  at^g.  144. 

The  hat-block  being  made  to  turn  round  with  the  chuck,  at  the  rale  of  about  twenty 
turns  per  minute,  but  in  the  opposite  direction  to  the  revolution  of  an  ordinary  turning 
lathe,  the  workman  applies  his  hot  iron  to  the  surface  of  the  hat,  and  thereby  smooths 
it,  giving  a  beautiful  glossy  appearance  to  Ihe  beaver;  he  then  applies  a  plush  cushion, 
and  rubs  round  the  surface  of  the  hat  while  it  is  still  revolving.  The  hat,  with  its 
block,  is  now  removed  to  the  lathe  b,  where  it  is  placed  upon  the  chuck  dy  and  made  to 
turn  in  a  horizontal  direction,  at  the  rate  of  about  twenty  revolutions  per  minute,  for 
the  purpose  of  ironing  the  flat-lop  of  the  crown.  This  lathe  b  moves  upon  an  upright 
«liaA  e,  and  is  actuated  by  a  twisted  band  passing  from  the  main  shaA,  roond  the 
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riggery.  In  order  lo  iron  Ihe  upper  surface  of  Ihe  brim,  Ihe  block  c  is  relBOTcd  Croa, 
tbe  lalhe,  and  laken  out  of  the  hal,  when  the  block  ^g.  'i45,  is  mounled  upon  the  chuck 
d,  and  made  lo  lurn  under  the  hand  of  the  worlinian,  as  before. 

The  hat  is  now  to  be  removed  to  the  lathe  c,  where  it  is  introduced  in  an  ini'erted 
position,  between  the  arms  g  g  supporling  Ihe  rim  A  h,  the  top  surface  of  which  is 
>hown  at  fig.  T46.  The  spindle  i  of  the  lalhe  turns  by  similar  menus  to  the  last,  but 
slower,  only  ten  turns  per  minute  will  be  sufficient.  The  workman  now  smooths  Ihe 
under  side  of  the  brim,  by  drawing  the  iron  across  it,  that  is,  from  the  centre  outwards. 
The  hat  is  then  carefully  examined,  and  all  the  bars  and  coarse  hairs  piclfed  out,  aflcr 
which  the  smonlUing  process  is  performed  as  before,  and  the  dressing  of  the  hat  is  corn- 
Messrs.  Gillman  and  Wilson,  of  Manchester,  obtained  a  patent  in  IS23,  for  a  peculiai 
kind  of  fabric  to  be  made  of  cotton,  or  a  raiilure  of  cotton  and  silk,  for  the  covering  of 
hats  and  bonnets,  in  imitation  of  beaver.  The  foundation  of  the  hatmay  beof  felt,  hemp, 
wool,  which  is  to  be  covered  by  the  patent  fabric.  This  debased  article  does  not  seem  lo 
have  got  into  use ;  cotton,  from  its  want  of  the  felting  property  and  inelasticity,  being 
very  iil-adapted  for  making  hat-stuff. 

A  more  ingenious  invention  of  John  Gibson,  hatter,in  Glasgow,  consisliifgof  an  elastic 
fabric  of  whalebone,  was  ms.de  the  subject  of  a  patent,  in  June,  iS24.  The  whalebone, 
being  separated  into  threads  no  larger  than  hay  Elall^  is  to  be  boiled  in  some  alkaline 
liquid  for  removing  the  oil  from  it,  and  rendering  it  more  eiaslic.  The  longest  threads 
are  lo  be  employed  for  warp,  the  shorter  for  weft ;  and  are  to  be  woven  in  a  hair-cloth 
loom.  This  fabric  is  lo  be  passed  between  rollers,  after  which  it  is  fit  to  be  cut  out  into 
forms  for  maldng  hats  and  bonnets,  to  be  sewed  tt^ether  at  the  joints,  anil  stifl'ened  with 
a  preparation  of  resinous  varnishes,  to  prevent  its  being  acted  upon  by  perspiration  or 
rnin.  A  Very  considerable  improvement  in  the  lightness  and  elasliciij  tf  silk  hats  baa 
been  the  result' of  this  invention. 

The  foundation  of  men's  hats,  upon  whose  outside  the  beaver,  down,  or  other  fine  fur 
is  laid  to  produce  a  nap,  is,  as  I  have  described,  usually  made  of  wool  felted  together 
by  hand,  and  formed  first  into  conical  caps,  which  are  afterwards  strelehed  and  moulded 
upon  blocks  lo  the  desired  shape.  Mr.  Borradaile,  of  Biicklersbury,  obtained  a  patent 
in  November,  1825,  for  a  machine,  invented  by  a  foreigner,  for  settmg  up  hal  bodies, 
which  seems  to  be  ingeniously  contrived;  but  I  shall  decline  describing  il,  as  it  has 
probably  not  been  suffered  by  the  Union  to  come  into  practical  operation,  and  as  I  shall 
presently  give  Ihe  details  of  another  later  invention  for  the  same  purpose. 

Silk  hats,  for  several  years  after  Ihey  were  manufactured,  were  liable  to  two  objec- 
tions i  first,  the  body  or  shell  over  which,  the  silk  covering  is  laid,  was,  from  its  hardness, 
apt  to  hurt  the  bead  i  second,  the  edge  of  the  crown  being  much  exposed  to  blows,  the 
silk  nap  soon  got  abraded,  so  as  lo  lay  bare  the  cotton  foundation,  which  is  not  capable 
of  taking  so  line  a  black  dye  as  the  silk ;  whence  the  hat  assumed  a  shabby  appearance. 
Messrs.  Mayhew  and  White  of  London,  hat-manufacturers,  proposed  in  their  patent  of 
February,  IS26,  to  remedy  these  defects,  by  making  the  hat  body  of  stuff  or  wool,  and 
relieving  the  stiffness  of  the  inner  part  round  the  brim,  by  attaching  a  coaling  of  beavei 
opon  the  under  side  of  the  brim,  so  as  to  render  the  hal  pliable.  Round  the  edge  of 
Ihe  tip  or  crown,  a  quantity  of  'wliat  is  called  slop  wool  is  lo  be  attached  by  the  ordinary 
operation  of  bowing,  which  will  render  the  edge  soft  and  elastic.  The  hat  is  to  be  after, 
wards  dyed  of  a  good  black  color,  bolh  outside  and  inside  ;  and  being  then  properly  stiff- 
enfd  and  blocked,  is  ready  for  the  covering  of  silk. 

The  plush  employed  for  covering  silk  hats,  is  a  raised  nap  or  pile  woven  usually  upon 
a  cotton  foundation  ;  and  the  cotton,  being  incapable  of  receiving  the  same  brilliant 
black  dye  as  the  silk,  renders  the  hat  apt  to  turn  brown  whenever  the  silk  nap  is  partially 
worn  off.  The  patentees  proposed  lo  coanteracl  Ibis  evil,  by  making  the  foundation  of 
the  plush  entirely  of  silk.  To  these  two  improvements,  now  pretty  generally  introduced, 
the  present  excellence  of  the  silk  hats  may  be,  in  a  good  measure,  ascribed. 

The  apparatus  above  allnded  lo,  for  making  the  foundations  of  hats  by  the  aid  of  me- 
i-hnnism,  was  rendered  the  subject  of  a  patent,  by  Mr.  Williams,  in  September,  1526;  bur 
I  fear  it  has  never  obtained  a  footing,  nor  even  a  fair  trial  in  our  manHfactures,  on  ac 
'count  of  the  hostility  of  the  operatives  lo  ail  labor-saving  machines. 

J*ig.  14.1  is  a  side  view  of  the  carding  engine,  with  a  horizontal  or  plan  view  of  Ihe 
lower  i)art  of  the  carding  machine,  showing  the  operative  parts  of  the  winding  apparatus, 
as  connected  to  the  carding  engine.  The  doffer  cylinder  is  covered  wiih  fillets  of 
wire  cards,  such  as  are  usually  employed  in  carding  engines,  and  these  fillets  are 
divided  into  two,  three,  or  more  spaces  extending  round  the  periphery  of  the  cylinder, 
Ihe  object  of  which  division  is  to  separate  the  sliver  into  two,  three,  or  more  breadths, 
mliich  are  to  be  conducted  to,  and  wound  upon  distinct  blocks,  for  mrJiing  so  maoy  Sep- 
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•llinilers  belonging  to  the  carding  engine,  are  uU  tnrned  by  pulleys,  and  bands,  and  gear, 
as  in  (he  oidinary  construction. 

The  wool  or  other  material  is  supplied  to  the  feeding  cioth,  and  tarried  through 
the  engine  ta  the  dofler  cylinder,  as  in  other  carding  engines;  the  dofTer  comb  Is 
actuated  by  a  revolving  crank  in  the  common  way,  and  by  means  of  it  the  slivers  are 
taken  from  the  doSer  cylinder,  and  thence  received  on  to  the  surfaces  of  the  bloeI(s  e  f. 
These  blocks,  of  which  two  only  are  shown  to  prevent  confusion,  are  mounted  upon 
axles,  supported  by  suitable  bearings  in  a  carriage//,  and  are  made  to  revolve  by  means 
of  a  band  g  g,  leading  from  a  pulley  on  the  axle  of  a  conical  drum  beneath.  The  band  g 
passes  over  a  pulley  h,  affiled  to  the  axle  of  one  of  the  blocks,  while  another  pulley  i, 
upon  the  same  aale,  gives  motion,  by  means  of  a  band,  to  as  many  other  blocks  as  are 
adapted  lo  the  machine. 

As  it  is  necessary,  in  winding  the  slivers  on  to  the  blocks,  lo  cross  them  in  different 
directions,  and  also  to  pass  the  sliver  over  the  bemispbericftt  ends  of  the  blocks,  in 
order  that  the  wool  or  other  material  may  be  uniformly  spread  over  the  surface  in 
forming  the  cap  or  hood  for  the  shell  or  foundation  of  the  intended  hat,  the  carriage  /, 
with  the  blocks,  is  made  to  traverse  to  and  fro  in  lateral  directions  upon  rollers  at  each 


e  extremity  n,  and  at  the  other  end  has 
draws  the  side  of  this  lever  against  a  cam  wheel  o.    This  cam  i 
means  of  a  band  and  pulley,  which  turns   the  shall  and  endli 
endless  screw  taking  into  a  toothed  wheel  r,  on  the  axle  of  the  < 
to  rev  I       tl  ■  h  ry    f  wh'  h      m         ing  against  a  frct'o 

the  lev 
and  fr  B 


ighted  cord  which 

made  to  revolve  by 

1  screw  q,  and  this 

cam  0,  canses  the  cam 

n  roller  on  the  side  of 

ed  10  it,  to  traverse  to 

m  ans  the  slivers  are 

the  surface  of  the 

,  it  is  necessary,  in 
ed  according  to  the 
This  is  effected  by 
am  t,  correEponding 
position  in  the  Iowp- 
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part  or  Ihe  frame,  which  is  actuated  by  a  band  from  any  con 
passing  over  a  pulley  u,  upon  the  axle  of  l.  From  the  tlrum 
band  w,  which  is  made  to  slide  along  the  dmnii  bj  the  guidan 
af  Ihe  lever  I. 

It  will  now  be  seen  that  when  the  larger  diameter  of  Ibe  cam  wheel  o  furces  the  level 
outwards,  the  band  v  will  be  guided  on  to  the  smaller  part  ol'  the  conical  drum  t  and  the 
larger  part  of  s,  consequently  the  drum  s  will  at  this  time  receive  its  slowest  motion,  and 
the  band  g  will  turn  the  blocks  slower  also ;  the  reverse  end  of  the  lerer  I  having,  by  the 
same  movement,  slidden  the  carriage  into  that  position  which  causes  the  slivers  to  wind 
upon  the  larger  diameter  of  the  blocks. 

When  the  smaller  diameter  of  the  cam  is  acting  against  the  eide  of  the  lever,  the 
weighted  cord  draws  the  end  of  Ihe  lever  to  the  opposite  side,  and  the  band  v  will  be 
guided  on  to  the  larger  part  of  the  cord  f,  and  the  smaller  part  of  the  cone  i;  consequently, 
the  quicker  movement  of  the  band  g  will  now  cause  the  blocks  e  e  to  revolve  with  a  cor. 
responding  speed.  The  carriage/ will  also  be  moved  upon  its  rollers,  to  the  reverse  side, 
and  the  fiUver  of  wool  or  other  material  be  now  wound  upon  the  smaller  parts  and  ends 
of  the  blocks,  at  which  tirae  the  quicker  rotation  of  the  blocks  is  required.  It  may  be 
here  observed,  that  the  cam  wheel  o  should  be  differently  formed  according  to  the  difler- 
enl  shaped  blocks  employed,  so  as  to  produce  the  requisite  movements  of  the  lever  and 
carriage  suited  (hereto. 

Il  only  remains  to  state,  that  there  are  two  heavy  conical  rollers  lo  «i,  bearing  upon 
(he  peripheries  of  the  blocks  e  e,  which  tarn  loosely  upon  their  a;iles  by  the  friction 
of  contact,  for  the  purpose  of  pressing  the  slivers  of  wool  or  other  material  on  the 
blocks  as  it  comes  from  the  doffer  cylinder  of  the  carding  engine,  and  when  the  blocks 
have  been  coated  with  a  sufficient  quantilj  of  tlio  sliver,  the  smaller  end  of  the  pressing 
rollers  is  to  he  raised,  while  the  cap  is  withdrawn  from  the  block.  The  process  being 
continued  as  before,  the  formation  of  other  bodies  or  caps  is  effected  in  the  manner  above 
described. 

After  the  caps  or  bodies  of  hats,  &c.  are  formed  in  the  above  described  machine,  they 
are  folded  in  wet  cloths,  and  placed  upon  heated  plates,  where  they  are  rolled  under 
pressure,  for  the  purpose  of  being  hardened.  Fig,  148  represents  the  front  of  three 
furnaces  a  a  a,  the  tops  of  which  are  covered  with  iron  plates  b  b  b.  Upon  these  plates, 
which  are  healed  by  the  furnace  below,  or  by  steam,  the  bodies  wrapped  in  the  wet 
cloths  c  c  c,  are  placed,  and  pressed  upon  by  the  flaps  or  covers  d  d  d,  sliding  upon 
guide  rods,  to  which  flaps  a  traversing  motion  is  given,  by  means  of  chains  attached  to 
an  alternating  bar  c  e.  This  bar  is  moved  by'a  rotatory  crank  /,  which  has  its  motion 
by  pulleys  from  any  actuating  power.  When  any  one  of  the  flaps  is  lurued  up  to 
remove    the    bodies  from   beneath,   the   chains   hang    loosely,   and  the   flap   remains 

These  caps  or  hat  bodies,  after  having  been  hardened  in  the  manner  above  described, 
may  be  felled  in  the  usual  way  by  band,  or  they  are  felled  in  a  fulling  mill,  by  the  usual 
process  employed  for  milling  cloths,  except  that  the  hat  bodies  are  occasionally  taken  out 
iif  the  fulling  mill,  and  passed  between  rollers,  for  the  purpose  of  rendering  the  felt  more 


to  be  employed  in  the 
manufacture  of  hats,  which  is 
ingenious,  and  seems  to  be  worthy 
of  notice  in  this  place.  Il  con- 
sists in  the  adaptation  of  a  sys- 
tem of  rollers,  forming  a  machine, 
by  means  of  which  the  operation 
of  roughing  or  plaiting  of  hats 
may  he  performed;  that  is,  the 
beaver  or  other  fur  may  be  made 
to  attach  itself,  and  work  into 
the  felt  or  hat  body,  without  the 
necessity  of  the  ordinary  manual 
operations. 

1  several  views,  for  Ihe  purpose 
a  front  elevation  of  the  machine ; 
longitndinal  section  of  Ihe  roa- 


The  a< 


.     .    ig  drawings  represent  the  machini 
showing  the  construction  of  all  its  parts.    Fig.  740 
fig.  160  is  a  side  elevation  of  Ihe  same ;  fig.   751  is 

chine ;  and  fig.  753  is  a  transrerse  section ;  the  similar  letters  indicating  the 
in  «ll  (he  figures. 
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fire-plate  a,  h  made,  haring  a  draccn* 
Ixig  fine  b,  for  the  purpose  of  carry 
inij  away  Ihe  smoke.  A  pan  or 
shallow  vessel  c  (,  formed  of  lead, 
is  placed  over  the  furnace;  which 
vessel  is  intended  1o  contain  a  sou'' 
liquor.  Its  a  Eolulion  of  vitriolic  acid 
and  water.  On  the  edge  of  this 
pan  is  erected  a  wooilen  casing 
d  d  df  which  encloses  three  side$, 
leaving  the  fourth  open  for  the 
purpose  of  obtaining  access  to  the 
worliingapparatus  within.  A  series 
of  what  may  he  termed  lantern 
rollers,  c  e  c,  is  mounted  on  axles 
turning  in  the  «ide  casings ;  and 
another  series  of  similar  lantern 
rollers,  /  /  /,  is  in  like  manner 
mounted  above.  These  lantern 
rollers  are  made  tc  revoire  by  means 
of  bevel  pinions,  iiied  on  the  ends 
of  their  axles,  which  are  turned 
by  similar  bevel  wheels  on  the  lat- 
eral shalls  g  and  h,  driven  by  a 
winch  t,  and  gear,  as  shown  in 
Jig).  7i9  and  750. 

Having  prepared  the  bodies  of 
the  hats,  and  laid  upon  their  sur- 
faces the  usual  coalings  of  heaver, 
or  other  fur,  when  so  prepared  they 
are  to  be  placed  between  hair  cloths, 
and  these  hair  cloths  folded  within 
a  canvass  or  other  suitable  wrapper.  Three  or  more  hats  being  thus  enclosed  in  each 
wrapper,  the  padiages  are  severally  put  into  hags  or  pockets  in  an  endless  band  of  sack- 
cloth, or  other  suitable  material ;  which  endless  band  is  extended  over  the  lantern  rolleis 
in  the  machine. 

In  tbe  first  instance,  for  the  purpose  of  merely  nllaching  the  furs  to  the  felts  (which  if 
called  slicking,  when  performed  by  hand),  Mr.  Carey  prefers  to  pass  the  endless  band  fcfe  ft, 
with  the  covered  hat  bodies,  over  the  upper  series  ///>  of  the  lantera  rollers,  in  ordci 
lo  avoid  the  inconvenience  of  disturbing  the  fur,  which  might  occur  from  subjecting  them 
to  immersion  in  the  solution  contained  in  the  pan,  before  the  fur  had  become  attached  to 

After  this  operation  of  slicking  has  been  effected,  he  distends  the  endless  band  kkk, 
over  the  lower  series  of  lantern  rollers  ^  e  e,  and  round  a  carrier  roller  ;,  as  shown  inj^g. 
751 ;  and  having  withdrawn  the  hat  bodies  for  the  purpose  of  examining  them,  and  chang- 
ing their  folds,  he  packs  them  again  in  a  similar  way  in  jlannel,  or  other  sailable  cloths, 
and  introduces  them  into  Ihe  pockets  or  bags  of  the  endless  bands,  as  before. 

On  putting  the  machinery  in  rotatory  motion  in  the  way  described,  the  hats  will  be 
carried  along  through  the  apparatus,  and  subjected  to  the  scalding  solution  in  the  pan,  as 
also  to  the  pressure,  and  to  a  tortuous  action  between  the  ribs  of  the  lantern  rollers,  as  they 
revolve,  which  will  cause  the  ends  of  the  fur  lo  work  into  the  felted  bodies  of  the  hata, 
and  by  that  means  permanently  lo  attach  the  nap  to  the  body ;  an  operation  which,  whca 
performed  by  hand,  is  called  rolling  olf. 

The  improved  stiffening  for  hat  bodies  proposed  by  Mr,  Blades,  under  his  patent  of 
January,  1828,  consists  in  making  his  solution  of  shellac  in  an  alkaline  Icy,  instead  of 
spirits  of  wine,  or  pyrosylic  spirit,  vulgarly  called  naptha, 

Hei>repBres  his  water-proof  stiffening  by  mixing  18  pounds  of  shellac  with  I|  pounds 
of  salt  of  tartar  (carbonate  of  potash),  and  5^  gallons  of  water.  These  materials  are  lo 
be  put  into  a  kettle,  and  made  lo  boil  gradually  until  the  lac  is  dissolved;  when  the 
liquor  will  become  as  clear  as  water,  without  any  scum  upon  the  lop,  and  if  left  to 
Tool,  will  have  a  thin  crust  upon  its  surface  of  a  whitish  cast,  mixed  with  the  light  im- 
■jurilies  of  Ihe  gum.  When  this  skin  is  taken  off,' the  hat  body  is  to  be  dipped  into 
Ihe  mixture  in  a  cold  state,  so  as  to  absorb  as  much  as  possible  of  it;  or  it  may  be 
applied  with  a  brush  or  sponge.  The  hat  body,  being  thus  stiffened,  may  stand  till  it 
become  dry,  or  nearly  so ;  and  after  it  has  been  brushed,  it  must  be  immersed  in  very 
dilute  sulphuric  or  acetic  acid,  in  ordf-  to  neutralize  Ihe  potash,  and  cause  the  shellac  I'j 


1000 


HAT  MANOFACTCilE. 


let.    If  Ihe  hats  are  not  to  be  napped  immediately,  they  may  oe  thrown  into  a  cifiMrn  rf 
pure  water,  and  taken  out  as  wanted. 

SlioHld  [he  hat  bodies  have  been  worked  at  first  with  sulphoric  acid  (as  usual),  tlie) 
must  be  soaked  in  hot  water  to  extract  the  acid,  and  dried  before  the  atiffeninc  is  apphed 
:are  beiua;  taken  that  no  water  falls  upon  [he  stiffened  body,  before  i[  has  been  imuiersen 
in  the  aejd. 

This  ingenious  chemical  process  has  not  bcin,  to  Oie  best  of  my  knowledge,  intro 
duced  into  tha  hut  manufacture.  A  varnish  made  by  dissolving  shellac,  mastic,  sand 
atach,  and  other  resins  in  alcohol,  or  [be  naptha  of  wood  yine§fir,  is  generally  employee 
as  [he  stiffening  and  water-proof  ingredient  of  hat  bodies.  A  soluthm  of  caoutchouc  u 
often  applied  to  whalebone  and  horse-hair  hat  bodies. 

The  following  recipe  has  been  prescribed  as  a  good  composition  for  stiffening  hats ; 
four  parts  of  shellac,  one  part  of  mastic,  one  half  of  a  part  of  turpentine,  dissolvei  in 
five  parts  of  alcohol,  by  agitation  and  subsequent  repose,  without  the  aid  of  heat.  This 
stiffening  varnish  should  be  applied  quickly  to  the  body  or  foundation  with  a  soft  ob- 
long brush,  in  a  dry  and  rather  warm  workshop;  the  bat  being  previously  fitted  with  its 
inside  turned  outwards  upon  a  block.  The  body  most  be  immediately  afterwards  taken 
oiT,  to  prevent  adhesion. 

Hat-Dyeing. — The  ordinary  bath  for  dyeing  hats,  employed  bj  the  London  manufacturers, 
consists,  for  12  dozen,  of — 

in  pounds  of  logwood  ; 

12  pounds  of  green  sulphate  of  iron,  or  copi.<ras  ; 
7J  pounds  of  verdigris. 

The  copper  is  usually  made  of  a  semi-cylindrical  shape,  and  should  be  surrounded  with 
an  iron  jacket  or  case,  into  which  steam  may  be  admitted,  so  as  to  raise  the  temperaturi; 
of  [he  interior  bath  to  190°  F.,  but  no  higher,  otherwise  Ihe  heat  is  apt  to  affect  tbt 
stiffening  varnish,  called  the  goio,  with  which  the  body  of  the  hat  has  been  imbued. 
The  logwood  having  been  introduced  and  digested  for  some  time,  the  copperas  and 
verdigris  are  added  in  successive  quantities,  and  in  the  above  proportions,  along  with 
every  successive  two  or  three  dozens  of  hats,  suspended  apon  the  dipping  machine. 
Each  set  of  hats,  after  being  exposed  to  the  bath  with  occasional  airings  during  iH 
minutes,  is  taken  off  the  pegs,  and  laid  out  upon  the  ground  to  be  more  completely 
blackened  by  the  peroxydizement  of  the  iron  with  the  atmosplieric  oxygen.  In  3  or  4 
hours  the  dyeing  is  completed.    When  fully  dyed,  the  hats  are  well  washed  in  running 


Mr.  Buffum  states  lbs 
lion  for  dyeing  hats. 

1.  in  the  operation; 

2.  the  produclion  of  a  better  color; 

3.  the  prevention  of  any  of  the  damagi 

4.  the  accomplislimenl  of  the  dyeing  pi 
methods,  and  conseijgently  lessening  the  i 
of  Ihe  hat. 

Fig.  IS-S  shows  one  method 


four  principal  objects  accomplished  by  his  paten 


,0  which  bats  are  liable  in  the  dyeing  ,■ 

ess  jn  a  much  shorter  lime  than  by  the  usual 

itiojs  etl'ecls  of  the  dye-bath  upon  the  texture 


haped  copper  vessel  w  h  flat  ends  n  whicl  the  den-, 
a  wheel  w  lb  several  c  rcu  ar  r  mi  n  ounted  npon  armi 
En  the  face  of  these  r  ms  i  number  of  pegs  or  blocks  are 
(part,  upon  each  ol  uhchpeg   or  blocks  t  s  n tended  ti 


vh  c  revol  e  upon  an  a^le  c 
set  at  nea  ly  e^nal  d  tances 
place  a  hat,  and  as  Ihe  whee' 
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cToires,  to  pass  [1  inio  and  out  of  the  cJjelng  liquor  in  the  vat  or  copper.  This  wheel 
Diaf  be  kept  cevulving  with  a  very  slow  motion,  either  by  gear  connecling  its  axle,  c, 
WLlh  an^  movinf  power,  or  it  may  be  lurnei}  round  by  hand,  at  intervals  of  ten  minutes ; 
whereby  the  hats  hung  upon  the  pegs,  will  be  alternately  immersed  for  (he  space  of  len 
minutes  in  the  dyeing  liquor,  and  then  for  the  same  space  exposed  to  the  atmospheric 
air.  In  this  vay,  the  process  of  dyeing,  it  is  supposed,  may  be  greatly  faciJitated  and 
improved,  as  the  occasional  transition  from  the  dye  val  into  the  air,  and  from  the  air 
again  into  the  bath,  will  enable  the  oxygen  of  the  atmosphere  to  strilie  the  dye  more  per 
fectly  and  expeditiously  into  the  materials  of  which  the  hat  is  composed,  than  by  a  coiitinued 
immersion  in  the  bath  for  a  much  longer  lime. 

A  variation  in  the  mode  of  performing  this  process  is  suggested,  and  the  apparatus 
fig.  "164  is  proposed  to  be  employed,  a  a  is  a  squnre  vat  or  vessel  coniainin^;  the  dyeing 
Yuiaor ;  b  bis  it  frame  or  rack  having  a  number  of  pegs  placed  in  it  for  hanging  the  hats 
upon,  which  are  about  to  be  djed,  in  a  manner  similar  to  the  wheel  above  described. 
This  frame  or  rack  is  suspended  by  cords  from  a  crane,  and  may  in  that  way  be  lowered 
down  with  the  hats  into  the  val,  or  drawn  up  and  exposed  in  the  air ;  changes  which  may 
be  made  every  10  or  20  minutes. 

I  have  seen  apparatus  of  this  kind  doing  good  work  in  the  bat-Oiuing  manufaclorieB 
of  London,  that  being  a  department  of  the  business  with  wliich  the  Union  has  not  thought 
it  worth  their  while  to  interfere. 

Mr.  William  Hodge's  patent  improvements  in  hat  dyeing,  partly  founded  upon 
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which  the 


of  grooves,  for  the  purpose 
ot  more  easily  removing  the  said 
suspenders  when  required.  -Fig. 
165  represents  the  improved  dye- 
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euiai  rims,  a  a,  which  a 
nected  together  at  top  and  bottom, 
by  three  fixed  perpendicular  bars 
or  the  frame-work  5  6  6.  Two 
other  perpendicular  frames  c  c,' 
similar  to  the  former,  slide  in 
grooves,  dddd, fixed  lo  the  upper 
and  lower  rims.  These  grooves 
have  anli-friclion  rollers  in  them, 
for  the  purpose  of  making  (he 
frames  c  c,  (o  slide  in  and  out 
more  freely.  The  suspenders  or 
substitutes  for  blocks,  by  these 
means,  may  be  more  easily  got  at 
by  drawing  out  the  frames  e  f, 
about  half  way,  when  the  suspend- 
ers, which  are  attached  to  the 
frames  with  the  tats  upon  them, 
may  be  easily  reached,  and  either 
removed  or  altered  in  position; 
and  when  it  is  done  on  one  side,  the  sliding  frame  may  he  brought  out  on  the  other,  and 
the  remaining  quantity  of  "snspenders"  undergo  the  same  operation. 

The  patentee  remarks,  that  it  is  well  known  to  all  hat  dyers,  that  after  the  hats  have 
been  in  the  dyeing  liquor  some  lime,  they  ought  to  be  taken  out  and  exposed  lo  the 
action  of  the  atmospheric  air,  when  they  are  agair.  immersed  in  the  copper,  that  part  of 
the  hat  which  was  uppermost  in  the  first  immersion,  being  placed  downwards  in  the 
second.  This  is  done  for  the  purpose  of  obtaining  a  uniform  and  regular  dye.  The 
patentee's  mode  of  carrying  this  operation  into  eifect,  is  shown  in  the  figure :  e  e  are 
pivots  for  the  dyeing-frame  to  turn  upon,  which  is  supported  by  the  arms  /,  from  a  crane 
above.  The  whole  apparatus  may  be  raised  up  or  lowered  into  the  copper  by  means  of 
the  crane  or  other  mechanism.  When  the  dyeing-frame  ia  raised  out  of  the  copper,  the 
whole  of  the  suspenders  or  blocks  are  reversed,  by  turning  the  apparatus  over  upon  the 
pivots  c  c,  and  thus  the  whole  surfaces  of  the  hats  are  equally  acted  upon  by  the  dyeing 
material. 

It  should  be  observed,  that  when  the  dyeing-frame  is  raised  up  out  of  the  copper,  it 
should  be  tilted  on  one  side,  so  as  to  make  all  the  liquor  run  out  of  the  hals,  as  also  Ic 
cause  the  rims  of  the  hats  to  hang  down,  and  not  stick  to  the  body  of  the  hat,  or  leave 
a  bad  place  or  uneven  dye  upon  it.  The  second  improvement  described  by  the  patentee, 
is  the  construction  of  "  suspenders,"  to  be  substituted  instead  of  the  ordinary  blocks. 


1CC2  HATS. 

These  "  suspenders"  are  composed  ot  thin  plates  of  copper,  bent  inlo  the  rei»ire( 
ibrm,  that  i$,  nearly  resembling  that  of  a  hat  hlock,  and  made  in  such  a  manner  a^  to  be 
capable  of  contiaction  and  expansion  to  suit  different  sized  hats,  and  keep  them 
distended,  which  may  be  altered  by  the  workmen  at  pleasure,  when  it  is  required  t<. 
place  the  hats  upon  them,  or  remove  them  therefrom.  The  dyeing-frame  at  jig.  755  is 
shown  with  only  two  of  these  "  suspenders,"  in  order  to  prevent  confasion.  One  of  these 
fiuspenders  is  represented  detached  at  ^g.  756,  which  exhibits  a  side  viewi  and  Jig.  757 
a  front  view  of  the  same.  It  will  be  seen  by  reference  lo  the  figure,  that  the  suspe.iders 
consist  of  two  distinct  parts,  which  may  be  enlarged  or  collapsed  by  a  variety  of  means, 
and  which  means  may  be  suggested  by  any  competent  mechanic.  The  two  parts  of  the 
suspenders  are  proposed  lo  be  connected  together  by  arms  g  g,  and  at  the  junction  of 
these  arms  a  key  is  connected  for  turning  Ihem  round  when  required.  It  ivill  be  seen  on 
reference  lo  the  front  view,  fig.  757,  that  the  "  suspenders"  or  substitutes  for  blocks,  are 
open  at  the  top  or  crown  part  of  the  hatj  this  is  for  the  purpose  of  allowing  the  dyeing 
liquor  to  penetrate. 

Prom  the  mixture  of  copperas  and  verdigris  employed  in  the  hat-dye,  a  vast  quantity 
of  an  ochreous  muddy  precipitate  results,  amounting  to  no  less  than  25  per  cent,  of  the 
weight  of  the  copperas.  This  iron  mud  forms  a  deposite  upon  the  hats,  which  not  only 
corrodes  the  fine  filaments  Of  the  beaver,  but  causes  both  them  and  the  felt  stuff  to  turn 
speedily  of  a  rusty  brown.  There  is  no  process  in  the  whole  circle  of  our  manufactures 
50  barbarous  as  that  of  dyeing  stuff  hats.  No  ray  of  chemical  science  seems  hitherio  to 
have  penetrated  the  darkrecessesof  Iheir  dye  shops.  Some  hatters  have  tried  to  remove 
this  corrosive  brown  ochre  by  a  bath  of  dilute  sulphuric  acid,  and  then  counteract  the 
evil  effect  of  the  acid  upon  the  black  dye  by  an  allinline  bath  ;  but  with  a  most  unhappj 
effect.  Hats  so  treated  are  most  deceptions  and  unprofitable ;  as  the;  turn  of  a  dinv 
browa  hue,  when  exposed  for  a  few  weeks  to  sunshine  and  aii 

Hatb.  The  body  of  a  beaver  hat  is  made  of  fine  wool  and  coarse  fur  mixed  and 
felted  together,  then  stiffened  and  shaped  i  the  covering  consists  of  a  coat  of  beaver  fui 
felted  upon  the  body.  Cheap  hats  have  their  bodies  made  of  coarse  wool,  and  their 
coverings  of  coarse  fur  or  fine  wool.  The  body  or  foundation  of  a  good  beaver  hat,  ii 
at  present  made  of  8  parts  of  rabbit's  fur,  3  parts  of  Saxony  wool,  and  1  part  of  lama, 
vicunia,  or  red  wool.  About  two  ounces  and  a  half  of  the  above  mixture  are  sufficient 
for  one  hat,  and  these  are  placed  in  the  hands  of  the  bower  i  hia  tool  is  a  bow  or  bent 
asheu  staif,  from  5  to  7  feet  long,  having  a  strong  catgut  string  stretched  over  a  bridge 
at  each  end,  and  suspended  at  its  middle  by  a  cord  to  the  ceilmg,  so  as  to  hang  nearly 
level  with  the  work-bench,  and  a  small  space  above  it.  The  wool  and  coarser  fur  are 
laid  in  their  somewhat  matted  state  upon  this  bench,  when  the  bower,  grasping  the  bent 
rod  with  his  left  baud,  and  by  means  of  a  imalt  wooden  catch  plucking  the  string  with  kis 
right,  makes  it  vibrate  smartly  against  the  fibrous  substances,  so  as  to  disentangle  them, 
toas  Ihem  up  in  the  air,  and  curiously  arrange  themselves  in  a  pretty  uniform  layer  or 
fleece.  A  skilful  bower  is  a  valuable  workman.  The  bowed  malerialj  of  one  hat  are 
spread  out  and  divided  into  two  portions,  each  of  which  is  compressed,  first  with  a  light 
wicker  frame,  and  next  under  a  piece  of  oil  clolli  or  leather,  called  a  hardening  skin, 
till  by  pressing  the  hands  backward  and  forward  all  over  the  skin,  the  filaments  are 
linked  together  by  their  serrationa  into  a  somewhat  coherent  fieece  of  a  triangular  shope. 
The  two  halves  or  "  bats"  are  then  formed  inlo  a  cap ;  one  of  them  Is  covered  in  its 
middle  with  a  S.cornered  piece  of  paper,  smaller  than  itself,  so  that  its  edges  may  be 
folded  over  the  paper,  and  by  overlapping  each  other  a  little,  form  a  complete  envelope 
to  the  paper;  the  junctions  are  then  partially  felted  together  by  rubbing  them  hard, 
care  being  taken  to  keep  the  base  of  the  triangle  open  by  means  of  the  paper ;  the  sec- 
ond bat  being  made  to  enclose  the  first  by  a  similar  process  of  folding  and  friction 
This  double  cap,  with  its  enclosed  sheet  of  paper,  is  next  rolled  up  in  ft  damp  cloth  and 
kneaded  with  the  hands  in  every  direction,  durit^  which  it  is  unfolded  and  creased  up 
again  in  different  forms,  whereby  the  two  layers  get  thoroughly  incorporated  inlo  one 
body;  thus,  on  withdrawing  the  paper,  a  hollow  cone  is  obtained.  The  above  opera- 
lions  have  been  partially  described  in  the  body  of  the  Dictionary,  and  the  remaining 
steps  in  making  a  hat  are  there  sufiiciently  detailed. 

In  a  great  hat  factory  women  ore  employed,  at  respectable  wages,  in  plucking  the 
beaver  skins,  cropping  off  the  fur,  sorting  various  qualities  of  wool,  plucking  and  cutting 
rabbit's  fur,  shearing  the  nap  of  the  blodied  hat,  picking  out  unseemly  filaments  of  fur, 
and  in  trimming  the  hats ;  that  is,  lining  and  binding  them. 

The  annual  value  of  the  hats  manufactured  at  present  in  the  ITnited  Kingdom  ia 
estimated  at  3,000,000(.  sterling.  The  quantity  exported  in  1840,  was  22,522  dozens, 
valued  at  81,583?. 

With  regard  lo  the  stiffening  of  hats,  I  have  been  furnished  ayn  skilful  operator  with 
the  following  valuable  information;  "All  the  solutions  of  gums  which  I  have  hitherto 
»cen  prepared  by  hatters,  have  not  been  perfect,  but,  in  a  certain  degree,  a  mixture,  more 
or  leas,  of  the  gums,  which  are  merely  suspended,  owing  to  the  consistency  of  the  com- 
position.   When  this  is  thinned  by  the  addition  of  spirit,  and  allowed  to  stand,  it  leri 
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Wl  h  curdy-looMng  BediniCDt,  and  to  this  oireurastance  may  be  ascribed  tlie  frequent 
breaking  of  hats.  My  method  of  proceeding  is  first  to  dis^Ive  the  gums  by  agitation  ic 
twice  the  due  quantity  of  spirit',  whether  of  wood  or  wine,  and  then,  after  complete  solu- 
tion, draw  off  one  ImlE  the  apirit  in  a  still,  so  as  t«  bring  the  stiffening  to  a  propei 
conaifltency.  No  sediment  subsequently  appears  on  diluting  tills  solution,  however  muel 
it  may  be  done. 

"  Both  the  spirit  bimI  albah  6ti£fenina;s  for  hats  made  by  the  following  two  reoipev 
have  been  tried  bj  some  of  Iho  first  houses  in  the  trade,  and  have  been  much 
approved  of: — 

Spirit  bttffemni,. 
'I  pounds  of  orange  shellac, 

5  pounds  of  gum  sandarac. 
4  ounces  of  gum  mastic. 
Half  a  pound  of  amber  rosin. 
1  pint  of  solution  of  copal. 

1  gallon  of  spirit  of  wino  or  wood  naphtha. 

:,  rosin,  are  dissolved  in  the  spirit,  and  the  Bc'ution  of 

Alkali  Stiffening. 
1  pounds  of  common  block  shellac. 
1  pound  of  amber  rosiu. 
4  ounces  of  gum  thus. 
4  oonces  of  gum  mastic. 

6  ounces  of  borax. 

Half  a  pint  of  solution  of  copal. 

"  The  borax  is  first  dissolved  in  a  little  warm  water  (say  1  gallon) ;  this  aikaline  liquor 
is  now  put  into  a  copper  pan  (heated  by  steam),  together  with  the  shellac,  rosin,  thus,  and 
mastic,  and  allowed  to  boil  for  soma  time,  more  warm  water  being  added  occasionally 
until  it  is  of  a  proper  consistence ;  this  may  be  known  by  pouring  a  little  on  a  cold  slab 
somewhat  inclined,  and  if  the  liquor  runs  off  at  the  lower  end,  it  is  sufEciently  fluid;  if, 
on  the  contrary,  it  set  before  it  reaches  the  bottom,  it  requires  mora  water.  When  the 
whole  of  the  gums  seem  dissolved,  half  it  pint  of  wood  naphtha  must  be  introduced,  and 
(he  solution  of  copal;  then  the  liquor  must  be  passed  through  a  fine  sieve,  aod  it  will  be 
perfectly  clear  and  readv  for  use.  This  stiffening  is  used  hot.  The  hat  bodies,  before 
they  are  stiffened,  sliould  be  steeped  in  a  weak  solution  of  soda  in  water,  to  destroy  any 
acid  ttiat  may  have  been  left  in  them  (as  sulphuric  acid  is  used  in  the  making  of  the 
bodies).  If  this  is  not  attended  to.  should  the  hat  body  contain  any  acid  when  it  is  dipped 
into  tlie  stiffening,  the  alkali  is  nentrahzed,  and  the  gnms  consequently  precipiljited. 
After  the  body  has  been  steeped  in  the  alkahne  solution,  it  must  be  perfectly  dried  in 
the  stove  before  the  stiffening  is  applied ;  when  stiffened  and  stoved  it  must  be  steeped 
all  night  in  water,  to  which  a  small  quantity  of  sulphuric  acid  has  been  added ;  this  seU 
the  stiffening  in  the  hat  body,  and  finishes  tlie  process.  A  good  workman  will  stiffen  15 
or  16  dozen  hats  a  day.  If  the  proof  is  required  cheaper,  more  shellac  and  ro^u  must 
be  introduced," 

HEALDS,  is  the  harness  for  guiding  the  warp  threads  in  a  loom ;  that  is,  for  lifting  a 
certain  number  of  them  alternately  to  open  the  shed,  and  aifbrd  passage  to  the  decussating 
weft  threads  of  the  shuttle.    Sec  Weavikq. 

HEARTH;  (Pbyfr.Fr.;  Heerde.  Germ.)  is 
nace  upon  which  the  ore  and  flux ■"""" 

HEAT,  is  that  power  or  essence  called  caloric,  the  dif^ussion  of  whose  habitudes  with 
the  different  kinds  of  matter  belongs  to  the  science  of  chemistry. 

HEAT-REGULATOR.  The  name  given  by  M,  Bonnemain  to  an  ingenious  apparatus 
for  regulatmg  tlie  temperature  of  his  incubating  stove  rooms.  See  Iscubation,  Artikicial, 
tor  the  manner  of  applying  the  Heat- Regulator. 

The  construction  of  the  regulator  is  founded  upon  the  unequal  dilatations  of  different 
metals  by  the  same  degree  of  heat.  A  rod  of  iron  x,  jig.  758.,  is  tapped  at  its  lower  end 
into  a  brass  nut  y,  enclosed  in  a  leaded  tiox  or  tube,  termmal«d  above  by  a  brass  collet  z. 
This  tube  is  plunged  into  the  water  of  the  boiler,  alongside  of  ths  smoke-pipe. 
{Fig.  759.  is  a  binl's-eye  view  of  the  dial,  .tc.)  The  expanaon  of  the  lead  being 
moi-e  than  the  iron  for  a  like  degree  of  temperature,  and  the  rod  enclosed  within 
the  tube  being  less  easily  warmed,  whenever  the  heat  lises  to  the  desired  pitch,  the 
elongation  of  the  tube  puts  the  collet  z  in  contact  with  the  heel «.  of  the  bent  level 
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a,b  d  thence  the  eligbteat  mcrcKS* 
iff  heit  kuHlhens  tlie  tube  niicn 
)  and  the  collet  lifting  the  he*!  ol 
'  the  lever  depresses  tlie  other  end 
I  fl  rough  fL  muclv  greattr  spaca 
on  account  of  the  rolatiTe  lengths 
ot  it^  legs.  This  moyement  opt 
1  itps  near  the  asia  of  a  balinco  bar 
e  sinks  one  end  of  this  and  there 
bj  increases  tho  extent  of  the  move 
mcnt  which  is  transmitted  directly 
to  the  iron  skewer  i  This  pusli 
iiig  down  a  swing  register  dimi 
niohes  or  cuts  off  the  acteos  ot  air 
to  the  fireplace  The  combustun 
IS  thertby  obetrncted  and  the  tern 
p  liing  by  degrees,  the  tube  sliriiiks  and  disengages  the  heel  of  the  le\  tr     The 

n  p  e  3,  fixed  at  the  baiaiice-beam  e,  ranes  tlie  other  extiemitT  nf  this  beira  by 
ra  e  eiid  d  of  the  lever  as  much  as  is  neoesoary  to  make  the  heel  bear  upon  tlia 

0  0  of  18  tube.  The  swing  register  acted  upon  by  this  means,  presents  ft  greater 
s  no  the  passage  of  the  Mr;  whence  the  combastlon  is  increased.  To  counter- 
oahiD  e  he  effect  of  atmospheric  changes,  the  iron  stem  which  supports  the  regnlator 
e  m  na  ed  by  a  dial  diac,  round  the  shaft  of  the  needle  above  h._fig.  769. ;  on  turning 
this  needle,  (he  stem  below  it  tnma.  aa  wall  as  a  screw  at  its  under  end,  wluch  raises  or 
lowers  the  lenden  tube.  In  the  first  case,  the  heel  falls,  and  opens  the  swing  register, 
whence  a  higher  temperature  is  required  to  shut  it,  by  the  espansion  of  the  tube,  Vi'e 
may  tbas  obtMn  a  regularly  higher  temperature.  If,  on  the  contrary,  wa  raise  the  tube 
by  turning  (he  needle  in  the  other  direction,  the  register  presents  a  smaller  opening,  and 
shuts  at  a  lower  temperature;  in  this  case,  we  obtain  a  regularly  lower  temperature. 
It  is  therefore  easy,  saja  M-Bonnem^n,  to  determine  d  privH  the  degree  of  temperatui'a 
to  be  given  to  the  water  circulating  in  the  stove  pipes.  In  order  to  facilitate  the  regula- 
tion of  the  apparatus,  he  graduated  the  disc  dial,  and  inscribed  npon  its  top  and  bottom, 
the  words.  Strong  and  Weak  heai     See  Theeuostat,  for  another  HKAT-BEQCLiToa. 

HEAVY-SPAR,  mlphate  of  Baryta,  or  Caak;  {SjMtk  pftant,  Ft.;  Schwerapath, 
Germ.)  is  an  abundant  mineru,  which  accompanies  veins  of  lead,  silver,  mercury,  &c., 
but  is  often  found,  also,  in  large  musses.  Its  colour  is  usually  white,  or  flesh  coloureA 
It  occurs  in  many  crystalline  forms,  of  which  the  cleavage  is  a  right  rhomboidal  prism. 
It  is  met  with  aho  of  a  flbrous,  rai^ated,  and  granular  stmcture.  Its  spec  grar.  varies 
&om  41  to  43.  It  has  a  strong  lustre,  between  the  fatly  aud  the  vitreous.  It  melts  at 
35°  Wedgw.  into  a  white  opaque  enamel.  Its  constituents  are  65-63  baryta,  and 
3437  sulphuric  acid.  It  is  decomposed  by  calcination  in  contact  with  charcoal  at  a 
white  heat,  into  a  sulphuret  of  baryta ;  from  which  all  the  baryta  salts  may  be  readily 
formed.  Its  chief  employment  in  commerce  is  for  adulterating  white  lead ;  a  purpose 
which  it  readily  serves  on  account  of  its  density.  Its  presence  here  is  easily  detected  by 
dilute  nitric  acid,  which  dissolves  the  carbonate  of  lead,  and  leaves  the  heavy  spar.  It 
is  also  a  useful  ingredient  in  some  kinds  of  pottery,  and  glass. 

HECKLE;  (Ssran,  Fr.;  .ffecM,  Germ.)  is  an  implement  for  dissevering  the  fila- 
ments of  flai,  aud  laying  them  in  parallel  stricke  or  tresses.    See  Flax. 

HELIOGEAPHY  may  be  regarded  as  the  appropriate  title  of  the  new  and  elegant 
art  of  making  tun  pictures ;  on  art  which  originated  with  Niepce  and  Daguerre,  and 
which  has  been  much  improved  by  Mr,  Fox  Talbot.  See  the  articles  CAUWsrK  and  D*- 
anKBRKonFK.  It  has  been  called  photography,  being  a  picture  produced  by  the  action 
of  light ;  but  as  the  sunbeams  are  essential  to  a  good  result,  I  have  called  it  Heliogr-aphy. 
Iodide  of  silver  is  the  principal  agent  applied  io  paper,  to  make  it  very  sensible  to  the 
impressions  of  the  sunbeam.  The  bromide  has  also  been  used,  and  preferably  in  mix- 
ture. Le  Gray  in  hia  new  treatise  of  photography,  lately  published,  recommends  a 
mixture  of  the  Iodide,  cyanide  and  fluoride,  as  the  excitable  fluid  ;  this  compound  being 
u«cd  in  union  with  potassium,  The  paper  thus  impregnated,  is  laid  on  the  aceto-nitrate 
of  silver,  and  then  exposed  to  the  light.  A  picture  may  thus  be  obtained  in  the  focus 
of  the  camera  obscnra  in  80  seconds  in  fine  weather ;  a  circumstance  of  great  conse- 
quence in  taking  living  poitraits,  on  account  of  the  mobility  of  the  human  countenance, 
Wased  paper  applied  dry  possesses  a  like  sensibility. 

One  of  the  main  difGculties  in  heliography  lies  in  the  choice  of  the  paper.    The  post 

paper  of  Whatman  of  London,  is  preferred  for  the  preliminary  trials,  when  it  is  slightly 

glazed.    Thin  paper  is  better  for  portraiture,  and  thick  for  landscapes.    Well  sized  paper 

.s  to  be  preferred,  and  of  equal  texture. 

The  first  step  in  preparing  the  paper,  is  to  fill  up  all  its  pores  with  fine  while-w«< 
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«nd  Ihajgha  it  the  aspect  of  parclimHnt.  Provide  a  large  plaie  of  silver-plaled,  aa  for 
the  da^erreotype  process,  place  It  on  a  tripod  hoiiaoolallj,  heat  it  by  pasaing  the  flama 
of  a  spirit  of  wine  lamp  to  and  fro  under  it,  or  rather  set  it  over  a  water  bath,  while  with 
the  other  hand  a  piece  of  white  wax  ia  rubbed  over  it.  The  coat  of  wax  being  eqnally 
fused,  lay  the  paper  upon  it.  and  cause  it  lo  apply  evenly  by  putting  a  card  on  it.  It  is 
then  to  be  removed,  and  laid  between  two  or  throe  folds  of  blotting  paper,  and  gently 
pressed  over  with  a  hot  smoothing  iron,  to  remove  the  excess  of  wax.  It  is  indispensable 
that  no  wax  remain  on  the  surface,  but  only  in  the  testuro  of  the  paper  ;  which  should 
have  no  glistening  spot,  and  be  perfectly  transparent.  Thin  paper  should  be  preferred 
for  waxing.  Well  prepared  paper  should  allow  the  proof  of  the  picture  to  develop 
itself  in  the  gallic  acid  for  a  considerable  time,  without  spotting  either  tlie  proof  or  the 
acid.  Its  principal  quality  is,  to  permit  the  nceto  nitrafo  of  silver  to  be  prepared  before- 
LaniJ,  and  thns  have  a  store  of  ready  waxed  paper.  This  preparation  affiirda  very  intense 
blacks  upon  thin  papers. 

The  bflth  of  iodide  of  potassium  completely  penetrates  the  wax,  and  deprives  it  of  its 
greasy  aspect,  by  a  Eort  of  decomposition,  which  causes  the  subsequent  preparations  to 
apply  uniformly.  This  paper  ehoulil  be  left  from  half  an  hour  io  an  hour,  in  the  solulJOD 
of  tbfe  iodide,  according  to  the  thickness  of  the  paper  ;  to  ensure  the  decomposition  of  the 
wax,  care  must  be  taken  lo  keep  the  waxed  paper  coot.  The  iodized  paper  assumes  a 
violet  tint  when  completely  dry.  Tliis  hue,  resulting  from  the  union  of  the  was:  with  the 
iodine,  is  beneficial,  because  it  affords  sufficient  time  to  leave  the  paper  on  the  aceto- 
nitrate  of  silver,  till  the  violet  tint  disappears.  The  preparatjons  that  follow  may  be 
applied  to  either  the  waxed  or  plain  paper ;  but  in  the  latter  case,  the  paper  should  be 
somewhat  thick. 

-FVVM  J'repaTuiioti. — Negative  Paper. — Boil  in  a  porcelain  or  earthen  pan,  3  Utres  of 
distilled  water,  with  SBO  ^ammes  of  rice,  till  this  merely  bursts,  lest  the  water  becomes 
too  glutinous.  Strain  through  calico.  Tins  forms  an  excellent  size,  and  affords  a  good 
body  and  fine  blacks.  In  a  litre  of  the  above  rice  wafer,  dissolve  40  grammes  of  sugar 
of  milk ;  IB  of  iodide  of  potassium ;  80  centigrammes  of  cyanide  of  potassium,  and  BO  cen- 
tigrammes of  fluoride  of  potassium.  Filter  the  solution,  and  sot  aside  for  use  in  a  bottle. 
To  prepare  the  paper,  pour  this  solution  into  a  large  plate,  and  plunge  the  waxed  paper 
into  it,  leaf  by  leaf  over  each  other,  taking  care  to  expel  the  air  bubbles.  Take  them  oul, 
return  them  for  about  half  an  hour ;  then  hang  Ihem  up  to  dry,  by  means  of  a  bent  pin 
hooked  to  the  coroer ;  and  fevour  their  drainage  by  placing  a  bit  of  blotting  paper  on 
their  lower  point  Tliis'  process  is  to  be  repeated.  Freni^  and  Engbsh  papers  should 
not  be  mixed  in  the  same  cistern.  The  English  paper  is  said  to  contain  a  free  acid,  which 
predpitales  iodide  of  starch  in  the  French  paper,  aod  ^ves  it  a  deep  violet  tint  The 
paper  ia  to  be  cut  down  to  the  size  of  the  camera  obscura,  and  put  up  for  use  in  a  porte- 
feuille.  The  liquid  which  has  been  used  will  serve  again.  The  paper  thus  prepared,  ia 
called  iodized. 

Paper  ipceiallyfor  Porlraiture — is  prepared  as  follows.  Take  400  grammes  of  dis- 
tilled wafer,  20  of  iodide  of  potassium,  2  of  cyanide  of  potaaaum,  060  centigrammes  of 
Quoride  of  potasaium  ; — dissolve.  Pour  2  or  3  millimetrea  of  this  solution  into  a  flat  plate 
of  porcelain,  or  on  a  flat  glass,  quite  horizontal.  Take  a  piece  of  glazed  paper  by  the 
two  comers,  the  rough  side  uppermost,  and  apply  the  smooth  face  upon  the  liquid  in 
the  plate ;  beginning  the  immersion  with  the  side  next  your  body,  and  pushing  the  leaf 
before  jon,  so  Ibat  it  may  always  fall  at  fi^t  angles  upon  (he  liquid.  This  movement  is 
to  be  repeated  two  or  three  times,  so  aa  to  press  out  any  air  bubbles.  Take  care  that  the 
liquid  does  not  pass  to  the  other  side  of  the  paper.  It  la  to  remain  on  the  bath  not  more 
than  two  minutes  at  most  It  is  then  to  be  lifted  and  perfectly  dried  between  folds  of 
blotting  paper,  of  a  tine  tissue,  rubbing  it  in  all  directiona  with  the  hands,  and  changing 
its  place,  that  it  may  be  perfectly  dry.  Bemove  tbe  paper  and  smooth  it  with  a  soft 
brush.  Lay  tbe  same  side  upon  the  bath  of  aceto-nitraie  of  silver  (about  to  be  indicated) ; 
IcaTing  it  there  not  more  than  S  or  10  seconds  at  most,  and  then  place  it  upon  the  slate 
in  the  camera,  (which  has  been  previously  furnished  with  a  leaf  of  blotting  paper  well 
poalted  in  water,  as  will  be  described  further  on.  It  is  requisite  to  make  Immediate  use 
oi"  !hU  paper,  because  its  great  sensibility  depends  chiefly  on  the  nascent  slate  of  the 
iodide  of  silver  that  it  operates  upon,  la  summer,  from  4  to  10  seconds  are  required  for 
an  impression  ;  in  winter,  from  18  to  40. 

The  second  optraiitm  ii  lo  give  sensibility  to  the  iodized  papers,  either  in  the  dry  <w 
"     -        "Dikeof 


humid 


Distilled  water        -  .  -  -  150  grammes 

Crystallized  nitrate  of  silver  -  -      B        " 


When  this  ia  dissolved,  add  of  crystnllizable  acetic  acid  12  grammes.  Care  must  bo 
taken  to  prepare  this  solution  by  the  light  of  a  feeble  taper,  and  to  surround  the  phial 
with  a  case  of  blackened  paper.     No  more  of  this  mixture  should  be  put  into  tho  cap. 
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eule  yiaa  is  sufficient  for  once.    If  not  to  be  kept  more  than  4  days  upon  tlie  paper,  the 
following  mizture  may  be  used : 

Distilled  irater         ....      150  grammes 
Acetate  at  silver       -  -  -  -        10        " 

CrystsllizaUe  aceUc  add     ■  -  -        12        " 

For  the  humid  operation  the  paper  may  preferably  be  employed  moist.  At  the  momenl 
of  commencing,  pour  one  of  those  mistures  of  aeeto -nitrate  of  silrei'  upon  a  plate  of 
porcelain  or  glass,  quite  horizontal,  to  about  one  milUmetre  in  depth.  A  pipette  or  small 
«ucldng  glass  tube  is  convenient  for  this  purpose,  as  its  fins  point  prevents  any  drops 
from  l»ing  spilled  irregularly.  And  the  surtaee  of  the  liquid  may  be  skimmed  if  neces- 
sary irith  a  piece  of  wliite  paper.  The  leaf  of  iodized  paper  is  now  to  be  seized  by  tlie 
two  corners  on  the  side  only  which  was  iodized,  and  to  be  laid  down  and  raised  several 
times  so  as  to  expel  the  air.  This  may  be  done  with  the  thumb  by  the  help  of  a.  pallet 
ivory  knife  to  save  staining  the  fingers.  Take  care  that  none  of  the  nitro-acctate  of  silvei 
goes  ou  the  other  side  of  the  paper.  Allow  the  paper  to  receive  the  chemical  action  till 
the  formation  of  a  very  sensiUa  layer  of  cymio-iodo-flaoride  of  silver.  Five  minutes  may 
suffice  for  the  French  paper,  and  a  little  longer  for  the  English ;  both  being  imbued  with 
tlie  sugar  of  milk  preparations.  Time  should  be  given  for  the  violet  hue  to  disappear, — 
*  or  S  minutes ;  but  with  the  portrait  paper,  9  or  10  seconds  should  be  sufficient.  The 
longer  this  interval  the  less  is  the  sensibility. 

Apply  the  paper  quite  moist  upon  a  slate,  on  which  there  has  been  previously  spread 
lo  receive  it,  a  well  soalied  leaf  of  unsized  paper.  The  sole  of  the  camera  may  sJso  be 
made  use  of,  if  it  lias  been  well  covered  with  a  coat  of  white  wax.  But  the  slate  is 
preferable  ;  care  being  had  to  lay  the  surface  with  the  aceto-nitrate  nppermost  to  receive 
the  radiations  nf  light.  The  undermost  piece  of  paper  should  be  free  from  iron  st^ns. 
The  slate  should  be  marked  so  as  to  be  preserved  always  in  one  posture,  both  when  they 
are  applied  and  when  put  up  in  Hie  frame.  If  these  precautions  be  neglected,  the 
liquid  collects  below  and  falls  upon  the  prepared  paper,  and  may  cause  spots.    The 

Eaper,  when  thus  put  on  the  slate,  may  be  left  there  for  three  or  four  hours  without 
emg  removed,  and  may  he  placed  during  this  Interval  in  the  camera.  On  going  a 
litOe  way  off  to  take  a  proof,  the  fold  of  the  leaf  may  be  dipped  in  thick  mucilage  of 
gum-arabic,  which  serves  to  preserve  the  moisture  and  the  [idheeion.  Two  panes  of  glass 
may  also  be  used  for  laying  the  papers  between  ;  not  sparing  blntting  paper  in  cleaning 
them. 

In  the  dry  way,  waxed  paper  is  lo  bo  used.  It  will  require  more  time  to  develop  the 
image  with  the  gallic  add ;  but  this  comes  out  equally  well,  only  there  will  be  a  pretty 
strong  contrast  between  the  whites  and  fhe  blac^  The  aceto-gallic  acid,  and  the  aceto- 
nifric,  which  are  added  should  be  fresh,  extremely  pure,  and  well  filtered.  Two  porcelain 
basins  of  some  depth  are  to  be  taken  -,  into  the  first  put  from  5  to  6  millimeties  of  aceto- 
nitric  add  (noted  above)  and  into  the  second  put  distilled  water.  Plunge  completely  on 
the  two  ddes  the  waxed  and  iodized  paper,  into  the  bath  of  the  aceto-nitrate  of  silver  of 
the  first  cistern,  and  leave  it  there  4  or  6  minutes,  than  transfer  it  immediately  into  the 
bath  of  distilled  water  in  the  second  dstern,  and  leave  it  at  least  4  minutes  or  more  if  you 
wish  to  keep  the  paper  some  time  before  uang  it.  You  may  prepare  next  in  the  same 
baths,  ten  leaves  one  after  the  other.  Lastly,  the  paper  is  to  be  taken  from  the  water  to 
be  dried  between  folds  of  blotting  paper,  and  laid  by  in  a  blottmg-book  equally  dry. 
The  paper  is  not  to  be  dried  by  suspension  in  the  air-  Kept  in  the  dark  the  paper  will 
thus  keep  its  qualities  fully  5  d^s,  befbre  going  into  the  camera.  The  aceto-nitrate  of 
silver  deteriorates  after  8  days.  It  is  good  not  to  put  at  once  more  than  one  or  two  proofs 
into  the  same  bath  of  gallic  acid.  The  period  of  exposure  in  the  camera  is  not  longer  in 
the  dry  than  in  the  humid  way,  but  the  proof  must  stand  a  little  longer  in  the  gallic 
acid,  which  may  have  IB  or  SO  drops  added  to  it  of  the  nitro-acetate  of  silver  filtered,  and 
fresh  made,  or  not  previously  used!^  The  granular  and  soiled  look  of  the  paper  under  the 
gallic  acid  when  it  becomes  dry,  should  give  no  concern,  as  it  disappears  completely  on 
re-melting  the  wax,  of  tlie  proof  on  the  exposure  of  ils  negative  to  a  suitable  beat  This 

Ei^caution  should  never  be  neglected,  for  it  is  superior  to  any  varnish.  These  operations 
sing  finished,  invert  the  aceto-nitrate  of  silver  into  a  phial,  but  don't  reserve  any  for 
fresh  proo&,  which  would  prove  a  constant  cause  of  f^lures.  It  may  be  thrown  down 
by  common  salt,  in  the  state  of  chloride  of  silver,  which  serves  to  give  to  hyposulphite  of 
soda,  the  quality  necessary  for  producing  fine  tones.  The  aceto-nitrate  may  be  decoloured 
and  revived  by  means  of  bone  black,  with  which  it  is  to  be  boiled  a  short  time  and  then 
filtered. 

Third  Operation ;  Expomrs  in  the  Camera,— Place  the  point  of  the  image  in  the  de- 
twlished  glass  most  scrupulously  in  the  middle  of  the  lens.  After  the  exposure  to  thi 
luminous  rays  the  image  in  Oie  camera  has  little  appearance,  being  developed  only  by 
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Ihe  Bubaeijuent  operation,  which  inaj  be  performed  some  houra  afterwards,  on  the  moiat 
paper,  or  even  aome  days  with  the  waxed  paper  in  the  drj  atate. 

Developmenl  of  the  Image. — This  ia  effected  by  the  gallic  acid  diluted  with  pure  water, 
in  the  proportion  of  1  litre  of  the  latter  and  4  grammes  of  the  former.  Poia"  out  of  this 
i'oliition  into  a  liorizontal  flat  shallow  plate,  to  the  thickuesa  of  3  or  1  milliiuetrea. 
Plunge  the  proof  completely  into  it,  so  that  it  may  be  covered  all  round.  Watch  its 
development,  which  ia  readily  perceived  across  the  thichneas  of  the  paper.  It  may  be 
left  here  from  10  minutes  for  an  hour  or  two,  till  it  be  arrived  at  perfecl'         "" 


when  the  image  b^ina  to  appear.  Very  intense  blaika  are  thus  obtained,  but  the  action 
must  then  be  followed  up,  because  it  is  rapid,  and  it  gives  such  intense  blacks,  aa  to  be 
disagreeable  if  the  time  be  prolonged.  When  it  is  sufficiently  deep,  withdraw  it  amartly, 
and  pour  several  streams  of  water  over  it,  npon  a  plate  or  dish,  rubbing  the  baci  of  the 
paper  at  (he  eanie  time  with  a  finger  to  remove  any  crjetalline  grains  which  might  spoil 
It.  The  gray  hue  of  the  waxed  paper  need  cause  no  alarm  aa  it  disappears,  and  leaves 
beautiful  wlutes  and  blaclis.  The  lone  which  the  image  takea  from  the  gallic  acid  will 
enable  you  to  judge  whether  the  exposure  to  (he  light  has  been  adequatu.  If  it  becomes 
immediately  of  a  gray  black  everywhere  (looked  well  through),  it  showa  it  to  have  been 
too  long  under  the  light.  If  the  greatest  lights,  which  should  be  the  greatest  blacks 
of  the  negative,  do  not  become  deeper  than  the  semi-tinta,  the  espoaure  baa  also  been 
too  long.  A  first  pronf  serves  to  regnlate  the  time  of  exposure  in  the  camera  for  tlie 
rest.  Its  period  may  be  shortened  by  warming  the  gallic  acid,  for  which  a  little  appa 
ratus  has  been  used,  consisting  of  a  little  square  copper  basin  filled  with  water,  supported 
over  ft  small  spirit  lamp,  which  communicates  heat  to  the  shallow  dish  containing  the 
gallic  acid,  rjic 

The  picture  taken  as  above  described  will  not  be  permanent.    It  must  be  fixed  by 

Mfih  Oferaiion,  or  that  of  the  Kegathe  Proof. — Dissolve  in  a  bottle  100  grammes  of 
hyposulphite  of  soda  in  800  grammes  of  filtered  water.  Put  the  aolution  mto  a  basin  to 
the  depui  of  half  a  centimetre,  and  plunge  the  negative  proof  completely  in  it,  taking 
care  to  free  it  from  air  bubbles.  The  hypoaulphite  takes  posaeaaion  of  the  cyano-iodo- 
fiuoride  of  silver,  and  the  proof  remains  clear  ;  but  it  does  not  affect  the  gallate  of  silver, 
which  on  the  contrary  continues  black.  Never  put  more  than  one  proof  at  a  time  in  this 
bath ;  but  you  may  put  several  proofe  in  it  one  after  the  other.  The  hypoaulphite  of  soda 
which  has  been  already  used  is  to  be  collected,  and  when  kept,  lets  fall  flocks  of  gallate 
of  iron  and  sulphuret  of  silver.  When  filtered  it  serves  well  for  fixing  weak  proofs.  On 
examining  the  proof  after  it  has  remained  some  time  in  the  bath,  we  might  be  tempted 
to  believe  that  it  has  lost  its  strength  from  its  transparency,  because  tiie  iodide  of  silver, 
which  has  a  straw  yellow  tint,  beju^  completely  removed  from  its  place  and  resting  at 
other  spots,  annihiiates  the  image  in  appearance.  But  if  we  consider  that  the  whole 
iodide  of  silver  ia  removed,  as  is  recognized  when  the  yellow  tint  of  the  proof  is  also 
gone— one  becomes  astonished  at  the  whiteness  and  the  transparency  of  the  paper  ;  as 
well  as  the  beauty  of  the  blacks  of  the  image. 

For  these  elTeols  it  requires  from  half  an  hour  to  three  quarters  of  an  hour  with  the 
ordinary  papers.  An  abode  of  too  much  length  in  the  bath  weakens  the  bloclts  of  the 
proof;  and,  therefore,  this  process  should  be  looked  after.  With  waxed  papers,  from  10 
to  15  minutes  are  sufficient  for  fixing.  The  proof  is  to  be  next  washed  with  several 
waters,  and  left  to  drain  off  its  hyposulphite  into  a  basin  for  the  apace  of  half  an  hour.  It 
ia  then  dried  by  hanging  it  up  by  a  corner ;  and  is  now  inalterable  at  the  light,  since  there 
doca  not  remain  any  more  in  tbe  paper  than  tlie  black  gallate  of  iron. 

Sixth  Operation  :  Wamny  of  ths  Negative  Proof. — When  the  negative  proof  is  weak 
find  the  paper  very  transparent,  counterproofs  should  be  made  with  it  without  waxing 
The  proofa  obtained  from  paper  previously  waxed  should  not  be  waxed  anew,  but  only 
approadied  near  the  fire  to  restore  their  transparency,  which  they  had  lost  by  their  'iuc- 
cessive  baths.  Before  thia  operation  they  have  a  granular  aspect.  The  negative  proof 
nhould  be  waxed,  which  counteracts  (he  ill  effect  of  any  of  the  nitrate  of  silver  remaining 
on  tjie  surface  of  the  positive  paper.  The  waxing  of  the  negaUve  proof  ia  done  by  melting 
with  a  spirit  lamp  a  layer  of  white  wax  on  a  piece  of  plated  copper  like  that  of  a 
daguerreotype,  laying  the  negative  upon  it,  and  promoting  its  adhesion  by  the  weight  of 
a  card.  When  it  is  eqnally  soaked,  place  it  between  folds  of  smooth  writing  paper,  and 
glide  a  hot  smoothing  iron  over  all  to  remove  the  excess  of  wax.  The  iron  should  not  be 
too  hot. 

Seventh  Prepnration  ;  tliat  of  Positive  i'a;ier.— Saturate  a  bottle  of  water  witli  sea 
salt.  Dilute  1  part  of  thia  solution  with  3  parts  of  water.  Put  into  a  plate  this  brine  to 
the  depth  of  4  or  6  millimetres.  Into  another  bottle  put  of  distilled  water  100  grammes ; 
crystallized  nitrate  of  silver  SO  grammes.  Dissolve.  Of  which  pour  out  into  a  plate  to 
the  above  thickness. 
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Take  stout  pBp«r  weighing  about  15  kilogrammes  the  ream,  previously  out  of  a  suita- 
ble aize,  and  free  from  irpn  staioa  or  any  ioipiiritiea.  Hark  a  ti-oas  on  the  side  of  the 
paper  which  bears  the  metallic  mark  of  the  manufooturei'.  Le  Gray  says  the  English 
paper  should  not  ha  used  imlasa  a  red  tone  ha  wanted  in  the  pictuces.  Pkoe  the  papei 
upon  a  plate  of  porcelain  or  glass  moistened  (as  formerly  directed)  -with  the  dilute  Dnne, 
and  leave  it  there  from  2  to  4  minutes ;  dry  it  between  folda  of  pink  blotting  paptir, 
rubbing  it  at  the  same  time  with  the  hand  Prepare  thus  S  leaves  before  beginning,  lo 
put  them  in  the  bath  of  nitraUi  of  silver,  in  oriler  that  all  traces  of  humidity  may  be  to- 
moveii.  Take  the  dried  leaves  and  clear  them  by  a  somewhat  hard  flat  brush  from  all 
particles  of  salt  or  other  imparities.  Put  a  leaf  of  the  pink  blotting  paper  upon  the 
nitrate  of  silver  of  the  salted  side  only,  and  leave  it  there  the  time  requisite  to  prepare 
another  leaf  upon  the  salt,  Bj  leaving  it  for  a  litHe  on  the  nitrate  of  silver,  red  toneo 
are  obtained  ;  but,  by  leaving  it  longer,  blacker  tones.  The  paper  is  then  lo  be  dried, 
lianging  it  up  by  a  comer;  but  all  must  be  done  by  candlelight.  The  positive  paper 
should  be  very  dry  before  laying  a  negative  upon  it,  for  fear  of  staining  h  with  nitrate 
of  silver.  On  this  account  it  la  good  to  dry  it  well  the  previous  night,  but  not  too  many 
days  beforehand,  lest  the  ^ver  should  darken. 

'Sighth  Operation:  TaJciiiff  the  T<mtiva  Proof. — Put  the  negative  upon  one  of  the 
glasses  of  the  frame  of  reproduction,  lay  above  it  a  leaf  of  glazed  paper,  than  one  of 
positive  paper  prepared  by  the  preceding  operation,  the  ade  of  the  preparation  upon  the 

glaco  of  the  negative,  then  lay  above  it  a  leaf  of  black  paper,  and  the  second  glass  of  tlie 
ame.  Shut  toe  covet  of  the  frame,  which  will  exert  a  alight  pressure  upon  the  glasses, 
and  secure  their  contact.  A  sheet  of  transparent  and  waxed  paper,  or  a  piece  of  papier 
glapS  in  ffelaline,  ihoald  be  placed  between  the  negative  proof  and  the  leaf  of  the  positive 
paper.  This  does  not  hurt  the  nicety  of  the  proof,  and  preserves  the  negative  from 
contact  with  the  nitrate  ot  silver,,  which  would  spoil  it.  It  is  proper  to  allow  one  of  the 
sides  of  the  positive  paper  to  overlap  on  the  side  of  the  negative,  in  order  to  judge  of  the 
action  of  the  light,  Expose  the  frame  to  the  solar  or  diffuse  light,  so  that  the  rays  fall 
vertically  upon  the  aur&ice  of  the  proof  Trace  the  princess  ot  the  proof  by  the  tone  of 
the  folded  over-part  of  the  paper,  as  per  the  following  gradations  of  tint;  Gray  blue,  neu- 
tral tint,  violet  blue,  black  blue,  black,  bistre,  cdlonred  sepia,  yellowish  sepia,  dead  leaf 
colom',  greenish-gray ;  always  wearing  away,  IJll  the  oxide  of  silver  be  at  last  reduced 
to  the  state  of  a  metallic  oxide.  It  is  proper  to  stop  at  some  one  of  these  tones,  accord' 
to  the  greater  or  less  vigour  of  the  negative,  and  the  deptli  of  the  proof  that  is  desired. 
Once  we  have  obtained  a  proof  with  a  negative,  wo  may  bo  sure  when  we  stop  at 
the  same  tint  of  the  overlapping  edge,  we  shall  have  the  same  result.  To  liave  a  proof 
of  a  black  tint,  for  OKample,  after  l£e  fixing  of  the  hyposulphite,  the  deep  parts  should 
have  the  tone  of  sepia,  and  the  parts  which  shoidd  form  the  whites,  have  a  blue  gray,  ou 
withdrawing  it  from  beneath  the  frame,  in  order  to  rep^r  the  Josa  of  tone  given  by  the 
hyposulphite.  The  preiase  time  of  the  exposure  to  the  light  cannot,  therefore,  be  fixed, 
ana  is  subordinate  to  the  intensity  both  of  tlie  negative,  and  also  of  the  proof  which  is 
desii'ed. 

Niath  and  last  Operation:  Mxina  of  the  I'oKiliee  Proof, — This  proof  would  not  be 
permanent  without  being  immediately  ftxed  by  the  following  process : 

Dissolve  in  a  bottle  100  grammes  of  hypoanlphite  of  soda,  with  600  of  filtered  water; 
and  in  another  bottle  dissolve  6  grammes  of  nitote  of  silver  in  a  couple  of  glasses  of 
water,  and  add  a  solution  of  common  salt,  till  no  more  white  precipitate  falls.  After 
letting  it  settle  to  the  bottom  of  the  vessel,  collect  the  chloride  of  silver  in  a  piece  of 
calico,  and  put  it  into  the  preceding  solution  of  the  hyposulphite.  Thus,  black  tones 
may  be  obtained  with  thia  new  hyposulphite.  The  older  this  hvposulpbite  is  the  better. 
When  it  becomes  turbid,  a  little  more  fresh  solution  need  only  be  added  to  it.  We  must 
also  beware  of  Altering  it  to  remove  the  black  deposit  which  is  formed ;  we  have  only  to 
let  it  remain  at  rest  in  a  large  bottle,  and  decant  the  clear  liquor  for  use,  so  as  not  io  losa 
the  black  deposit,  and  to  redisaolve  it  by  means  of  fresh  hyposulphite.  By  means  of 
a  stay  shorter  or  longer  in  this  bath,  almost  all  the  tones  mo^  be  obtained  from  Ihe  red 
to  the  black,  and  the  pale  yeHow ;  so  that,  with  a  little  practice,  any  desired  tint  may  be 
secured.  Ilie  proof  should  be  left  in  the  bath  at  least  an  hour  to  be  sufficiently  tixed ; 
and  it  may  remain  in  it  from  S  to  4  hours  to  bring  out  the  sepia  ana.  the  yellow  tones. 
By  heating  the  hyposulphite,  we  may  quicken  the  operation,  bat  we  must  not  leave  the 
proof  an  instant  to  itself  because  the  action  is  rapid,  and  the  picture  might  become 
effaced.  In  this  case  it  is  good  to  add  a  little  acetic  acid  to  the  hyposulphite,  in  order  to 
preserve  the  whites. 

On  adding  to  the  preceding  aolution  of  the  hyposulphite  25  grammes  of  ammonia,  very 
pretty  bistro  tones  are  obtsuned  along  witJi  very  purs  whites.  English  paper  suits  tliese 
effects  very  well  Very  fine  velvety  tones  are  obtained  by  putting  the  proof  (on  taking 
out  of  the  hyposulphite)  upon  a  batli  of  salt  of  gold  (1  gramme  of  the  salt  into  a  litre  <M 
wafer),  sharpened  with  S  gi'ammea  of  oitro- muriatic  ncii 


Very  fine  yellow  tonea  hare  been  obt^ned  by  putting  a  proof  prettj  sfrong  at  first 
into  the  hjpoBnlpbiie,  then  ioto  n  bath  composed  of  s.  litre  of  watpr,  and  50  gramme?  of 
hydrochloric  acid ;  finally  rinsing  it  with  water.  Water  of  ammonia  used  in  tise  samo 
dose,  witliout  putting  tUe  proof  previously  in  the  hyposulphite  of  eoda,  gives  also 
remarkable  tones.  When  ttie  proof  is  of  the  desired  tone,  wash  it  witb  several  waters, 
and  leave  it  two  or  three  hours  m  a  basin,  taking  it  out  only  when  the  proof  has  no 
longer  a  sweet  taste  on  the  tongac,  characteristic  of  the  hyposulphite  of  silver.  It  is  to 
be  tiien  dried  by  hanging  by  a  corner  ;  when  it  is  finished.  Hie  hyposalphite  bath  may 
contain  as  many  prao%  as  we  please  at  a  time.  But  great  care  must  bo  taken  to  entangle 
no  air  bubbles  among  the  leaves,  which  would  produce  indelible  black  apots.  A  long- 
haired pencil  is  usefifl  for  clearing  away  these  bubbles.  The  faking  of  the  positive  proofs 
requii'es  nil  the  attention  of  a  skilful  operator,  and  it  must  not  be  disregarded.  It  is 
necessary  to  calculate  rightly  the  shade  of  a  proof  with  the  subject,  and  the  effect  wished 
to  be  produced..  A  superior  fine  proof  should  be  put  by  itself  in  tbc  hyposulphite  of  soda. 

Heliographs  or  Photographs  have  been  recently  taken  of  estrema  accuracy  and  fine- 
ness of  delmeation,  upon  glass  coated  with  albumen,  br  the  following  recipe : — Put  the 
whites  of  ten  eggs  into  a  large  basin  ;  dissolve  in  them,  by  beating  them  with  a  boi-wood 
fork,  4  grammes  of  iodide  of  potassium ;  i  gramme  of  bromide  of  ammonia,  and  as  much 
chloride  of  sodium.  Keduce  it  to  a  white  thick  froth,  leave  it  to  settle  for  a  night,  and 
next  morning  decant  the  viscid  liquor  which  has  fallen,  and  keep  it  for  use.  This  glairy 
compound  is  best  when  applied  to  depoliahed  glass.  A  film  of  coUodium  on  glass  is  now 
preferred.  For  the  remaining  minute  precautions  and  directions,  I  refer  to  the  publication 
of  M.  Le  Grey,  entitled  Ifotaieati  TVattS  Thimigue  H  Protiqtie  de  Photographic. 

HELIOTROPE ;  is  a  variety  of  jasper,  mixed  with  chlorite,  green  earth,  and  diallage  ; 
ocGisionaljj  marked  with  blood-red  points ;  whence  its  vulgar  name  of  blood-slone, 

HEMATINE ;  is  the  name  given  by  its  discoverer  Chevreul  to  a  crystallme  substance, 
of  a  pale  pink  colour,  and  brilliant  lustre  when  viewed  in  a  lens,  which  be  extracted 
from  logwood,  the  hiaaatoxylon  CampechiaMim  of  botanbts.  It  is,  in  fact,  the  charac- 
teristic principle  of  this  dye-wood.  To  procure  heraatine,  digest  during  a  few  hours 
ground  logwood  in  water  heated  to  a  temperature  of  about  130  Fahr. ;  Ster  the  liquor, 
evaporate  it  to  dryness  by  a  steam  bath,  and  put  the  estract  in  alcohol  otO-83Bforaday. 
Then  filter  anew,  and  ^er  having  inspissated  the  alcoholic  solution  by  evaporation, 


of  vegetable  bodies,  along  with  a  little  ammonia;  which  proves  tlie  presence  of  a: 
Bailing  water  dissolves  it  abundantly,  and  assumes  an  orange-red  colour,  which  passes 
into  yellow  hy  cooling,  but  becomes  red  again  with  heat.  Sulphurous  acid  destroys  the 
colour  of  solution  of  hematinc.  Potash  and  ammonia  convert  into  a  dark  purple-red 
tiot,  the  pale  solution  of  hematine  ;  when  these  alkalis  are  added  in  large  quantity,  they 
make  the  colour,  violet  blue,  then  brown-red,  and  lastly  brown-yellow.  By  this  time  the 
hematine  has  become  decomposed,  and  cannot  be  restored  to  its  pristine  state  by  neutraliz- 
ing the  alkalis  with  acids. 

The  waters  of  baryta,  strontia,  and  lime  exercise  an  analogous  power  of  decomposition ; 
but  they  eventually  precipitate  the  changed  colonring  matter. 

A  red  solution  of  hematine  subjected  to  a  current  of  sulphuretted  hydrogen  becomes 
yellow ;  but  it  resumes  its  original  hoe  when  the  snlphoretted  hydrogen  is  removed  by  a 
little  potash. 

Theprotosic 

blue  with  more'o'r  less  of  a  violet  cast 

Hematine  precipitates  glue  from  its  solution  in  reddish  floclts.  This  substance  baa  not 
hitherto  tieen  employed  in  its  pure  state ;  but  as  it  constitutes  the  active  principle  of 
logwood,  it  enters  as  an  ingredient  into  all  the  colours  made  with  that  dye  stuff. 

Tliese  colours  are  principally  violet  and  black.  Chevreul  has  proposed  hematine  as  an 
ciccllent  test  of  acidity. 

HEMATITE;  (Fer  Oligiste,  Fr.;  Rotheuenttein,  Germ.)  is  a  native  reddish-brown 
peroxide  of  iron,  conasting  of  oxygen  3fr66 ;  iron  60*34.  It  is  the  kidney  ore  of  Cumber, 
land  which  is  smelted  at  Ulverstone  with  charcoal,  into  excellent  steel  iron. 

HEMP ;  (Clianwe,  Fr. ;  Hanf,  Germ.)  is  the  fibrous  rind  of  the  bark  of  the  cannabit 
taiioa,  which  is  spun  into  strands  or  yam  for  making  rope,  saibcloth,  Ac  It  is  prepared 
for  spinning  in  the  same  way  as  flax,  which  see.  Hemp-aeed  contains  an  oil  wliich  is 
tmployed  for  making  soft  soap,  for  painting,  and  for  burning  in  lamps.    See  Oils. 

The  importation  of  undressed  hemp  for  tome  consnmption  in  1851  and  1852,  was 
lEspectively  1,048,686  cwts.  and  1,293,413  cwta. 

HEPAR;  which  signifies  liver  in  Latin,  was  a  name  given  by  the  older  chemists  to 
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(ome  of  Uioee  compounds  of  sulphur  iritli  the  metals  which  hail  a  Kver-brown  colour 
Thus  the  sulphurot  of  potaasium  was  called  liver  of  sulphur. 

HEPATIC  Aia ;  sulphuretted  hjdrogea  gas, 

HERMETICAL  SEAL,  ia  an  expression  derived  from  HermeB,  the  fabulous  parent 
if  Egvptiau  chemistry,  to  designate  the  perfect  closure  of  a  hollow  vessel,  by  the 
jemeotmg  or  melting  of  the  lips  of  its  orifice  ;  as  in  the  ease  of  a  glass  thermometer,  or 


HIDE;  (Psa«,  Fr.;  ».«(,  Germ.)  the 
See  Leathek. 

strongsMuof  anox,  hoi 

se,  or  other  Inrge  animal 

Untanned,  dry         -           -        cwts. 
wet       -          -       civts. 

Tanned,  tawcii,  curried  or 
dressed  (eicept  Russia 
hides)       -          -          -       Iba. 

Imports, 

E.p.r^, 

im 

1S53. 

1351.. 

issa 

150.515 
441,346 

1,878,567 

187,091 
433,076 

2,275,107 

8S,799 
a9,7T9 

105,9M 

113,727 
43,200 

79,811 

HlRCrtfE;  fromA?r< 


,  ia  the  nan 
led  witb  the  oleine  of  n 
smell,     Hircine  is  much  more  soluble  in  alcohol  than  oleine.     It  produces  hircic  acid  by 
saponification. 
HOG'S  LARD ;  see  Fats. 

HOLLOW  FOUNDING.  Candlesticks  are  cast  in  sand  and  made  hollow,  by  the 
introduction  into  the  mould  of  what  is  called  a  "  core."  viz.,  a  piece  of  sand  corresponding 
in  size  to  the  hallow  of  the  pillar.  Upon  bis  skill  in  making  this  in  such  a  manner 
as  to  produce  uniform  thickness  of  metal  tlu'oughout,  depends  the  success  of  the  work- 
man ;  the  metal  must  also  be  of  a  proper  temperature,  or  the  casting  is  rendered 
useless  by  the  presence  of  flaws.  Candlesticks  are  finished  by  being  turned  and  polished 
by  friction,  when  in  a  state  of  motion  in  the  lathe;  the  bottoms,  when  round,  are  also 
turned ;  when  square,  they  are  filed  and  polished.  The  composition  of  metal  in  this  case 
is  copper  and  zinc,  in  the  proportion  of  10  ounces  of  the  former  to  8  ounces  of  the  latter. 
HOMBOURG;  MINERAL  WATERS  OF,  The  city  of  Hombourg  near  Frankfort, 
is  situated  at  the  bottom  and  to  the  east  of  the  mountains  of  Taunus,  600  ft.  alwvo  the 
level  of  the  sea,  in  a  picturesque  position. 

The  Elizabeth  spring  consists  by  Liebig's  analysis  in  1 6  ozs,  of — 

Grains. 

Chlor.  sodium  79-1647 

Sulphate  of  soda 03809 

Chlor.  calcium  _  .  .  .  .  7'1568 

Clilor,  magnesium  .....  7-7610 

Silica  -  .....  0-3157 

Carbonate  of  lime  ...  .  10'9824 

Do.  of  magoesia  ...  .  30111 

Proto-carbonate  of  uon  -  -  -  -  -  04608 

Free  carbonic  acid-        .....  21-4808 


THE  BATH  SPRING.    Contains  for  18  oz.  of  wafer,  22-12e  cubic  in.  of  carboi 
combined  with — 

Sulphate  of  lime            .....  0'212 

Chlor   calcium               .....  la-ggs 

Brom  magnesium          .            -            .            .            .  0-003 

Chlor          da                .....  5.904 

Chlor    potassium              .....  0-384 

Do         sodium                   .....  108-393 

Sihca                              ■            -            -            -            -  0-164 

Proto  caibomte  ot  iron  .....  0-480 

Alumina                             .....  0054 

Carbonate  of  lime           .....  9-693 

Do.     magnesia              .            .            .            ,            ,  2-483 
143.060 


■  Cuoglc 


HOP. 
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To  thh  water  are  added  occnaionallj  some  of  the  salt  eprmga  of  Biiigen,  which  contaia 
ooDBiderable  quaatities  of  the  compounds  of  bromine  and  iodine. 

Mother  Water,  ia  the  name  given  to  the  clear  liquor  which  remains  in  the  btriler, 
ithen,  Eiftcr  evaporating  the  wafer,  the  common  salt  haa  been  crjatollizcd  and  aepoTated. 
This  reaidnnm  is  greaay  to  the  touch,  but  a  little  thinnec  than  oil,  and  when  applied  t« 
the  skin  cnvera  it  with  small  scales,  as  if  it  had  been  washed  with  chlor- calcium.  Iodine 
and  bromine  exist  in  it,  and  are  supposed  to  gire  it  elScacy  i^ainat  scrofnluus  and  chronic 

HONEY ;  (Mel,  Ft. ;  Honig,  Germ.)  is  a  sweet  viscid  iiq\ior,  elaborated  by  bees  from 
.he  sweet  juices  of  the  nectaries  of  flowers,  and  deposited  by  them  in  the  waxen  cells  of 
^eir  eomba.  Virgin  honey  is  that  which  spontaneously  flows  with  a.  very  gentle  heat 
from  the  comb,  and  common  honey  is  that  which  ia  procured  by  the  joint  agency  of 
pressure  and  heat.  The  former  is  whitish  or  pale  yellow,  of  a  granular  texture,  a 
fragrant  smell,  and  a  sweet  slightly  pungent  taste;  the  latter  is  darker  coloured,  thicker, 
and  not  so  agreeable  either  in  taste  or  smell.  Honey  would  seem  to  be  simply  col- 
lected by  the  bees,  for  it  consists  of  merely  the  vegetable  products ;  Such  as  the  sugars 
of  grape,  gum,  and  manna ;  along  with  mucilage,  extractive  matter,  a  little  wai  and 

HOKE  Y-S  TONE  _:  (Jfe^iiie,  Fr. ;  ffonjjrsirfn,  Germ. Vis  a  nuneral  of  a  yellowish  or  red- 
dish colour,  and  a  resinous  aspect,  crystallizing  in  octahedions  with  a  square  base ;  specific 
gravity  1-58.  It  is  harder  than  gypsum,  but  not  so  hard  as  calo-spar;  it  is  deeply 
scratched  by  a  steel  point ;  very  brittle ;  aflbnds  water  by  caldnation  ;  blackens,  then  burns 
at  the  flame  of  the  blowpipe,  and  leaves  a  white  residuum  which  becomes  blue,  when  it 
is  calcined  after  having  been  moistened  with  a  drop  of  nitrate  of  cobalt.  It  is  a  mellate 
of  alumina,  and  consists  of: 


The  honey-atone,  lika  amber,  belongs  to  the  geological  formation  of  lignite.  It  has 
been  hitherto  found  clear^  in  only  one  locality,  at  Artem  m  Thnrmgia. 

HOP;  (Htmbloa,  Fr. ;  Hopfen,  Germ.)  is  the  name  of  a  well-known  plant  of  the  natural 
family  of  Urticeie,  and  of  the  dicecia  pentandria  of  Linnaua.  The  female  flowers,  placed 
upon  different  plants  from  the  male,  grow  in  oroid  cones  formed  of  oval  leafy  scales,  con- 
cave, imbricated,  containing  each'  at  the  base  an  ovary  furnished  with  two  tubular  open 
styles,  and  sharp  pointed  stigmata.  The  fruit  of  the  hop  is  a  small  rounded  seed,  slightly 
compressed,  brownish  coloured,  enveloped  in  a  scaly  calyx,  thin  but  solid,  which  contains, 
spread  at  its  base,  a  granular  yellow  substance,  appearing  to  the  eye  like  a  fine  dust,  but 
in  the  microscope  they  seem  to  be  round,  yellow,  transparent,  grains;  deeper  coloured, 
the  older  the  fruit.  This  secretion,  which  constitutes  the  useful  portion  of  the  hop,  has 
been  examined  in  succession  by  Ives,  Planche,  Payen,  and  Chevallier.  I  have  given  a 
pretty  full  account  of  the  results  of  their  researdies  in  treating  of  the  bop  under  the 


Annual  Amount  of  Hop  Duty,  Average  Price  per  Cwt. 

and  Number  of  Acres. 

YeM. 

Duty. 

Average  Pri.. 

No.  of  Acres. 

1B33 

111,558 

S.     s.      d. 

5   n  0 

53,046 

1839 

205,537 

4     10     0 

52,305 

34.091 

13     11     0 

146,153 

6       6     0 

45,769 

169,713 

4     IS     0 

43,720 

1843 

133,508 

8       0     0 

1844 

140,323 

1      15     0 

1S45 

158,003 

,C.uoglc 


PounBa  WeigM  of  Hopa  which  paid  Duty  from  1840  to  1S45 

7,114,911 

-  30,504,106 

36,433,142 

2Y,862,72B 

29,286,092 

32,9l4,'!4fl 


Number  of  Acres  under  the  CultivEition  of  Hopa  ia  EnglanJ. 


iss 

38,700 

IH18 

1324 

1830    46,7aa 

1838 

J5,4M 

1«42 

y.a. 

Amount 

y™. 

ABIOUW. 

Yrs. 

Amount. 

Yrs. 

Amount 

Yts. 

imomit 

Yrs, 

Amount. 

1711 

173J 

175* 

£IM,609 

SS,S37 

17S9 

104,ue3 

173! 

-54 

ioa,oiB 

125,691 

L,!JS 

■M 

JHJV 

Hop  duties  of  particular  districts. 


1839 

1840. 

1841. 

im       I 

£  *  =02  18    6 

£51,490    3    S 

£58,812    4    7 

90  819    3    0 

80,731  18    0    [ 

Sundnea 

1,068  n  5 

ao   4  8 

70S    8    7 

203  14    3 

a05,S38  12    7 

34,091  IJ  a 

148,159    1    T 

189,778    8    0 

HORDEINE  is  the  name  given  bj  ProuM  to  tlie  peculiar  starchy  matter  of  harfey.  k 
eeems  to  he  a  mixture  of  the  starch,  l^nine,  and  hnsks,  which  constitutes  barley  menl. 
See  Beeb. 

HORN  (Eng.  and  Germ. ;  Come,  Fr.>,  particnlarly  ol  oien,  cows,  goats,  and  sheep,  is 
a  substance  soil,  tough,  semi-transptttent,  and  susceptible  of  being  cut  and  pressed  into  a 
^aritij  of  f  ims ;  it  is  this  property  that  distinguishes  it  from  bone.    Turtle  oc  lortoiaa 


,  Cuu^.;k 
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shell  seems  to  be  of  a  nalure  similar  to  horn,  but  instead  of  being  of  a  uniform  color,  il 
is  variegated  with  spots. 

These  valnable  properties  render  horn  susceptible  fif  being  employed  in  a  variety 
of  works  lit  for  the  turner,  snuff-bos,  and  comb  maker.  The  means  of  softening 
the  horn  need  not  be  described,  as  it  is  well  known  to  be  by  heat ;  but  those  of  cutting, 
pit  d  sold  n        t         as  t     tn  k     the  plates  of  large  dimensions,  suitable  to 

(m  lyfti       mybdlid      The  kind  of  horn  to  be  preferred   is 

tl  t  1  ^  t  d  h  p  f  m  t  b  wh  tec  and  more  transparent  than  [he  horn 
1      y    tt  mal       Wh      h  wa  ted  in  sheets  or  plates,  it  must  be  steeped 

inwt  dt        p  thpthfm  the  kernel,  for  aboul  fifteen  days  in  sum 

m  d       m    Ih  t  d    ft      t      soaked,  it  must  he  taken  out  by  one  end, 

w  il    h  k  d      bb  d  rd      t    «  t    ff  the  pith ;  after  which  it  must  be  put  for 

h  If        h  1    b   1       w  1       1       t  k         ut,  and  <he  surface  sawed  even,  length- 

ways ;  It  must  a^arn  be  put  into  the  boilmg  water  to  soften  it,  so  as  lo  render  it  caqable 
of  separating ;  then,  with  the  help  of  a  small  iron  chisel,  it  can  be  divided  into  sheets  or 
leaves.  The  thick  pieces  will  form  three  leaves,  those  which  are  thin  will  form  only 
two,  whilst  young  horn,  which  is  only  one  quarter  of  an  inch  thick,  will  form  only  one. 
These  plates  or  leaves  must  again  be  put  into  boilingwater,  and  when  Ihejf  are  sufficienllj 
soft,  they  must  be  scraped  with  a  sharp  cuttii^  instrument,  to  render  those  parts  that  are 
thick  even  and  uniform ;  they  must  he  put  once  more  into  the  boiling  water,  and  finally 
carried  lo  the  press. 

At  the  hollom  of  the  press  employed,  there  must:  be  a  strong  fclc^k,  in  which  is 
formed  a  cavity,  of  nine  inches  square  and  of  a  proportionate  depth  ;  the  sheets  of  horn 
are  lo  be  laid  within  this  cavity,  in  the  following  manner  at  the  bottom  :  first  a  sheet  of 
hot  iron,  upon  this  a  sheet  of  horn,  next  again  a  sheet  of  hot  iron,  and  so  on,  taking  care 
lo  place  al  the  lop  a  plate  of  iron  even  wilh  the  lasl.    The  press  must  then  be  screwed 

There  is  a  more  expeditious  process,  at  least  in  part,  for  reducing  the  horn  into 
sheets,  when  it  is  wanted  very  even.  After  having  sawed  it  with  a  very  fine  and  sharp 
saw,  the  pieces  must  be  put  into  a  copper  made  on  purpose,  and  Ibere  boiled,  until  suffi- 
ciently soft,  so  as  to  he  able  lo  split  with  pincers ;  the  sheets  of  horn  must  then  he  put  in 
the  press,  where  they  are  to  be  placed  in  a  strong  vice,  the  chaps  of  which  are  of  iron 
and  larger  than  the  sheets  of  horn,  and  the  vice  must  be  screwed  as  quick  and  t^ht  as 
possible ;  let  Ihem  cool  in  the  press  or  vice,  or  it  is  as  well  lo  plunge  the  whole  into  cold 
water.  Tiie  last  mode  is  preferable,  because  the  horn  does  not  shrink  in  cooling.  Now 
draw  out  the  leaves  of  horn,  and  introduce  other  horn  to  undergo  the  same  process. 
The  horn  so  enlai^ed  in  pressing,  is  lo  be  submitted  to  the  action  of  the  saw,  which 
ought  lo  be  set  in  an  iron  frame,  if  the  horn  is  wanted  to  he  cul  wilh  advantage,  in 
sheels  of  any  desired  thickness,  which  cannot  he  done  without  adopting  this  mode.  The 
thin  sheels  thus  produced  must  be  kept  constantly  very  warm  between  plates  of  hoi 
iron  to  preserve  their  softness;  every  leaf  being  loaded  with  a  weight  heavy  enough  lo 
prevent  its  warping.  To  join  Ihe  edges  of  these  pieces  of  horn  together,  it  is  necessary 
lo  provide  strong  iron  moulds  suited  to  the  shape  of  the  article  wanted,  and  to  place  ihe 
pieces  in  contact  with  copper-plates  or  with  polished  metal  surfaces  against  them  ;  when 
this  is  done,  the  whole  is  to  be  p^t  into  a  vice  and  screwed  up  tight,  then  plunged  into 
boiling  water,  and  after  some  time  it  is  to  be  removed  from  thence  and  immersed  in  cold 
water.  The  edges  of  the  horn  will  be  thus  made  to  cement  together  and  become  perfect- 
ly united. 

To  complete  the  polish  of  the  horn,  the  sarface  must  he  rubbed  with  the  suhnitrale  6f 
bismuth  by  Ihe  palm  of  the  hand.  The  process  is  short,  and  has  this  advantage,  that  il 
makes  the  horn  dry  promptly. 

When  il  is  wished  to  spot  the  horn  in  imitation  of  lorioise-shell,  metallic  solutions 
must  be  employed  as  follows  ! — To  spot  it  red,  a  solution  of  gold,  in  aqua  regis,  must  be 
employed;  lo  spot  it  black,  a.  solution  of  silver  in  nitric  acid  must  be  used;  and  for 
brown,  a  hot  solnlion  of  mercury  in  nitric  acid.  The  right  side  of  the  horn  must  he 
impregnated  wilh  these  solutions,  and  they  will  assume  the  colors  intended.  The 
brown  'spots  can  be  produced  on  the  horn  by  means  of  a  paste  made  of  red  lead,  with  a 
solatlon  of  potash,  which  must  be  put  in  patches  on  the  bom,  and  subjected  some  time  lo 
the  action  of  heat.  The  deepness  of  Ihe  brown  shades  depends  upon  the  quantity  of 
potash  nsed  in  the  paste,  and  the  length  of  time  the  mixture  lies  on  the  horn.  A  de- 
[DClion  of  Brazil  wood,  or  a  solution  of  indigo,  in  sulphuric  acid,  or  a  deoclionof  sbQVoq, 
and  Earbary  wood  may  also  be  osed.  After  having  employed  these  materials,  the  bom 
may  be  left  for  half  a  day  in  a  strong  solution  of  vinegar  and  alum. 

In  France,  Hollaud,  and  Austria,  tbe  comb-maker  and  horn  -turnera  use  the  clippings 
vt  bom,  which  are  of  a  whitish  jeilow,  and  tortoise-shell  skins,  out  of  which  they  make 
Miuff-hoses,  powdor-hsms,  and  many  curious  and  handsome  things.  They  first  soften 
ihe  liorn  nii<l  shell  in  boiling  water,  so  as  to  be  able  to  submit  them  to  the  press  in  iron 
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toonlds,  and  by  iiieaiie  of  heat  form  them  into  one  mass.  The  i3egree  of  leal  necessarj 
lo  join  the  hom  clippings  must  be  stronger  tlmn  tliat  for  sjiell  skins,  and  [t  can  onlj  be 
'ound  out  by  experience.  The  lieat  must  not  however  be  too  great,  for  fear  of  scorching 
the  Loro  or  Ehell.  Considerahle  care  is  required  iti  these  operations,  not  to  touch  the 
horn  with  the  fingers,  or  with  any  greasy  body,  because  the  grease  will  prevent  the 
perfect  joining.  Wooden  inslrumeiits  should  he  used  to  move  them,  while  they  are  at 
;he  fire,  and  for  carrying  them  to  the  moulds. 

In  making  a  ring  of  hom  for  bell-pulls,  &c.,  Ihe  required  piece  is  to  be  first  cut  out 
in  the   fiat  of  its  proper  dimensions,  and  nearly  in  the  shape  of  a,  horse-shoe  ;  it  is  then 

Eresscd  iuapair  of  dies  to  give  its  surface  the  desired  pattern  ;  but  previous  to  the  pressure, 
Dth  Ihe  piece  of  horn  and  the  dies  are  to  be  heated  ;  the  piece  of  bom  is  to  be  intro- 
duced bettreen  the  dies,  squeezed  in  a  vice,  and  when  cold,  the  impression  or  pattern 
will  be  fixed  upon  the  hom.  One  particular  conilitioD,  however,  is  to  be  observed  in 
tlie  construction  of  tlie  dies,  for  forming  a  ring.  They  are  to  be  so  made,  that  the  open 
ends  of  the  horse-shoe  piece  of  hom,  after  being  pressed,  shall  have  at  one  end  a  nib, 
and  at  the  other  a  recess  of  a  dovelailed  fonn,  corresponding  ia  each  other ;  and  the 
second  operation  in  forming  lliis  ring  of  hom  is  to  heat  it,  and  place  it  hi  another  pair 
of  dies,  which  shall  bring  its  open  ends  together,  and  cause  the  dovelailed  joints  lo  bo 
locked  fast  into  each  other,  which  completes  ihe  ring,  and  leaves  no  appearance  of  the 
junction. 

In  forming  the  handles  of  table  knives  and  forks,  or  other  things  which  require  to  be 
made  of  two  pieces,  each  of  the  two  pieces  or  sides  of  the  handle  is  formed  in  a  separate 
pair  of  dies ;  the  one  piece  is  made  with  a  counter-sunk  groove  along  each  aide,  and  the 
other  piece  with  corresponding  leaves  or  projecting  edges.  When  these  two  pieces  are 
formed,  by  the  first  being  cut  out  of  the  flat  horn,  then  pressed  in  the  dies  in  a  heated  state, 
for  the  purpose  of  giving  the  pattern,  the  two  pieces  are  again  heated  and  put  together, 
the  leaves  or  edges  of  the  one  piece  dropping  into  the  counter-sunk  grooves  of  the  other 
]>iece,  and  being  introduced  between  another  pair  of  heated  dies,  the  joints  are  pressed 
logetlier  and  the  two  pieces  formed  uito  one  handle. 

In  making  the  knobs  for  drawers  which  have  metal  stems  or  pins  to  fasten  tlieip.  ioto 
the  furniture,  the  face  of  the  knob  is  to  he  first  made  in  a  die,  as  above  described,  and  then 
the  back  part  of  the  knob  with  a  hole  in  it ;  a  metal  disc  of  plate-iron  Is  next  provided 
ill  which  the  metal  stem  or  screw  pin  ia  fixed,  and  the  stem  being  passed  ibroi^ii 
ihe  aperture  in  the  back  piece,  and  the  two,  that  is,  the  back  and  the  front  pieces  oi  horn 
put  together,  thej  are  then  heated  and  pressed  in  dies  as  nbove  described  ;  t'.u:  edge  of 
the  back  piece  falling  into  ihe  counter-sunk  groove  of  Ihe  front  piuce,  '/riiile  by  Ihe  hea'. 
they  are  perfectly  cemented  together. 

Mr.  J.  James  has  contrived  a  method  of  openir.g  un  the  h^Tns  of  cattle,  by  whiiJi  he 
avoids  the  nsk  of  scordung  or  frizzling,  vbich  is  apl  to  happen  in  heating  them  over  ac 
open  fire.  He  takes  a  solid  bloc):  nf  iron  pierced  with  a.  conical  hole,  which  ia  fitted 
with  a  conical  Iron  plag,  heat.°  then;  in  a  stove  ^o  the  temperature  of  meltmg  lead,  anC 
having  previously  cut  up  the  hom  Jengthwise  «n  one  side  with  a  saw.  he  inserts  iti 
narrow  end  into  the  hole,  s>id  drives  tha  ping  into  it  with  a  mallet.  By  the  heat  of  th< 
irons,  the  hom  ge'iS  so  Svilteccd  in  tiie  course  of  about  a  minute,  as  to  bear  flatting  out  lu 
the  usual  way: 

HORNSILVER;  {Arg^t  Cw»^,  or  Kerargpv,'Pr.;  HomsBber,  Getm.)  is  a  whitt 
or  brownish  minern',  secule  like  Max  or  horn ;  and  crystalllaing  in  the  cubic  system- 
Its  spedSo  gtaviiy  vnries  from  I'lB  to  5-65.  Insoluble  in  water ;  not  volatile  ;  fusibU 
.it  the  blowpipe,  but  diflUcult  of  reduction  by  it.  It  deposits  metallic  silver  whe^i 
rubbed  with  water  upon  a  piece  of  clean  copper  or  iron.  It  consists  of  24'6'I  chlorine, 
and  T5'82  silver. 

Homsilver  is  rare  in  the  European  mines,  but  it  occurs  in  great  quantity  in  the  districts 
of  Zacatecas,  Fresniilo,  and  Catarce,  in  Mexico :  and  in  Huantajaya,  Taurieocha,  Ac.,  in 
Peru  ;  where  it  is  abundantly  mixed  with  the  ores  of  hydrate  of  iron,  called  Paces  and 
Colorados,  interspersed  with  vems  of  metallic  silver,  which  form  considerable  deposits  in 
the  pcruean  limestones.    There  it  is  profitably  mined  as  an  ore  of  silver. 

HORSSTONE ;  is  a  variety  ot  rnomboidal  quartz.  Being  both  hard  and  lough,  it 
is"  well  adapted  to  form  the  stones  of  pottery  mills  for  grinding  flints  ;  it  is  called  diert 
in  Derbyshire,  where  it  abounds. 

Jlamslon^  occurs  under  three  modifications ;  splintery  bornstone,  eonchoidal  horn- 
Btone,  and  woodstono.  The  colours  of  the  first  two  are  gray,  white  and  red  ;  they  are 
all  massive  ;  dull,  or  of  a  glimmering  lustre.  Translucent  only  on  the  thm  edges.  Difficult 
to  break.  Hornstone  is  less  brittle  than  flint;  and  by  its  mfusibility  before  the  blowpipe 
it  may  be  distinguished  from  petrosilei,  which  it  resembles  in  extemal  appearance.  The  geo- 
losical  locality  of  liomstone  is  remarkable ;  for  it  occurs  in  both  ancient  and  modern  form, 
giions.  It  ia  found  frequently  in  the  veins  that  traverse  primitive  crystalline  rocka 
filling  up  the  interstices,  and  enveloping  their  metallic  ores.      In  the  lead  mine  of  Huel 
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Ib  wbitish ;  but  its  prevailing  colour  ia  gray.    16  oi 
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Jlemlla  of  the  Application  of  Hone  Power  to  raising  Water  from  the  aorking  Shaft* 
at  StalltBood  Tunnel,  on  the  South  Eastern  Railway,  in  1S43.  By  Frederick  William 
Simms,  M.  Inst.  C.  E. — This  tunnel  is  driveii  in  the  middle  bed  of  the  lower  green  sand, 
between  which  and  the  aurfece  of  the  ground  ia  interposed  only  the  upper  bed  of  the 
same  atfatum;  butinsinMng  the  eleveo  shafts  for  the  work,  it  was  found  tJiat  tie  level  of 
the  top  of  fhe  tunnel,  the  ground  assumed  the  character  of  a  quickaand,  saturated  with 
■water,  in  such  quantity  that  it  could  not  be  reduced  by  manual  labour.  Under  these 
circumstancea  horse  gins  were  erected  for  drawing  the  water  by  barrels,  containing  one 
hundred  gallons  each,  weighing  when  full  about  1810  lbs. 

The  engineer's  intention  waa,  to  dive  simultaneously  from  these  ahafts.  in  the  direction 
of  the  tunnel,  an  adit  or  heading  to  carry  off  the  water ;  but  the  earth,  which  was  sand 
mixed  with  fine  particles  of  blue  clay,  was  so  filled  with  water  as  to  become  a  mass  of 
semiiluid  mud,  great  exertions  were  therefore  necessary  to  overcome  the  water,  wilhont 
erecting  pumps.  At  first  this  was  accomplished  by  making  eaolt  horse  work  for  12 
hours  and  tlien  for  8  hours  per  day,  allowing  one  hour  for  food  and  rest;  as  the  water 
increased  it  became  necessary  to  work  night  and  day,  and  the  time  of  each  horse's  work- 
ing was  reduced  generally  to  S  hours,  and  sometimes  to  8  hours.  As  all  the  horses  were 
hired  at  tlie  rate  of  aeven  shillings  per  day,  the  author,  who  had  the  direction  of  the 
works,  ordered  a  daily  legiater  to  be  kept  of  the  actual  work  done  by  each  horae,  for 
the  double  purpose  of  ascertaining  whether  they  all  performed  their  duty,  and  also 
hoping  to  coUeot  a  body  of  facts  relative  to  horae  power,  which  might  be  useful  hereafter. 
This  detdlcd  legiater,  which  was  kept  by  Mr.  P.  K.  Brockedon,  ia  appended  to  the 


The  author  gives  as  a  proposition,  "  that  the  proper  ealimafe  of  horae  power  would  be 
that  which  measures  the  weight  that  a  horae  would  draw  up  out  of  a  well ;  the  animal 
acting  by  a  horizontal  lino  of  traction  turned  into  the  vertical  direction  by  a  simple  pulley, 
whose  friction  should  be  reduced  aa  mooli  aa  possible."  He  states  tiiat  the  manner  m 
which  the  work  was  perforraetl,  necessarily  approached  very  nearly  to  these  conditions ; 
and  after  giving  the  priocipa!  dimensions  of  the  horae  gins,  ha  analyzes  each  set  of  eiperi. 
monia,  and  by  taking  the  mean  of  those,  against  which  no  objeoiions  could  be  urged,  he 
arrives  at  the  following  results  ;— 

a  horse  for  8  hours  ^  23,413  lbs.  raised  1  foot  high  in  one  minula. 


The  power 


do. 


=  27,056 


do. 


Of  these  results,  he  thinks  Ihe  experiments  for  6  houra  and  for  3  hours  alone  should  be 
adopted  as  practical  guides,  all  fhe  others  being  in  some  degree  objectionable. 

As  a  means  of  comparison,  the  following  table  of  estimates  of  horse  power  is  given : 


Boulton  and  Watt  -     ■ 

Tredgold 

Desaguliers  -     -     -    - 

Ditto 

Saussore  -    -    -    -     - 
More,  for  Society  of  & 


3'7,500 
34,020 
21,120 
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These  are  much  higher  results  than  tlie  average  of  his  esperlments,  and  would  mor* 
nearly  accord  with  the  estremea  obtained  bj  bim ;  but  under  such  oxceasive  fatigue,  the 
horses  were  epeedily  exhausted,  and  died  rapidly.  Nearly  one  hundred  horses  were 
cmplojed ;  they  icero  of  good  quality ;  their  average  height  waa  15  hands  J  incii,  ar.d 
their  weight  about  lOi  cwts,  and  they  cost  from  201.  tfl  iOl.  each.  They  had  as  mu^'- 
corn  as  they  could  eat,  and  were  well  attended  to. 

The  total  quantity  of  work  done  by  the  horses,  and  its  cost,  was  as  under: — 

Registered  quaolity  of  water  drawn  lOi  feet,  tbe  average  height,  I    ,„,  .„. 
28,220,800  gallons  ......  f    '-^^aao 

do,    earth,    3,500  yds.  1  ton  6  cwt.  per  yard  -  -  4,650 

Total  weight  drawn  to  the  surface         -  -  18S,95S 


As  soon  as  the  adit  was  driven,  all  the  water  was  carried  off  by  it,  and  the  worka  are 
stated  to  be  perfectly  dry. 

Mr.  f  aimer  said,  it  should  be  understood,  that  la  stating  33,000  lbs.  riused  one  foot 
liigh  In  a  minute,  as  the  measure  of  the  power  of  a  horse,  Boulton  and  Watt  hod  not 
intended  to  fix  that  as  the  average  work  which  horses  were  capable  of  performing :  they 
bad  taken  the  highest  results  of  duty  performed  by  powerful  hirirses,  in  order  to  convince 
the  purchasers  of  their  steam-engines  that  they  received  all  that  had  been  contracted 

He  had  made  some  experiments  on  the  amount  of  work  performed  by  horses  tracking 
boats  on  canals;  oathe  upper  end  of  the  mast  of  tlie  boat  a  pulley  was  hung ;  over  this 
the  towing  rope  was  passed,  with  the  means  of  suspending  to  its  extremity  given 
wnghta,  ao  as  esacUy  to  balance  the  power  exerted  by  the  horse. 

The  lesults  arrived  at  by  these  means  were  so  various,  that  he  could  not  deduce  any 
aveiigL  conclusions;  as  the  power  exerted  varied  between  30  lbs.  and  120 lbs.,  (ho  power 
dimmishmg  as  the  speed  was  increased ;  he  thought  that  2J  miles  was  too  high  an  average 
i.Btimate  tnd  that  it  should  not  exceed  2  miles  per  hour, 

Mr  Field  remarked  that  in  all  estimates  of  horaa  power,  the  speed  was  considered 
to  be  at  an  average  of  S^  miles  per  hour,  and  aU  esperiments  were  reduced  to  that 

Hr  Hawkins  said,  that  some  years  since,  he  had  made  numerous  inquiries  respecting 
the  work  done  by  horses  in  drawing  upon  common  turnpike  roads,  and  found  that  four 
good  horses  could  draw  an  ordinary  stage-coach,  with  its  complement  of  passengers,  8 
miles  a  day,  at  the  rate  of  10  miles  an  hour ;  that  if  they  ran  stages  10  miles  in  the  hour, 
the  horses  must  rest  one  day  in  each  week ;  that  good  horses,  so  worked,  would  last  only 
five  years,  each  horse  drawing  about  half  a  ton :  he  had  been  informed  by  waggoners, 
that  good  horses  would  walk  at  the  rate  of  24-  miles  per  hour,  for  twelve  hours  out  of 
twenty-four,  making  80  miles  a  day ;  and  tliat  they  would  continue  to  do  auch  work  day 
by  day,  each  horse  drawing  one  ton,  for  many  years,  provided  they  had  not  been  worked 
hard  when  young. 

Mr.  Gravatt  observed,  that  although  there  might  exist  some  hesitation  in  receiving 
these  results  of  work  actually  performed,  as  a  general  measure  of  a  horse's  power,  yet  as 
engineers  frequently  required  to  know  what  could  be  performed  by  horses,  when  employed 
for  short  periods,  in  works  of  haste  or  difficulty,  he  thought  that  the  experiments  were 
useful,  and  would  form  good  data  for  reference:  he  was  aorry  to  observe  that  in  too 
many  cases,  an  idea  was  prevalent,  that  it  was  cheaper  to  work  a  small  number  of  horses 
to  death,  than  to  keep  a  large  number,  and  to  work  them  fairly ;  the  results  which  he 
had  been  enabled  to  arrive  at,  were  perhaps  not  a  fair  value  of  a  horse's  work,  continued 
fo[  any  length  of  time,  at  the  best  rate  of  economy,  for  both  the  contractor  and  the 
employer, 

"rhe  President  believed  that  however,  in  cases  of  emei^ency,  which  he  allowed  did 
occur  in  engineering  works,  the  forced  system  of  labour  mentioned  by  Mr.  Gravatt  might 
be  tolerated,  he  was  convinced  that  it  was  not  the  most  economical,  but,  on  the  contrary 
humanity  and  economy  would  be  found  to  go  hand  in  hand, 

it  would  be  dearable  to  know  the  average  speed  at  wliioh  the  diffotent  rates  of  work 
had  been  performed ;  this  was  essential  in  order  to  found  any  calculation  upon  tlie  results 

given.    Coach  proprietors  calculated  that  at  a  speed  of  10  miles  per  hour,  a ' 

.......J..... :,.    .._■_..  __j  --■muing.  so  that  or-"- i— i -■„ 

e  coach,  with  ai 
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(he  load  for  eacli  horaa  was  10  cwta. ;  wbereas  in  tliB  case  of  a  torso  drawing  a  cart,  the 
posa  load  frequently  amounled  to  2  toD9,  but  tlie  epecd  WRS  reduced  to  S^-  milea  per 
hour,  at  which  pace  he  coDceived  that  16  miles  per  day  might  be  considered  a  lair  dny'i 
work ;  this  therefore  was  double  the  distance  with  four  times  the  load,  or  eight  timei 
the  coach  wort,  but  with  a  heayier  horse. 

The  law  that  the  quantity  of  work  done  was  as  the  square  root  of  the  velocity,  or 
as  the  cube  root  of  the  velocity,  in  equal  times,  was  confmed  to  work  upon  caaala,  or 
bodies  moving  through  the  water. 

Mr.  Rennie  had  tried  sorae  experiments  on  the  force  of  li 
Grand  Junction  Canal.  The  towing  rope  was  attached  to 
prertonsly  been  tested  bj  weights. 

The  horse,  although  urged  at  first  starting,  was  afterwards  allowed  to  fall  into  his 
natural  speed,  which  was  2^  miles  per  hour  on  the  average  of  20  miles.  The  masiiaum 
speed  was  4  miles,  and  the  minimum  2  miles,  per  hour.  The  dynamometer  indicated 
wi  average  of  lOS  lbs.,  which  was  capable  of  overcoming  \tie  resistance  of  the  loaded 
barge  of  26  tons,  being  in  the  ratio  of  15'00.     The  weight  of  the  Lorse  was  abont  11 

Me  also  tried  many  ei^periments  upon  a  fast  boat,  lent  to  him  in  18SE  by  the  late 
Colonel  Page.     These  experiments  were  principally  made  in  order  to  ascertain  the  com- 

Sarative  resistance  of  vessels  moving  through  water  at  difierent  velocities,  and  the  Grand 
unction  Canal  afforded  a  convenient  opportunity  of  undertaMn^j  them. 


At  2^  the  resistance  w 


One  horse  was  emplcyed  in  these  espcrunants. 

Wles  per  honr.  lbs. 

At  6  the  resistance  was  SI  to  214 


Average  336 

Tw]  horses  were  employed  in  these  experiments. 

Stakes  were  fixed  near  the  margin  of  the  canal,  so  aa  to  ascertain  the  rise  and  fall  of 
the  wave  caused  by  the  boat  in  pas^ng ;  and  it  was  observed  that  when  a  boat  passed 
with  a  velocity  of  from  4  to  6  miles  per  hour,  the  rise  of  the  wave  was  6  inches,  and 
the  fall  6  inches,  making  a  wave  of  10  inches  in  depth ;  and  when  the  velocity  was  llj 
miles,  the  rise  was  redu^d  to  2-}  inches,  and  the  iail  to  24-  inches. 

Great  dlfierenoe  existed  in  the  power  of  horses,  their  weights  and  structure  ;  and  the 
large  dray  horses  used  by  Messrs,  Baroky,  Perkins,  &  Co.  did  a  full  average  duty 
as  assumed  by  Boulton  and  Watt ;  but  considering  the  average  power  of  strong  and 
weak  animals,  he  had  adopted  22.000  lbs.  raised  1  foot  high  as  the  standard ;  much,  how- 
ever, depended  on  the  nature  of  the  work  performed. 

Mr.  Charles  Wood  remarked,  that  although  on  an  emergency  it  might  be  necessary 
to  work  horses  to  the  extent  which  had  been  mentioned,  it  had  always  Deen  found  more 
economical  to  feed  them  well,  and  not  nnduly  to  force  the  speed,  the  weight  drawn,  or 
the  hours  of  labour.  By  the  recorded  expetiments  on  ploughing,  which  were  tried  at 
Lord  Ducie's  and  by  Mr.  Pusey,it  was  shown  that  any  increnae  of  speed  diminished  the 
amount  of  work  done,  in  a  greater  ratio  than  it  was  affected  by  an  increase  of  the  load. 
In  drawmg  loads  the  weight  of  the  animal  was  a  point  of  consideration  and  importance, 
and  when  extra  exertions  and  muscular  action  were  required,  the  nearer  horses  ap- 
proached to  "  tliorough  bred,"  the  greater  was  the  result. 

Mr.  Davidson  g^ve  the  following  statement  of  the  work  performed  by  a  Londoa 
brewer's  horse  per  day  ;  the  cost  of  feed  and  of  wear  and  tear  per  horse  per  annum  being 
derived  from  actual  experience  among  a  large  number  of  horses  at  Messrs.  Truman, 
Hanbury,  &  Co.'s  brewery.  The  feed,  &:.  is  supposed  to  have  cost  the  same  per  quarter 
per  truss,  <tc  each  year. 
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TeerB. 

Poiinda  Wotoht 

(IrwneiMiia 
per  HorBC  return- 
ing per  r-sy. 

Avcme  Ponc^ 
notMperbfly. 

Cost  ot  Feed 
and  SlTflw  per 

pS'Aniium. 

1835 
18S6 

isaT 

1838 
1839 
1840 
1841 
1842 

Total 

Average  7 
yeara 
nearly  - 

5,148 
6,012 

6,057 
5,287 
6,7S6 
5.311 
5,263 

Lbs. 
1,716 
1,767 

1,898 
1,740 
1,830 
1,750 
1.740 

3,342 
S,389 

3,377 
S,51K 
3,803 
3,530 
3,501 

£     1.     d. 

43     2     7 
43  16     6 

41  18     0 
43     9  11 
43  11     7 
45     0     1 
47     0     9 

10     0     3 
9  18     0 

9  15     9 
9     7     1 
7  17   11 
10  16  11 
10     8     0 

36,924 

12,171 

34,455 

309  19     6 

68     3  11 

6,27s 

1,738 

B,S06 

44    e    7 

9  14  10 

Mr.  Home  stated  that  Messrs.  Tredwell  had  a  conlract  oa  tlie  South  Eastern  Kail- 
way,  near  where  Mr.Sirams' eipeciraenls  were  made;  theyhadnpwaids  of  100  horses, 
whose  average  cost  was  about  30/. ;  they  were  woried  10  hours  per  day,  and  were  well 
fed,  £0  that  their  value  was  but  little  reduced,  aud  they  were  eventually  sold  for  nearly 
the  same  pricea  as  they  originally  cost.  ITiese  contractors  had  about  400  horses  on  the 
Southampton  Railway,  which  coat  them  about  26i.  each.  The  same  course  of  not 
over -working,  and  of  feeding  them  well,  was  pursued  from  motives  of  economy,  and  they 

It  was  Mr.  Jackson's  practice  to  keep  so  many  horses  for  his  work  as  not  to  be  under 
the  necessity  of  working  them  more  than  10  hours  per  day ;  he  gave  to  each  a  peck  of 
com  a-day ;  by  this  means  he  bad  been  abia  to  keep  up  their  value. 

On  the  Chester  and  Crewe  Railway  he  had  about  800  horses  at  work,  and  towards 
the  end  of  the  contract,  owing  to  circumstances  over  which  he  had  no  control,  he  was 
obliged  to  work  them  14  or  IB  hours  per  day ;  and  in  the  course  of  four  months  horses 
that  had  been  worth  251.  were  so  reduced  as  not  to  be  valued  at  above  11.  He  is  a  great 
advocate  for  steady  work  and  good  keep. 

On  the  Tame  Valley  Canal  there  had  been  eometimea  between  300  and  400  horses, 
but  as  the  work  was  nearly  finished,  many  had  been  sold.  Those  sub- contractors  who 
had  kept  a  sufficient  number  of  horses  for  the  work,  eo  as  not  to  have  them  in  harness 
lama  than  It  hours  per  day,  had  realized  nearly  the  same  prices  they  had  given  for 
them  in  the  first  instance. 

The  horses  belonging  to  Mr.  Edwards,  the  sub- contractor  for  the  esoavation  of 
Newton  Hill,  and  those  of  Mr.  W.  Tredwell,  sub -contractor  fur  the  Friar  Park  Farm 
cuttings,  were  purchased  from  the  same  parties  at  prices  varying  from  20i,  to  3oJ.  The 
Tormer  had  been  acting  on  the  principle  of  getting  out  of  the  horses  all  he  could,  work- 
bg  them  frequently  IB  and  16  hours  at  a  time  ;  and  the  consequences  were,  that  all  hia 
stock  was  in  bad  condition,  and  he  would  be  glad  to  get  6/,  or  11.  a-piece  Sai  them.  On 
the  other  hand,  Mr,  W.  Tredwell,  who  was  an  excellent  horse  master,  and  who  did  not 
work  his  horses  beyond  their  Btrengtli,  would  be  able  to  sell  them  for  about  aa  much  as 
he  gave  for  them, — indeed  he  had  done  so  already  for  those  that  he  had  parted  with. 

Having  been  a  good  many  years  in  the  service  of  the  late  Mr.  Mcintosh,  Mr.  Home 
could  state  that  it  never  was  his  system  to  over-work  bis  hofses.  It  did  sometimes  hap. 
pen  that  there  was  no  alternative,  but  the  deviation  from  the  regular  rule  in  every  in- 
stance showed  that  his  system  was  founded  on  right  principles.  The  over-worked  horses 
were  most  liable  to  disease,  and  the  time  lost  by  illness  formed  an  important  item; 
whereas  there  were  plenty  of  instances  in  which  horses  that  had  worked  their  regular 
lO'hours  per  day,  and  had  been  properly  fed,  had  worked  for  five  or  six  years  without 
losing  a  single  day  by  illnesa.  On  the  whole  he  felt  convinced,  that  both  on  the  score 
ot  humanity  and  economy,  the  horse  was  the  more  valuable  servant  when  treated  with 
kindnesa. 

Mr.  Beardmore  said  that  a  case  had  occurred  in  a  work  near  Plymouth,  which  he  be- 
lieved would  give  the  fair  value  of  the  work  actually  performed  daily  by  a  horse  for  a 
considerable  period. 

A  quarry-wagon,  weighing  2i  lona,  carrying  an  avei-age  load  oF  stone  of  6J  tons,  was 
drawn  by  one  horse  along  a  railway  960  feet  in  length,  260  of  it  being  level,  and  the  re. 
maining700  feet  having  an  inclination  of  1  in  1S8.     Duriog48  working  days  the  iiumbei 
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of  trips  was  1,303,  or  an  average  of  271 
trip  -was  4  minutes,  or  at  a  speed  of  2-l2 
including  that  of  the  waggons,  was  S3.9dS,duu  ius. 

Repeated  experimeats  proved,  that  upon  the  incline  of  1  in  138  the  waggona  in  their 
ordinary  worliing  state  would  just  remain  Btationarv ;  the  friction  was  therefore  assumed 
to  be  162  lbs.  per  ton;  by  ciUoulation  it  was  found  that  the  horaa  raised  89,820  lbs.  1 
foot  high  per  minute  during  the  8  worliing  hours  each  day:  the  ueeful  eHect,  or  net 
amount  of  stona  carried,  being  21,78S  lbs.  raised  1  fool  high  per  minute.  This  difference 
between  the  work  done  and  the  useful  effect  arose  from  the  necessary  Etrength  and 
weight  of  the  waggons. 

Tie  animal  employed  was  a  common  Devonshirs  cart-horse,  8  years  old,  16  hands 
high,  and  weighed  10|  cwts. ;  ho  continued  doing  tke  same  work  throughout  a  wliole 
eummer,  remaining  in  good  condition  ;  but  a  lighter  horse  was  found  unequal  to  it. 

HOSIERY  (jBmmeierie,  Fr.;  Slrumpftaitni,  GeTta,).  The  tlocking  frame,  which  is 
the  great  implement  of  this  business,  though  it  appears  at  first  sight  to  be  a  compJiealed 
machine,  consists  merely  of  a  repetition  of  parts  easily  understood,  willi  a  moderate  de 
gree  of  attention,  provided  an  accurate  conception  is  first  fcrmed  of  the  nature  of  the 
hosiery  fabric.  This  lexlure  is  totally  different  from  the  rectangular  decussation  which 
constiloies  cloth,  as  the  slightest  inspection  of  a  slocking  will  show ,  ir  ITiis;,  instead  of 
having  two  distinct  systems  of  thread,  like  the  warp  and  the  weft,  which  are  woven 
together,  by  crossing  each  other  at  right  angles,  the  whole  piece  is  composed  of  a  sing  e 
thread  united  or  looped  together  in  a  peculiar  manner,  which  is  called  stocking  stitch, 
and  sometimes  chain-work 
This  is  best  eiplained  bv  tlie  vifw  in  Jig.  160.  A  single  threid  n,  [oraietl  into 
a  number  of  loops  or  waies    by  arranging  it 

"""   '  "  " a  number  of  parallel  needles,  as  shown  at 

lese  are  retained  or  kept  in  the  form  of 
\  loops  or  waves,  hy  beini;  dra«n  or  looped 
s.  through  similar  loops  or  waves  ftrmed  by  the 
J  thread  of  the  preceding  course  of  the  work,  s 


stability  of  the  whole  piece  depends  upon  the 
ultimate  fastening  of  the  first  end  of  the  thread , 
and  if  this  is  undone,  the  loops  termed  by  that 
end  will  open,  and  release  the  subsequent  loops, 
one  at  a  lime,  until  the  whole  is  unravelled,  and  drawn  out  into  the  single  thread  from 
which  it  was  made.  In  the  same  manner,  if  a  thread  in  a  slocking-piece  fails,  or  hrealis 
at  any  part,  or  drops  a  stitch,  as  it  is  called,  it  immediately  produces  a  hole,  and  the  ex- 
tension of  the  rest  can  only  be  prevented  hy  fastening  the  end.  It  should  be  observed 
that  there  are  many  different  fabrics  of  stocking-stitch  for  various  kinds  of  ornamental 
hosiery,  and  as  each  requires  a  different  kind  of  frame  or  machine  to  produce  it,  we 
should  greatly  exceed  our  limits  to  enter  into  a  detailed  description  of  Ihem  all.  That 
species  which  we  have  represented  in  fig.  760  is  the  common  slocking-stileh  used  for 
plain  hosiery,  and  is  formed  by  the  machine  called  the  common  stodiing-frame,  which  is 
the  groundwork  of  all  the  others.  The  operation,  as  we  see,  consists  in  drawing  the 
loop  of  a  thread  successively  through  a  series  of  other  loops,  so  long  as  Ihe  work  is 
continued,  as  is  very  plainly  shown  for  one  stitch  in  jig.  761. 

There  is  a  girsat  variety  of  different  frames  in  use  for  producing  various  ornamental 
liinds  of  hosiery.  The  first,  which  forms  tiie  foundation  of  the  whole,  is  that  for  knitting 
plain  hosiery,  or  the  common  stocking-frame. 

Of  this  valuable  machine,  the  invention  of  Mr,  Lee,  of  Cambridge,  a  side  elevalion  is 
given  in  Jig.  762,  with  the  essential  parts.  The  framing  is  supported  by  four  upright 
posts,  generally  of  oak,  ash,  or  other  hard  wood      T        f  th  t  t  d 

the  connecting  cross  rails  are  at  c  c.    At  b  is 

supports  the  hosier's  seat.    The  iron-work  of  bo  ed 

upp^  rails  of  the  frame-work,  and  consists  of  po 

polished  iron,  which  appears  at  s,  and  to  n 

mtached.    The  other  part,  which  is  generall  ca    ag  th 

sole  at  c,  and  is  supported  by  four  small  wh  ck  al 

workmen.    At  the  upper  part  of  the  back  s 
appears  at  ft;  and  to  these  is  fitted  a  frame,  o  hi 

By  means  of  these  joints,  the   end  at  h  may  b  ss 

returns,  when  relieved,  by  the  operation  of  a  pe 

between  a  cross  bar  in  the  frame  and  anolh 
tery  apparent  in  fig.  763.     In  the  front  of  im 

Jie  hosier  sits,  are  placed  the  needles  which  fo  m 


>  the  coarsen OGs  c 


of    loops    contained    ia 
coarsest  fmnies  in  comnion  use  being 

^,  the  manufacture  of  which  is  very  simple;  but 
id  necessary  before  a  needle-maker  acquires  the  dexteriij 


three  inches  of  breadth,  and  varies  very  mucli ;  „^^.  ,,„„ 

about  what  are  termed  Fourteens,  and   the  finest   employed 


:e  his  work  well,  and  in  sufficient  quantity  to  render 


processes  which  ii 
b  ffl 

bo  h  ash 


Forties,    The  needles  a 
long  practice  in 

which  will  enable  him  both  to  o 
his  labor  produc 

The  process  of  making  the  needles  is  as  follows ;— Good  sound  iron  wire,  of  a  proper 
finenes^  is  to  be  selected ;  ihal  which  is  liable  to  split  or  splinter,  either  in  liline, 
punching,  or  bending,  being  totally  nnfit  for  ihe  purpose.    The  wire  is  first  to  be  cut 
into  proper  lengths,  according  to  the  fineness  of  (he  frame  for  which  the  needles  are 
designed,  coarse  needles  being  considerably  longer  than  fine  ones.    When  a  sufficient 
number  (generally  some  thousands)  have  been  cut,  the  wire  must  be  softened  as  much 
as  possible.    This  is  done  by  laying  them  in  rows  in  a  flat  iron  boi,  about  an  inch 
deep,  with  a  close  cover ;  the  bra  being  fiUed  with  charcoal  between  the  strata  of  wires, 
his  boi,  being  placed  upon  a  moderate  fire,  js  gradually  heated  until  both  the  wires 
and  charcoal  have  received  a  moderate  red  heat,  bewiuse,  were  the  heal  increased  lo  what 
"  *ths  lerm^ the  while  heat,  the  wire  would  be  rendered  totally  unfit  for  Ihe  subsequent 
.-...  -....  ..        .  ■  oth  '    finishing  and  working.    When  the  box  hag 

from  the  fire,  and  placed  among  hot  ashes, 
d  cooled;  for  the  slower  the  wires  cool,  the 

When  perfectly  cool,  the  next  process  is  to 
m  of  every  needle,  which  receives  the  point  or 
means  of  a  small  eng:ine  worked  by  the  power 
of  these  engines  is  VHTiousi  but  a  profile 
levation  of  one  of  the  most  simple  and  com- 
monly used  will  be  found  in  Jig.  763,"   11 
consists  of  two  Tery  strong  pieces  of  malle- 
able iron,  represented  at  a  and  c,  and  these 
two  pieces  are  connected  by  a  strong  well- 
fitted  joint  at  B.    The  lower  piece,  or  sole  of 
the  engine  at  c,  is  screwed  down  by  bolts  to 
g      a  strong  board  or  table,  and  the  upper  piece 
A  will  then  rise  or  sink  at  pleasure,  upon  the 
joint  B.    In  order  that  a  may  be  very  steady 
in  rising  and  sinking,  which  is  indispensable 
S.  C  to  i]g  correct   operation,  a  strong   bridle  of 

iron,  which  is  shown  in  seclirn  at  e,  is  added  to  confine  it,  and  direct  its  motion.  Id 
the  upper  part  of  this  bridle  is  a  female  screw,  through  which  Ihe  forcing  screw  passes, 
which  is  turned  by  the  handle  or  lever  ».    To  the  sole  of  the  engine  c  is  fixed  a  holsiei 


HOSIERY. 


1031 


Dl'  tempered  steel,  with  a  small  groove  to  recehe  the  wire,  which  is  to  be  punchedj  and 
in  the  upper  or  moving  part  a,  is  a  sharp  chisel,  which  descends  exactly  inio  the  groove, 
when  A  is  depressed  by  the  screw.  These  are  represented  at  f,  and  above  h.  At  g  is  a 
strong  spring,  which  forces  up  the  chisel  when  thg  pressure  of  the  screw  is  I'emDveil.  The 
appearance  of  the  groove,  when  the  punching  is  finished,  will  be  rendered  familiar  hy 
inspecting  Jig.  lAi,  p.  1023.  When  the  punching  is  finished,  the  wires  are  10  be  brought 
lo  a  fine  smooth  point  by  filing  and  burnishing,  the  kller  of  which  should  be  very  com- 
pletely done,  as,  besides  polishing  the  wire,  it  tends  greatly  to  restore  that  spring  and 
elasticity  which  had  been  removed  by  the  previous  operation  of  softening.  The  wire  is 
next  to  he  bent,  in  order  lo  form  the  hook  or  barb ;  and  this  is  done  with  a  small  piece 
of  tin  plate  bent  double,  which  receives  the  point  of  the  wire,  and  by  its  breadth  regu- 
lates the  length  of  the  barb.  The  stem  of  the  needle  is  now  flattened  with  a  small 
hammer,  to  prevent  it  from  turning  in  the  tin  socket  in  which  it  is  afterwards  to  be  cast ; 
and  the  point  of  the  barb  being  a  little  curved  by  a  pair  of  small  pliers,  the  needle  is 
completed. 

In  order  to  fit  the  needles  for  the  frame,  they  are  now  cast  into  the  tin  sockets,  or  leads, 
as  they  are  called  by  the  workmen ;  and  this  is  done  by  placing  the  needles  in  an  iron 
mould,  which  opens  and  shuts  by  means  of  a  joint,  and  pouring  in  the  tin  while  in  a 
n  operations,  two  needles  are  cast  into  the  same  socket.    The 


form  of  the  needle,  when  complete  and  fitted 


place  in  the  frame,  will  be  s 
Jig.  '165,  which  is  a  profile  section 
of  the  needle-bar,  exhibiting  one 
needle.  In  this  figure  a  section  ol 
the  pressure  is  represented  at  f  ; 
the  needle  appears  at  e,  and  the 
socket  or  level  at  k.  At  h,  is  a 
section  of  the  needle-bar,  on  the 
fore  part  of  which  is  a  small  plate 
of  iron  called  a  verge,  to  regulate  the  position  of  the  needles.  When  placed  upon  the 
bar  testing  against  the  verge,  another  plate  of  iron,  generally  lined  with  soft  leather,  is 
screwed  down  upon  the  sockets  or  leads,  in  order  to  keep  ihem  all  fast.  This  plate  and 
the  screw  appear  at  i.  When  the  presaer  at  f  is  forced  down  upon  the  barb,  this  sinks 
into  the  groove  of  the  stem,  and  the  needle  is  shut;  when  the  presser  rises,  the  barb  opens 
again  by  its  own  elasticity. 

The  needles  or  hooks  being  all  properly  fitted,  the  next  part  of  the  stocking-frame  to 
which  attention  ought  to  be  paid,  is  the  machinery  for  forming  the  loops ;  and  this  con- 
sists of  two  parts.  The  first  of  these,  which  sinks  between  every  second  or  alternate 
needle,  is  represented  at  o.  Jig.  162,  and  is  one  of  the  most  important  parts  of  the  whole 
machine.  It  consists  of  two  moving  patls;  the  first  being  a  succession  of  horizontal 
levers  moving  upon  a  common  centre,  and  called  jacks,  a  ter 
in  various  kinds  of  machinery  as  well  as  the  stocking-fram 

can  be  represented  in  the  profile  _fig.  763;  but  the  whole  Bi ,_ 

lontal  position  in  Jig,  766 ;  and  a  profile  upon  a  very  enlaj^ed  scale  is  given  in  Jig,  167. 


m  applied  to  vibrating  levers 
e.  One  only  of  these  jacks 
e  dislincUy  shown  ii 


lOiia 
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The  jack  shown  in  fig.  763,  extends  horizontally  from  o  to  i,  and  the  centre  ot  motion 
is  at  B.  On  the  front,  or  righl  hand  part  of  the  jack  at  o,  is  a  joint  suspending  a  very 
thin  plate  of  polished  iron,  which  is  termed  a  sinker.  One  of  these  jacks  and  sinkers  ii 
allotted  for  every  second  or  alternate  needle.  The  form  of  the  sinker  will  appear  at  s, 
fig.  ^6^ ;  and  in  order  that  all  may  be  eiactly  uniform  in  shape,  they  are  cut  out  and 
^nished  between  two  stoat  pieces  of  iron,  which  serve  as  moulds  or  gauges  to  direct  the' 
frame-smith.  The  other  end  of  the  jack  at  ,  is  tapered  to  a  point;  and  when  the  jacks 
are  in  their  horizontal  position,  they  arc  secured  by  small  iron  springs,  one  of  which  is 
represented  at  i,  fig.  162,  each  spring  having  a  small  obtuse  angled  notch  (o  receive  the 
|V)int  of  the  jack,  against  which  it  presses  by  its  own  elasticity.  In  Jiff.  761  the  centre  is 
at  K ;  (he  pointed  tail  is  on:;:tted  for  want  of  room,  the  joint  is  at  o,  and  the  throat  of  (he 
sinker,  wiiich  forms  the  loo^^  is  at  s.  The  standards  at  a,  upon  which  the  jack  moves, 
■re  called  combs,  and  consist  of  pieces  of  flat  smooth  brass,  parallel  to,  and  equidistant 
I'rom  each  other.  The  cross-bar  a,  which  contains  the  whole,  is  of  iron,  with  a  perpen- 
iiculor  edge  or  rim  on  each  side,  leaving  a  vacancy  between  them,  or  a  space  to  receive 
ihe  bottom  part  or  tails  of  the  combs.  The  combs  are  then  placed  in  the  bar,  with  a  flat 
jiece  of  brass  called  a  counlercomb,  between  each,  to  ascertain  and  preserve  their  distances 
from  each  other.  These  counlercomhs  are  exactly  of  the  same  shape  as  the  combs,  bul 
'lave  no  tails.  When  both  combs  and  conntercombs  are  placed  in  (be  bar,  it  is  luled 
with  c)ay  so  as  (o  form  a  mould,  into  which  is  poured  a  sufficient  quantity  of  melted  tin, 
iVhen  the  tin  has  had  time  (o  cool,  the  counlercombs  having  no  tails  are  easily  taken  out, 
»nd  [be  combs  remain  well  fastened  and  secured  by  the  tin,  which  has  been  fused  entirely 
■ound  them.  Thus  they  form  a  succession  of  standards  for  the  jacks ;  and  a  bole  being 
Irilled  through  each  jack  and  each  comb,  one  polished  wire  put  through,  serves  as  a  com 
non  centre  for  the  whole. 

The  jack  sinkers  being  only  used  for  every  alternate  or  second  needle,  in  order  to 
■yimplete  this  part  of  (he  apparatus,  a  second  set  of  sinkers  is  employed.  These  are,  in 
form  and  shape,  every  way  the  same  as  the  jack  sinkers,  but  they  are  jointed  at  the  top 
into  pieces  of  tin,  all  of  which  are  screwed  to  the  sinker  bar  h,  fig.  '^62 ;  and  thus  a 
sinker  of  each  kind  descends  between  the  needles  aliernatelj.  By  these  sinkers  the 
loops  are  formed  upon  all  the  needles,  and  the  reason  of  two  sets  different  in  operation 
being  employed,  will  be  assigned  in  describing  the  mode  of  working  the  frame.  The 
presser  of  the  operation,  of  which  something  has  already  been  said,  appears  at  f;  and 


of  the 


Lppears  very  plainly  a  , 
to  these  arms,  besides  having  an 
ornamental  elfecl,  is  very  useful, 
in  order  to  prevent  any  part  from 
interfering  with  the  other  parts 
which  are  behind,  by  elevating 
them  entirely  above  them.  The 
extremities  of  these  arms  ot  the 
termination  of  the  bends  behind, 
are  connected  by  a  cross  bar, 
which  has  also  a  circular  bend 
in  (he  middle,  projecting  down- 
wards, for  a  reason  similar  to  that 
already  assigned.  This  bend  iB 
concealed  infig.  "163,  but  visible 
in  the  front  elevation,  fig.  168. 
From  the  middle  of  the  bend, 
the  presser  is  connected  with  the 
middle  treadle  by  a  depending 
wire  appearingat  m.  Jig.  "162,  and 
thus,  by  the  pressure  of  (bat 
treadle,  the  presser  is  forced  down 
to  close  the  barbs  of  the  needle. 
The  re-ascent  of  the  presser  is 
sometimes  effected  by  means  of 
a  counterpoising  weight  passing 
over  a  pulley  behind ,-  and  some- 
times by  the  reaction  of  a  wooden 
spring,  formed  of  a  strong  hoop 
like  that  represented  at  K.  The 
latter  of  these  is  preferred,  espe- 
cially by  the  Nottingham  hosier?, 
because,  as  they  assert,  it  makes 
the  presser  spring  up  with  greatel 


,  Cuogle 


HOSIERY, 


1023 


rapidity,  and  ccasequenlly  saves  lime  in  working.  Hnw  far  l^is  nmy  be  p.acticsilly  Ihe 
case,  it  would  be  superfluous  here  Winvesligale;  bul  it  is  obvious  that  the  wooden  spring, 
if  very  stiff,  must  add  much  to  Ibe  hosier's  exertion  of  his  foot,  already  exercised  against 
the  united  spring  of  all  his  barbs ;  and  Ibis  inconvenience  is  much  complained  of  by  those 
who  have  been  accustomed  to  worlt  with  the  counlerpoise. 

At  I.  are  Iwo^ulleys  or  wheels,  of  different  diameters,  moving  upon  a  common  centre, 
by  which  Ihe  jack  sinkers  are  relieved  from  the  back  springs,  and  thrown  downwards  to 
form  the  loops  upon  Ihe  needles.  About  the  larger  wheel  is  a  band  of  whipcord,  pass- 
ing twice  round,  the  extremities  of  which  are  allacbed  to  what  is  called  the  slur,  which 
disengages  the  jacks  from  the  back  aprings.  The  smaller  pulley,  by  another  band, 
communicates  with  the  right  and  left  treadle ;  so  that  these  treadles,  when  pressed 
alternately,  turn  the  pulleys  about  in  an  inverted  order.  The  directions  of  these  bands 
a!»o  appear  more  plainly  in  the  front  elevation,  jIg.  768.  Tht  construction  of  the  slur, 
and  lie  eflect  upon  the  jacks,  will  aiso  be  rendered  apparent  by  fig.  'IG9,  In  this 
figure,  eight  jadis  are  represented  in  section,  the  tail  pari  of  three  of  which,  1,  2,  3,  are 
thrown  np  by  the  slur  in  its  progress  from  left  to  light ;  the  fourth  is  in  the  act  of 
risine-,  and  Ihe  remaining  four,  5,  6,  7,  and  8,  are  still  unacted  upon,  the  slur  Tiot  yel 
having  reached  Ihem.  As  the  slur  acts  in  the  direction  of  the  dolled  line  x,  s,  fig.  les, 
behind  the  centres  of  the  jacks,  it  is  hardly  necessary  to  remark,  that  this  forcing  up  of 
the  tails  must  of  course  depress  the  joints  by  which  the  sinkers  in  front  are  suspended. 
The  jack  sinkers  falling  saccessively  f/om  the  loops  on  every  allernale  needle,  in  the  way 
represented  sXfig.  770,  where  bcih 
kinds  of  sinkers  appear  in  section,  the 
light  part  expressing  what  is  above 
the  point  at  which  Ihe  Ihroal  of  Ihe 
sinker  operates  upon  the  thread,  and 
the  dark  part  what  is  below.  The 
d,  ..  . 
r  of 
J  (hem,  and  suspending  them  Irom  the  bar  above,  appear  still  elevated ;  the 
position  of  the  bar  being  represented  by  the  line  a,  b.  Bat  when  these  are  pulled  down 
to  the  level  of  the  former  by  the  operator's  hands,  the  whole  looping  will  be  completed, 
and  the  thread  c,  B,  which  is  still  slack,  will  be  brought  to  its  full  and  proper  degree  of 
tension,  which  is  regulated  by  slop  screws,  so  as  to  be  tempered  or  altered  at  pleasure. 

■■■     The  sinking  of  this  second  set  of 

sinkers,  may  be  easily  explained  by 
Jig.  771.  The  direction  of  the  sink- 
ers  is  expressed  by  the  line  e;  the 
bar  from  which  they  are  suspended 
will  be  at  A  i  the  top  frame  is  in  the 
direction  from  a  to  b;  the  back 
standards  at  b,  and  the  joint  at  E,  is 
the  centre  of  motion.  If  e  is  pulled 
perpendicularly  downwards,  the  spring  c  will  be  contraeled,  and  its  upper  extreme  point 
g,  will  be  brought  nearer  to  its  lower  extreme  point  v,  which  is  fixed.  Again,  when  the 
force  which  hns  depressed  e  is  removed,  the  spring  c  will  revert  to  its  former  state,  and 
the  sinkers  will  rise.  The  raising  of  the  jack  sinkers  and  jacks  takes  place  at  the  same 
lime,  by  the  hosier  raising  his  hands;  and  for  the  cause  of  this  we  must  revert  to  jig. 
766.  The  lead  sinkers  in  rising  lay  hold  of  notches,  which  raise  the  extreme  parts  of 
the  set  of  jacks  z,  z,  which  are  c^led  half-jacks.  Between  the  extremities  of  these  at  z,z, 
is  a  cross  bar,  which,  in  descending,  presses  all  the  inleiTaediale  jacks  behind  Ihe  common 
centre,  and  restores  ihera  to  Iheir  original  posture,  where  they  are  secured  by  the  back 
springs,  until  they  are  again  relieved  by  the  operation  of  the  slur  recrossing  at  the  next 

Working  of  the  frame, — In  order  to  work  a  frame,  Ihe  whole  apparatus  being  previ- 
ously pnt  into  complete  order,  the  hosier  places  himself  on  the  seal  b  in  front,  and  pro- 
?idA  himself  with  a  bobbin  of  yarn  or  stuff.  This  bobbin  he  places  loosely  on  a  vertical 
pin  of  wire,  driven  into  one  side  of  the  frame  conligaons  to  iJie  needles,  so  that  il  may 
(urn  freely  as  the  sIbIT  is  unwound  from  it.  Taking  the  thread  in  his  hand,  he  draws  it 
loosely  along  the  needles,  behind  the  barbs,  and  under  the  throats  of  the  sinkers.  He 
(hen  presses  down  one  of  the  treadles  to  pass  the  slur  along,  and  unlock  the  jacks  from 
Ihe  back  springs,  that  Ihey  may  fait  in  succession.  When  this  is  done,  the  number  of 
loops  thus  formed  is  doubled  by  bringing  down  the  lead  sinkers,  and  the  new  formed 
loops  are  lodged  under  the  barbs  of  the  needles  by  bringing  forward  the  sinkers.  The 
preceding  course,  and  former  fabric,  being  then  again  pushed  back,  the  barbs  are  shal 
by  depressing  ihe  middle  treadle,  and  forcing  down  the  pressor  upon  the  needles.  The 
Torraer  work  is  now  easily  birught  over  the  shut  needles,  afler  which  by  raising  Ihe 


1024  HOSIERY. 

hanils,  both  sets  of  sinkers  are  raised;  the  jacks  are  locked  by  ihe  back  springs,  and  Ih£ 
hosier  goes  on  to  another  course. 

From  this  it  will  be  apparent,  that  tlie  remarlt  made  in  the  outset  is  well  founded, 
that  there  are,  in  reality,  no  complicated  or  difficult  movements  in  the  slociing-frame. 
Almost  the  whole  are  merely  those  of  levers  movinj;  upon  their  respective  fulcra,  eicepttne 
thai  of  the  carriage  which  gives  the  horizontal  motio^i  to  the  sinkers,  af  d  Ihal  is  merely 
an  alternate  motion  on  four  wheeU.  Yet  the  frame  is  a  machine  which  requires  con- 
siderahle  experience  and  care,  both  lo  work  it  to  advantage,  and  also  to  keep  it  in  good 
order.  This  circumstance  arises  greatly  from  the  small  compass  ia  which  a  number  of 
moving  parts  must  be  included.  Owing  to  this,  the  needles,  unless  cautiously  and  deli- 
cately handled,  are  easily  bent  or  injnred.  The  same  circumstance  applies  with  equal 
or  greater  force  to  the  sinkers,  which  mast  be  so  very  thin  as  lo  be  easily  injured.  But 
as  these  must  work  freely,  both  in  a  perpendicular  and  horizontal  direction  between  the 
needles,  in  a  very  confined  and  limited  space,  the  slightest  variation  in  either,  from  being 
truly  and  squarely  placed,  unavoidably  injnres  the  others.  When  a  hosier,  either  igno- 
rant of  the  mechanical  laws,  of  their  relation  lo  each  other,  or  loo  impatient  to  wait  for 
the  assistance  of  another,  attempts  to  rectify  defects,  he  in  most  cases  increases  them  ten- 
fold, and  renders  the  machine  incapable  of  working  at  all,  until  repaired  by  some  more 
experienced  person.  This  circumstance  has  given  rise  to  a  set  of  men  employed  in  this 
trade,  and  distinguished  by  the  name  of  upsetters;  and  these  people,  besides  setting  new 
frames  to  work,  have  frequently  more  employment  in  repairing  old  on?s  injured  by  want 
of  care  or  skill,  than  many  country  apothecaries,  who  live  in  unhealthy  parishes,  find  in 
tampering  with  the  disorders  of  mankind. 

It  seems  unnecessary  lo  go  further  into  detail  respecting  a  machine  so  well  known, 
and  which  requires  practical  attention  even  more  than  most  others.  It  may,  therefore, 
be  sufficient  lo  describe  shortly  some  of  its  varielies,  the  most  simple  and  common  of 
which  is  the  rib  stocking-frame. 

Bib  slockiag-frame.  —  This  frame,  which,  neit  lo  the  common  frame,  is  most  exten- 
sively in  use,  is  employed  for  working  those  striped  or  ribbed  stockings,  which  are  very 
common  in  all  the  difletent  maierjaU  of  which  hosiery  is  formed.  In  principle  it  does 
not  differ  from  the  common  frame,  and  not  greatly  in  construction.  The  preceding  gen- 
eral description  will  nearly  apply  to  this  machine  with  equal  propriety  as  lo  the  former ; 
that  part,  however,  by  which  the  ribs  or  stripes  are  formed,  is  entirely  an  addition,  and 
lo  the  application  of  this  additional  machinery  it  may  be  proper  to  pay  the  chief  atten- 
tion, referring  chiefly  to  Jig.  768,  which  is  a  front  elevation. 

This  figure  has  been  already  referred  to  for  Ihe  illustration  of  those  parts  of 
the  machinery  which  are  common  to  both,  and  those  parts  therefore  require  no  reca- 
pitulation. The  principle  of  weaving  ribbed  hosiery  possesses  considerable  affinity  to 
that  which  subsists  in  the  weaving  of  that  kind  of  cloth  which  is  distinguished  by  the 
name  of  tweeling,  for  the  formation  of  stripes,  with  some  variation  arising  merely  from 
the  different  nalnre  of  the  fabric.  In  cloth  weaving,  two  different  binds  of  yarn  inter 
secting  each  other  at  right  angles,  are  employed,'  in  hosiery  only  one  is  used.  In  the 
tweeling  of  cloth,  striped  as  dimity,  in  the  cotton  or  kerseymere,  and  in  Ihe  woollen  man- 
ufacture, the  stripes  are  produced  by  reversing  these  yarns.  In  hosiery,  where  only  one 
kind  of  yarn  is  used,  a  similar  effect  is  produced  by  reversing  the  loops.  To  effect  this 
reversing  of  the  loops,  a  second  set  of  needles  is  placed  upon  a  vertical  frame,  so  that 
the  bends  of  the  hooks  may  be  nearly  under  those  of  the  common  needles.    These 

needles  are  cast  into  tin  moulds,  pretty  simitar  to  the  Ibrmer,  but  more 

oblique  or  bevelled  towards  the  point,  so  as  to  prevent  obstructions  in 
working  them.  They  are  also  screwed  to  a  bar  of  iron,  generally  lighter 
than  the  other,  and  secured  by  means  of  plates  :  this  bar  is  not  fixed, 
but  has  a  pivot  in  each  end,  by  means  of  which  the  bar  may  have  a  kind 
of  oscillatory  motion  on  these  pivots.  The  two  frames  of  iron  support  this 
bar  i  that  in  which  it  oscillates  being  nearly  vertical,  bat  inclined  a  tittle 
towards  the  other  needles.  Fig.  112,  which  Is  a  profile  elevation,  will 
serve  to  illuslrale  the  relative  position  of  each  bar  lo  the  other.  The 
I  lower  or  horizontal  frame,  the  ends  only  of  which  can  be  seen  in  fig. 
'  leS  under  u  a,  appears  in  profile  in  ^g.  112,  where  it  is  distinguished 
by  d.  The  vertical  frame  at  a  is  attached  lo  this  by  two  centre  screws, 
which  serve  as  joints  for  it  lo  move  in.  On  the  lop  of  this  frame  is  the 
rib-needle  bar  at  /,  in  figa.  762  and  172,  and  one  needle  is  represented 
m  fig.  773  at  /.  At  g  is  a  small  presser,  to  shut  the  barbs  of  Ihc  rib- 
needles,  in  the  same  manner  as  the  large  one  does  those  of  the  frame. 
At  A  is  one  of  the  frame  needles,  lo  show  the  relative  position  of  Ihe  one 
set  to  the  other.  The  whole  of  the  rib-bar  is  not  filled  with  needles 
like  the  other;  for  here  needles  are  only  placed  where  ribs  or  slripe 
are  to  he  formed,  the  intervals  Being  fillel  up  with  blank  leads,  that  it 
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to  s«y,  wilh  sockets  of  the  sape  shape  as  the  others,  but  without  needles ;  heing  mereij 
designed  to  fill  the  bar  and  preserve  the  intervals.  Two  small  handles  depend  from  the 
needle  bar,  by  which  the  oscillatory  motbn  upon  the  upper  centres  is  given.  The  rising 
and  sinking  motion  is  communicated  to  this  machine  by  chains  which  are  attached  tc 
iron  sliders  below,  and  which  are  wrought  by  the  hosier's  heel  when  necessary.  The 
pressure  takes  place  partly  by  the  action  of  the  small  presser,  and  partly  by  the  motion 
of  the  neetlles  in  descending.  A  small  iron  slider  is  placed  behind  the  rib-needles,  which 
rises  as  they  descend,  and  serves  to  free  the  loops  perfectly  from  each  other. 

In  the  weaving  of  ribbed  hosiery,  the  plain  and  rib  courses  are  wrought  a.ternatelj. 
When  the  plain  are  finished,  the  rib-needles  are  raised  between  the  others,  but  no  addi- 
tional sluT  is  supplied.  The  rib-needles,  intersecting  the  plain  ones,  merely  lay  hold  of 
Che  last  tliread,  and,  by  again  bringing  it  thioiigh  that  which  was  on  the  rib-needle  be- 
fore, give  it  an  additional  looping,  which  reverses  Che  line  of  chainii^,  and  raises  the  rib 
above  the  plain  intervals,  which  have  only  received  a  single  knitting. 

HOT-FLUE  is  the  name  given  in  England  to  an  apartment  heated  by  stoves  or 
tteam  pipes,  in  which  padded  and  printed  calicoes  are  dried  hard.    Fig.  7*73  represenia 


the  simplest  form  of  such  a  flue,  healed  by  the  vertical  round  i] 
top  a  wide  square  pipe  proceeds  upwards  in  a  slightly  inclined  direction,  which  receives 
the  current  of  air  heated  hy  the  body  and  capital  of  the  stove.  In  Ibis  wide  channa 
there  are  pulleys,  with  cords  or  bands  which  suspend  hy  hooks,  and  conduct  the  web  o< 
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ealico,  from  the  entrance  at  b,  where  the  opemtire  sits,  Id  near  Ihe  point  a,  and  bacV 
again.  This  circuit  may  be  repeated  once  or  otlener  till  ihe  goods  are  perfectly  dried. 
At  D  the  driving  pulley  connected  with  the  main  shaft  is  shown.  Near  the  feet  of  the 
operative  is  the  caadroy  or  reel  upon  which  the  moist  goods  are  rolled  in  an  endless  web; 
to  that  Iheir  circulation  in  the  hot-air  channel  can  be  continued  without  interruption,  m 

tijn  of  the  apparalus  of  the  regular  hol-flue,  as  it  is  mounted 
m  Ihe  most  scientific  calico  works  of 
England,  those  of  James  Thomson,  Esq., 
of  Prunrose,  near  CHlheroe,  Lancashire, 
o  a  a  a,  is  an  arched  apartment,  nearly  30 
yards  lone,  by  13  feet  high,  and  10  feel 
wide  Through  about  one  hair  of  this 
gallery  there  is  a  horizontal  floor  sup- 
ported on  arches,  above  which  is  the  driest 
space,  through  which  the  goods  are  finally 
passed  before  Ihey  escapefrom  tlLe  hol-flue, 
after  they  have  been  previously  exposed  to 
the  hot  but  somewhat  moist  air  of  the 
lower  compartment,  A  large  B;;uare  flue 
coiered  with  easl-iron  plates  runs  along 
the  whole  bollom  of  the  gallery.  It  is 
divided  into  two  loi.j  parallel  vaults,, 
whose  sections  are  seen  at  u,  u,  Jig.  774, 
cohered  with  the  cast-iron  plates  v  v, 
grooved  at  their  ends  into  one  another.  The 
thickness  of  these  plates  is  increased  pro- 
gressively as  they  come  nearer  to  the  fire- 
place or  furnace.  There  are  dampers  which  regulate  the  draught,  and  of  course  the  heat 
of  Ihe  stove,  h  k  are  the  air-pasgages  or  vent-holes,  left  in  the  side  walls,  and  which  by 
means  of  a  long  iron  rod,  monnled  with  iron  plates,  may  be  opened  or  closed  together 
to  any  degree,  k  k  are  the  cast-iroa  supports  of  the  tinned  brass  rollers  which  guide 
the  goods  along,  and  which  are  fixed  to  the  cross  pieces  represented  by  r  r.  Jig.  714, 
1 1  are  iron  bars  for  supporting  the  TentUators  or  fans  (see  the  fan  under  Foundbv). 
These  fans  are  here  enclosed  within  a  wire  grating.  They  make  about  300  turns  per 
minute,  and  eipel  the  moist  air  with  perfect  efieet.  s  indicates  the  position  of  the  win- 
dows, which  eilend  tbroughoul  the  length  of  the  building,  i  is  a  gas-light  jet,  placed  at 
the  side  of  each  window  to  supply  illumination  for  night  work. 

The  piece  is  stretched  along  the  whole  extent  of  the  gallery,  and  runs  through  it  in 
Ihe  course  of  one  minute  and  a  half;  being  exposed  during  its  passage  to  the  heat  of 
212°  Fahr. 

In  fig.  775,  A  is  the  iron  door  of  entrance  to  the  hot-flae  gallerj ,    at  b  is  the  pad 
ding  machine,  where  the  goods  are  imbued  wllh  the  general  mordant       The  speed  o/ 
775 


this  machine  may  be  varied  by  means  of  the  two  conical  drums  c  c,  which  drive  it ;  since 
when  the  band  e  e  is  brought,  by  its  forks  and  adjusting  screws,  nearer  to  the  narrow 
end  of  Ihe  lower  drum,  the  cylinder  upon  the  same  shaft  with  the  latter  is  driven 
quicker;  and  vice  ixrsa.  Over  d  b  the  cords  are  shown  for  drawing  the  drum  mechan- 
ism into  gear  with  the  main  shaft  band,  f  f  e  ;  or  for  throwing  it  out  of  gear.  The 
pulleys  F  F  carry  the  bands  which  transmit  the  motion  to  the  padding  machine.  A 
cylindrical  drum  exterior  to  the  hot-flue,  covered  with  flannel,  serves  to  receive  the  end 
of  the  series  of  pieces,  and  to  draw  them  through  the  apartment.     This  mode  of  drying 


„  Google 


JACaUARD.  1027 

the  padded  calicoes  requires  for  each  piece  of  28  yards,  3  pounds  of  coals  for  tlie  furnaca 
when  a  fan  b  employed,  and  four  pounds  without  it. 

HTDRATE3 ;  are  compounds  of  the  oxides,  salts,  4o.  with  wafer  in  definite  or  cquiya- 
lent  proportions.  Ihus  slaked  lime  consists  of  one  atom  of  quick-lime  ^=  28,  +  ona  atom 
o(  water  =  9.  of  which  the  sum  is  3T  on  tbe  hydrogen  scale. 

HYDRAULIC  PRESS.    See  Oii,  Peess,  and  StEiRiKE. 

HYDRYODIC  ACID ;  (Aeide  Eydriodiqite,  Fr. ;  Nvdriodsaiire,  Germ.)  is  an  acid  formed 
by  tlie  combination  of  9921  parts  of  iodine,  and  0'19  hydrogen.  When  pure,  it  occurs  in 
tlie  gaseous  state,  but  it  combines  with  water,  liio  tbe  hydrochloric  or  muriatic  acid  gas, 
into  a  liquid  acid. 

HYDROCHLORIC  ACID  ;  tlie  new  chemical  name  of  muriatic  acid,  which  see. 

HYDROGEN;  (Eng.  andFr. ;  Wauerstoff,  Germ.)  an  undecomp  anded  gaseous  body; 
the  lightest  of  all  ponderabla  matter,  whose  examination  belongs  to  chemistry. 

HYDROMETER;  an  instrument  for  ascertainuig  the  specific  gravities  of  liquids, 
Baumfi's  hydrometer,  which  is  much  used  in  France,  and  other  countries  of  the  continent 
of  Europe,  when  plunged  in  pure  water,  at  the  temperature  of  58°  Fabr.,  marks  0  npon 
its  scale;  in  a  solution  conlaming  15  per  cent,  of  common  salt  (chloride  of  sodium),  and 
85  of  water  by  weight,  it  marks  15° ;  so  that  each  degree  is  meant  to  indieat*  a  density 
corresponding  to  one  pec  cent,  of  that  salt.  See  Akeohbtek,  for  comparative  tables  of 
hydrometers. 

HYDROSULPHUEtETS ;  ehemical  compounds  of  bases  with  sulphuretted  hy- 
drogen. 

HYMENCEA  COTJRBARIL;  aire  g  w'  '  S  th  Am  '  f  m  wK  I  th  es' 
anitni  exudes. 

HYOSCIAMDS  NIGER.    Heiiban  pi    t       d 

chemistry  has  estracted  a  new  crjstall  I  bl    p 

is  very  poisonous,  and  when  applied  1  f    th      y     a      rm  m    i.  d! 

dilatation  of  the  pupil ;  as  belladonna    1     d 

HYPOSULPHATES ;   Hvposulph  te  I  p      d      ftl     hjp      Iph 

hypoaulphnrons  acid  with  bases. 

HYPEROXYMURIATES ;  the  old      d        rr    t    am    f     L,  lo      e$ 

HYPOSULPHATE  OF  SODA.  Pure  crysiallized  carbonate  of  soda  is  dried  as  mucli 
as  possible,  and  reduced  to  a  fine  powder;  1  lb.  of  it  is  then  mixed  with  10  oss.  of  flowers 
of  sulphur,  and  the  misfure  is  heated  in  a  glass  or  porcelain  disli,  gradually,  until  tbe 
sulphur  melts.  The  mass  which  cakes  together  is  kept  at  this  temperature  and  is 
divided,  stirred  and  mixed,  in  order  that  each  part  may  be  brought  into  contact  with  the 
atmosphere.  The  sulphnret  of  sodium  formed  passes,  under  these  circumstances,  by  tbe 
absorption  of  oxygen  from  the  atmosphere,  with  a  sliglit  in  candescence,  gradually  into 
sulphite  of  soda.  It  is  dissolved  in  water ;  filtered,  the  liquid  immediately  boiled  with 
flowers  of  sulphur;  the  filtered,  nearly  colourless,  strongly  concentrated  liquid  afibrda 
hypoaulphate  of  soda  in  very  pure  and  beautiful  crystals,  and  in  lai^e  quantity. 

When  the  mixture  is  heated  too  quickly,  some  sulphur  is  easUy  burnt;  there  then 
remains  a  portion  of  undecomposed  carbonate  of  soda,  which  contaminates  the  hyposul- 
phite in  the  first  crystallization,  but  which  may  very  readily  be  separated  from  it. 

HYPOSULPHITE  OF  SODA.  This  salt,  so  extensively  used  in  the  practice  of 
Dfupierreolyping,  may  be  easily  prepared  in  quantities  by  lie  foUowing  process; — Mix 
one  pound  of  finely  pulverised  ignited  carbonate  of  soda  with  ten  ounces  of  flowers  of 
sulphur,  and  heat  the  mixture  slowly  in  a  porcelain  dish  till  the  sulphur  melts.  Stir  the 
fused  mass  so  as  to  expose  all  its  parts  freely  to  the  atmosphere,  whereby  it  passes  from 
the  state  of  a  suipliuret,  by  the  absorption  of  atmospherical  osygen,  into  that  of  a 
sulphite,  willi  the  phenomenon  of  very  slight  incandescence.  Dissolve  in  water, 
filter  the  solution,  and  boil  it  immediately  along  with  flowers  of  sulphur.  The  filtered 
concentrated  saline  liquid  will  afford,  on  cooling,  a  lai^  quantity  of  pure  and  beautiful 
crystals  of  hyposulphite  of  soda. 


I.  &  J. 

JACK,  called  also  jack  in  a  box,  and  hand-jack,  is  a  portable,  mechanical  instrument, 
consisting  of  a  rack  and  pinion,  or  a  p^r  of  claws  and  ratchet  bar,  moved  by  a  winch 
handle  for  rai^ng  heavy  weights  a  little  way  off  the  ground. 

JACK  and  JACK-SINKERS,  are  parts  of  a  stocking  frame.    See  Hosieey. 

JACK-BACK,  is  the  largest  jack  of  the  brewer. 

JACQDARD.  A  peculiar  sjid  most  ingenious  mechanism,  invented  by  M.  Jacquart 
si  Lyons,  to  be  adapted  to  a  silk  or  muslin   loom  for  superseding  the  employmfnt 
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of  draw-bo)  n  wea  m  fioTiired  goods.  Independently  of  the  ordinary  play  of  tha 
warp  thre  d  f  th  f  m  t  ii  of  fhe  gTOUQd  of  such  a  web,  all  Ihoae  Ihreada  which 
ehouid  rise  m  Itan  ly  t  produce  the  figure,  have  their  approprlafe  healds,  wbieli  a 
child  forme  ly  aia  d  bj  m  a  of  cords,  that  grouped  them  together  into  a  eyfltoci,  in 
the  order,  a  d  at  th  t  m  d  ired  by  the  weaver.  Thia  plan  evidently  occasioned  no 
little  ComplicatJon  in  the  machine,  when  the  design  was  richly  figured ;  but  the  apparatus 
of  Jacquart,  which  subjccta  this  mauceuTre  to  a  regular  mechani^  operation,  aod  derives 
■'■  motion  from  a  simple  pedal  put  in  action  by  the  weaver's  feet,  was  generally  adofitcd 
n  after  its  invention  in  1800.  Every  common  loom  is  nusceptiblo  of  receiving  (hi» 
utiful  appendage.  It  oosis  in  France  200  franca,  or  SI.  alerling,  aud  a  little  more  in 
1  country. 

Mg.  776.  is  a  front  elevation  of  this  meehaniam,  supposed  to  be  let  down.  J'ig.  777. 
IS  a  croas  section,  shown  in  its  highest  position.  Fig.  778.  the  same  section  as  the  pre- 
ceding, but  seen  iu  its  lower  position. 

A,  ia  the  fixed  part  of  the  frame,  supposed  to  form  a  part  of  the  ordinary  loom  ;  Ihero 
are  two  uprights  of  wood,  with  two  cross-bars  uniting  them  at  their  upper  ends,  and 
leaving  an  interval  x  y  between  them,  to  place  and  work  the  movable  frame  b,  vibrating 
round  two  fixed  points  a  a,  placed  laterally  opposite  each  other,  in  the  middle  of  the 
space  X  y.  Jig.  776. 

"  '°  a  piece  of  iron  with  a  peculiar  curvature,  seen  in  front,  fa.  776.,  and  in  profile, 


figs.  777.  and  778.    It  is  fixed  on  one  side  upon  the  upper  cross-bar  of  the  frame  i , 
on  the  other,  to  the  intermediate  erosa-bar  5  of  the  same  frame,  where  it  shows  an 
inclined  carvilmear  space  c.  terminated  below  by  a  semicircle. 

D,  is  a  square  wooden  asis,  movable  upon  itself  round  two  iron  pirota,  fixed  info  its 
two  ends ;  which  axis  occupies  the  bottom  of  fbe  movable  frame  b.  The  four  faces  of  this 
square  axis  are  pierced  with  three  round,  equal,  truly-bored  holes,  arranged  in  a  quin- 
cunx. The  (eeth  a,  jjjr.  780.,  are  stuck  into  each  face,  and  correspond  to  holes  a.  Jig.  783., 
made  in  tlie  cards  which  constitnte  ilie  endless  clmn  for  the  healds ;  so  that  in  the  auc- 
cessive  application  of  the  cards  to  each  face  of  the  square  axis,  the  boles  pierced  in  one 
card  may  always  fall  opposite  to  those  pierced  in  the  other. 

The  right-hand  end  of  the  square  axis,  of  which  a  section  ia  shown  in  double  size, 
Jig.  779.,  carries  two  square  plates  of  sheet  iron  d,iept  parallel  to  each  other  andalittla 
apart,  by  four  spindles  e,  passed  opposite  to  the  comers.  This  is  a  kind  of  lantern,  in 
wliose  spindles,  the  hooks  of  the  levers  ff,  turning  round  fixed  pointa  g  a"  beyond  the 
right  hand  upright  A,  catch  hold,  either  above  or  below  at  the  pleasure  of  the  weaver, 
according  as  be  merely  pulls  or  lets  go  the  cord  s,  during  the  vibratory  movement  of  the 

E  is  a  piece  of  wood  shaped  like  a  T,  the  stem  of  which  prolonged  upwards,  passes 
freely  through  tbe  crosa-bar  6,  and  through  the  upper  cross-bar  of  the  frame  B,  which 
serves  as  guides  to  it.  The  head  of  the  T  piece  being  applied  successively  against  the 
two  spindles  e,  placed  above  in  a  horizontal  position,  first  by  its  weight,  and  then  by  the 
spiral  spring  A,  acting  from  above  downwards,  keeps  the  square  axis  in  its  position,  while 
it  perrmta  it  to  turn  upon  itself  in  the  two  directions.  The  name  press  is  given  to  the 
assemblage  of  all  the  pieces  whicli  compose  the  movable  frame  b  b. 

F  ia  a  croas-bar  made  to  move  in  a  vertical  direction  by  means  of  the  lever  q,  in  the 
nofchea  or  grooves  !,  formed  within  the  fixed  uprights  a. 

H,  is  a  piece,  of  bent  iron,  fixed  by  one  of  its  ends  with  a  nut  and  screw,  upon  the  cross- 
bar r,  out  of  the  vertical  plane  of  the  piece  c.  Its  other  end  carries  a  friction  roller  j, 
which  working  in  the  curvilinear  apace  e  of  the  piece  o,  forces  this,  and  conaequently  the 
frame  b,  to  recede  from  tlie  perpendicular,  or  to  return  to  it,  according  as  the  cross-bar  f 
is  in  the  top  or  bottom  of  ita  course,  as  shown  ia^s.  777.  and  778. 

I,  cheeks  of  sheet  iron  attached  on  either  side  to  the  cross-bar  f,  which  serves  as  a  safe 
to  a  kind  of  claw  k,  composed  here  of  eight  small  metallic  bars,  seen  in  section  Jig.  777. 
and  778,  and  on  a  greater  scale  in  jJa-  780. 

1,  upright  skewers  of  iron  wire,  whose  tops  bent  down  book-wise  naturally  place 
themselves  over  the  littie  bars  k.  The  bottom  of  these  spindles  likewise  hooked  in  the 
«ame  direction  as  the  upper  ones,  embraces  small  wooden  bars  t,  whose  oflice  is  to  keep 
them  in  their  respective  places,  and  to  prevent  them  from  twirling  round,  so  that  the 
uppermost  hooka  may  be  always  directed  towards  the  amali  metallic  bara\ipon  wliich 
they  impend.  To  these  hooks  from  below  are  attached  strings,  which  after  having  crossed 
a  fixed  board  m  n,  pierced  with  correapanding  holes  for  this  purpose,  proceed  next  to  be 
attached  to  the  threads  of  the  loops  destined  io  lift  the  warp  threads,  k  e,  horizontal 
spindles  or  needles,  arranged  here  in  eight  several  rows,  so  that  each  spindle  corteaponds 
both  horizontally  and  vertically  to  each  of  the  holes  pierced  in  the  four  faces  of  the 
square  axis  a.  There  are  Uierefore  as  many  of  these  spindles  aa  there  are  holes  in  one 
-jf  the  faces  of  the  square. 

pig  781.  represents  one  of  these  horizontal  spindles,    n  is  an  eyelet  througli  which 
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the  correspondiBg  yprtical  skewer  passeg,  o  another  elongated  eyelet,  tbi-ougli  which  > 
email  Hied  spindle  pasaea  to  serve  as  a  guide,  but  which  does  not  hinder  it  fiom  moving 
lengthwise,  within  vae  limits  of  the  length  of  the  eyelet  p,  email  spiral  springs  placed 
in  each  hole  of  the  case  q  q,fig.  '180.  They  serve  the  purpose  of  bringing  back  to  it* 
primitive  position  every  corresponding  needle,  sa  sorm  aa  it  ceases  to  press  upon  it. 
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ff  of  horijonfal  needles,  Mff.  IBS.  h  a 
(9  chain,  formed  with  perforated  cards,  which  are  made  to  circulate 
n  of  the  shaft  n.    In  Ihia  movement,  each  of  the  perforated  card?. 
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U 11  ng  Of  en  the  c  rrpoli  '  d  n^  holes,  and  covering  those  upon  the  Gice  of  the  axis,  which 
have  no  corresponding  hoiee  upon  the  card. 

Now  let  us  suppose  tnat  Ine  preat  b  is  let  down  into  the  vertical  position  shown  i» 
fig.  17S;  then  the  eajil  applied  against  the  left  face  oC  the  axis,  leave's  at  rest  or  un. 
touched  the  whole  of  the  horizontal  spindles  (skewers),  whose  ends  correspond  to  thess 
holes,  but  pushes  back  those  which  »re  opposite  to  the  unpiereed  part  of  (he  card  ;  therehy 
the  eorresponiiing  upright  skewers,  3,  5,  6,  and  8,  for  esaniple,  pushed  out  of  the  perpen- 
dicular, unhook  themselves  from  above  the  bars  of  the  claw,  and  remain  in  their  place, 
when  this  elaw  comes  to  be  raised  by  means  of  the  lever  e  \  and  the  skewers  I,  S,  4,  and 
7,  which  have  remained  hooked  on,  are  raised  along  with  the  warp  threads  attached  to 
them.  Then  by  the  passage  across  of  a  shot  of  the  color,  as  well  as  a  shot  of  the  common 
wen,  and  a  stroke  of  the  laj  after  shedding  the  warp  and  lowering  the  press  b,  an  element 
or  point  in  the  pattern  is  completed. 

The  following  card,  brought  round  bf  a  q^uarler  revolution  of  tlie  axis,  finds  all  the 
needles  in  their  first  position,  and  as  it  is  necessarily  perforated  dLiferenlly  from  the  pre- 
■reding  card,  it  will  lili  another  series  of  warp  threads ;  and  thus  in  succession  for  all  ihe 
other  cards,  which  compose  a  complete  system  of  a  figured  Tallern. 

This  machine,  complicated  ^a  appearance,  and  which  requires  some  pains  to  be  under- 
stood,  acts  however  in  a  very  sunple  manner.  Its  whole  play  is  dependant  upon  the 
movement  of  the  lever  g,  which  the  weaver  himself  causes  to  rise  and  fall,  hj  means  of 
a  peculiar  pedal ;  so  that  without  the  aid  of  any  person,  after  Ihe  piece  is  properly  read 
in  and  mounted,  he  can  execute  the  most  complex  patterns,  as  easily  as  he  coi^ld  weave 
plain  goods;  only  attending  to  the  ordef  of  his  weft  yarns,  when  these  happen  lo  be  of 
diJTercnt  colors. 

If  some  warp  yarns  should  happen  lo  break  without  the  weaver  observing  them,  or 
should  he  mistake  his  colored  shuttle  yarns,  which  would  so  far  disfigure  the  pattern, 
hfe  mast  undo  his  work.  For  this  purpose,  he  maies  use  of  the  lower  hooked  lever  J", 
whose  purpose  is  lo  make  the  chain  of  the  card  go  backwards,  while  working  the  loom 
as  usual,  withdrawing  at  each  stroke  the  shot  both  of  the  ground  and  of  the  figure.  The 
weaver  is  the  more  subject  lo  make  mistakes,  as  the  figured  sideof  the  web  is  downwards, 
and  it  is  only  with  the  aid  of  a  bit  of  looking^lass  that  he  lakes  a  peep  of  his  work  finm 
lime  lo  time.  The  upper  surface  cxhibils  merely  loose  threads  in  dilTerent  points,  accord- 
ing as  the  pattern  requires  them  to  lie  upon  the  one  side  or  the  other. 

Thus  it  mast  be  evident,  that  such  a  number  of  paste-boards  are  lo  be  provided  and 
monnted  as  equal  the  number  of  throws  of  the  shuttle  between  the  beginning  and  end  of 
any  figure  or  design  which  is  to  be  woven;  the  piercing  of  each  paste-board  individuall)', 
viil  depend  upon  the  arrangement  of  the  lifting  rods,  and  their  connexion  with  the  warp. 
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wliich  js  according  to  the  dssisin  and  option  of  the  workman ;  great  care  must  be  taken 
Ihal  the  Soles  come  exactly  opposite  to  the  ends  of  the  needles;  foe  this  purpose  twolai^ 
holes  are  made  at  the  ends  of  the  paste-boards,  which  fall  upon  conical  points,  by  which 
means  they  are  made  to  register  correctly. 

It  will  be  hence  seen,  that,  according  lo  the  length  of  the  figure,  so  must  he  the 
number  of  paste-boards,  which  may  be  readDy  displaced  so  as  to  remount  and  produce 
the  figure  in  a  few  minutes,  or  remove  it,  or  replace  it,  or  preserve  the  figure  for  future 
use.  The  machine,  of  course,  will  be  understood  lo  consist  of  many  sets  of  the  linin° 
rods  and  needles,  shown  in  the  diagram,  as  will  be  perceived  by  observing  the  disposition 
of  the  holes  in  the  paste-hoard;  those  holes,  in  order  that  they  maybe  accurately 
distributed,  are  to  be  pierced  from  a  gauge,  so  that  not  the  slightest  variation  shall  take 
place. 

To  form  these  card-slips,  an  ingenious  apparatus  is  employed,  by  which  the  proper  steel 
punches  required  for  the  piercing  of  each  distinct  card,  are  placed  in  their  relative  situa- 
tions preparatory  to  the  operation  of  piercing,  and  also  by  its  means  a  card  may  be  punched 
with  any  number  of  holes  at  one  operation.  This  disposition  of  the  punches  is  effected 
by  means  of  rods  connected  lo  cords  dispose'  in  a  frame,  in  the  nature  of  a  false  simple, 
on  which  the  pattern  of  the  work  to  be  perfomed  is  first  read  in. 

These  improved  pierced  cards,  slips,  or  paste-boards,  apply  to  a  weaving  apparsttus, 
which  is  so  arranged  that  a  figure  to  be  wrought  can  be  pitended  to  any  distance  along 
the  loom,  and  by  that  means  the  loom  is  rendered  capable  of  producing  broad  figured 
works ;  having  the  long  lever  g  placed  in  such  a  situation  that  it  affords  power  to  the 
fool  of  Ihe  weaver,  and  by  this  means  enables  him  to  draw  Uie  heaviest  morintures  and 
figured  works,  without  (he  assistance  of  a  draw-boy. 

The  machinery  for  arranging  the  punches,  consists  of  a  frame  with  four  upright 
standards  and  cross-pieces,  which  contains  a  series  of  endless  cords  passing  under  a 
wooden  roller  at  botlom,  and  over  pulleys  at  the  top.  These  pulleys  are  mounted  on 
axles  in  two  frames,  placed  obliquely  over  the  lop  of  the  standard  frame,  which  pulley 
frames  constitute  the  table  commonly  used  by  weavers. 

In  order  belter  to  explain  these  endless  cords,  ^g.  184  represents  a  single  endles* 
cord  1,  1,  which  is  here  shown  in  operation,  and  part  of  another  endless  cord  3,  2,  shown 
stationary.  There  must  he  as  many  endless  cords 
in  this  frame  as  needles  in  the  weaving-loom,  a  is 
the  wooden  cylinder,  revolving  upon  its  axis  at  the 
lower  part  of  the  standards;  6ii,  Ihetwopnileys  of  the 
pulley-frames  above,  over  which  the  individual  end- 
less cord  passes ;  c  is  a  small  traverse  ring.  To  each 
of  these  tings  a  weight  is  suspended  by  a  single  thread, 
for  Ihe  purpose  of  giving  tension  (o  the  endless  cord. 
d  is  s.  hoard  resembling  a  common  comber-bar,  which 
is  supported  by  the  cross-bars  of  the  standard  frame, 
and  IS  pierced  with  holes,  in  situation  and  number, 
corresponding  with  the  perpendicular  threads  that 
pa'S  through  them;  which  board  keeps  the  threads 
ji'itinct  fiom  each  other. 

At  E  the  endless  cord  passes  through  the  eyes  of 
nires  resembling  needles,  which  are  contained  in  a 
wooden  bo\  placcdinfrontof  the  machine,  and  shown 
m  this  figdre  in  section  only.  These  wires  are  called 
the  jmnch-projectort ;  they  are  guided  and  su  pported 
bv  hoiizontal  fods  and  vertic^  pins,  the  latter  of 
fthich  pass  through  loops  formed  at  the  hinder  part 
ul  Ihe  respective  wires.  At/  are  two  horizontal 
rods  extending  the  whole  width  of  the  machine,  for 
the  purpose  of  producing  the  cross  in  the  cords;  g 
IS  a  thick  brass  plate,  extending  along  in  front  of  the 
_  machine,  and  lying  close  lo  the  box  which  holds  the 

punch-pj'Bjeclora ;  this  plate  g,  shown  also  in  section,  is  called  the  pMncft-ZioWer;  it  contains 
the  same  number  of  apertures  as  there  are  punch-projectors,  and  disposed  so  as  lo  corres- 
pond with  each  other.  In  each  of  these  apertures,  there  is  a  punch  for  the  purpose  of 
piercing  the  cards,  slips,  or  pasteboards  with  holes;  ft  is  a  thick  steel  plate  of  the  same 
size  as  g,  and  shown  likewise  in  section,  corresponding  also  in  its  number  of  apertures, 
and  their  disposition,  with  the  punch-projeclors  and  the  puach-holder.  This  plate  h,  is 
called  Hie  pmick-receiver. 

The  object  of  Ihis  machine  is  to  transfer  such  of  the  punches  as  may  be  required  foi 
piercing  any  individual  card  from  the  punch-holder  g,  into  the  punch -receiver  ft;  when 
they  will  be  properly  situated,  and  ready  for  piercing  the  individual  card  or  slip,  witb 
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such  holes  as  have  been  read  in  u|)on  the  maellme,  anil  are  required  for  permiltinE;  Iht 
war|>  threads  to  be  withdrawn  in  tbe  loom,  ivhen  this  curd  is  brGUg:iit  cgainst  Ihe  cnj« 
of  the  needles.  The  process  of  transferring  the  patterns  lo  the  punclies  will  be  effected 
in  the  foUowing  manner. 

The  pattern  is  lo  be  read  in,  according  lo  Ihe  ordinary  mode,  as  in  a  false  simple, 
upon  the  endless  cords  helow  the  toAef,  and  passed  under  the  revolving  wooden  cylinder 
a,  to  a  sufficient  height  for  a  person  in  front  of  the  machine  lo  reach  conFenlenily.  He 
ihere  lakes  the  upper  threads  of  Ihe  pattern,  called  the  beard,  and  draws  [hem  forward 
so  as  to  introrioce  a  stick  behind  the  cords  thus  advanced,  as  shown  by  dols,  for  the  pur- 
pose of  keeping  them  separate  from  the  cords  which  are  not  intended  to  he  operated 
upon.  All  the  punch-projectors  which  sre  connccled  with  Ihe  cords  brought  forward, 
will  be  thus  made  lo  pass  through  the  corresponding  apertures  of  the  punch-holder  g, 
and  by  this  means  will  project  the  punches  out  of  these  apertures,  into  corresponding 
apertures  of  the  punch -receiver  h.  The  punches  will  now  be  properly  arraoRed  for 
piercing  the  required  holes  on  a  card  or  slip,  which  is  lo  be  effected  in  the  foUowina 

Remove  the  punch -receivers  from  the  front  of  the  machine  ;  and  having  placed  one 
of  Ihe  dips  of  card  or  p'aslehoard  between  Ihe  Iwo  folding  plates  of  metal,  completely 
pierced  with  holes  corresponding  to  the  needles  of  the  loom,  lay  the  punch-receiver  upon 
those  perforated  plates ;  lo  which  it  must  be  made  to  fit  by  mortises  and  blocks,  the 
cutting  parts  of  the  punches  being  downwards.  Upon  Ihe  back  of  the  punch-receiver 
is  then  to  be  placed  a  plate  or  block,  studded  with  perpendicular  pins  corresponding  to 
the  above  described  holes,  into  which  the  pins  will  fall.  The  plates  and  the  blocks  thus 
laid  together,  are  to  be  placed  under  a  press,  by  which  means  the  pins  of  the  block  will 
be  made  to  pass  through  ihe  apertures  of  the  punch-receiver ;  and  wherever  the  punch 
has  been  deposited  in  (he  receiver  by  the  above  process,  the  said  punches  will  be  forcsJ 
through  the  slip  of  pasteboard,  and  pierced  with  such  holes  as  are  required  for  proiiucinip 
the  figured  design  in  the  loom- 
Each  card  being  thus  pierced,  the  punch  tetsiver  is  returned  to  its  place  in  front  of 
Ihe  machine,  and  all  the  punches  forced  back  again  into  the  apertures  of  ll  e  punch 
holder  as  at  first.  The  next  set  of  cords  is  now  drawn  forward  by  the  next  beard,  a: 
above  desctibed,  which  sends  out  the  pwick-projeclors  as  before,  and  disposes  Iht  pundies 
in  the  punch-receiver,  ready  for  the  operntion  of  piercing  Ihe  next  card.  The  procena 
being  thus  repented,  the  whole  pattern  is,  by  a  number  of  operations,  transferred  lo  the 
punches,  and  afterwards  to  the  cards  or  slips,  as  above  described. 

JADE,  axe-stone  {Nephrile,  Ceraunile,  Fr.),  is  a  mineral  commonly  of  a  greenish 
color,  compact,  and  of  a  fatly  lustre.  Spec.  Grav.  2-95;  scratches  glass,  is  very  tough  i 
fuses  into  a  white  enamel.  lis  constituents  are,  silica,  50' 5 ;  alumina,  10;  magnesia,  31 ; 
oxyde  of  iron,  5-50  ;  oxyde  of  chrome,  0-05  ;  water,  2-75.  It  comes  from  China,  is  used 
among  nide  nations  for  making   hatchets;  and   is   susceptible  of  being  cut   into  any 

JAPANNING,  is  a  kind  of  varnishing  or  lackering,  practised  with  excellence  by  the 
Japanese,  whence  the  name.    See  Vahnish. 

JASPER  (Jaspe  cakedoine,  Fr. ;  Jaspis,  Germ.)  is  a  sub  species  of  calcedony  quartz, 
of  which  there  are  five  varieties.  1.  The  Egyptian  red  and  brown,  with  ring  or  tendril- 
shaped  delineations.  2.  Striped  jasper.  3.  Porcelain  jasper.  4.  Common  jasper.  5. 
Agate  jasper.  The  prettiest  specimens  are  cul  for  seals,  and  for  the  iniu^r  kinds  of 
jewellery  ornaments.    See  Lapidary. 

ICE-HOUSE ;  {Giaciin,  Fr. ;  EUhaus,  Germ.)  Under  the  article  Fbeehno  I  bovft 
enumerated  the  different  arliiicial  methods  of  producing  cold. '  But  for  Ihe  uses  of  com- 
mon life,  in  these  climates,  the  most  economical  and  convenient  means  of  refrigeration  in 
hot  weather  may  be  procured  by  laying  up  a  store  of  ice  in  winter,  in  sui;h  circumstances 
as  will  preserve  it  solid  during  summer. 

An  ice-house  should  not  be  regarded  as  an  object  of  mere  luxury,  for  pleasing  the  pal- 
ates of  gourmands  with  iced  creams  and  orgeats.  In  the  southern  countries  of  Europe 
it  is  considered  among  people  in  easy  circumstances  as  an  indispensable  appendage  to  a 
cquntry  mansion.  During  the  Dog-days,  especially  at  those  periods  and  in  those  dis- 
tricts where  the  sirocw  blows,  a  lassitude  and  torpor  of  mind  and  body  supervene,  with 
indigestion  or  total  loss  of  appetite,  and  sometimes  dysenteries,  ^tx^h  are  obviously  oc- 
casioned by  the  excessive  heat,  and  are  to  be  prevented  or  counleiacted  chiefly  by  the  nse 
of  cold  beverages.  By  giving  lone  to  the  stomach,  iced  drinks  immediately  restore  the 
functions  of  the  nervous  and  muscular  systems  when  they  are  languid ;  while  they  enable 
persons  in  health  lo  endure  without  much  inconvenience  an  atmosphere  so  close  and 
sultry  as  would  be  intojeiable  wilhonl  this  remedy.  Ice-houses,  moreover,  afford  tc 
country  gentlemen  a  great  advantage  in  enabling  them  to  preserve  Iheir  fish,  butcher 
meal,  dead  poultry,  and  game,  which  would  otherwise,  in  particular  slates  of  the  weather, 
immediately  spoil.      Considering  at  how  little  expense  and  '- "^ible  an  ice-house  can  bi 


,  Google  ■ 


ICE  PRODUCING  MACHINE. 


1033 


eonetrucled,  it  h  eurprising  that  any  respectabie  haDitalion  in  tlie  oountry  should  not  havt 
one  allached  to  it.  The  simplest  and  most  scientific  form  is  a  double  cone,  that  is,  iwc 
cones  joined  base  to  base ;  the  one  being  of  stones  or  brickwork,  sunk  under  ground  wilh 
its  apex  at  the  bottom,  into  wbieh  the  ice  is  rammed ;  the  other  being  a  conical  roof  of 
carpentry  covered  with  thatch,  and  pointed  at  lop.  The  entrance  should  be  placed  always 
on  the  noilh  side;  it  should  consist  of  a  corridor  or  porch  with  double  doors,  and  be 
screened  from  the  sunbeams  by  a  smell  shrubbery.  Snch  are,  in  general,  the  principles 
upon  which  an  ice-house  should  be  formed ;  but  they  will  be  belter  understood  by  the 
following  explanation  and  figure. 

A  dry  sandy  soil  should  be  selected,  and,  if  possible,  a  spot  sheltered  by  a  cliff  or  other 
natural  barrier  from  the  direct  rays  of  the  sun.  Here  a  cavity  is  to  be  dug  about  16  feet 
in  diameter,  terminating  below  like  the  point  of  a  sugar  loaf.  Its  ordinary  depth,  (or 
a  moderate  family,  may  be  about  24  feet ;  but  the  larger  its  dimensions  are,  the  longer 
will  it  preserve  the  ice,  provided  it  be  filled.  In  dicing,  the  workman  should  slope  the 
ground  progressively  towards  llie  axis  of  the  cone,  to  prevent  the  earth  falling  in.  This 
conical  slope  should  be  faced  with  brick  or  stone  work  about  one  foot  thick,  and  jointed 
with  Roman  cement  so  as  to  be  air  and  water  tight.  A  well  is  to  be  excavated  at  the 
bottom  two  feet  wide  and  four  deep,  covered  at  lop  with  an  iron  grating  for  supporting 
the  ice,  and  letting  t!ie  water  drain  away. 

The  npper  cone  may  likewise  be  built  of  brickwork,  and  covered  with  thatch ;  such  a 
roof  would  prove  the  most  durable.  This  is  the  construction  shown  in  jig.  785.  What 
ever  kind  of  roof  be  preferred,  there  must  be  left  in  it  an  oblong  passage  into  the  interior. 
This  poich  shonld  face  the  north,  and  be  at  least  8  feet  long  by  2J  feel  wide  ,■  and  per- 
fectly closed  by  a  well-fitted  door  at  each  end.  All  round  the  bottom  of  this  conical 
cover,  a  gutter  should  be  placed  to  carry  off  the  rain  to  a  distance  from  the  ice-lionse,  and 
prevent  the  circnmjacent  ground  from  getting  soaked  with  moisture. 

Fig.  185  shows  llie  section  of  a  well-constructed  ice-house.  Under  the  ice-iham- 
ber  A  the  ice  is  rammed  into  the  space  b.  c  is  the  grate  of  tba  drain-sink  v.  Tlie 
portion  E  F  1'  built  in  bnck  or  stone  ine  base  t  of  the  ice-chamber  slopes  inwards  to 
wirds  the  centre  at  c  The  upper  part  of  the  brickwork  e  e  is  a  little  way  below  the 
level  ol  the  ground.  The  wooden  frame  -worii 
r  F  F  r  forms  the  roof,  and  is  covered  with  thick 
thatch  G  H  is  the  wooden  work  of  the  door  i.  Al 
K  the  bucket  is  seen  for  lifting  up  a  charge  of  ice, 
by  mean  of  the  cord  j  passing  over  the  pulley  n, 
which  enables  the  servant  to  raise  it  easily. 

The  icehouse   should   have  no  window  to   admit 

Lgh      b  t  be,  so  to  speak,  hermetically  sealed  in 

point,   except  at  its   cess-pool,   which    maj 

m  in  a  water  trap  to  prevent  circulation  of 

A       ar  day  should  be  selected  for  charging  the 

h  but  before  beginning  to  fill,  a  quantity 

r       g   dry   straw   should  be  laid   on  the  bottom 

w      ;  and  as  the  ice  is  progressively  Introduced, 

w      o  be  spread  against  the  conical  sides,  to  pre- 

h    ice  from  coming  into  contact  with  the  brick 

work.     The  more  firmly  compacted  the  ice 

IS  th    b  tter  does  it  keep ;  with  whichviewit  should 

be  brok  n  into  pieces  with   mallets  before   being 

h    n     n.      No  layers  of  straw  should  be  stratified 

am         be  ice,  for  they  would  make  its  body  porous. 

Som    p    sons  recommend  lo  pour  in  a  little  water 

n      d  fill  up  its  small  crevices,  and  convert  the 


T  should  be  spread,  which  is  lo  be  covered 
close  up  the  interstices  in  the  straw.  'The 
'    ■  ....       le  should  always  be  shut 


(  but  the  01 


Over  the  lop  layer  a  h  k  b  d 
with  boards  surmounted  w  h  h  y 
inne^  and  outer  doors  sho    d  b 

before  the  other  is  opened. 

Dry  snow  well  rammed  keeps  equally  well  with  hard  ice,  if  e»re  he  taken  to  leave  no 
cavities  in  the  mass,  and  to  secure  its  compactness  by  sprinkling  a  little  water  upon  the 
SJCCessive  chaises. 

To  facilitate  the  extraction  of  the  ice,  a  ladder  is  set  up  against  its  sloping  wall  at  one 
side  of  the  door,  and  left  there  during  the  season. 

ICE  PRODUCINS  MACHINE.  It  is  well  known  that  by  the  rapid  condensation 
]1  air  or  other  elastic  fluid,  so  much  beat  may  be  evolved  as  to  igmte  tinder,  etc  It  appears 
from  a  communication  in  the  Mechanics'  Magazine  of  Februarj.  1851,  that  Dr.  (iorrie 
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1  the  act  of  i( 
rfl  Bgo,  made  use  of  b  jet  of  condensed  Rir 
_        _  „         „      -  filled  with  water,  upon  ■whioli  the  en- 

pajiding  air  was  allowed  to  play,  and  he  eTen  caused  water  contained  in  llio  globe  to 
freeze.  Now  the  American  proceSB  is  quile  identical  with  that  of  the  French  chemist, 
but  on  a  vaally  enlarged  ecafe,  for  be  eroployB  the  power  ot  a  ateara  engine  acting  on  a 
pump  S  mches  Id  diameter,  with  a  16  inches  stroke,  to  condense  the  air  inia  one  third 
Its  Tolume,  into  a  veseel,  where  it  is  cooled  by  water.  A  pump  la  made  to  throw  in  a 
jet  of  cold  water  at  the  same  time  to  quicken  the  refrigeration.  It  19  said  that  in  tJiia 
way  a  block  of  ice  of  GO  Iba,  waa  formed  ;  3  circumstance  wlucli  appears  to  me  quile 
incredible.  In  feet,  the  whole  statement  has  a  most  apocryphal  air,  and  I  do  not 
believe  that  any  such  result  could  have  been  produced,  as  the  reporter  aaya,  by  the 
labnur  of  two  men  at  a  couple  of  pumps  in  alternate  action. 

The  inyentor's  object  at  first  was  to  ventilate  and  cool  the  atmosphere  of  sicfc  rooms, 
where  febrile  patients  lay.  "  Tbia  oaae  is  one  among  the  many  eiamplea  of  a  useful 
scientific  invention  remaining  lon^  dormant  or  aterile."  The  'hydrostatic  paradox  of 
Archimedes  is  a  parallel  instance,  m  reference  to  Bramah'9  press. 

ICE  BY  THE  EED-HOT  PROCESS.  One  of  the  moat  singularly  beautiful 
oxporimenta  perhaps  ever  devised,  has  been  recently  published  by  M.  Prevostaire, 
illuatrative  of  the  repellent  power  of  heat  radiajing  from  bodies  at  a  high  temperature, 
and  of  the  rapid  abstraction  of  heat,  produced  by  evaporation,  or  generally  by  such  a 
change  of  condition  as  largely  increasea  the  volume  of  any  body.  The  eiperinient  is 
simply  this: — A  platina  crucible  is  made  and  maintained  red-hot  over  a  lai'ge  spirit 
lamp.  Some  sulphurona  acid  is  poured  into  it  from  a  pipotte.  This  acid,  though  at 
common  temperatures  one  of  the  most  volatile  of  known  bodies,  posseases  the  singular 
property  of  remaining  fixed  in  the  red-hot  crucible  and  not  a  drop  of  it  evaporates; 
m  fact,  it  is  not  in  contact  with  the  crucible,  but  has  an  atmosphere  ot  its  own  in- 
terposed. A  few  drops  of  common  water  are  now  added  fo  the  sulphurous  acid  in  the 
red-hot  crucible.  The  diluted  acid  gets  into  immediate  contact  with  the  heated  metal, 
instantly  flashes  off  into  sulphuroas  acid  vapour,  and  such  is  the  rapidity  and  energy  of 
the  evaporation  that  the  water  remains  behind,  and  is  found  frozen  into  a  lump  of  ice  in 
the  rad-hot  crucible,  from  which,  seizing  the  moment  before  it  again  melts,  it  may  be 
thrown  out  before  the  eyes  of  the  astonished  observer. 

JELLY,   VEGETABLE,  of  ripe   currants    and  other  berries,   is   a  compound   of 
mucilage  and  acid,  which  loses  its  power  of  gelatinizing  by  pcdlonged  ebullition. 
JELLY,  ANIMAL ;  see  Gklatisb,  Giue  and  Isinglass. 

JET  ;  (Jaiel  or  jai»,  Fr.)  a  species  of  pitch  coal,  or  glance-coal,  which,  being  found 
abuadantly  in  a  l>eautitul  compact  form,  in  the  valley  ot  Hera,  aiTondiaaement  of  Pa- 
miers,  department  of  the  Arri6ge,  has  been  worked  up^estensively  there,  from  time  im- 
memorial, into  a  multitude  of  ornamental  articles.  With  this  black  lignatc,  buttons, 
croaaes, rosaries,  necklaces,  ear-drops,  bracelets,  waist-bucke!s,iti!.,  are  made,  which  were 
nt  one  time  much  worn  by  ladies  for  mourning  dresses.  The  greater  numljer  of  these 
ornaments  are  faahioned  upon  gtindstones  which  turn  in  a  horizontal  direction,  and 
are  kept  continually  wet ;  othera  are  turned  at  the  lathe,  or  shaped  by  files. 

About  40  years  ago  this  manufacture  employed  from  1000  to  1200  operatives  ;  at 
present  it  gives  bread  to  only  60.  This  falling  off  may  be  ascribed  to  the  successful 
imitation  of  the  jet  articlea  bj  those  ot  black  glai,  which  arc  equally  beautiful,  and  not 
nearly  so  apt  to  lose  their  polish  by  use. 

JET  Pump.  The  purpose  for  whieh  this  instrument  ia  designed,  is  to  clear  the 
water  out  of  the  pits  of  aobmerg  d  w  t     wh    1    wl  ce      t    th  m  *8  required  for 

inspection  or  repairs.     For  (his  sp      1  p    pose  t      1  k  ly  t    p  y  useful ;  though 

at  the  same  time,  there  are  very  fw  h  caesnwlht  Id  the  employed 
with  advantage.  The  action  of  h  1  t  p  mp  dp  ds  n  tw  p  ciples.  One  of 
those  is  the  same  aa  that  of  ate  m  bfist        d    n  1  co  g   es  and  in  the  veu- 

tihttion  ot  mines.    The  other  is         wh  I   was  k    w         tl  nt  R  mana,  and  was 

Hsed  sometimes  by  them  for  draw         ff  f        th    p  bl    p  pea  than  they 

paid*  for.  The  jet  pump  was  fir  t  f  d  t  tl  n  II  f  M  a  E  hn  A  Co.,  Belfast, 
whfin  it  was  found  most  succeasful 

ILLtTMINATION,  COST  OF      Ti      p    d    t        d  If  d  omy  of   light, 

are  subjects  of  the  highest  infe     tbfhlm        f       n  im      of  'the  world ; 

leading  the  former  to  contemplat  many  f  th  m  t  b  f  1  ph  ena  of  Physics 
and  Chemistry,  while  they  provid  th  1  tt  w  th  tl  a  tifi  1^  11  mmation  ao  indis- 
pensable to  the  buaineas  and  pleasures  of  modem  society.  The  great  cost  of  light  from 
wax,  spermaceti,  and  even  stearic  candles,  as  also  the  nuisance  of  the  light  from  tallow 
ones,  have  led  to  the  invention  of  an  endless  variety  of  lamps,  of  which  the  best  hifhertc 
known  ia  imdoubtedly  the  mechanical  or  Cared  lamp,  so  generally  used  by  the  opulent 
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families  in  Paris.  In  tliis  lamp  the  oil  is  raised  througli  tubes  by  clock-work,  bo  ai 
ContlnuallY  to  overflow  at  the  bottom  of  the  burning  wiofi  ;  thus  beeping  it  tlioronglily 
Boabed,  while  the  excess  of  the  oil  drops  back  into  Uie  cistern  below.  I  have  poasesaet! 
for  aeveial  years  an  excellent  lamp  of  this  <lescr!ptioD,  which  performs  most  sati^actorily ; 
but  it  cau  h^dly  be  trusted  in  the  bands  of  a  aerTSnt ;  and  when  it  gets  nt  all  deranaed, 
it  must  be  sent  to  its  constructor  in  Paris  to  be  repaired.  The  light  of  this  lamp,  when 
fumished  with  an  appropriate  tall  glass  chimney,  ia  very  t^rilliant,  though  not  perfectly 
uniform  ;  since  it  fluctuates  a  little,  but  always  perceptibly  to  a  nice  obBerver,  with  the 
alternating  actjon  of  the  pump-work;  becoming  dimmer  after  every  succesaiye  jet  of 
oil,  and  brighter  just  before  its  return.  The  fla,me,  moreover,  always  flickers  more  or 
less,  owing  to  Uie  powerful  draught,  and  rectangular  reverberatory  shoulder  of  the 
chimney.  The  mechanical  lamp  is,  however,  remarkable  for  continuing  to  burn,  not 
only  with  nuabated  but  with  increasing  splendour  for  seven  or  eight  hours;  the  vivacity 
of  the  combnslion  increasing  evidently  with  the  increased  temperature  and  fluency  of 
the  oil,  which,  by  its  ceaseless  circniation  through  the  ignited  wick,  gets  eventually 
pretty  warm.  In  the  comparative  expenmenia  made  upon  different  lights  by  the 
Parisian  philosophers,  the  mechanical  lamp  is  commonly  taken  as  the  standard.  J  ic 
not  think  it  entitled  to  this  pre-eminence  !  for  it  may  be  made  to  emit  very  diffeitnt 
quantities  of  l%ht,  according  to  differences  in  the  nature  and  supply  of  the  oil,  as  well  as 
variations  in  the  form  and  position  of  the  chimney.  Besides,  such  lamps  are  tcorarein 
this  country  to  he  selected  as  standards  of  illumination. 

After  comparing  lights  of  many  kinds,  I  find  every  reason  to  conclude  that  a  lai^e 
wax  candle  of  .fliree  to  the  pound,  either  long  or  short,  that  is,  either  12  or  15  inches 
m  length  as  maniifaclured  by  one  of  the  great  wai-chandlers  of  London,  andfumiahed 
w  a  w  k  nta  ng  27  or  28  threads  of  the  best  Turkey  cotton,  is  capable  of  foi^ 
ish  g  a  m  ml  rm,  or  nearly  invariable  standard  of  illumination.  Its  affords  one 
h  h  h  mitted  by  one  of  the  Argand  lamps  of  the  Trinity  house,  and  one 
h  ligh  of  my  mechanieal  lamp,  when  each  lamp  is  made  to  burn  with  its 

m  xim  m  ff  rt  of  smoking. 

rb   g  ea     b  to  the  combustion  of  lamps,  lies  in  the  viscidity,  and  consequent 

h  ,  to  the  wicks ;  an  obstacle  nearly  insuperable  with  lamps  of  the 

mm  n      n     n      n  during  the  winter  montlis.    The  relative  viscidity,  or  relative 

fl  difl  quids  at  the  same  temperature,  and  of  the  same  liquid  at  different 

mp  h         t,  I  believe,  been  hitherto  made  the  subject  of  accurate  researches. 

w        h  duced  to  make  the  following  experiments  with  this  view. 

I  h  m   ph     cal  cup  of  platinum,  resting  on  the  ring  of  a  chemicnl  stand,  I 

mtroduced  2,000  water-grain  measures  of  the  liquid  whose  viscidity  was  to  he  measured, 

jnd  ran  it  off  through  a  glass  syphon,  J  of  an  inch  in  the  bore,  having  the  outer  leg  3  J 

inches,  and  the  inner  leg  3  inches  long.    The  time  of  efflux  became  the  measure  of  the 

viscidity;  and  of  two  liquids,  if  the  s|teciflc  ^avity,  and  consequent  pressure  upon  the 

Ejiihon,  were  the  same,  that  time  would  indicate  exactly  the  relative  viscidity  of  the  two 

liquids.    Thus,  oil  of  twrpentme  and  sperm  oil  have  each  very  nearly  the  same  density ; 

the  former  being,  as  sold  in  the  shops,  =0'876,  and  the  latter  from  0-876  to  0-8S0, 

when  pure  and  genuine.    Now  I  found  that  2,000  grain-measures  of  oil  of  turpentine 

ran  off  through  the  small  syphon  in  95  seconds,  while  that  quantity  of  sperm  oil  took 

2,700  seconds,  being  ia  the  ratio  of  1  to  28^;  bo  that  the  flnency  of  oil  of  turpentine  is 

2Si  times  greater  than  that  of  sperm  oil.    Pyroxilic  spilit,  commonly  called  naphtha, 

and  alcohol,  each  of  specific  gravity  0-823,  were  found  to  run  off  respectively  in  80  and 

120  seconds;   showing  that  the  former  was  50  per  cent,  more  fluent  than  the  latter. 

Sperm  oil,  when  heated  to  265  Fahr.,  runs  off  in  300  seconds,  or  one  ninth  of  the  time 

it  look  when  at  the  temperature  of  64°.    Southern  whale  oil,  having  a  gi'eater  density 

than  the  sperm  oil,  would  (low  off  faster  were  it  not  more  viscid. 

2,000  grain-measures  of  water  nt  60^  mn  off  through  the  said  syphon  in  75  seconds, 
but  when  heated  10  180°,  they  run  off  in  61 

Concentrated  sulphuric  acid,  though  possessing  the  great  density  of  I'840,  yet  flows 
off  very  slowly  at  64°,  on  account  of  its  viscidity;  whence  its  name  of  oil  of  vitriol. 
2,000  grain-measutes  of  it  took  660  seconds  to  discharge. 

Mr.  Samuel  Parker,  long  advantageously  known  to  the  public  for  his  sinnmbral  and 
pnettraatic  fountain  lamps,  as  well  as  other  inventions  subservient  to  domestic  comfort, 
having  obtained  a  patent  for  a  new  lamp,  in  which  the  oil  ia  heated  by  a  very  sunple 
contrivance,  in  the  cistern,  to  any  desired  degree,  before  arriving  at  the  wick,  I  insti- 
tuted an  extensive  series  of  experiments  to  determine  its  value  in  tlie  production  of 
light,  and  consumptioji  of  oil,  compared  to  the  value  of  other  lamps,  as  well  as  candles, 
in  these  respects. 

In  fig.  '186,  A,  A,  B,  B,  is  a  section  of  the  cylinder  which  constitutes  the  cistern ; 
ihe  oil  being  contained  between  the  inner  and  outer  cylinders,  and  receiving  heat  from 
the  flame  of  the  lamp  which  passes  np  through  the  inner  cylinder,   and  is  rever. 
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berated  more  or  less  against  its  sides  by  the  lop  of  the  metal  cliimney,  being  notched 
snd  bent  back.  D  is  a  slide-valve  which  is  opened  to  allow  the  nil  to  descend  to  the 
wick,  and  is  shut  when  the  cislecn  is  to  be  separated  from  the  pipe  of  supply,  at  E, 
for  the  purpose  of  recharging  it  willi  oil.  The  flame  is  modified,  not  by  raising  oi 
lowering  the  wick,  as  in  common  Itunps,  but  by  raisii^  or  lowering  !he  bell-mouthed 
glnas  chimney  which  rests  at  its  bottom  on  three  points,  and  is  moved  by  means  of  the 
raek-work  mechanism  F.  The  concentric  cylindric  space  A,  A,  and  B,  B,  contains  a 
pint  imperial,  and  should  be  made  entirely  full  before  lighting  the  tamp ;  so  as  to  leave 
no  air  in  the  cistern,  which,  by  its  expansion  with  the  heat,  would  inevitably  cause  an 
overflow  of  the  oil. 

The  following  arrangement  was  adopted  in  these  experiments  for  determining  the 
relative  illumination  of  the  djiferent  lights.  Having  trimmed,  with  every  precaution, 
my  French  mechanical  lamp,  and  charged  it  with  pure  sperm  oil,  I  placed  it  upon  an 
shlong  table,  at  a  distance  of  10  feel  from  a  wall,  on  which  a  white  sheet  of  paper  was 
Btuek.  One  of  Mr.  Parker's  hot-oil  lamps,  charged  with  a  quantity  of  the  same  oil, 
".-as  placed  upon  the  same  tablci  and  each  being  ma.de  to  burn  with  its         *     " 


brilhancy,  short  of  smoking,  the  relative  illumination  of  tlie  two  lamps  was  determined 
by  (he  well-known  method  of  the  comparison  of  shadows ;  a  wire  a  few  inches  long, 
and  of  the  thickness  of  a  crow-quill,  iMing  found  suitable  for  enabling  the  eye  to  esti- 
mate very  nicely  the  shade  of  the  intercepted  light.  It  was  observed  in  numerous  trials, 
both  by  my  own  eyes  and  those  of  others,  that  when  one  of  the  lamps  was  shifted  half 
an  inch  nearer  io  or  further  from  the  paper  screen,  it  caused  a  perceptible  difference 
In  the  tint  of  the  shadow.  Professor  Wheatstone  kindly  enabled  me  to  verify  tie  pre- 
cision of  the  above  method  of  shadows,  by  employing,  in  some  of  the  experiments,  a 
pHotometer  of  his  own  invention,  in  which  the  relalive  brightness  of  the  twolights  was 
determined  by  the  relalive  brightness  of  the  opposite  sides  of  a  revolving  silvered  boll, 
illuminated  by  them. 

1.  The  mechanical  lamp  was  furnished  with  a  glass  chimney  I'y  inches  in  diameter 
at  the  base,  and  V2  at  top;  the  wide  bottom  part  was  1-8  inches  long,  and  the  narrow 
upper  part  8  inches.  When  placed  at  a  distance  of  10  feet  from  ibe  wall  its  light  therf 
may  be  estimated  as  the  square  of  this  number,  or  100.  In  the  first  series  of  esperi- 
menls,  when  burning  with  its  ma.\imum  flame,  with  occasioned  flickerings  of  smoke, 
t  emitted  a  light  equal  to  thai  of  11  wax  candles,  and  consumed  912  grains  of  oil  per 
nour.     The  sperm  oil  was  quite  pure,  having  a  speciEe  gravity  of  0'874  compared  Ic 
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water  at  ],000.  In  a  t  absequent  aeries  of  eiperiroents,  when  its  light  ■was  less  flickering, 
and  equal  only  to  thai  of  10  wax  canilles,  it  consumed  only  815  grains,  or  0-1  (64  of  a 
lb.  per  honr.  If  we  mjlliply  Ihig  number  inlo  the  price  of  the  oil  (8s,  per  gallon)  pei 
lb.  lid.,  the  product  l*2804d.  will  represent  the  relative  cost  of  this  illumination,  eati- 
mated  at  100. 

2.  The  hot-oi!  lamp  burns  with  a  much  steadier  flame  than  the  mechanical,  which 
must  be  ascribed  in  no  small  degree  to  the  rounded  slope  of  the  bell-mouthed  glass 
chimney,  whereby  the  air  is  brought  progressively  closer  and  closer  into  contact  with 
tlie  outer  surface  of  the  flame,  without  being  furiously  dasbed  against  it,  as  it  is  by  the 
rectangular  shoulder  of  the  common  contracted  chimney.  When  charged  with  sperm 
oil,  and  made  to  turn  with  its  maximum  flame,  this  lamp  requireiJ  to  he  placed  one 
foot  further  from  Ibe  screen  than  the  mechanical  lamp,  in  order  that  its  shadow  should 
have  the  same  depth  of  tint.  Hence,  its  relative  illumination  was,  in  that  case,  as  the 
iqaare  of  II  to  the  square  of  10  j  or  aa  121  to  100.  Yet  its  consumption  of  oil  wan 
only  696  grains,  or  somewhat  less  than  O-I  of  a  pound  per  hour.  Had  its  %M  bAn 
reduced  to  100,  it  would  have  consumed  only  576  grains  per  hour,  or  0'82  of  a  pound. 
If  we  multiply  this  number  by  lid.,  the  product  Q-W2d.  will  rejftesent  the  relative  cost 
of  100  of  this  illumination. 

3.  The  hot-oil  lamp  being  charged  with  the  southern  whale  oil,  of  specific  gravity 
'J'926,  at  2s.  6d.  per  gallon,  or  did,  per  lb.,  when  burning  with  its  maximum  flame, 
required  to  be  placed  9  feet  and  1  inch  from  the  screen  to  drop  the  same  tint  of  shadow 
upon  it  as  the  flames  of  the  other  two  lamps  did  at  10  and  II  feet  with  (he  sperm  oil. 
The  square  of  9  feet  and  I  iach=  S2  is  the  relative  iUomination  of  the  hot-oil  lamp 
with  the  southern  whale  oil.  It  consumed  780  grains,  or  O'lll  of  a  pound  per  hour; 
but  had  it  given  100  of  light  it  would  have  consumed  911  grains,  or  0-130  of  a  pound, 
which  number  being  multiplied  by  its  price  3Jd.,  the  product  0-4875i.  wUl  represent 
the  relative  cost  of  100  of  this  light. 

4.  A  hol-oU  lamp  chained  witli  olive  oil  of  speciflc  gravity  0'914,  at  5j.  Gd.  per 
gallon,  or  ijd,  per  lb.  when  burning  with  its  majamum  flame,  required  to  be  placed  at 
9  feet  6  inches,  to  obtain  the  standard  lint  of  shadow  upon  (be  screen.  It  consumed 
760  grains  per  hour.  The  square  of  9i  feet  is  90i,  which  is  the  relative  intensity  of  (he 
light  of  this  lamp.  Had  it  emitted  a  l^ht— 100,  it  would  have  consumed  840  grains, 
or  0'12  of  a  pound  per  hour — which  number  multiplied  by  the  price  per  pound,  gives 
tiie  product  0-9d.  as  the  relative  cost  of  100  of  this  light. 

5.  A  hot-oil  lamp  charged  with  Price  and  Co.'s  cocoa-nut  oil  (oleine),  of  speciiic 
gravity  0-925,  at  4j.  6d.  per  gallon,  or  Sfd.  per  lb.,  had  to  be  placed  9  feet  from  the 
screen,  and  consumed  1,035  grains  per  hour.  Had  its  light  been  100  instead  of  81  (92), 
the  consumption  would  have  been  1,277  grains,  or  0*182  of  a  pound  per  hour !  which 
number  multiplied  by  its  price  per  pound,  the  product  ]-031d.  will  represent  the  cost  of 
100  of  this  illumination. 

6.  In  comparing  the  common  French  annular  lamp  in  general  use  with  the  mechani- 
cal lamp,  it  was  found  to  give  about  one  half  the  light,  and  to  consume  two  thirds  of 
the  oil  of  the  mechanical  lamp. 

7.  Wax  candles  from  some  of  the  most  eminent  wax-chandlers  of  the  metropolis 
were  nest  subjected  to  experiment ;  and  it  is  very  remarkable  that,  whether  they  were 
threes,  fours,  or  sixes  in  the  pound,  each  afforded  very  nearly  the  same  quantity  of 
light,  for  each  required  to  be  placed  at  a  distance  of  three  feet  from  the  screen  to  aflbrd 
a  shadow  of  the  same  tint  as  that  dropped  from  the  mechanical  lamp,  estimated  at  100. 
The  consumption  of  a  genuine  wax  candle,  in  still  air,  is  upon  an  average  of  many  es- 
periments,  125  grains  per  hour,  but  as  it  affords  only  I  11th  of  the  light  cf  the 
mechanical  lamp,  11  limes  125^  1,375  grains,  or  0-1064  of  a  pound  is  the  quantity 
that  would  need  to  be  consumed  to  produce  a  I^ht  equal  to  that  of  the  said  lamp. 
If  we  multiply  that  number  by  (be  price  of  the  candles  per  lb.  ^  30d.  the  product 
=  5'892/i.  is  the  cost  of  100  of  illumination  by  wax.  A  wax  candle,  three  in  the  pound 
(short),  is  one  inch  in  diameter,  12  inches  in  length,  and  contains  27  or  28  threads, 
each  about  1  10th  of  an  inch  in  diameter.  But  the  quality  of  the  wick  depends  upon  the 
capillarity  of  the  cotton  fibrils,  which  is  said  to  be  greatest  in  the  Turkey  cotton,  and 
hence  the  wicks  for  the  best  was  candles  are  always  made  with  cotton  yarn  imported 
from  the  Levant.  A  wax  candle,  three  in  the  pound  (long),  is  ^  of  an  inch  in  diameter, 
15  inches  long,  and  has  26  threads  in  its  wick.  A  wax  candle,  six  to  the  pound,  is  9 
inches  long,  45th3  of  an  inch  in  diameter,  and  has  22  threads  in  its  wick.  The  light  of 
this  candle  ma.y  be  reckoned  to  be,  at  most,  about  1  Ilth  less  than  that  of  the  threes  in 
the  pound.  A  weii-raade  short  three  burns  with  surprising  regularity  in  still  air,  being 
at  the  rate  of  an  inch  in  an  hour  and  a  half,  so  that  the  whole  candle  will  last  13  houn. 
A  long  three  wOl  last  as  long,  and  a  six  about  9 J  hours.  Specific  gravity  of  wax  = 
0-960. 

8.  A  spermaceti  candle,  three  in  the  pound,  is  9  lOths  of  an  inch  in  diameter,  IS 
inches  long,  and  has  a  plaited  wick,  instead  of  the  parallel  threads  of  a  wax  candle.  Tht 
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same  candles  four  in  Iheponnd,  are  8  lOlhs  of  an  inch  in  diameter,  and  13^  inches  long 
Each  giyes  very  nearly  the  same  quantity  of  light  as  the  corresponding  wax  candles : 
viz.,  I  Ilth  of  the  light  of  the  above  mechanical  lamp,  and  consamea  142  grains  pel 
hour.  Multiplying  the  last  number  by  H,  the  prodaet,  1,562  grains  =  0'223of  apounf 
would  be  the  consumption  of  Bpermaceti  requisite  to  give  100  of  illumination.  Multi 
plying  the  Inat  number  by  24rf.,  the  price  of  the  candles  per  pound,  the  product  5-332d. 
is  the  relative  cost  of  100  of  this  illumination. 

9.  Stearic  acid  candles,  commonly  called  German  wax,  consume  I68'5  grains,  or 
6-024  of  a  pound  per  hour,  when  emitting  the  same  light  as  the  standard  wax  candle. 
Multiplying  the  latter  number  by  H,  and  by  tdd.  (the  price  of  the  candles  per  pound), 
the  product  4-224rf.  will  represent  the  relative  cost  of  100  of  this  illumination, 

10.  Tallow  candles ;  moulds,  short  threes,  1  inch  in  diameter,  and  12^  in  length  ]  do. 
loae  threes,  9  lOths  of  an  inch  in  diameter,  and  15  in  length !  do.,  long  fours,  8  lOths  a'. 
an  inch  in  diameter,  and  13f  in  length.  Each  of  tliese  candles  burns  with  a  most  ub 
cAlain  light,  which  varies  from  1  !2tii  to  I  16th  of  the  light  of  the  mechanical  lamp— 
the  average  may  be  taken  at  1  14th.  The  threes  consume  each  144  grains,  or 0-2  ofa 
pound,  per  hours  which  number,  multiplied  by  14,  and  by  9d.  (the  price  p«r  pouud), 
gives  the  product  3-52d.  for  the  relative  cost  of  100  of  this  illumination. 

11.  Palmer's  spreading  wick  candles.  Distance  from  the  screen  3  feet  4  inches,  with 
a  shadow  equal  to  the  standard.  Consumption  of  tallow  per  hour  232-5  grains,  or 
0'0332  of  a  pound.  The  square  of  3  feel  4  inches  =  ]1"9  is  the  relative  illumination 
of  this  candle  =  11'9  :  i  0'3332  ; ;  100  :  0-28  X  10<i.  =  11'9  is  the  relative  cost  of  this 
illumination. 

.  12.  Cocoa-nut  steorine  candles  consumed  each  168  grains  per  hour,  and  emitted  a 
light  equal  to  1  16th  of  the  standard  flame.  Multiplying  168  by  16,  the  product  30-88 
grains,  or  0-441  of  a  pound,  is  the  quantity  which  would  be  consumed  per  hour  to  afford 
a  light  equal  to  100.  And  0-441  multiplied  by  lOd.,  the  price  per  pound,  gives  the 
product  4-44W.  as  the  cost  of  100  of  this  illumination  per  hour, 

A  gas  argand  London  lamp,  of  12  holes  in  a  circle  of  £  of  an  inch  in  diameter,  with 
a  flame  3  inches  long,  alforded  a  light  =  78^  compared  to  the  mechanical  lamp  :  and 
estimating  the  light  of  the  said  mechanical  lamp  as  before,  at  100,  that  of  the  bot-oil 
lamp  J3  121,  and  that  of  the  above  gas  flame  of  78-57,  or  in  rouad  numbers  80,  and  tk: 
commoaFrench  lamp  in  general  nae  50, 

Coilecling  the  preceding  results,  we  shall  have  the  following  tabular  view  of  the 
cost  per  hour  of  an  illumination  equal  to  that  of  (be  mechanical  lamp,  reckoned  100,  or 
that  of  eleven  wax  candles,  three  to  the  pound. 

Tahle  of  Cost  per  Hock  of  One  Hdndhed  of  Illumixakon, 

1.  Parker's  hot-oil  lamp,  with  southern  whale  oil  -  0-4875   or  about    ^d. 

2.  Mechanical  or  Carcel  lamp,  with  sperm  oil       -  -  1-2804 

3.  Parker's  hot-oil  lamp,  with  sperm  oil        -        -  -  0-902 

4.  Ditto  ditto  common  olive  oil  -  -  0-900 

5.  Ditto            ditto            cocoa-nut  oleine  or  oil  -  1'031 
fi.  French  lamp  in  general  use,  with  sperm  oil      -  -  1-7072 

7.  Wax  candles 6-892 

8.  Spermaceti  candles 5-352 

9.  German  wal  {Stearic  acid)  ditto       -        -        -        -    4-224 

10.  Palmer's  spreading  wick  candles      .        -        -        .    2-800 

11.  Tallow  (mould)  candles 2-520 

12.  Cocoa-nut  stearine  of  Price  and  C  4  41 
Since  the  hot-oil  lamp  affords  sufficient  1    ht  f          d    g  w   t    g 

one  fifth  of  its  maximum  flame,  it  will  bur      t  th  t      t    f      10  h 
about  ONE  PENKV,  and  it  is  hence  well  e  t  tl  d  t     th  t         d 

Economic." 

Sir  D.  Brewster,  in  his  examination  lat  ly  b  I  th  m  tl  f  the  house  of 
commons  on  lighting  the  house,  stated,  th  t  th.    F        hi  ght  h  lamp  of  Fresne! 

emitted  a  light  equal  to  that  of  forty  ai^    d  fl  m        wh  ording  to  other 

accounts,  it  gave  much  less  light.  With  th  w  f  ttl  g  this  p  nt,  before  bein^ 
examined  by  the  said  committee,  I  repai    d  t     lb     Trm  ty  h  d  tried  one  of 

the  two  original  Fresnel  lamps,  which  had  b  dp  led  th  by  th  t  eminent  French 
engineer  himself.  This  lamp  consists  of  f  co  t  u-  1  w  k  ,  placed  in  one 
horizontal  plane;  the  innermost  wick  bei  g  J  f  ml  d  te  ,  ndthe  outermost 
3J  inches.  Being  carefully  trimmed,  supplied  with  the  best  sperm  oU,  surmounted 
with  its  great  glass  chimney,  burning  with  its  iraximum  flame,  and  placed  at  a  distance 
of  13  fsct  3  inches  from  the  screen,  it  let  fatl  a  shadow  of  the  same  tint  as  that  let  f^ 
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by  the  flame  of  my  mechanical  lamp,  placed  at  a  distajice  of  4  feet  6  inches  from  the 
screen.  The  squares  of  these  two  numbers  are  very  nearly  as  8J  to  I  (175-5625  te 
20-25>  ;  showing  Ihat  the  Fresnel  lamp  gives  less  than  9  times  the  light  of  my  me- 
chanical lamp,  and  about  9'6  times  the  lightof  one  of  the  Triniiy  house  organd  lamps. 
The  Fresnel  lamp  is  exceedingly  troublesome  to  manage,  from  the  great  intensity  of  its 
heat,  and  the  freqaenl  fractures  of  its  chimneys — two  having  been  broken  in  the  course 
of  my  experimenls  at  the  Trinity  house. 

Mr.  Goldsworthy  Gurn^,  the  ingenious  inventor  of  the  new  light-house  lamp,  in 
which  a  stream  of  osygen  gas  is  sent  up  through  a  small  tube  within  the  burning  cir- 
mlar  wicfeof  a  email  ai^and  lamp,  having  politely  sent  two  of  his  lamps  to  my  house, 
ilong  with  a  ba£  of  oxygen  gas,  I  made  the  following  cisperiments,  to  ascertain  their 
lllnminating  poweis  compaied  to  those  of  the  mechanical  lamp  and  was  candles. 

His  larger  lamp  has  a  wick  |  of  an  inch  in  diameter,  but  emits  an  oxygen  flame  of 
only  I  of  an  inch.  The  flame  is  so  much  whiter  than  that  of  the  best  lamp  or  candli' 
that  It  becomes  diiUcutt  to  determine,  with  ultimate  precision,  the  comparative  depth) 
of  the  shadows  let  fall  hy  them.  The  mean  of  several  trials  showed  that  Ihe  above 
Budc-light  (as  Mr.  Gurney  calls  il,from  the  name  of  his  residence  in  Cornwall),  lias 
jn  illuminating  power  of  from  28  to  30  wax  candles.  His  smaller  lamp  has  a  flame  J 
of  an  inch  in  diameter,  and  a  wick  |  of  an  inch.  Its  light  is  eqnal  to  that  of  from  18 
l:i  20  was:  candles. 

The  committee  of  the  house  of  commons  on  lighting  it,  having  asked  me  what  was 
the  relative  vitiation  of  air  by  the  breathing  of  men  and  the  burning  of  candles,  I  gave 
the  following  answer : — 

Wax  contains  81'75  parts  of  carbon  in  100,  which  generate  by  combiislion  300  parts 
of  carbonic  acid  gas.  Now,  since  125  grains  of  wax  constitute  the  averajre  consump- 
tion of  a  candle  per  hour,  these  will  generate  375  grains  of  carbonic  acid;  equivalent 
in  volume  to  800  cubic  inches  of  gas.  According  to  the  most  exact  experiments  on 
respiration,  a  man  of  ordinary  size  discharges  from  his  lungs  1,632  cubi:  inches  of  car- 
bonic acid  gas  per  hour,  wliich  is  very  nearly  the  double  olf  the  quantity  produced  from 
tlie  wax  candle.  Heace  the  combustion  of  two  such  candles  vitiates  the  air  mweh 
Ihe  same  as  the  breathing  of  one  man.  A  tallow  candle,  three  or  fear  in  Ihe  pound, 
E;en.crates  nearly  the  same  quantity  of  carbonic  acid  as  the  wax  candle;  for  thoagh  lal- 
inw  contains  only  79  per  cent,  of  carbon,  instead  of  81.75,  yet  it  consumes  so  mucli 
faster,  ns  thereby  to  compensate  fully  for  this  difference. 

When  a  tallow  candle  of  6  to  the  lb.  is  not  snulfed,  it  loses  in  intensity,  in  30  min- 
utes, 80  hundredths;  and  in  39  minutes  86  hundredths,  in  which  dim  slate  it  remains 
stationary,  yet  still  consuming  nearly  the  same  proportion  of  tallow.  A  wax  candle 
attains  to  its  greatest  Intensily  oflight  when  its  wiclc  has  reached  the  greatest  lengtli, 
and  begins  to  bend  out  of  the  flame.  The  reason  of  this  difference  is,  that  only  the 
lower  part  of  the  wick  in  the  lallow  candle  is  charged  with  the  fat,  so  as  to  emit  lu- 
miniferous  vapor,  while  the  upper  part  remains  dry  ;  whereas,  iu  the  wax  candle,  (he 
combustible  substance  being  less  fusible  and  volatile,  allows  a  greater  length  of  the 
wick  to  be  charged  by  capillary  attraction,  and  of  coiirse  to  emit  a  longer  train  oflight. 

The  following  table  contains,  according  to  Pedet,  the  illuminating  powers  of  differ- 
ent candles,  and  their  consumption  of  material  in  an  hour ;  the  light  emitted  by  a  Car- 
ed argand  lamp,  consuming  42  grammes  (=  42  X  15|  grains)  in  an  hour,  being  called 
100:— 


1    Intensity  of  Light. 

Corisuinplion  pet  Hour 

Tallow  Candles  6  in  lb. 

Stearine,  or  Pressed  Tollow,  8  in  !l:i. 

10-66 

1              8-74 
7.50 
(3-61 
14-40 

1            14-40 

8-51 
7-51 
7-42 
8-71 

9-33 

WaxCandles,5inlb.  - 
Spermaceti  ditto,  5  in  lb. 
Stearic   Acid,   commonly   called   Stea 
rine,  5  in  lb.  - 

The  subjoined  table  shows  the  economical  itttios  of  the  candies,  where  the  second 
column  gives  the  quantity  of  material  in  grammes  which  is  requisite  to  prcduce  as  much 
ight  ns  the  Carcel  lamp ; — 


Pressed  tallow,  6  pea  lb.  - 
Wax  candle.  5  per  lb.  -  - 
Spermaceli  ditto,  6  per  lb.  - 
Stearins,  S  per  lb.     -    -    . 


Quality  of 


These  results  may  be  compared  with  mice  given  above.  A  kilogramme,  or  lOOC 
grammes  —  15,440  grains  —  3J  lbs.  avoirdupois. 

JINTA-WAN.  A  compound,  elastic,  wat«--repellont  substance  for  manufacturing  pur- 
poses is  made  by  combining  gotta  percha  with  an  elastic  and  water-repellent  substance 
called  "jinta-wan."  recently  imported  for  the  first  time  from  the  EsiSt  Indies,  and  which 
has  never  heretofore,  to  Ihe  best  of  my  knowledge  and  belief,  been  used  in  the  arts  and 
manufactures  of  this  conntry-  or  by  conihlning  guita  percha  with  " jinta-wan"  and 
t  h  Tb    gutt    plwhh  tdd       be  comb  ned  in  (his  way  should, 

f  =ary  bel      sedfmrapl  dmjfd        dbe  previously  prepared  as 

h      t  f       d  sc   bed      Th    j    la  w  t  h  h    Id  also  be  cleansed  from  its 

pi         f      y      Cttpeh        djt      an  mb     d  by  placing  these  two 

btim  th        tddppt         (t  p        )        a  maslJcator,  such  aa  is 

ns  d  f     mast  cat  1  h         aod  th        p      t       po    th    two  materials  by  that 

mhin         tlhy  tratlyblddtgth         Ad  the  triple   combination 

f  g  tta  p     h     J    t   wan      d  cao  t  1  mb     d  b    means  of  a  masticator,  in 

thamm  Fth^rp  fm  Lm      th  mblnations,    the    propor- 

t  f  th     w  f  tl     tl  b»t  m  y  be      mb   ed  according  to  the  quality 

wl    h  t     d        d  th  t  th        mbm  d      bst  h  11  posse     employing  a  larger  pru- 

trt        fy  fh        bstcetb    Comb     d      h  is  desired  that  the  pecu- 

liar qualities  of  tliat  substance  shall  predominate  in  the  combined  article.     See  Guttj 

IMPERMEABLE,  is  the  epithet  ^ven  to  any  kind  of  textile  fabric,  rendered  water- 
proof by  one  or  other  of  the  following  substances : — 

1.  Linseed  oil  to  which  a  drying  quality  has  been  communicated  by  boiling  with 
litharge  or  sugar  of  lead,  &e. 

2.  The  same  oil  holding  in  solution  a  little  eaoutchoua 

3.  A  varnish  made  by  dissolving  caxiutehoitc  in  rectified  petrol  m  ph  1  ppl  d 
between  two  surfaces   of  cloth,  as  described  under  Macintosh     pat    t.    S 

4.  Vegetable  or  mineral  pitch,  applied  hot  with  a  brush,  as  in  ligtapalgf 
covering  goods  in  sliips. 

G.  A  solution  of  soap  worked  into  cloth,  and  decomposed  t  by  th  t  f 
solution  of  alum  ;  whence  results  a  mixture  of  acid  fate  and  al  m  h   h  t 

itself  among  all  tlie  woolly  filaments,  fills  their  interstices,  and  p         ts  th    p  f 

e,  A  solution  of  glue  or  isinglass,  introduced  into  a  stuff,  and  th  t  d  p  by 
clear  infusion  of  galls,  whereby  the  fibres  get  impregnated  with  I  1 1    imp    m 

ble,  pulverulent  leather. 

7.  Piaster  work  is  rendereiJ  impermeable  by  mising  attiflc   I  t  ral     fh>lt 

with  it. 

JEWELLERY,  An  of.    See  Gem  and  Lapidaet. 

INCOMBUSTIBLE  CLOTH ;  is  a  tissue  of  the  fibrous  min      I  call  i    m      tl 
asbestos;    ITiis  is  too  rare  to  form  Iha  object  of  any  considerall     m      f   t  t 

and  linen  cloth  may  be  best  rendered  incapable  of  taking  fire,  o    b  w  th  fl         ly 

being  imbued  trith  a  solution  of  sal  ammoniac 

INCUBATION,    ARTIFICIAL.      The    Egyptians    have    f         t  mm  m      ! 

been  accustomed  to  hatch  eggs  by  artificial  warmth,  without  the  aid  of  hens,  in  peculiar 
stoves,  called  Mmnmah.  The  inhabitants  of  the  village  Berrafi  still  travel  through  the  moat 
distant  provinces  of  Egypt  at  certain  seasons  of  the  year,  with  a  portable  furnace,  hea.ted 
by  a  lamp,  and  either  hatch  duckecs  for  sale,  or  undertake  to  hatch  the  eggs  belonging 
to  the  natives  at  a  cert^n  rate  per  dozen.  M.  da  Reaumur  published  in  France  about 
a  century  ago,  some  ingenious  observations  upon  this  subject;  hut  M.  Bonnomnin  was 
the  first  person  who  studied  with  due  attention  all  the  circumstances  of  artificial  incu- 
bation, and  mounted  the  process  successfully  upon  the  commercial  scale.  So  far  back  as 
1177  he  communicated  to  the  Academy  of  Sciences  an  interesting  fact,  wiiich  he  had 
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noticed,  upon  the  meclianiam  ein[>lojed  by  chicfes  to  break  their  sbelia ;  and  for  some 
time  prior  to  the  French  rcvolulion  ha  fumialied  the  Parisian  market  with  excellent 
poultry  at  it  period  of  the  year  when  the  farmers  had  ceaaed  to  eupply  it.  His  estab- 
liahment  was  ruined  at  that  disastrous  era,  and  no  other  has  ever  sincti  been  constructed 
or  conducted  with  similar  care.  As  there  can  be  no  doubt  however  of  the  practicability 
and  profitableness  of  the  scheme,  when  judiciously  managed,  I  shall  insert  a  brief 
account  of  bis  ingenious  arrangements.  I  had  the  pleasure  of  making  the  acquaintuice 
of  this  amiable  oli^man  at  my  first  visit  to  Paris,  manv  years  ago,  and  believe  ail  hU 
Btatements  to  be  worthy  of  credit.  Some  imitations  of  ^is  plans  nave  been  made  in  this 
country,  but  how  &r  they  have  succeeded  iu  an  economical  point  of  view,  it  is  difficult 
to  determine.  His  apparatus  derives  peculiar  interest  from  the  &ct,  that  it  was  founded 
upon  the  principle  of  the  circulation  of  hot  water,  by  the  intestine  motion  of  its  particles, 
in  a  returning  series,  of  connected  pipes ;  a  subject  afterwards  illustrated  in  the  experi- 
mental researches  of  Count  Kumford.  It  has  of  late  years  been  introduced  as  a  novelty  into 
this  country,  and  applied  to  warm  the  apartments  of  many  public  and  private  buildings. 
The  following  details  will  prove  that  the  theory  and  practice  of  hot-water  circulation 
were  as  perfectly  understood  by  M.  Bonnemain  fifty  years  ago,  as  they  are  by  any  of 
our  stove  doctors  at  the  present  day.  They  were  than  publicly  exhibited  at  his  resi- 
dence in  Paris,  and  were  afterwards  communicated  to  the  world  at  large  in  the  inlerest- 
ing  article  of  tha  Dielionnaire  Teehnologiqjie,  entitled  Iiiaihalion,  ArtijlcieUe. 

The  apparatus  of  M.  Sonnemain  consisted;  1.  of  a  boiler,  and  pipes  for  the  circu- 
lation of  water;  2.  of  a  regulator  calculated  to  maintain  an  equable  temperature;  8, 
of  a  stove- apartment,  heated  constantly  to  the  degree  best  titted  for  incubation,  which 
he  called  tiie  hatching  pitch.    He  attached  to  one  side  a  youjsiii  ^  h   k       m  f 

cherishing  the  chickens  during  a  few  days  after  incubation. 

The  boiler  is  represented  lu  vertical  section  and  ground  plan,  n  ft  87  nd  788 
It  is  composed  of  a  double  cylinder  of  copper  or  cast  iron  l,l,h&         a  g  at    6  ( 

1,^,^  plan),  an  ash-pit  at  d  (section).    The  wat     o    up      the   had  d 

space  c,  0.    k,g,  a,  e,  e,  are  five  vertical  fl        f         nd 
Dthe  burnt  air  and  smote,  which  first  rise   n  th    t         xte 
flues  e,  e,  then  descend  in  the  two  adjo  n  ng  flu      g    (/    ad 
finally  re-mount  through  the  passages  i,      a  the  ccn     t  fl 
h.    During  this  upwards  and  downwards         lat   n   a     1   w 
by  the  arrows  in  the  section,  the  produ  ts    f    on  bust   n  a 
made  to  impart  nearly  the  whole  of  thei   h  at  t    the  w  te   bj 
which   they  are   surrounded.      At  the       mm  n    m  nt       n 
burning  paper  or  wood  shavings  sre  inserted  at  the  orifice  m, 
to  establish  a  draught  in  this  circuitous  chimney.    The  ^r  is 
g|^  admitted  into  the  ash-pit  at  the  side,  in  regulated  quantides, 
through  a  small,  square  door,  moveable  round  a  rod  which  runs 
horizontally  along  its  middle  line.    This  swing  valve  is  acted 
upon    by    an    expanding   bar  (see  Heat-Be oelatob),    which 
opens  it  more  or   les9  according  to  the  temperature  of  the 
stove  apartment  in  which  the  eggs  are  placed. 
D  is  the  upper  orifice  of  the  boiler,  by  which  the  hotter  and  consequently  lighter  mr- 
ticlea  of  the  water  continually  ascend,  and  are  replaced  by  the  cooled  particles,  which 
enter  the  boiler  near  its  bottom,  as  shown  in^.  789.  at  a.    Into  further  details  relative 
to  the  boiler  it  is  needless  to  enter  ;  for  thou^  its  form,  as  designed  by  M.  Bonnemain, 
is  excellent  and  most  economical  of  heat  for  a  charcoal  fire,  it  would  not  suit  one  of 
pit-coal,  on  account  of  the  obstruction  to  the  pipes  which  would  soon  be  occasioned  by 

In  ^g.  789.  tiie  boiler  is  sliown  at  e,  with  the  rod  which  regulates  the  air  door  of  the 
ash-pit.  D  is  a  stopcock  for  modifying  the  opening  by  which  the  hotter  particles  of 
water  ascend  ;  o  is  the  water-pipe  of  communication,  having  the  heating  pipe  of  distri- 
bution attached  between  e  f,  which  thence  passes  backwards  and  forwards  with  a  very 
slight  slope  from  the  horizontal  direction,  till  it  reaches  the  po-assiiiiire  o  r  q.  It  traverses 
this,  apartment,  and  returns  by  nn  to  the  orifice  of  the  boiler,  a,  where  it  turns  vertically 
downwards,  and  descends  to  nearly  the  bottom  of  the  boiler,  discharging  at  that  point 
the  cooled  and  therefore  denser  particles  of  water  to  replacethosowhidi  continually  issue 
upwards  at  n.  l  a  is  a  tube  sumioimted  with  a  funnel  for  keeping  the  range  of  pipes 
always  full  of  wafer;  and  K  is  a  syphon  orifice  for  permitting  the  escape  of  the  disengaged 
air,  which  would  otherwise  be  apt  to  occupy  partially  the  pipes  and  obetrnct  the  aqueous 
circulation. 

The  faster  the  water  gels  cooled  in  the  serpentine  tubes,  the  quicker  its  circulation 
will  be,  because  the  difference  of  density  between  the  water  at  the  top  and  bottom  of  the 
boiler,  which  is  the  sole  cause  of  its  movement,  will  he  greater,  k  represents  small 
laucers  filled  with  water,  to  supply  the  requisite  moisture  to  the  heated  air,  and  to  placa 
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«gg!,  arrangeii  along  llie  trajs  m  m,  in  an  atmosphere  analogous  to  ihal  under  Ihe  boJy 
of  the  hen. 

When  we  wish  to  hatch  eggs  wilh  this  apparatus,  the  fire  is  to  be  kindled  in  the  boiler, 
and  as  soon  as  the  temperature  has  risen  lo  about  100°  F.,  the  eggs  are  introduced  ;  bul 
only  one  twentieth  of  the  whole  number  intended,  upon  the  first  day;  next  day,  a  like 
number  is  laid  upon  the  traye,  and  thus  in  succession  for  twenty  days,  so  that  upon  the 
iwenty-first  day  the  eggs  Eist  placed  mey  be  hatched,  for  the  most  part,  and  we  may 
oblain  daily  afterwards  an  equal  number  of  chicks.  In  this  way,  regnlarilv  of  care  is 
established  in  the  rearing  of  them. 

During  the  first  days  of  incubation,  natural' as  well  as  artificial,  a  small  portion  of  the 
wafer  contained  in  the  egg  evaporates  by  the  heal,  through  the  shell,  and  is  replaced  by 
a  like  quantity  of  air,  which  is  afterwards  useful  for  Ihc  respiration  of  Ihe  animal.  If  the 
warm  atmosphere  surrounding  the  eggs  were  very  dry,  such  a  portion  of  the  aqueous  pari 
of  the  egga  would  evaporate  through  the  pores  of  the  shells  as  would  endanger  the  fnture 
life  of  Ihe  cbick  in  tiro.  The  transpiration  from  the  body  of  the  hen,  as  she  sits  upon  her 
eggs,  counteracts  this  desiccation  in  general ;  yet,  in  very  dry  weather,  many  hatching 
eggs  fail  from  that  cause,  unless  they  be  placed  in  moist  decomposing  straw.  The  water 
saucers  v  n  are  therefore  essential  lo  success  in  aitificial  incubation. 

After  the  chickens  are  hatched  they  are  transferred  into  (he  nursery,  o  q,  on  the  fionl 
side  of  which  there  is  a  small  grated  trough  filled  with  millet  seed.  Small  divisions  arc 
made  between  the  broods  of  successive  days,  to  enable  the  superintendent  lo  vary  their 
feeding  lo  their  age. 

In  order  lo  supply  an  establishment  of  the  common  kind,  where  100  eggs  are  to  be 
hatched  daily,  a  dozen  of  hens  would  be  needed,  and  150  eggs  must  be  placed  under  them, 
as  only  two  thirds  in  general  succeed.  At  this  rale,  4300  mothers  would  he  required  to 
sit.  Now  supposing  we  should  collect  ten  times  as  many  hens,  or  43,000,  we  should  not 
be  nble  to  command  the  above  number  of  chickens,  as  ifiere  is  seldom  a  lenlh  part  of 
hens  in  a  brooding  state.  Besides,  there  would  be  in  this  case  no  fewer  than  720  hens 
every  day  coming  out  with  a  fresh  brood  of  chickens,  which  would  require  a  regiment  of 
tupenntendents. 

^rlifidal  laaibalion  by  means  of  Hot  Mineral  Waters. — This  curious  process  is 
■escribed  very  briefly  in  a.  letter  by  M.  D'Arcet.    The  following  ate  extracts  from  inis 

'■  In  June,  1823, 1  obtained  chickens  and  pigeons  at  Vichy,  by  artificial  incubation, 
effected  through  the  means  of  the  thermal  waters  of  that  place.  In  1827  I  went  to  the 
baths  of  Chaudes-Aigues,  principally  for  the  purpose  of  doing  the  same  thing  there. 
Finding  the  proprietor  a  zealous  man,  I  succeeded  in  making  a  useful  application  of  thia 
source  of  heat  to  the  production  of  poultry. 

"  The  advantage  of  this  process  may  be  comprehended,  when  it  is  known  that  the 
inviflids  who  arrive  at  Vichy,  for  instance  in  the  month  of  May,  find  chickens  only  the 
size  of  quails ;  whereas,  by  this  means,  they  may  be  readily  supplied  sis  months  old. 

"The  good  which  may  be  done  by  establishing  artificial  incubation  in  places  where 
not  springs  exist  is  iatakvMilt ;  it  may  be  introduced  into  these  establishments  without 
nt  all  interfering  with  the  medical  treatment  of  patients,  since  the  batching  would  gu 
on  in  winter,  at  a  time  when  the  baths  fbr  other  purposes  are  out  of  use. 

"  There  is  no  other  trouble  required  in  breeding  chickens,  by  means  of  hot  baths,  than 
to  break  the  eggs  at  the  proper  time;  for,  when  the  apartments  are  closed,  the  whole  of 
the  interior  will  readily  acquire  a  sufficiently  elevated  and  very  constant  temperature." 

In  addition  to  these  details  by  M.  D'Arcet,  a  letter  was  received  from  M.  Felgeris,  Ike 
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proprielor  of  the  baihs  at  Cliaudes-Aigues  (Canlal),  in  which  he  describes  the  success 
he  had  in  follotving  M.  D'Arcet's  process.  This  consisls  in  putting  the  eggs  into  a  small 
basket,  suspending  it  in  one  of  the  slove-rooms  heated  by  the  hot  mineral  water,  and 
turning  round  the  eggs  every  day.  The  very  first  trial  was  attended  wiLh  success,  and 
no  failure  was  experienced  ia  four  repetitions  of  il. 

INDIGO.  This  inyaluable  blue  dye-stuff,  for  which  no  tolerable  substitute  has  been 
found,  WHS  known  to  the  ancients  as  a  pigment  nnder  the  name  of  indicum,  whence  its 
present  denomination.  In  modem  Europe,  it  first  came  into  extensive  use  in  Italy,  but, 
about  the  middle  of  the  16th  century,  the  Dutch  began  to  impart  and  employ  il  in  con- 
siderable i^nnntities.  It?  general  Inlroduclion  into  the  dye-houses  of  both  England  and 
France  was  kept  back  by  absurd  laws,  founded  npon  «n  opinion  that  il  was  a  fugitive 
substaace,  and  even  prejudicial  to  the  llbie  of  wool.     See  Dveing,  p.  419. 

The  plants  which  afford  this  dye-drug  grow  in  the  East  and  West  Indies,  in  the  mid- 
dle regions  of  America,  in  Africa,  and  Europe.  They  are  all  species  of  the  genera  Indi- 
go/era, halts,  and  Nerium. 

The  following  are  cultivated  : — Itidigqfira  Imcloria  affords  n  Bengal,  Malabar, 
Madagascar,  the  Isle  of  France,  and  St.  Domingo,  an  article  c-  middling  quality,  but 
in  large  quantity.  The  indi^ofira  dhperma,  a  plant  cultivated  in  the  East  Indies 
and  America,  grows  higher  than  the  preceding,  is  woody,  and  furnishes  a  superior 
dye  stuff.  The  Gualimala  indigo  comes  from  this  species.  Ittdigofera  jinit  grows  in 
the  same  conntries,  and  also  in  the  West  Indies.  The  Indigofera  ^rg&aiea,  which  grows 
also  in  Africa ;  it  yields  little  indigo,  but  of  an  excellent  quality.  Indigofira  Fseudo- 
tmcioria,  which  is  cultivated  in  the  East  Indies,  furnishes  the  best  of  all :  the  Iwiignfera 
Gtatica  is  the  Egyptian  and  Arabian  species.  There  are  also  the  earulea,  cmerea  erecla, 
kinuta,  glabra,  and  seyeral  others.  The  Nermm  tinctormm  of  the  East  Indies  affords 
some  indigo;   as  does  the  halii  Unctoria,  or  Woad,  In  Europe i   and  the  Po/jgonum 

The  districts  of  Kishenagar,  Jessore,  and  Moorshedabad,  in  Bengal,  ranging  from  88" 
to  90"  E,  L.  and  22|°  to  24"  N.  L.,  produce  the  finest  indigo.  That  from  the  districts 
about  Burdwan  and  Benares  is  of  a  coarser  or  harsher  grain,  Tj'root,  in  lal.  26°,  yields 
a  tolerably  good  article.  The  portion  of  Bengal  most  propitious  to  the  cultivation  of 
indigo  lies  between  the  river  Hoogly  and  the  main  stream  of  the  Ganges. 

In  the  East  Indies,  aller  having  ploughed  the  ground  in  October,  November,  and  the 
beginning  of  December,  they  sow  the  seed  of  the  indigo  plant  in  the  last  half  of  March 
and  the  beginning  of  April,  while  the  soil,  being  neither  loo  hot  nor  too  dry,  is  most  pro- 
pitious 10  its  germination.  Alight  mould  answers  best;  and  sunshine,  with  occasional 
li[j!il  showers,  are  most  favorable  to  lis  growth.  Twelve  pounds  of  seeds  are  sufiicieni 
f'lr  sowing  an  acre  of  land.  The  plants  grow  rapidly,  and  will  hear  to  be  cut  for  the 
first  lime  at  the  beginning  of  Ju)y,  nay,  in  some  districts,  so  early  as  ihc  middle  of  June, 
riie  indications  of  maturity  are  the  bursting  forth  of  the  flower  buds,  and  the  expansion 
of  the  blossoms;  at  which  period  the  plant  abounds  most  in  the  dyeing  principle. 
Another  indication  is  taken  from  the  leaves ;  which,  if  they  break  across,  when  doubled 
flat,  denote  n  slate  of  maturity.  But  this  character  is  somewhat  fallacious,  and  depends 
niKin  the  poverty  or  richness  of  the  soil.  When  much  rain  falls,  the  plants  grow  too 
rapidly,  and  do  not  sufRcieully  elaborate  tlie  blue  pigment.  Bright  sunshine  is  most 
advantageous  to  Its  production. 

The  first  cropping  of  the  plants  is  the  best;  aiter  Iwo  months  a  second  is  made  ;  aflfi 
another  inleival,  a  Ihird,  and  even  a  fourth  i  bnl  each  of  these  is  of  diminished  value. 
There  are  only  two  croppings  in  America. 

Two  methods  are  pursued  to  extract  the  indigo  from  the  plant;  the  first  eflecls  it  by 
fermentation  of  the  fresh  leaves  and  stems;  the  second,  by  maceration  of  the  dried 
'eaves ;  the  latter  process  being  most  advantageous. 

1.  From  the  receat  leaves. — In  the  indigo  factories  of  Bengal  there  are  two  large 
stone-built  cisterns,  the  bottom  of  the  first  being  nearly  Kpon  a  level  with  the  top  of 
the  second,  in  order  to  allow  Ihe  liquid  contents  to  be  run  out  of  the  one  into  the  other. 
The  uppermost  is  called  the  fermenting  vat,  or  the  sleeper ;  its  area  is  30  feet  square, 
and  its  depth  3  feet;  the  lowermost,  called  the  beater  or  beating  vat,  is  as  broad  as  the 
other,  but  one  third  longer.  The  cuttings  of  the  plant,  as  they  come  from  the  lleld, 
are  stratified  in  the  steeper,  tiU  this  he  filled  witNn  5  or  6  inches  of  its  brim.  In  order 
that  the  plant,  during  its  fermentation,  may  not  swell  and  rise  out  of  the  val,  beams  of 
ivood  and  twigs  of  bamboo  are  braced  tight  over  the  surface  of  the  plants,  after  which 
water  is  pumped  upon  them  till  it  stands  within  three  or  four  inches  of  the  edge  of  the 
vessel.    An  active  fermentation  speedily  comm  n  h'  h  *       mpleled  within  14  or  15 

hours  ;  a  little  longer  or  shorter,  according  to  h  m  a  o  be  air,  the  prevailing 
winds,  the  quality  of  the  water,  and  the  rjpene  p  ants     Kine  or  ten  hours  aftci 

the  immersion  of  the  plant,  the  condition  of  th  am  b  xamined;  frothy  bub- 
tlcs  appear,  which  rise  like  little  pyramids,         a    fi  a  while  color,  but  soon 
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become  gray-blue,  and  then  aeep  purple-red.  The  fermentation  is  at  this  limt 
Tiolent,  the  flaiJ  is  in  constant  commotion,  apparently  boiling,  innumeraUe  bubbles 
meant  to  the  surface,  and  a  copper-colored  dense  scum  covers  the  whole.  As  long  as 
the  liquor  is  agilated,  the  fermentation  must  not  be  distnrbecij  but  when  it  becomes 
more  Iranqnil,  the  liquor  is  to  be  drawn  off  into  the  lower  cistern.  It  is  of  the  otmosl 
consequence  not  to  push  the  fermentation  too  far,  because  the  quality  of  the  whole  indigo 
is  deteriorated ;  but  rather  to  cut  it  short,  in  which  case  there  is,  indeed,  a  loss  of  weight, 
but  the  article  is  better.  The  liqunt  possesses  now  a  glistening  yellow  color,  which, 
when  the  indigo  precipitates,  changes  to  green.  The  average  tsmpernlure  of  the  liquor 
is  common!)'  85"  jahc. ;  its  specific  gravity  at  the  surface  is  10015  ;  and  at  the  bolLom, 
I  ■003. 

As  soon  as  the  liquor  has  been  run  into  the  lower  cistern,  ten  men  are  set  to  work  (o 
beat  it  with  oars,  or  shovels  4  feet  long,  called  busqiKla,  Paddle  wheels  have  also  been 
employed  for  the  same  purpose.  Meanwhile  two  other  laborers  clear  away  the  compres- 
sing beams  and  bamboos  from  Ihe  surface  of  the  upper  val,  remove  the  exhausted  plant, 
set  it  10  dry  for  fuel,  clean  out  the  vessel,  and  stratify  fresli  plants  in  it.  The  fermented 
plant  appears  still  green,  but  it  has  lost  three  fourths  of  its  bulk  in  the  process,  or  from 
12  to  14  per  cent,  of  its  weight,  chiefly  water  and  extractive  matter. 

The  liqnor  in  the  lower  vat  must  be  strongly  beaten  for  an  hour  and  a  half,  when  the 
indigo  begins  to  agglomerate  in  flocks,  and  to  precipitate.  This  is  the  moment  for 
jadging  whether  there  has  been  any  error  cpmnitled  in  the  fermentation;  which  must 
be  corrected  by  the  operation  of  beating.  If  Ibe  fermentation  has  been  defective,  much 
froth  rises  in  the  beating,  which  must  he  allayed  with  a  little  oil,  and  then  a  reddish 
linge  appears.  If  large  round  granulations  are  formed,  the  beating  is  continued,  in 
order  lo  see  if  (hey  will  grow  smaller.  If  (hey  become  as  small  as  fine  sand,  and  if  the 
water  clears  up,  the  indigo  is  allowed  quietly  to  subside.  Shonld  the  val  have  been  over 
fermented,  a  thick  fat-looking  crust  covers  the  liquor,  which  does  not  disappear  by  the 
introduction  of  a  flask  of  oil.  In  such  a  case  the  beating  must  be  moderated.  Whenever 
the  granulations  become  round,  and  begin  to  subside,  and  (he  liquor  clears  up,  the  beating 
must  be  discontinued.  The  froUi  or  scum  diffuses  itself  spontaneously  into  separate  minute 
particles,  that  move  about  the  surface  of  the  liqnor;  which  are  marks  of  an  excessive 
fermentation.  On  the  other  hand,  a  rightly  fermented  vat  is  easy  to  work;  (he  froth, 
(hough  abundant,  vanishes  whenever  the  granulations  make  their  appearance.  The 
color  of  the  liquor,  when  drawn  out  of  the  steeper  into  the  beater,  is  bright  green  ;  but 
as  soon  as  the  agglomerations  of  the  indigo  commence,  i(  assumes  the  color  of  Madeira 
wine;  and  speedily  afterwards, in  the  course  of  beating,  a  small  round  grain  is  formed, 
which,  on  separating,  makes  the  water  transparent,  and  falls  down,  when  all  (he  turbidity 
and  froth  vanish. 

The  object  of  the  beating  is  three-fold:  first,  it  tends  to  disengage  a  great  quantity 
of  carbonic  acid  present  in  the  fermented  liquor ;  secondly,  to  give  the  newly  developed 
indigo  its  requisite  dose  of  oxygen  by  the  most  extensive  exposure  of  its  particles  to 
the  atmosphere ;.  thirdly,  to  agglomerate  the  indigo  in  distinct  fiocks  or  granulations. 
[o  order  to  hasten  the  precipitaUon,  lime-water  is  occasionally  added  to  the  fermented 
liquor  in  the  progress  of  beating,  but  it  is  not  indispensable,  and  has  been  supposed 
capable  of  deteriorating  the  indigo.  In  the  front  of  the  beater  a  beam  is  fijed  opr^hl, 
l-i  which  three  or  more  holes  ore  pierced  a  few  inches  in  diameter.  These  are  closed 
with  plugs  during  the  beating,  but,  two  or  three  hours  after  it,  as  the  indigo  subsides, 
the  upper  plug  is  withdrawn  to  run  off  the  supernatant  liquor,  and  then  the  lower 
■)lugs  in  succession.  The  state  of  this  liqnor  being  examined,  affords  an  indication  of 
Qie  success  of  both  (he  processes.  Wften  the  whole  liquor  is  run  oS,  a  laborer  enters 
the  vat,  sweeps  all  the  precipitate  into  one  corner,  and  empties  the  thinner  part  into  a 
spout  which  ]eadsiQ(oacistern,  alongside  of  a  boiler,  20  feet  long,  3  feet  wide,  and  3  deep. 
When  ell  this  liquor  is  once  collected,  it  is  pumped  through  a  bag  for  retaining  the 
impurities,  into  the  boiler,  and  heated  to  ebullition.  The  froth  soon  subsides,  and  shows 
an  oily  looking  Elm  upon  the  liquor.  The  indigo  is  by  this  process  not  only  freed  from 
Ihe  yellow  extractive  matter,  but  is  enriched  in  the  intensity  of  its  color,  and  increased  in 
rteighl.  From  the  boiler  the  mixture  is  run,  after  two  or  three  hours,  into  a  general 
rm-eiver  called  Ihe  dripping  val,  or  table,  which,  for  a  Gictory  of  twelve  pairs  of  prepara- 
tion vats,  is  20  feet  long,  10  feet  wide,  and  3  feet  deep,  haiing  a  false  bottom,  2  feet 
under  the  top  edge.  This  cistern  stands  in  a  basin  ol  masonry  (made  water  (igh[  wi(h 
Chunam  hydraulic  cement),  the  bottom  of  whjch  slopes  to  one  end,  in  order  to  facilitate 
the  drainage.  A  thick  woollen  web  is  stretched  aloni;  the  bottom  of  the  inner  vessel, 
to  act  as  a  filter.  As  long  as  (he  liquor  passes  through  turbid,  it  is  pumped  back  into 
the  receiver.  Whenever  it  runs  clear,  the  receiver  is  covered  with  another  piece  of 
cloth  to  exclude  the  dust,  and  allowed  to  drain  at  its  leisure.  Next  morning  (he 
drained  magma  is  put  into  a  strong  bag,  and  squeezed  in  a  press.  The  indigo  is  then 
Tarefully  (alien  out  of  (lie  bag,  and  cut'willi  n  bra"  wire  inio  bit?,  about  3  inches  cube. 
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wliich  are  dried,  in  an  airy  house,  upon  shelves  of  wiclser  work.  During  tbe  drying,  s 
whitish  efliorescence  comes  upon  Ihe  pieces,  which  must  he  carefully  removed  with  a 
brush.  In  some  places,  particularly  on  the  coast  of  Coromandel,  the  dried  indigo  lumps 
are  allowed  to  effloresce  in  a  cask  for  some  time,  and  when  they  become  hard  They  are 
wiped  and  packed  for  exportation. 

From  some  experiments  it  would  appear  that  the  gas  disengaged  during  the  middle 
iieriod  of  the  fermentation  is  composed  in  100  parts  of  27-5  carbonic  acid,  B'8  raygen, 
and  66'7  azote;  and  towards  its  end,  of  40'5  carbonic  acid,  45  ojtjgen,  and  55'0  azote. 
The  fermenting  leaves  apparently  convert  the  oiygen  of  the  atmosphere  into  carbonic 
add  gas,  and  leave  its  azote  i  besides  the  quantity  of  carbonic  acid  which  they  spon- 
taneously evolve.  Carbureted  hydrogen  does  not  seem  to  be  disengaged.  That  the 
liquor  in  Ihe  beating  vat  absorbs  oxygen  from  the  air  in  proportion  as  the  indigo  becomes 
flocculent  and  grannlar,  has  been  ascertained  by  experiment,  as  well  as  that  sunsliine 
accelerates  the  separation  of  the  indigo  blue.  Out  of  1000  parts  of  the  fermented  liquor 
of  specific  gravity  l'003,the  blue  precipitate  may  oonslitnte  0-75  of  a  part.  Such  a  pro- 
portion upon  the  great  scale  is  however  above  the  average,  which  is  not  more  than  0*5. 
When  lime  water  is  added,  an  extractive  matter  is  thrown  down,  which  amounts  to  from 
20  to  47  parts  in  1000  of  Ihe  liquor.  It  has  a  dark  brown  lint,  a  viscid  appearance,  an 
unpleasant  smell,  and  a  bitter  taste.  It  becomes  moist  in  damp  air,  and  dissolves  in 
water  without  decomposition.  It  is  precipitated  by  inaie,  alkalis,  infusion  of  galls,  and 
acetate  of  lead.  All  indigo  contains  a  little  time  derived  from  the  plant,  even  though 
none  has  been  used  in  its  preparation. 

2.  Indigo  from  dried  leaves. — The  ripe  plant  being  cropped,  is  to  be  dried  in  sunshine 
from  t>  o'clock  in  the  morning  till  4  in  the  anernoon,  during  two  days,  and  thrashed  to 
separate  the  stems  from  tiie  leaves,  which  are  then  stored  up  in  magazines  till  a  sufficient 
quantity  be  collected  for  manufacturing  operations.  The  newly  dried  leaves  must  be  free 
from  spots,  and  friable  between  the  fingers.  When  kept  drj-,  the  leaves  undei^,  in  the 
course  of  4  weeks,  a  material  change,  their  beautiful  green  tint  turning  into  a  pale  Uue- 
gray,  previous  to  which  the  leaves  afford  no  indigo  by  maceration  in  water,  but  subse- 
quently a  large  quantity.    AHerwards  the  product  becomes  less  considerable. 

The  following  process  is  pursued  to  extract  indigo  from  the  dried  leaves.  They  are 
infused  in  the  s'.eeping  val  with  six  times  their  bulk  of  water,  and  allowed  to  macerate  for 
two  hours  with  lontinual  stirring  till  all  the  floating  leaves  sink.  The  fine  green  liquor 
is  then  drawn  iilY  into  the  beater  vat,  for  if  it  stood  longer  in  the  steepw,  someof  the  in- 
digo would  settle  among  the  leaves  and  be  lost.  Hot  water,  as  employed  by  some  manu- 
facturers, is  not  necessaiy.  The  process  with  dry  leaves  possesses  this  advantage,  that 
a  provision  of  the  plant  may  be  made  at  the  most  suitable  times,  independently  of  the 
licissitudes  of  the  wealher,  and 'the  ind^o  may  be  uniformly  made;  and  moreover,  that 
the  fermentation  of  the  fresh  leaves,  often  capricious  in  its  course,  is  superseded  by  a 
much  shorter  period  of  simple  maceration. 

The  process  for  obtaining  indigo  from  Ihe  JVcrium  is  altogether  the  same,  but  hot 
water  has  been  generally  applied  to  the  dried  leaves.  For  woad,  hot  water  must  be  em- 
ployed, and  also  lime  water  as  a  precipitant,  on  acconnt  of  the  small  proportion  of  indigo 
in  the  plant.  Dilute  muriatic  acid  is  digested  upon  the  woad  indigo  to  remove  the  lime, 
without  which  no  dye  could  be  precipitated.  According  to  the  warmth  of  the  summer 
and  the  ripeness  of  the  plant,  from  2  to  5  ounces  of  indigo  may  be  obtained  from  100 
pounds  of  the  dried  woad,  or  upon  an  average  4  ounces  to  the  hundred  weight. 

The  indigo  found  in  European  commerce  is  imported  from  Bengal,  Coromandel, 
Madras,  the  Mauritius,  Manilla,  and  Java  in  the  Eastern  hemisphere;  from  Senegal, 
Caraccas,  Guatimata,  Srazil  (South  Carolina  and  Louisiana  in  small  quantity),  and  lot 
merly  from  the  West  India  islands,  especially  St.  Domingo,  Its  quality  depends  upon  the 
species  of  the  plant,  its  ripeness,  the  soil  and  climate  of  Its  growth,  and  mode  of  manu 
facture.  The  East  Indian  and  Brazilian  indigo  comes  packed  in  chests,  the  Guatimala 
in  ox-hides,  called  sinnns. 

The  oi^an  which  affords  the  indigo  is  confined  entirely  to  the  pellicle  of  the  leaves,  ana 
exists  in  largest  quantity  at  the  commencement  of  maturatioii  while  the  plant  is  in  flower, 
The-indigofera  is  remarkable  for  giving  a  blue  linge  to  the  lirine  of  cows  that  feed  upon 
its  leaves. 

According  to  some  manufacturers,  the  plants  should  be  cut  down  in  dry  weather,  an 
hour  or  two  before  sunset,  carried  off  the  field  in  bundles,  and  immediately  spread  upon 
a  dry  floor.  Next  morning  the  reaping  is  resumed  for  an  hour  and  a  half,  before  the  sun 
acts  too  powerfully  upon  vegetation  ;  and  Ihe  plants  are  treated  in  the  same  way.  Both 
cuttings  become  snfficiently  dry  by  3  o'clock  in  the  afternoon,  so  as  to  permit  the  leaves 
to  be  separated  from  the  stems  by  thrashing.  They  are  now  thoroughly  dried  in  the 
sunshine,  then  coarsely  bruised,  or  sometimes  ground  to  powder  in  a  mill,  and  packed  up 
or  the  operations  of  manufacture. 

In  the  spring  of  1830  I  subjected  a  variety  of  specimens  of  indigo  to  comparative 


■  analyses,  hj  dissolving  n  lew  grains  of  eacii  in  strong  sulphuric  acid,  diluting  the  solii 
lions  wilh  an  equal  Toluine  of  waier,  and  delermining  the  resulting  shade  of  iolor  in  « 
hollow  prism  of  plale  glass,  furnished  with  a  graduated  scale.  The  following  are  thf 
ired  to  the  shade  produeed  by  a  iiiic  weight  of  absolute  indigo. 

I.  East  India  Indigos ;  prices  as  at  the  last  Ocloher  sal^. 


N. 

PtiCB. 

ReallQdig^ 

ClianicterahylheBttptsra. 

, 

3     9 

42 

Broken,  middlio?  violet,  arid  coppery  violet  spotted. 

Ditto,  a  litt.fe  being  coppery  violet  and  copper. 

a 

3     3 

46-0 

Ditto,  middling  red  violet,  doll  violet  and  lean. 

4 

4    3 

54-5 

Larce  broken,  aud  square,  even  middling  red  violet. 

5 

4    2 

75-0 

Much  broken  aud  very  small,  very  cnimhly  and  limy,  soft, 
good  violet. 

fi 

4    9 

60-0 

7 

5    3 

70-0 

Large  broken,  very  good ;  paste  a  Utile  limy,  good  violet. 

H 

B    6 

60'0 

» 

fi    0 

68; 

Square,  ditto,  good  red  violet. 

III 

7    0 

75 

Sqaare,  ditto,  fine  purple  and  blue. 

II 

2    3 

37-5 

Middling  ordinary  Madras. 

IV. 

3    6 

600 

Good  Madras. 

in 

4    3 

58'0 

Very  fine  ditto. 

14 

2    0 

Low,  pale  Oude. 

I.-) 

2    4 

27i 

Middling,  ordinary  Oude.                                                       i 

T'i 

3    3 

54 

Good  Oude. 

17 

29 

Lundy,  very  low  quality.                                                       | 

II.  American  Indigos  ;  wholesale  prices  at  present.     (March,  1 


Indigd. 

Ho. 

Pri™. 

Paris 

,.«=.. 

«.. 

PH... 

PhM  j 

s.   d. 

Caraccas  flor.    -    - 

6    0 

fl4* 

5    0 

2 

5    0 

5    3 

3 

3    2 

X 

4    S 

32* 

!* 

4     R 

33| 

— 

50 

— 

10 

5    4 

Prcrperiiet  of  Migo. — It  possesses  a  dark  blue  color,  passing  into  violet-purple,  is  void 
of  laste  and  smell,  dull,  but  by  rubbing  with  a  smooth  hard  body,  it  assumes  the  lustra 
and  hue  of  copper.  It  occurs  somethnes  less  and  sotnetimes  more  dense  appareTiily  than 
water,  which  circumstance  depends  upon  its  freedom  from  foreign  impurities,  as  well 
as  upon  the  treatment  of  its  paste  in  the  boiling,  pressing,  and  drying  operations.  Il 
is  insoluble  in  water,  cold  alcohol,  ether,  muriatic  ncid,  dilute  sulphuric  acid,  cold 
elbereons  and  fat  oils;  but  boiling  alcohol  and  oils  dissolve  a  little  of  il,  which  Ihej 
ileposite  on  cooling.     Creosote  has  the  property  of  dissolving  indigo. 

Indigo  is  a  miilure  of  several  dye-stoffs,  and  other  substances.  Berzelius  found  in  it  a 
matter  resembling  vegetable  gluten  or  gliadine,  a  brown,  red,  and  blue  pigment,  besides 
oiyde  of  iron,  clay,  lime,  magnesia,  and  silica. 

1.  Indigo  gluten  or  gliadine  is  dissolved  along  with  the  calcareous  and  magnesian  salts 
by  acids.  If  the  powder  be  treated  with  dilute  sulphuric  acid,  if  the  solution  be  saturated 
\vi|h  carbonate  ofiime,  evaporated  to  dryness,  and  its  residuum  treated  wilh  alcohol;  tha 
solution  thus  formed  leaves,  after  being  evaporated,  a  yellow  transparent  extract,  easily 
Eolnble  in  woler,  more  difficultly  in  acid  liquids ;  showing  that  acids  ejtracl  only  a  portion 
of  the  gliadine  from  the  indigo.  It  yields,  by  dry  distillation,  much  ammonia,  a  felid  oil. 
and  comports  itself  in  other  respects  like  vegetable  gluten. 

2.  Indi^o-bmvm  occurs  in  combination  wiih  lime,  as  also  with  vegetable  acid  in  con 
Eiderable  quantity,  and  more  abundantly  in  the  coarser  sorts  of  indigo  than  in  the  finer. 
Indigo  purified  by  acids  is  to  he  treated  with  hot  strong  caustic  ley,  which  dissolves  the 
indigo-brown;  the  liquid  part  of  the  mixture  passes  with  difficulty  through  the  filter 
is  black-brown,  opaque,  and  holds  some  indigo>blue  in  solulion,  or  diffused  in  fine  powder 
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The  alitali  being  neutralized  wilh  acelic  aeid,  ihe  liquor  is  lo  be  evaporaled,  and  alcohol 
poured  on  the  residauni,  whereby  the  alkaline  aceiate  is  dissolved  out  from  the  brown. 

This  pigment  is  a  dark  brown,  almost  black,  but  is  not  yet  entirely  deprived  of  the 
ciiher  constituents  of  indigo.  It  is  nearly  tasteless,  is  combttstible,  affords,  by  dry  distills- 
lion,  ammonia  and  fetid  oil,  forms  wilh  acids  combinations  hardly  soluble  in  water,  with 
alkalis  soluble  ones,  but  vrilh  earths  hardly  soluble.  Lime  possesses  Ihe  propeFty  of  pre- 
cipitating the  indigo-brown  completely  from  its  alkaline  solution.  Chlorine  occasions  a 
pale  yellow  brownish  precipitate,  wt'Ch  consists  of  indigo  brown  and  muriatic  acid,  but 
causes  no  further  change.  By  drying,  it  becomes  again  dark  colored.  Indigo-brown 
seems  lo  exist  also  in  woad. 

3.  Indigo-red,  or  more  properly  red  resin  of  indigo.  This  may  be  obtained  by  boiling 
alcohol  of  sp.  grav.  0'830  upon  some  indigo  which  has  been  previously  treated  ■wilh  acids 
and  alkalis  j  for  the  red  substance  is  httrdlj'  soluble  in  cold  alcohol.  The  solution  is  dark 
red,  opaque,  and  leaves,  by  distillation,  the  indigo-red  in  the  form  of  a  black-brown  pow- 
der, or  a  glistening  varnish,  slightly  soluble  in  alcohol  and  ether.  Alkalis  do  not  dissolve 
it,  but  conecnlrated  sulphuric  acid  forms  with  it  a  dark  yellow  dye,  from  which  water 
causes  no  precipiialion ;  wool  extracts  the  color  from  the  acid  solution,  and  becomes 
of  a  dirty  brown  hue.  Chlorine  does  not  seem  capable  of  destroying  the  color,  for  though 
il  makes  it  yellow,  il  becomes  as  dark  as  ever  on  being  dried.  Indigo-red  melts  with 
heat,  burns  with  a  bright  ilnme,  affords,  when  healed  in  vacuo,  first  a  while  crystalline 
sublimate,  and  then  unchang^  indigo-red.  That  white  matter  is  changed  by  nitric  acid 
into  indigo-red. 

4,  Indigo-blue,  or  pore  indigo,  remains,  after  treating  the  indigo  of  commerce  with 
iitute  acid,  alkalis,  and  alcohol  j  it  retains,  however,  stilt  traces  of  the  matters  thereby 
?):tracled,  along  with  some  earthy  substances.  In  order  to  procure  indigo-blue  In  its 
junost  purify,  we  must  deosydize  the  above  blue  residuum,  thus  form  colorless  indigo, 
which  again  acquires  a  blue  color  from  the  air,  and  constitutes  the  pare  pigment.  For 
this  purpose  the  above  moist  indigo  is  lo  be  mixed  wilh  slaked  lime,  green  salphale  of 
iron,  and  hot  water  in  an  air-tight  matrass.  The  indigo  when  deoxydized  by  proioxyde 
of  iron  being  soluble  in  lime-water,  the  clear  yellow  solution  is  lo  be.poored  off,  and  ex- 
posed to  the  air.  The  indigo  absorbs  oj;ygen,  and  becomes  again  blue.  By  digestion 
wilh  dilute  muriatic  acid  the  tbreifrn  matters  are  dissolved  and  may  then  be  washed  away 


hcl.  Then:  specific  gravity  is  1-35,  according  lo  Mr.  Crum.  The  sublimate  from  com- 
mon indigo  does  not  contain  any  oil,  but  some  indigo-red  and  the  above  white  crystalline 
matter.  According  to  Mr.  Cram,  indigo-bloe  consists  of  carbon,  73'22 ;  oxygen,  12-60 
azote,  11-26;  hydrogen,  2' 92 ;  while  according  to  Dumas,  crystallized  indigo  consists  of 
carbon.  73'26j  oxygen,  10-43j  azote,  IS'Sl;  and  hydrogen,  2-50;  precipitated  indigj 
consists  of  carbon,  T4'8i ;  ojygen,  7-88 ;  azote,  13-98 ;  and  hydrogen,  3'33 ;  sublimed 
indigo,  of  carbon,  71'7l!  oijgen,  12-18 j  azole,  13-45;  hydrt^en,  266.  My  own  ana- 
lysis afforded— carbon, 71-37  i  oxygen,  11-25;  azote,  10-00;  hydrogen, 4-38.  In  another 
analysis  of  Dumas,  3-93  parts  of  hydrogen  were  obtained.  Hence  we  must  infer  thai 
considerable  differences  exist  in  the  composition  of  indigo  in  ils  purest  slate.  Heagentt 
net  opon  it  much  as  upon  common  indigo.  Chlorine,  iodine,  and  bromine  convert  it  into 
a  reddish  brown  soluble  substance.  Concentrated  sulphuric  acid,  especially  the  smoking 
or  anhyd/oos  of  Nordhansen,  dissolves  indigo-blue  with  Ihe  disengagement  of  beat,  but  il 
makes  it  suffer  some  modification  ;  for  though  it  retains  an  intense  dark  blue  color,  it  has 
become  solable  in  water,  and  may  be  blanched  by  light,  which  does  not  happen  with  indigo 
itself.  Mlric  acid  destroys  indigo-blue,  forms  indigotic  (carbazotic)  acid,  carbonic  acid, 
artificial  resin,  and  bitler  principle. 

Indigo-blue  maybe  reduced  by  substances  oxydized,  wilh  the  co-operation  of  alkalis 
or  alkaline  earths ;  for  example,  by  such  substances  as  have  a  strong  affinity  for  ojygen, 
and  are  imperfectly  saturated  wilh  this  principle,  as  the  sulphurotis  and  phosphorous 
acids  and  their  salts,  the  proloxydes  of  iron  and  manganese,  the  proloiyde  sails  of  (in, 
and  the  corresponding  compounds  of  chlorine,  as  the  prolo-chlorides  of  tin  and  iron ;  and 
the  solution  of  the  former  in  potnsh.  When  in  these  circum>ilance5  in  Ihe  presence  of 
alkali,  a  deoxydalion  or  reduction  of  the  indigo-blue  lakes  place,  the  other  bodies  gel 
oxydized  by  absorption  of  the  oxygen  of  the  indigo-bloe,  the  proloxjdes  become  per- 
oxydes,  and  the  acids  in  oin  become  acids  in  ic,  Lc.  Scleral  metallic  sulphurcle  alsc 
reduce  Ihe  indigo-blue  in  Ihe  same  predicament,  as  the  sulphurets  of  potassium,  ol  cal 
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cinm,  oramimony,  and  of  arsenic  {orpiment.)  A  similar  influence  is  exercised  by  fer. 
men  ling  vegetable  substances,  su:h  as  vroai,  madder,  bran,  raw  sugar  (molasses),  stsrch, 
rinip,  in  consequence  of  the  formation  of  carbonic  and  acetic  acids,  by  absorptiun  of  the 
oxygen  of  the  indigo-blue,  for  acetic  acid  and  acetic  salts  aie  found  in  the  liquor  of  tbc 
wnrn^  blue  lal,  in  which  indigo  bas  been  reduced  by  means  uf  woad,  mailder,  and  bran. 

Formation  of  colorless  reduced  indigoblve,  or  indigoiiue. — Purified  indigo-blue  is  !o 
be  treated  with  copperas  and  slaked  lime,  as  above  described;  or  ttie  clear  vfiue-yelloi' 
supernatant  liquor  of  the  Cold  blue-vat  mixture  is  lo  be  taken,  run  by  a  syphon  into 
a  matrass,  a  few  drops  of  concentrated  acetic  or  sulphuric  acid,  deprived  of  air,  are  lo  be 
poured  into  it,  and  the  vessel,  being  made  quite  full,  is'to  be  well  corked.  The  reduced 
jndigo  soon  fails  in  white  flocks,  or  crystalline  scales.  They  must  be  edulcorated  upon 
a  filter  with  water  deprived  of  its  air  by  boiling,  then  pressed  between  Jolds  of  blolling- 
jiaper,  and  dried  under  the  receiver  in  vacuo.  Indigo-blue  may  likewise  be  reduced  and 
dissolved  by  solution  of  liydro-sulp  buret  of  ammonia;  and  the  colorless  indigotine  maybe 
precipitated  by  muriatic  acid. 

The  reduced  indigo  is  sometimes  white  at  the  instant  of  its  elimination,  sometimes 
grayish,  of  a  silky  lustre,  but  becomes  very  readily  greenish,  blue  green,  and  bine,  in  the 
air ;  in  which  case  it  absorbs,  according  to  Berzelius,  4-2  per  cent,  of  o);ygen ;  hut  ac- 
cording to  Liebee,  11-5  per  -cent.  It  is  void  of  taste  and  smel!,  is  insoluble  in  water ; 
well  boiled  water  free  from  air  is  not  affected  by  it,  but  is  turned  blue  by  common  water. 
It  dissolves  in  alcohol  and  ether  into  a  yellow  dye ;  not  in  dilute  acids,  but  in  concen- 
trated sulphuric  acid,  whereby  probably  a  portion  of  this  is  decomposed,  and  some  hypo- 
sulphurons  acid  formed ;  the  color  of  this  solution  is  blue.  Solutions  of  the  caustic  and 
carbonated  alkalis,  even  the  alkaline  earths,  readily  dissolve  reduced  indigo  into  a  wine- 
yellow  liquid  i  but  in  contact  with  air,  oxygen  is  absorbed,  and  indigo-bine  falls,  while 
-J  purple-colored  froth,  passing  into  copper-red,  appears  "con  the  surface,  just  ns  in  the 
indifio  vats  of  the  dyer. 

The  reduced  indigo  may  be  combined,  by  means  of  complex  affinity,  with  other  bases, 
with  the  exception  of  the  oiydes  of  copper,  zinc,  and  mercury,  whic.h  ojydize  it.  These 
combinations  are  mhite,  in  part  crystallizable,  become  speedily  blue  in  the  air,  and  afford 
by  sublimation  indigo-blue.  Berzelius  formed  with  lime  a  two-fold  combinBlion;  one 
easily  soluble  in  water,  and  another  difficultly  soluble,  of  a  lemon  color,  which  contained 
an  excess  of  lime;  Ibis  is  formed  both  in  the  hot  and  the  cold  blue  vat;  in  the  latter  it  is 
cccasioned  by  an  overdose  of  lime- 
When  pure  indigo-blne  is  treated  with  concentrated  sulphuric  acid,  and  particularly  with 
six  times  its  weight  of  the  smoking  dry  acid,  it  dissolves  completely,  and  several  different 
compounds  are  produced  in  the  solution.  There  is  first  a  blue  sulphate  of  indigo ;  secondly, 
a  similar  compound  with  the  resulting  hyposulphnrous  acid;  thirdly,  a  combination  of 
sulphuric  acid  with  the  purple  of  indigo  (called  Phsnicin  by  Cruin),  a  peculiar  substance, 
generated  from  indigo-blue.  These  ihree  compounds  are  here  dissolved  in  an  excess  of 
sulphuric  acid.  The  more  concentrated  the  sulphuric  acid  is,  the  more  blue  hyposulphite 
is  formed.  The  solution  in  smoking  acid,  when  diluted  with  water  and  filtered,  alfords  a 
considerable  precipitate  of  indigo  purjile,  which  that  in  oil  of  vitriol  does  not.  The  vapor 
of  anhydrous  sulphuric  acid  combines  with  indigo-blue  into  a  purple  fluid. 

In  Older  to  obtain  from  the  dark  blue  solution  each  of  these  blue  acids  in  a  pure  slate, 
we  must  dilute  it  with  forty  times  its  weight  of  water,  and  immerse  in  the  filtered 
liquor,  well  washed  woo.  or  flannel,  with  which  the  blue  acids  combine,  while  most  of  the 
sulphuric  acid  and  some  other  foreign  substances  remain  free  in  the  liquor.  The  wool 
musl  be  then  scoured  with  water  containing  about  a  half  per  cent,  of  carbonate  of  am- 
monia, or  potash,  which  neutralizes  both  of  the  blue  acids,  and  produces  a  blue  compound, 
This  being  evaporated  to  dryness  at  the  temperature  of  140"  F.,  alcohol  of  0'833  is  lo  be 
poured  upon  the  residuum,  which  dissolves  the  blue  hyposulphite,  but  leaves  the  blue 
sulphate  undissolved.  From  ciihec  salt,  by  precipitating  with  acetate  of  lead,  by  acting 
upon  the  precipitate  with  sulphureted  hydrogen  water,  and  evaporation,  either  of  llie 
two  bloe  acids  may  be  obtained.  They  may  be  both  evaporated  to  dryness,  especially 
Ihe  blue  sulphate  of  indigo;  they  both  become  somewhat  moist  in  the  air,  they  are  very 
suluble  in  water,  and  the  blue  sulphate  also  in  alcohol ;  they  have  a  not  unpleasant  smell, 
and  an  acid  astringent  taste. 

From  these  habitudes,  particularly  in  reference  to  the  bases,  it  appears  that  ind%o-blue 
does  not  comport  itself  jjke  a  saline  base  towards  the  acids,  but  rather  like  an  acid,  since 
it  enters  into  the  salts,  just  as  Ihe  empjreumatic  oil  of  vinegar  and  oil  of  turpentine  do 
into  resin  soaps.  The  blue  p^ment  of  both  acids  is  reduced  by  zinc  or  iron  without  the 
disenitageDient  of  hydrogen  gas ;  as  also  by  solphureted  hydrogen,  lepid  protochloride  oi 
tin,  while  the  liquor  becomes  yellow. 

Indigoiiue  utlphaU  of  potash,  or  ceruteo-aiiljAalc  of  potash,  may  be  oblained  bj 
txtracting  the  blue  color  from  the  wool  by  water  containing  1  per  cent,  of  car 
oonnle  of  potash,  evaporating  nearly   lo   dryness,  treating  the   extract   with   alcona 
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to  remove  the  iadtgo-blae  kypoiutphire,  then  with  ace  lie  acid  and  alcohol  to 
remove  any  excess  of  carbonate  of  potash.  It  is  found  in  commerce  under  the 
n;tme  of  precipitated  indigo,  ind^o  paste,  blue  carmine,  and  soluble  indigo.  To  prepare 
it  economicallf, indigo  is  to  be  dissolved  in  (en  limes  its  weightof  concentrated  sulphuric 
acid;  the  solution  after  twenty-four  hours  is  to  h«  diluted  jvith  ten  times  its  weightof 
water,  Ritered,  and  imperfectly  saturated  with  carbonate  of  potash ;  whereby  a  blue  pow- 
der falls  down;  for  the  resulting  sulphate  of  potash  throws  down  the  ceruleo-sulphate 
while  the  hyposulphite  of  potash  remains  dissolved.  It  is  a  dark  blue  copper  shining 
powder,  soluble  in  140  parts  of  cold  water,  and  in  much  less  of  boiling  water.  It  is  made 
use  of  as  a  dye,  and  to  give  starch  a  blue  tint.  When  mised  with  starch  iml:  cakes,  it  is 
sold  under  the  name  of  Uuefor  washerwomen, 

Ceruleo-sulpbate  of  ammonia  may  be  fgrmed  in  the  same  way.  It  is  much  more 
soluble  in  water.  Ceruleo-sniphate  of  lime  is  obtained  by  %Bturating  the  above  -dilute 
acid  with  chalk,  filtering  to  separate  the  audyed  gypsum,  and  washing  with  water  lilt 
the  purple  color  be  extracted.  This  litjnor,  evaporated  and  decomposed  by  alcohol, 
alfords  a  blnish  llocky  precipitate,  which  is  more  soluble  in  water  than  common  gypsum, 
and  dries  up  in  a  purple-blue  film.  Ceruleo-salibate  of  alumina  may  be  obtained  by 
double  affinity;  it  is  dark  blue  while  moist,  but  becomes  bladk-blue  by  drying,  and  is  sal- 
able in  water. 

The  blue  present  in  all  these  sails  ofcemWus  is  destroyed  by  sunshine,  becomes  greenish- 
gray  by  caustic  alkalis;  and  turns  immediately  yellow-browo  by  alkal  r.t  earths.  But 
when  the  solution  is  very  dilute,  the  color  becomes  first  Kreen,  then  yellow.  The  car- 
bonates of  alkalis  do  not  produce  these  chan5es.  Nitric  acid  decomposes  the  color  quickly. 
Mr.  Crum  considers  cernline  to  be  a  combination  of  indigo-blue  with  water. 

FUitieiia,  or  ind^-pnrple  combined  with  sulphuric  acid,  is  obtained  when  the  solution 
of  indigo-blue  in  concentrated  sulphuric  acid  has  been  diluted  for  a  few  hours  with 
water,  and  then  filtered.  It  seems  to  be  an  intermediate  body  into  which  the  indigo-blue 
passes,  before  it  becomes  soluble  ceraline.  Hence  it  occurs  in  greater  quantity  soon  afier 
digesting  the  indigo  with  the  acid,  than  allerwards.  Ii  is  dark  blue,  dissolves  gradually 
in  water,  affords  after  evaporation  a  bine  residuum,  of  the  same  appearance  as  the  above 
blue  acids.  When  a  salt  is  added  to  it  a  purple  precipitate  ensues,  which  is  B  compound 
of  indigo-purple,  sulphuric  acid,  and  the  base  of  the  salt.  Indigo-purple  is  reduced  by 
bodies  having  a  strong  attraction  for  oxygen,  if  a  free  alkali  or  alkaline  earth  be  present, 
and  ils  solution  is  yellow,  but  it  becomes  bluein  the  atmosphere.  According  to  Mr.  Crum, 
Pheaicine  contains  half  as  much  combined  water  as  ceruline. 

The  table  which  I  published  in  1830  (aa  given  above)  shows  very  clearly  how  much 
the  real  quality  and  value  of  ind^o  differ  from  its  reputed  value  and  price,  as  estimated 
from  external  characters  by  the  brokers.  Various  test  or  proof  processes  of  this  drug 
have  been  proposed.  Thai  wilh  chlorine  water  is  performed  as  follows.  It  is  known 
tliat  chlorine  destroys  the  blue  of  indigo,  but  not  the  indigo-red  or  indigo-brown,  which 
by  the  resulting  muriatic  acid  is  Ihrown  down  from  the  sulphuric  solution  in  fiocks,  and 
lire  chlorine  acts  in  the  same  way  on  thegliadine  or  gluten  of  Ihe  indigo.  Pure  indigo-blue 
is  to  be  dissolved  in  10  or  12  parts  of  concentrated  sutphnric  acid,  and  the  solntion  rs  to 
be  diluted  with  a  given  we^ht  of  water,  as,  for  example,  1000  parts  for  1  of  indigo-blue. 
If  we  then  put  that  volume  of  liquor  into  a  graduated  glass  lube,  and  add  to  it  chlorine 
walar  of  a  cerlain  strength  till  ils  blue  color  be  destroyed  by  becoming  first  green  and 
then  red-brown,  we  can  infer  the  quanlity  of  color  fiom  the  quantity  of  chlorine  water 
expended  to  produce  ibe  effect.  The  quantity  of  real  indigo-blue  cannot,  however,  be 
estimated  with  any  accuracy  in  this  way,  because  Ihe  other  coloring  matters  in  the  drug 
act  also  upon  the  dilorine  ;  and,  indeed,  the  indigo  itself  soon  changes  when  dissolved  in 
Eol|)haric  acid  even  out  of  access  of  light,  while  the  chlorine  water  itself  is  very  sceptib 
of  alteration.  Perhaps  a  better  appreciation  luighl  be  made  by  avoiding  lb  u  ph 
acid  altogether,  and  adding  the  finely  powdered  indigo  to  a  definite  volume  of  h  h 
water  till  its  color  ceased  to  be  destroyed,  just  as  Prussian-blue  Is  decolored  b 
of  potash  in  making  the  ferro-cyanide. 

Another  mode,  and  one  susceptible  of  great  precision,  is  to  convert  ]0  or  00 
of  indigo  finely  powdered  into  its  deoiydhsed  state,  as  in  the  blue  vat  by  p  p 
qurfntity  of  slaked  lime  and  solulion  of  green  sulphate;  then  to  precipitate  e  nd  g 
collect  and  weigh  il.  The  indigo  should  be  ground  upon  a  muller  along  with  h  q  k 
lime,  the  levigated  mixture  should  be  diluted  with  water,  and  added  to  the  solution  of  the 
copperar.  This  exact  analytical  process  requires  much  nicely  in  the  operator,  and  can 
hardly  be  practised  by  the  broker,  merchant,  or  manufacturer. 

Employment  of  iadigo  in  dydng. — As  indigo  is  insoluble  in  water,  and  as  il  can  pene- 
trate the  fibres  of  wool,  cotlon,  silk,  and  flax,  only  when  in  a  state  of  solution,  the  dyei 
must  study  to  bring  it  into  this  condilion  in  the  mo't  complete  and  economical  manner 
This  is  effected  either  by  exposing  it  to  the  action  of  bodies  which  have  an  aifinity  foi 
jxygcn  superior  to  its  own,  such  as  certain  melals  and  metallic  oxydes,  or  by  mixing  B 
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with  fermcmingmaltersjor,  finally,  by  fiisEolving  il  ii 
The  second  of  Ihe  above  melhods  is  called  the  warm 
mosi  intricate,  we  shall  begin  with  it. 

Before  the  sabstance  indigo  was  known  in  Europe,  woad  having  been  used  for  Jjeini 
blue,  gave  ihe  name  of  woadvats  to  the  apparatus.  The  Tats  are  sometimes  made  ot 
copper,  at  other  times  of  iron  or  wood,  the  last  alone  being  well  adapted  for  the  employ 
mentoi"  steam.  The  dimensions  are  very  variable;  but  the  following  may  be  considered 
as  the  average  size :  depth,  7J  feet ;  width  below,  4  feet,  above,  5  feet.  The  vats  arf 
built  in  such  a  way  that  the  fire  does  not  aiTect  Iheir  bottom,  hut  merely  their  sides  half 
way  up ;  and  they  ate  sunk  so  much  under  the  floor  of  Ihe  dyehouse,  that  their  nppet 
half  only  is  above  il,  and  is  surrounded  with  a  mass  of  masonry  to  prevent  the  dissipatior 
of  the  heat.  About  3  or  3i  feet  nnder  the  lop  edge  an  i.  -n  ring  is  fixed,  called  Ihe 
champagm  by  the  French,  Jo  which  a  net  is  alUched  in  order  lo  suspend  the  stuffs  out 
of  contact  of  the  sediment  near  the  bollom. 

In  mounting  Ihe  vat  the  following  articles  are  required  i  1.  woad  prepared  by  fermcn 
talion,  or  woad  merely  dried,  which  is  better,  because  il  may  be  made  lo  ferment  in  lh( 
vat,  wilhont  the  risk  of  becoming  putrid,  as  the  former  is  apt  to  do ;  2.  indigo,  jireviousl; 
ground  in  a  proper  mill;  3,  madder;  4.  potash;  5.  slaked  quicklime;  6,  bran.  Ir 
France,  weld  is  commonly  used  instead  of  potash. 

The  indigo  mill  is  represented  in^gs,  Igo  and  T91.    a  is  a  four-sided  iron  cistern 
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cyhndrical  or  rounded  in  the  bottom,  which  rests  upon  gudgeons  in  a  wooden  frame ;  ii 
has  an  iron  lid  h,  consisting  of  two  leaves,  between  which  the  rod  e  moves  !o  and  frc, 
receiving  a  vibratory  motion  from  the  crank  d.  By  this  construction,  a  frame  t,  which 
is  made  fast  in  the  cislero  by  two  points  e  i,  is  caused  to  vibrate,  and  lo  imparl  its  swing 
movement  to  six  iron  rollers///,  three  being  on  each  side  of  the  frame,  which  triturate 
'he  indigo  mixed  with  water  into  a  fine  paste.  Whenever  the  paste  is  uniformly  ground, 
it  is  drawn  off  by  the  stopcock  g,  which  had  been  previously  filled  np  by  a  screwed  plus;, 
to  prevent  any  of  the  indigo  from  lodging  in  the  orifice  of  the  cock,  and  thereby  escaping 
the  action  of  the  rollers.    The  cistern  is  ziearly  three  "eet  Jong. 

The  vat  being  filled  with  clear  river  water,  the  fire  is  lo  he  kindled,  the  ingredients 
introduced,  and  if  fermented  woad  be  employed,  less  lime  is  needed  than  wilh  the  mereli 
dried  plant.  Meanwhile  the  water  is  to  be  heated  lo  the  teroperalare  of  160*  Fahr., 
and  maintained  at  this  pitch  til!  Ihe  deoiydizement  and  solution  of  (he  indigo  begin 
to  show  themselves,  which,  according  to  ihe  slate  of  the  constituents,  may  happen  in  l£ 
hours,  or  not  till  ailer  several  days.  The  first  characters  of  incipient  solution  are  bl'je 
bubbles,  called  the  (lowers,  which  rise  upon  the  surface,  and  remain  like  a  head  of  soap- 
suds for  a  considerable  lime  before  they  fall ;  then  blue  coppery  shining  veins  appear  with 
a  like  colored  froth.  The  hue  of  the  liquor  now  passes  from  blue  to  green,  and  an 
ammoniacol  odor  begins  lo  be  exhaled.  Whenever  the  indigo  is  completely  dissolved, 
an  acetic  smelling  acid  may  be  recognised  in  the  vat,  which  neutralizes  all  the  alkali, 
and  may  occasion  even  an  acid  excess,  which  should  be  saturated  with  quicklime.  The 
time  for  doing  this  cannot  be  in  general  very  exactly  defined.  When  quieklime  has  been 
addpd  at  the  beginning  in  sufficient  quantity,  the  liquor  appears  of  a  pale  wine-yellow 
color,  but  if  not,  it  acquires  this  tint  on  the  subsequent  introduction  of  the  liiLc. 
Experience  has  not  hitherto  decided  in  favor  of  the  one  practice  or  the  other. 

As  soon  as  this  yellow  color  is  formed  in  the  liquor,  and  ils  surface  becomes  blue, 
the  vat  is  ready  for  the  dyer,  and  the  more  lime  it  takes  up  without  being  alkaline,  the 
better  is  its  condition.  The  dyeing  power  of  the  vat  may  be  kept  up  during  six  months, 
or  more,  according  10  the  fermentable  property  of  the  woad.  From  time  to  time,  madder 
and  bran  must  be  added  to  il,  lo  revive  the  fermentation  of  the  sediment,  along  with  some 
indigo  and  potash,  to  replace  what  may  have  been  abstracted  in  the  progress  of  dyeing, 
The  quantity  of  indigo  must  be  proporljonnl,  of  course,  lo  Ihe  deplh  or  lightness  of  the 
lints  required. 
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During  the  operation  of  this  blue  vat  two  accidents  are  apt  to  occur ;  the  first,  which 
is  tlie  more  common  one,  is  called  the  thnvdng  back,  in  French,  the  cute  rebute,  and  in 
Fernian,  the  Sckarfoc  Schwarizuerden  (the  becoming  sharp  or  black)  ;  the  second  a 
jne  puiTefadioa  of  the  ingredients.  Each  is  discoverable  by  its  peculiar  smell,  which  il 
.s  impossible  to  describe.  The  first  is  occasioned  by  the  employment  of  too  much  quick- 
Aaie,  whereby  the  liquor  becomes  neutral  or  even  alkaline.  This  fault  may  be  recog- 
nised by  the  fading  of  the  green,  or  by  the  dark  green,  or  nearly  black  appearance  of  the 
liquor ;  and  by  a  dnll  blue  frolb,  owing  to  a  film  of  lime.  The  remedy  for  a  slight  degree 
of  this  vicious  condition,  is  to  suspend  in  the  liquor  a  quantity  of  hran  tied  up  in  a  bag, 
and  to  leave  it  there  till  the  healthy  slate  be  restored.  Should  Ihe  evil  be  more  invete- 
rate, a  decoction  of  woad,  madder,  and  bran  must  be  inlrodnced.  Strong  acids  are  rather 
detrimental.  Sulphate  of  iron  has  been  recommended,  because  its  acid  precipitates  Ihe 
lime,  while  its  ojyde  red  ices  the  indigo  to  the  soluble  state. 

The  decomposition  or  pulrefaclion  of  the  blue  vat  is  an  accident  the  reverse  of  the 
preceding,  arising  from 'he  transition  of  the  acetous  into  tr*  putrid  fermentation,  whereby 
the  dyeing  faculty  is  destroyed.  Such  a  misfortune  can  hajpen  only  towards  Ibe  com- 
mencement of  working  tlie  vat,  whilst  the  woad  is  still  powerful,  and  very  little  indigo 
has  been  dissolved.  Whenever  the  vat  is  well  charged  with  indigo,  that  accident  cannot 
easily  supervene.  In  both  of  these  distemperalures  the  elevation  of  the  tcmperalure  of 
the  vat  aggravates  the  evil. 

Dyeing  in  (he  blue  vat  is  performed  as  follows : — 

Wool  ft  put  into  a  net,and  presseddown  into  the  liquor  wilh  rods;  but  cloth  is  smoothly 
stretched  and  suspended  by  hooks  upon  frames,  which  are  steadily  dipped  into  the  vat, 
with  slight  motions  through  the  liqaor ;  yarn-hanks  must  be  dipped  and  turned  about  by 
hand.  All  unnecessary  stirring  of  the  liqnor  must  however  be  avoided,  lest  the  oxygen 
of  the  atmosphere  be  brought  too  extensively  into  contact  with  the  reduced  indigo,  foe 
which  reason  mechanical  agitation  with  rollers  in  the  vat  is  inadmissible.  The  stufis  tu 
be  dyed  lake  at  Ihe  first  dip  only  a  feeble  color,  though  the  val  be  strong,  but  Ihey  musl 
be  deepened  to  the  desired  shade  by  successive  immersions  of  fifieen  minutes  or  more  each 
time,  with  intervals  of  exposure  lo  the  air,  for  absorption  of  its  oxygen. 

Aner  the  lapse  of  a  certain  time,  if  the  fermentative  power  be  impaired,  ivhich  is  re- 
cognised by  the  dye  stuffs  losing  more  color  in  a  weak  alkaline  test  ley  than  they  ought, 
the  vat  should  be  nsed  up  as  far  as  it  will  go,  and  then  the  liquor  should  be  poured  away, 
for  Ihe  indigo  present  is  not  in  a  reduced  slate,  but  merely  mixed  mechanically,  and 
therefore  incapable  of  forming  a  chemical  combination  with  leiiQe  fibres.  If  collon 
goods  previously  treated  with  an  alkaline  ley  are  to  be  dyed  blue,  the  vat  should  contain 
very  liltle  lime. 

Theory  of  ihe  Indigo  tat. — The  large  quantity  of  extractive  mailer  in  woad  and 
madder,  as  also  thq  sugar,  starch,  and  gluten,  in  the  bran  and  woad,  when  dissolved 
in  warm  water,  soon  occasion  a  fermentation,  with  an  absorption  of  oxygen  from  the 
air,  but  especially  from  the  indigo  of  the  woad,  and  from,  that  introduced  in  a  lincly 
ground  state.  When  Ihas  disoxygenated,  it  becomes  soluble  in  alkaline  menstrua ;  the 
red-brown  of  the  indigo  being  dissolved  at  the  same  time.  When  lime  is  added,  the 
indigo -blue  dissolves,  and  still  more  readily  if  a  little  potash  is  conjoined  wilh  it;  but 
whatever  indigo-brown  may  have  been  dissolved  by  the  potash,  is  thrown  down  by  the  lime. 
Lime  in  loo  lai^e  a  quantity,  however,  forms  an  insoluble  combination  with  the  reduced 
indigo,  and  thus  makes  a  portion  of  the  dye  ineffective ;  at  the  same  time  it  combines 
wilh  the  extractive.  In  consequence  of  the  fermentative  action,  carbonic  acid,  acetic 
acid,  and  ammonia  are  disengaged;  the  first  two  of  which  neutralize  a  portion  of  the  lime, 
and  require  small  quantities  of  this  earth  to  be  added  in  succession ;  hence  also  a  con 
siderable  quantity  of  ike  carbonate  of  lime  is  found  as  s  depostte  on  Ihe  sides  and  bottordL 
of  the  vat.  In  the  sound  condilion  of  the  indigo  vat,  no  free  lime  should  be  perceived, 
i/ut  on  the  contrary  a  free  acid.  Yet  when  the  disengaged  carbonic  and  acetic  acids  sat- 
urate  the  lime  completely,  no  indigo  can  remain  at  soiutioni  therefore  a  sufficient  supply 
of  lime  must  always  be  lefl  [o  dissolve  the  dye,  otherwise  the  indigo  would  fall  down 
and  mix  with  the  extractive  matter  at  the  bottom.  Gopds  dyed  in  the  blue  vat  are  occa- 
sionafly  brightened  by  a  boil  in  a  logwood  bath,  wilh  a  mordant  of  sulpho.muriate  of  tin, 
or  in  a  bath  of  cudbear. 

Another  mode  of  mounting  the  iadjgo  vat  without  woad  and  lime,  is  by  means  of  mad- 
der, bran,  and  potash.  The  water  of  the  vat  is  to  be  heated  to  the  temperature  of  122= 
F. ;  and  for  120  cubic  feet  of  il,  12  pounds  of  indigo,  8  pounds  of  madder,  and  as  much 
bran,  are  to  be  added,  wilh  24  pounds  of  good  potashes;  at  the  end  of  36  hours,  12 
pounds  more  of  potash  are  introduced,  and  a  third  12  pounds  in  other  12  hours.  In 
the  course  of  72  hours,  all  Ihe  characters  of  the  reduction  and  solution  of  the  indigo 
become  apparent ;  at  which  time  the  fermentation  must  be  checked  by  the  addition  of 
quicklime.  The  liquor  has  a  bright  full  color,  with  a  beautiful  rich  froth.  In  feeding 
the  vat  with  indigo,  an  efjual  weight  of  madder  and  a  double  weight  of  polash,  should 
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he  added.  Tlie  odor  of  tliis  vat,  in  its  mild  but  active  slate,  is  necessarily  different  frotu 
that  of  the  woad  vat,  as  no  ammonia  is  exhaled  in  the  present  ease,  and  the  sediment  if 
much  smaller.-  The  reduced  indigo  is  held  in  solution  by  the  carbonated  potash,  while 
the  small  addition  of  quicklimei-merely  serves  to  precipitate  the  indigo-brown. 

A  potash  vat  dyes  in  about  half  the  time  of  the  ordinary  warm  vat,  and  penetrate! 
fine  cloth  much  better;  while  the  goods  thus  dyed  lose  less  color  in  Bllialine  and  soa): 
solutions.  This  vat  may  moreover  be  kept  with  ease  in  good  condition  for  several 
months ;  is  more  readily  mounted ;  and  from  the  minute  proportion  of  lime  present,  it 
cannot  Impair  the  softness  of  the  woollen  fibres,  ft  is  merely  a  little  more  expensive. 
It  is  said  thai  cloth  dyed  in  the  potash  indigo  vat,  requires  one  tliird  less  soap  in  the 
washing  at  the  fulling  mill,  and  does  not  soil  the  hands  after  being  dressed.  At  Elbenf 
and  Louviers,  in  France,  such  vats  are  much  employed.  Wool,  silk,  cotton,  and  linen, 
may  all  be  dyed  in  them. 

Cold  vals. — The  copperas  or  common  6/«e  vat  of  this  country  is  so  named  because  the 
indigo  is  redaced  by  means  of  the  protoxyde  of  iron.  This  salt  should  therefore  be  as 
free  as  possible  from  the  red  oiyde,  and  especially  from  any  sulphate  of  copper,  which 
would  re-oxydize  the  indigo.  The  necessary  ingredients  are  ;  copperas  (green  sulphate 
of  iron),  newly  slaked  quicklime,  finely  ground  indigo,  and  water;  to  which  sometimes 
a  little  potash  or  soda  is  added,  with  a  proportional  diminution  of  the  lime.  The  opera- 
tion is  condaeted  in  the  following  way  i  the  indigo,  well  triturated  wilh  water  or  an  alka- 
line ley,  must  be  mixed  with  hoi  water  in  the  pTeparalion  rat,  then  the  requisite  quantity 
of  lime  is  added,  after  which  the  solution  of  copperas  must  be  poured  in  with  stirring. 
Of  this  prepariition  vat,  such  a  portion  as  may  be  wanted  is  laded  into  the  dyeing  vat. 
For  one  potind  of  indigo  three  pounds  of  copperas  are  taken,  and  four  pounds  of  lime 
{or  I  of  indigo,  2i  of  copperas,  and  3  of  lime).  If  the  copperas  be  partially  peroxydized, 
somewhat  more  of  it  must  be  used. 

A  vat  oonlaining  a  considerable  excess  of  lime  is  called  a  sliarp  val,  and  is  not  well 
adapted  for  dyeing.  A  soft  vat,  on  the  contrary,  is  that  which  contains  too  much  cop  ■ 
peras.  In  this  case  the  precipitate  is  apt  to  rise,  and  to  prevent  uniformity  of  tint  in  the 
dyed  goods.  The  sediment  of  the  copperas  vat  consists  of  sulphate  of  lime,  oxyde  of 
iron,  lime  with  indigo  brown,  and  lime  with  indigo  blue,  when  too  much  quicklime  has 
been  employed.  The  clear,  dark  wine  yellow  Huid  contains  indigo  blue  in  a  reduced  state, 
and  indigo  red,  both  combined  with  lime  and  with  the  gluten  of  indigo  dissolved.  After 
using  it  for  some  time  the  vat  should  be  refreshed  .or  fed  with  copperas  and  lime,  upon 
which  occasion  the  sediment  must  first  be  stirred  up,  and  ttien  allowed  lime  to  settle 
again  and  become  clear.  For  oblaininga  series  of  blue  tints,  ii  series  of  vats  of  dilFerent 
strengths  is  required. 

Linen  and  cotton  yarn,  before  being  dyed,  should  be  boiled  wilh  a  weak  alkaline  ley, 
(hen  put  upon  frames  or  lied  up  in  hanks,  and  after  removing  the  froth  from  the  vat, 
plunged  into  and  moved  gently  through  it.  For  pale  blues,  an  old,  nearly  esLhausted 
vatisused;  but Tordeep  ones,  a  fresh,  nearly  saturated  vat.  Cloth  is  stretched  upon  a 
proper  square  dipping  framcmade  of  wood,  or  preferably  of  iron,  furnished  with  sharp 
hooks  or  points  of  attachment.  These  frames  are  suspended  by  cords  over  a  pulley,  and 
thus  immersed  and  lifted  out  alternately  at  proper  intervals.  In  the  course  of  8  or  10 
minutes,  the  cloth  is  sufflciently  saturated  with  the  solution  of  indigo,  after  which  it  is 
raised  and  suspended  so  as  to  drain  into  the  vat.  The  number  of  dippings  determines 
the  depth  of  the  shade;  after  the  last,  the  goods  are  allowed  to  dry,  taken  off  the  frame, 
plunged  into  a  sour  bath  of  very  dilute  sulphuric  or  muriatic  acid,  to  remove  the  adher- 
ing lime,  and  then  well  rinsed  in  running  water.  Instead  of  the  dipping  frames,  some 
Jycrs  use  a  peculiar  roller  apparatus,  called  galloper),  amSai  to  what  has  been  described 
under  Calico  Phiating  ;  [mrticularly  for  pale  blues.  This  cold  vat  is  applicable  to 
eotlon,  linen,  and  silk  goods. 

When  while  spots  are  to  appear  upon  a  blue  ground,  resist  pastes  are  to  be  used,  as 
described  under  Calico  Tbihtikc, 

The  urine  vtd  is  prepared  by  digestion  of  the  ground  indigo  in  warmed  stale  urine, 
which  first  disoxygenales  the  Indigo,  and  then  dissolves  it  by  means  oPils  ammonia. 
Madder  and  alum  are  likewise  added,  the  latter  being  of  use  to  moderate  the  fermenta- 
libn.  This  vat  was  employed  more  commonly  of  old  than  at  present,  for  the  purpose  of 
dyeing  Woollen  and  linen  goods. 

The  mode  of  making  the  China  blue  dye  has  been  described  under  Calico  Pbinting  ; 
as  well  as  the  pencil  blue,  or  blue  of  application. 

A  blue  dye  may  likewise  be  given  by  a  solution  of  indigo  in  tulphuric  acid.  This  pro- 
cess was  discovered  by  Barth,  at  Grossenhayn,  in  Saxony,  about  the  year  17^0,  and  is 
lience  called  the  Sa ton  blue  dye.  The  chemical  nature  of  this  process  has  been  already 
ully  explained.  If  the  smoking  sulphuric  acid  be  employed,  from  4  to  5  parts  are  suffi- 
[ient  for  ]  of  indigo ;  bnt  if  oil  of  vitriol,  from  7  tc  «  parts.  The  acid  is  lo  be  poured 
tilo  an  earthenware  pan,  which  in  summer  must  be  placed  in  a  tub  of  cold  water,  to  pre 
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rem  it  gelling  hoi,  and  [he  indigo,  in  fine  powder,  is  lo  be  added,  with  careful  stirring, 
in  sniall  successive  portions.  If  il  becomes  healed,  n  part  of  the  tndigo  is  deeom 
posed,  with  the  disengagement  of  sulphurous  acid  gas,  and  indigo  green  is  produced. 
Whenever  ail  the  indigo  has  been  dissolved,  the  vessel  must  be  covered  np,  allowed  lo 
stand  for  4S  hours,  and  then  diluted  with  twice  its  weight  of  clear  river  water. 

The  undiluted  mass  has  a  black  blue  color,  is  opaque,  thick,  allracts  water  from  the 
air,  and  is  called  indigo  cotnjiosiiiBn,  or  chemic  bine.  It  must  be  prepared  beforeliand 
and  kept  in  store.  In  this  solution,  besides  the  cerulin,  there  are  also  indigo-red.  Indigo, 
brown,  and  gluten,  by  which  ailmixtur*  the  pure  blue  of  the  dye  is  rendered  foul,  as- 
suming a  brown  or  a  green  cast.  To  remove  these  contaminations,  wool  is  had  recourse 
lo.  This  is  plunged  into  the  indigo  previouslf  diffused  through  a  considerable  body  of 
water,  brought  to  a  boiling  heal  in  a  copper  kettle,  and  then  allowed  to  macerate  as  it 
cools  for  24  hours.  The  wool  lakes  a  dark  blue  dye  by  absorbing  the  indigo-blue  sulphate 
and  hyposulphite,  while  at  the  same  time  the  liquor  becomes  greenish  blue ;  and  if  the 
wool  be  left  longer  immersed,  it  becomes  of  a  dirty  yellow.  It  mast  therefore  be  taken 
uu],  drained,  washed  in  running  waler  till  this  runs  olf  colorless,  and  without  an  acid 
taste.  It  must  neil  be  put  into  a  copper  full  of  water,  containing  one  or  two  per  cert, 
of  carbonate  of  potash,  soda,  or  ammonia  (to  about  one  third  the  weight  of  the  indigo), 
and  subjected  to  a  boiling  heat  for  a  quarter  of  an  hour.  Theblue  salts  forsake  ' 
wool,  leaving  it  of  a  dirty  red-brown,  and  dye  the 
with  the  indi^-red,  which  is  hardly  soluble  in  alkali, 
ployed  as  a  fine  dye,  possessed  of  superior  tone  a 
soitible  btvt.  Sulphuric  acid  throws  down  from  it 
had  been  held  in  solution  by  the  alkali. 

When  wool  is  to  be  dyed  with  this  sulphate  of  indigo-blue,  it  must  be  first  boiled  in 
alum,  then  treated  with  the  blue  liquor,  and  thus  several  times  alternately,  in  order  (o 
produce  a  uniform  blue  color.  Too  long  continuance  of  boiling  is  injurioas  to  (he 
beauty  of  the  dye.  In  this  operation  the  woollen  fibres  get  impregnated  with  the  indigo- 
blue  sulphate  of  alumina. 

With  snlphale  of  indigo,  not  only  blues  of  every  shade  are  dyed,  but  also  green,  olive, 
Rray,  as  also  a  fast  ground  lo  logwood  blues  ;  for  the  laller  purpose  the  preparatory  boil 
is  given  with  alAn,  Isrlar,  sulphates  of  copper  and  iron,  and  the  blue  solution  ;  after 
which  the  goods  ore  dyed  up  with  a  logwood  bath  containing  a  little  potash. 


The  wool  is  in  fact  dyed 

The  blue  liquor  may  now  be  em- 

.    It  is  called  distilled  blue  and 

II  quantity  of  indigo-red  which 
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«.  Bd.  lo  is.  Sd. ;  middling  defective,  4s.  to  4s.  Erf. 
middling  nnd  good.  Si.  7d  to  3s.  11<£ ;  ordinary,  3s,  Id. 
2j.  Sd.  lo  2).  lOd. 
_Oude,  middling  and  good,  2a.  6d.  to  33. ;  ordinaiy,  2s.  2d,  to  2s.  6d. 


"Madras,  good  and  fini 
a»,  9d. 

Kurpah,  &oe,  53.  to  5s,  8d. ;  good,  4s. 
29.  Sd.  to  2«.  lOii ;  Bweepinga.  Is.  Sd  ti 
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Layton,  Huibert  £  Co.'a  Circular,  Ith  Jaii.  1862. 
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INBIGO,  Ifiled  and  tsaltted.  Rub  one  gramme  of  indigo  to  a  Aoe  povder  in  a  poreo 
kin  mortar,  pour  over  it  JO  grammea  of  fuming  sulphuric  acid,  cover  it  and  stir  occasion- 
ftUy  from  0  to'  8  hours.  Pour  tlie  mixture  inlo  an  evaporating  disb,  containing  2  lbs  of 
water,  and  add  BO  grammes  of  muriatic  acid,  and  heat  the  whole  to  boiling,  relating  llm 
water  lost  in  vapour. 

Dissolve  one-fourtli  of  a  gramme  of  chlorate  of  potash  in  100  grammes  of  wafer,  in  a 
graduated  gksa  tube  capable  of  holding  100  cubic  centimetres  of  water.  This  quantity 
of  salt  suffices  even  for  the  very  best  indigo.  This  test  Lquid  is  to  bo  added  to  the 
boiling  hot  indigo  colution  in  question  by  degrees,  and  the  quantity  of  it  is  noted, 
which  is  required  to  make  the  colour  pass  from  blue  into  green,  and  finally  to  brownish 
red.  By  coniparalive  jwaults  with  other  indigos,  and  the  same  test,  tlieir  relative  valuo 
is  given. 
INDIAN  RUBBEK,  U  the  vulgar  najue  of  eaoulchouc  in  this  country. 
INDUSTRY.    See  MiKUPAoicaiua  Isddbtov. 

IKK  (Encre,  Fr. ;  Tinle,  Germ.)  is  a  colored  liquid  ft  writing  on  paper,  parehmenl, 
lia«g   sic.  with  a  pen. 

Aiiicft  ink. — Nulgalls,  sulp^te  of  iron,  and  sum,  are  llie  only  substances  Iruly  useful 
in  Ihe  preparation  of  ordinary  ink;  the  other  things  often  added  merely  modify  (he  shade, 
and  considerably  diminish  the  cost  to  Ihe  manufacturer  upon  the  great  scale.  Many  of 
these  inl!S  contain  little  gallic  aeid,  or  tannin,  and  are  therefore  of  inferior  quality.  To 
make  13  gallons  of  ink,  we  may  take — 

12  pounds  of  nutgalls, 
5  pounds  of  green  sulphate  of  iron, 
gum     negal, 
S 

jlindrical  copper,  of     d  p  h 
h  three  fourths  of  t)      bo      q 
w  place  what  is  lost  b  pori  Th 

m     ed  wed  to  settle,  and  th  g 

ff  ed     fiom       commend  the  addition      a    tt     b        fc 

od     w  m  nnin.    But  Ibis  abstr 

«  practised  by  the  manufacturer  intent  upon  a  large  return 
to  be  dissolved  in  a  small  quantity  of  hot  water,  and  the 
mucilage  thus  formed,  being  littered,  is  added  to  the  clear  decoction.  The  sulphate  of 
iron  must  likewise  be  separately  dissolved,  and  well  mixed  with  the  above.  The  color 
darkens  by  degrees,  in  consequence  of  the  peroxydizement  of  the  iron,  on  exposing  the 
ink  to  Ihe  action  of  the  air.  But  ink  affords  a  more  durable  writing  when  used  in  the 
pale  stale,  because  its  particles  are  (hen  finer,  and  penetrate  the  paper  more  intimately. 
When  ink  consists  chiefly  of  lannate  of  peroxyde  of  iron,  however  black,  it  is  merely 
superficial,  and  is  easily  erased  or  effaced.  Therefore,  -whenever  the  liquid  made  by  the 
above  prescription  has  acquired  a  moderately  deep  lint,  it  shoald  be  drawn  off  clear  inlo 
bollles,  and  well  corked  up.  Some  ink-makers  allow  it  to  mould  a  little  in  the  caski 
before  bollling,  and  suppose  that  it  will  thereby  be  not  so  liable  lo  become  mouldy  in  the 
bottles.  A  few  bruised  cloves,  or  other  aromatic  perfume,  added  to  ink,  is  said  to  pre- 
vent the  formation  of  mouldiness,  which  is  produced  by  the  ova  of  infusoria  animalcules. 
[  prefer  digesting  the  galls  lo  bailing  Ihem. 

The  operation  may  be  abridged,  by  peroiydizing  the  copperas  beforehand,  by  moderate 
calcination  in  an  open  vessel;  but,  for  the  reasons  atiove  ass^ned,  ink  made  with  such  a 
sulphate  of  iron,  however  agreeable  lo  the  ignorant,  when  made  to  shine  with  gum  and 
suaar,  under  the  name  of  japan  ink,  is  neither  Ihe  most  durable  nor  the  most  pleasant  to 
write  with. 

from  Ihe  comparatively  high  price  of  gall-nuts,  sumach,  logwood,  and  even 
oak  bark,  are  too  freqnenlly  subslituled,  to  a  considerable  degree,  in  Ihe  tnanufaclure 
of  ink. 

The  ink  made  by  the  prescription  given  above,  is  much  more  rich  and  powerful  than 
many  of  Ihe  inks  commonly  sold.  To  bring  it  lo  their  standard,  a  half  more  water  may 
tafely  l>e  added,  or  even  20  gallons  of  tolerable  ink  may  be  made  from  IJiat  weighl  of 
materials,  us  I  have  ascertained. 

Sumach  and  logwood  admit  of  only  about  one  half  of  the  copperas  that  galls  will  lake 
Vo  bring  out  the  maximum  amount  of  black  dye. 

Chaptal  gives  a  prescription  in  his  Ckimie  appliqule  oitr  nr!s,  which,  like  many  other 
things  in  that  book,  are  published  with  very  little  knowledge  and  discrin:  in  alien.  He 
us^  logwood  and  sulphate  of  copper,  in  addition  to  Ihe  galls  and  sulphate  of  iron;  a  f^er 
nicious  combination,  productive  of  a  spurious  fugitive  black,  and  a  liquor  corrosive  ol 
pens.    It  is,  in  fact,  a  modification  of  the  vile  dye  of  the  hatters. 

Lewis,  who  made  exact  experiments  on  inks,  assigned  Ihe  proportion  of  3  paits  of  golli 
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to  1  of  Bulpliate  of  iron,  which,  with  average  galls,  will  answer  Tt/y  well ;  but  gooa  gall» 
will  admit  of  more  copperas. 

Gold  ink  is  made  by  grinding  upon  a  porphyry  slab,  with  a  mr.jier,  gold  leaves  along 
with  white  honey,  till  they  be  reduced  to  the  finest  possible  division.  The  paste  is  'hen 
collected  upon  the  edge  of  a  knife  or  spatula,  put  into  a  -arge  glass,  and  diffused  Ihruah 
water.  The  gold  by  gravity  soon  fails  to  the  bottom,  while  the  honey  dissolves  in  the 
water,  which  must  be  decanted  off.  The  sediment  is  to  be  repeatedly  washed  till  entirely 
freed  from  the  honey.  The  powder,  when  dried,  is  very  brilliant,  and  when  to  be  used 
as  an  inlf,  may  be  mixed  up  with  a  liltle  gum  water.  After  the  writing  becomes  dry,  il 
should  be  burnished  with  a  wolf's  looth. 

Silrer  mk  is  prepared  in  the  same  mannei. 

ImklMe  mk. — A  very  good  ink,  capable  of  resisting  chlorine,  osalic  acid,  and  ablution 
wilh  a  hair  pencil  or  sponge,  may  be  made  by  miKing  some  cf  the  ink  made  by  the  pre- 
ceding prescription,  with  a  liltle  genuine  China  ink.  It  writes  well.  Many  other  form- 
ula: have  been  given  for  indelible  inks,  but  they  are  all  inferior  in  sijnplidiy  and  useful- 
ness lo  the  one  now  prescribed.  Solution  of  nitrate  of  silver  thickened  with  gum,  and 
wrillen  with  upon  linen  or  cotton  cloth,  previously  imbued  with  a  solalion  of  soda,  and 
dried,  is  the  ordinary  permanent  ink  of  the  shops.  Before  the  cloihs  are  washed,  the 
writing  should  be  exposed  lo  the  sun-beam,  or  lo  bright  daylight,  which  blackens  and  fixes 
the  oxyde  of  silver.    It  is  easily  discharged  by  chlorine  and  ammonia, 

A  good  permnaent  ink  niay  be  made  by  mixing  a  strong  solation  of  diloride  of  platinum 
with  a  little  potash  sugar,  and  gum  to  thicken.  Tlio  writing  made  therewith  should  be 
passed  over  *jith  a  hot  smoothing  iron,  to  fii  it. 

Btd  iiJc. — This  ink  may  be  made  by  infusing,  for  3  or  4  days  in  weak  vinegar, 
Brazil  wood  chipped  into  small  pieces;  the  infusion  may  be  then  boiled  upon  the  wood 
for  an  hour,  strained,  and  thickened  slightly  with  gum  arable  and  sugar.  A  little 
alum  improves  the  color.  A  decpclion  of  cochineal  with  a  lillle  water  of  ammonia, 
forms  a  more  beautiful  red  ink,  but  il  is  fugitive.  An  extemporaneous  red  ink  cf  the 
same  kind  may  be  made  by  dissolving  carmine  in  weak  water  of  ammonia,  and  adding  a 
litlle  mucilage. 

Green  ink. — According  to  Klaproth,  a  fine  ink  of  this  color  may  [je  prepared  by  boiling 
«  mixture  of  two  parts  of  verdigris  in  eight  parts  of  water,  with  one  of  cream  of  larlai 
till  the  total  bulk  he  reduced  one  half.  The  soluiion  must  be  then  passed  through  ^ 
cloth,  cooled,  and  bottled  for  ose. 

Yellow  ink  is  made  by  dissolving  3  parts  of  alum  in  100  of  water,  adding  2a  parts  ol 
Persian  or  Avignon  berries  hrniscd,  boiling  the  mixture  for  an  hour,  straining  the  liqaor, 
and  dissolving  in  it  4  parts  of  gnm  arable.  A  solution  of  gamboge  in  water  forms  a  con- 
venient yellow  ink. 

By  examining  the  difierent  dye-stufis,  and  considering  Ihe  processes  used  in  dyeing  wilh 
them,  a  variety  of  colored  inks  may  be  made. 

China  ink, — Proust  says,  that  lamp-black  purified  by  potash  ley,  when  mixed  wilh 
a  solution  of  glue,  and  dried,  formed  an  ink  which  was  preferred  by  artists  to  that  of 
China.  M,  Merimee,  in  his  interesting  treatise,  entitled,  De  lapeintvre  S  I'huik,  snys, 
that  the  Chinese  dp  not  use  glue  in  the  fabrication  of  their  ink,  bat  that  they  add 
vegetable  juices,  which  render  it  more  brilliant  and  more  indelible  upon  paper. 
When  the  best  lamp-black  is  levigated  with  the  purest  gelatine  or  solution  of  glne,  it 
'brms,  no  doubt,  an  ink  of  a  good  color,  bal  wants  the  shining  fracture,  and  is  not  so 
permanent  on  paper  as  good  China  ink ;  and  it  stiffens  in  cold  weather  into  a  Iremulout 
jelly.  Glue  may  be  deprived  of  the  gelatinizing  properly  by  boiling  it  for  a  long  lime, 
or  subjecting  it  to  a  high  heat  in  a  Papin's  digester ;  but  as  ammonia  is  apt  lo  be  gene- 
rated in  this  way,  M.  Merimee  recommends  starch  gum  made  by  sulphuric  acid  (British 
gum)  lo  be  used  in  preference  lo  glue.  He  gives,  however,  Ihe  following  directions  foi 
preparing  this  ink  with  glue.  Into  a  solution  of  glue  he  poars  a  concentrated  solution 
of  gall-nuts,  which  occasions  an  elastic  resinous-looking  precipitate.  He  washes  thi» 
matter  with  hot  water,  and  dissolves  it  in  a  spare  s.  ution  of  clarified  glue.  He  (illcra 
anew,  and  concentrates  it  to  the  proper  degree  for  being  incorporated  wilh  the  purified 
■anjp-hlaek.  The  astringent  principle  in  vegetables  does  not  precipitate  gelatine  when 
its  acid  is  saturated,  as  is  done  by  boiling  Ihe  nutgalls  with  limewater  or  magnesia.  The 
first^mode  of  making  the  ink  is  to  be  preferred.  The  lamp-black  Is  said  to  be  made  in 
China,  by  collecting  the  smoke  of  the  oil  of  sesame.  A  liltle  camphor  (about  2  per  cent.) 
hos  been  detected  in  the  ink  of  China,  and  is  supposed  lo  Improve  it.  Infusion  of  galls 
renders  the  iok  permanent  on  paper. 

Sympalhelic  tnk.    The  best  is  a  solution  of  muriate  of  cohall. 

Printer's  ink.     See  this  arlide. 

By  decomposing  vanadate  of  ammonia  with  Infusion  of  galls,  a  liquid  is  oblained 
of  a  perfectly  black  hue,  which  flows  freely  from  the  pen,  is  rendered  blue  by  acids,  il 
insoluble  in  dilute  alkali?,  and  resists  the  nclion  of  chlorine.    Whenever  Ihe  metal  vana 


'iuogle- 


^       ,  much  superior  to  the  tnnnate  and  gallalo 

To  prepare  llie  above  VBoadio  salt  cheaply,  the  dnder  or  hammerschkg  obtained 
from  the  iron  made  Ht  Ekersholm,  in  Sweden,  or  other  iron  which  contains  vana- 
dium, heing  reduced  to  a  line  powder,  ia  to  be  mixed  with  two  thirds  of  ita  weight 
of  nitre,  aod  one  third  of  effloresced  aoda.  The  mixture  is  to  be  ignited  in  a  crucihle; 
cooled  and  lixiviated,  whereby  solutions  of  the  vanadafea  of  potash  and  soda  are  obfaincd 
not  pure,  indeed,  but  sufficiently  so  for  being  decomposed,  by  means  of  sal  ammoniac 
into  a  Tanadate  of  ammonia.  This  being  rendered  nearly  neutral  with  any  acid,  con- 
stitutes an  excellent  Indelible  ink. 

Ink,  indelible,  may  be  prepared  by  adding  lampblack  and  Indigo  to  n  solution  of  the 
gluten  of  irEieat  in  acetic  acid.  This  ink  is  of  a  beautiful  black  colour,  at  the  same  time 
cheap,  and  cannot  he  removed  by  water,  chlorine,  or  dilute  acida.  M.  Hcrberger  gives 
the  following  directions  for  its  preparation ;  —  Wheat-gluten  is  carefully  freed  irora  the 
srarch,  and  then  dissolved  in  a.  little  weak  acetic  acid ;  the  liquid  is  now  mixed  witli  so 
much  rain  water  that  the  solution  has  about  the  strength  of  wine  vinegar, !.  e,  neutra- 
lizes ^  of  its  weight  of  carbonate  of  sodai  10  grs.  of  the  best  lamp-black  and  2  gra,  of 
indigo  are  mixed  with  4  ozs.  of  the  solution  of  gluten  and  a  little  oil  of  cloves  added. 
This  ink  mar  be  employed  for  marking  linen,  as  it  does  not  resist  mechanical  force. 

lnk,iiiMible,  of  Dr.  Traill,  is  essentially  the  same  as  the  above. 

French  indelible  ink  consists  of  Indian  ink  diffused  through  dilute  muriatic  add,  for 
writing  with  quills,  and  through  weak  potash  lye  for  writing  with  steel  pens. 

Jnk,  blve.  Mr.  Stephen's  patent  blue  ink  is  made  by  dieeolving  Prussian  "blue  in  a 
solution  of  oxalic  acid    The  blue  should  be  washed  in  dilute  muriatic  acid. 

M.  Hornung  has  given  the  following,  as  the  best  formula  for  Une  ink  :  — 

Mix  4  parts  of  perchloride  of  iron,  in  solution,  with  I'SO  parts  of  water,  then  add  4 
parts  of  cyanide  of  potassium  dissolved  in  a  little  water ;  collect  tlie  precipitate  formed, 
wash  it  "with  several  additions  of  water,  allow  it  to  drain  until  it  weighs  about,  200  parts; 
add  to  this  one  part  of  oxalic  acid,  and  promote  the  solution  of  the  cyanide  by  shaliing 
the  bottle  contaming  the  mixture.  The  addition  of  gum  and  sugar  is  useless,  and  even 
appears  to  exercise  a  prejudicial  effect  on  the  beauty  of  the  int.  It  may  bo  kept  with- 
out any  addition  for  a  long  time. 

Ret.  3{t.  Jieade'a  inks. — A.  series  of  writing  inks  of  a  now  composition  have  been 
made  the  subject  of  a  patent  by  the  Kev.  J.  B.  Reade,  F.  R.  S,,  and  thev  seeoi  to 
deserve  public  patronage.  They  resist  equally  acids  and  alkalis,  and  are  well  adapted 
to  metallic  pens.  His  inks  for  marking  linen  are  not  acted  upon  by  cyanide  of  potas- 
sium or  chloride  of  lime.  His  process  for  obtaining  a  soluble  Prussian  blue  is  new  to 
the  chemical  world,  and  Inclines  to  raise  a  doubt  as  to  the  elementary  nature  of  iodine. 
In  the  course  of  his  researches,  he  has  discovered  two  new  salts  of  gold,  which  be  ha« 
named  ammonia-iodide,  and  ammonia-periodida,  of  gold.    His  sj)ecification  runs  thus :  — 

Istly.  I  manufacture  in  manner  following,  a  blue  writing  ink,  which  is  wholly  free 
from  acid,  and  therefore  well  adapted  for  as«  with  steel  pens.  I  first  obtain  a  solution  oi 
iodide  of  iron  by  the  process  ordinarily  followed  for  that  purpose,  and  then  dissolve 
therein  half  the  weight  of  iodine  already  employed.  I  next  pout  this  mixture  into  a 
semi -saturated  solution  of  yellow  prussiate  of  potash,  employing  a  weight  of  this  salt 
nearly  equal  to  the  whole  weight  of  iodine  used  in  the  above  iodine  solution.  A  decom- 
position of  the  materials,  thus  brought  ti^ether,  immediately  tabes  place,  when  the 
cyanogen  (of  the  prussiate  of  potash)  and  iron  combine,  and  are  precipitated  in  a  solid 
form,  and  the  polassiuin  (of  the  prussiate]  and  iodine  combine  to  fatm  a  neutral  iodide 
of  potassium,  which  remains  in  solution  with  a  littie  excels  of  iodide  of  iron.  I  next 
filter  and  wash  the  solid  precipitate  of  cyanogen  and  iron  {which  is  soluble  Prussian 
blue),  and  finally  dissolve  it  in  water,  whicti  forma  the  blue  ink  required.  In  tliis  pro- 
cess, it  will  be  observed  that  neither  any  acid  nor  peisalt  of  iron  is  employed,  as  is  usual 
in  the  formation  of  Prussian  blue. 

I  was  led  to  these  results  by  a  microscopical  examination  of  the  metallic  colours  in 
sails  \if  the  ashes  of  plants.  I  employed  iron  and  iodine  to  produce  the  same  effects  in 
pure  salts  ;  and  in  the  course  of  toy  experiments,  I  ascertained  that  these  two  substances 
{iron  and  iodine)  have  so  great  an  affinity  for  each  other,  that  wlien  placed  togetlier 
without  any  water,  or  when  rubbed  together,  they  very  speedily  form  a  liquid  contain- 
ing an  excess  of  iodine  in  solution,  which,  being  added  to  a  solution  of  prussiate  of 
Eotash.  gives  the  compound  of  cj-anogen  an3  iron,  or  soluble  Prussian  blue,  which  ha* 
een  just  described.  The  addition  of  water  alters  the  character  of  this  iodine  solution  ; 
without  water,  it  turns  litmas  paper  green,  and  with  water  it  has  the  usual  acid 
reaction,  thus  apparently  confirming  Davy's  original  doubt  as  to  [lie  elementary 
character  of  iodine. 
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Soilly.  I  form  a,  ceutml  iodide  of  potassium,  of  great  purity,  and  ■wholly  free  from 
alkaline  reaction,  in  manner  following;  I  take  the  solution  whicb  remained  over  from 
the  pi'ocesa  Sret  described,  after  the  FruBsian  blue  hnd  been  precipitated,  wliich  solution 
consisted,  as  before  stated,  of  a  neutral  iodide  of  potassium,  with  iodide  of  iron  in 
excess  ;  and  I  get  rid  of  that  excess  by  tlie  well  known  processes  of  fusion  and  crystal- 
lization. The  result  h  an  iodide  of  potassium,  wbicli  is  as  pure  as  when  iodine  and 
potassium  are  made  to  act  directly  on  one  another,  and  pa  C  tly  f  f  m  th  alk  1 
reaction  on  turmeric  paper,  which  invariably  character  th  mo<it  ca  flp  p  t 
uf  this  salt  when  carbonate  of  potasaa  is  employed  (aa         1)        t  f  It 

also  much  less  deliqneaccnt  than  the  ordinary  iodide  of  I   t         m   t  1 

account  of  its  great  purity,  much  to  be  preferred  in  m  T   nal  p    pa 

Srdly.  I  manufacture  a   blue  ink  of  peculiar  inte     t  d   th      f        p    t     1    ly 

suitable  for  printing  purposes,  by  using  the  same  mat       1         d  p  1       g  tl 

the  same  way  as  first  described,  with  the  exception  th  t  f     th     od       wh 
used,  I  substitute  bromine,  and  rub  up  tlie  precipitate         1 

4thly.  I  form  a  bromide  of  potassium  of  great  purity  and     h  Ily  f       f   m  alk  1 
jieaotion,  by  treating  the  bromide  of  potassium,  which  fat      tit 

from  the  process  last  before  described,  in  the  same  w  y  as  th       d  d      f  pot         m 
solution  is  directed  to  be  used  under  the  second  head  of  this  specification. 

5thly.  I  manufacture  a  very  superior  black  writing  ink,  ire  adding  to  gall  ink  of  a 
good  quality  soluble  Prussian  blue,  described  under  the  first  bend  of  this  specification. 
The  addition  of  this  Prussiiui  blue  makes  the  ink,  whidi  was  already  proof  against 
alkalines,  equally  proof  against  acids,  and  forms  a  writing  fluid,  which  cannot  be  erased 
from  paper  by  any  common  method  of  fraudulent  oblileration,  without  the  destruction 
of  the  paper. 

6thly.  I  manufacture  in  manner  following  a  red  writing  ink  wHch  is  generally 
superior  to  the  common  solutions  from  peach  wood  and  Brazil  wood,  not  only  in 
permanent  brilliancy  of  colour,  but  also  in  its  freedom  from  acid,  and  consequent  fitness 
'or  use  with  sfeel  pens.  I  first  boil  cochineal  repeatedly  in  successive  quantities^f  pure 
water,  till  it  ceases,  or  nearly  so,  to  give  out  any  colouring  matter.  I  then  bwl  it  in 
water  containing  liquor  ammoniie,  which  combines  after  the  manner  of  an  allcali  with 
an  acid,  with  the  residue  of  colouring  matter,  and  leayes  the  insect  matter  nearly  white. 
The  liquid  products  of  these  successive  boilings  are  then  thrown  together  into  an 
earthenware  vessel,  and,  in  order  to  get  rid  of  a  peculiar  element  or  ptinciple,  still  com- 
bined with  fhe  colouring  matter,  and  which  baa  a  great  affinity  for  iron,  I  precipitate 
the  colouring  matter  witli  ammonia-bichloride  of  tin.  The  precipitate  is  afterwards 
dissolved  in  ammonia,  and  protiodide  of  tin  added,  till  a  sufBcient  degreo  of  brilliancy 
of  colour  is  obtained,  which  completes  the  process,  water  being  added  ad  libitwm, 
according  to  the  degree  of  body  required  to  be  given  to  the  ink. 

Ithly.  I  manufacture  by  the  improved  process  following  a  marking  ink  which 
may  be  used  with  steel  pens,  and  is  not  only  of  great  intensity  of  colour,  but  comes  out 
most  readily  on  the  application  of  heat.  I  rub  together  m  a  mortar  nitrate  of  silver 
and  the  proper  equivalent  of  tartaric  acid  in  a  dry  state.  I  then  add  water,  on  which 
crystals  of  tartrate  of  silver  arc  formed  and  the  nitric  acid  sot  free.  1  next  neutralize 
this  add  by  adding  liquor  ammonia  which  also  dissolves  the  tartrate  of  silver,  I 
finally  add  gum,  colouring  matter,  and  water,  in  the  usual  way,  and  in  quantities  which 
may  be  varied  at  pleasure.  By  this  process  the  nitiic  acid,  which  is  essential  to  a  good 
marking  ink,  is  retained  and  the  tartrate  of  alver  formed  ia  soluble  in  less  than  half 
the  quantity  of  liquor  ammoniie  ordinarily  required  when  tartrate  of  silver  ia  the  basis 
of  the  ink.  The  tedious  operation  of  filtering  and  washing  the  carbonate  of  silver  in 
order  to  form  the  taHrate  ia  also  thereby  entirely  dispensed  -with. 

Bthly.  I  manufacture  in  manner  fellowing  a  marking  ink,  di^ring  from  the 
preceding  and  all  other  marking  inks  containing  salts  of  silver  only,  in  thb  respect, 
tliat  it  cannot  t>e  acted  upon  by  the  common  solvents  of  salts  of  silver,  aa  cyanide  of 
potassium,  or  chloride  of  lime,  and  is  so  far,  therefore,  more  indelible.  1  take  the  ink, 
as  it  liaa  been  formed  by  the  process  laat  deaeribed,  and  add  to  it  an  ammoniacal  solution 
of  an  oxide  or  salt  of  gold.  I  have  used  for  thia  purpose  the  purple  of  Caaaiua,  the 
hyposulphite  of  gold,  the  ammonia-iodide  of  gold,  and  ammoiiia-periodide  of  gold, 
liie  two  last  salts,  which  1  believe  («  be  new  salts,  I  obtain  by  dissolving  iodine  in 
liquor  ammonim,  under  the  application  of  heat;  an  operation,  however,  which  requires 
to  be  deducted  with  great  caution  in  order  to  prevent  the  formation  of  the  explosive 
compound,  the  tcriodide  of  nitrogen.  This  iodine  solution  is  a  very  speedy  solvent  of 
gold.  If  gold  leaf  be  placed  upon  it  without  the  addition  of  water,  a  black  oxide  of 
gold  is  formed,  which  immediately  dissolves,  but  if  it  be  diluted  with  water,  the  process 
of.osidation  is  less  rapid,  and  the  gold  leaf  assumes  a  fine  purple  colour  (not  black), 
before  solution.  This  salt  of  gold  crystallizes  in  four-sided  prisms,  which  are  soluble 
in   water.     A    few   <liops  of  thia   solution   placed  on  a  slip  of  glass  generally  form 
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mioroEo-Tpio  arborescent  aystals,  from  ivhidi,  under  the  applieafinn  of  heat,  both  the 
iodine  and  ammonia  may  be  volatilized,  and  arborescent  metallic  gold  alone  remains.  It 
a  modcrale  heat  only  is  employed,  one  equivalent  only  of  iodine  ie  expelled,  and  white 
crystals  of  ammonia-iodide  of  mild  remain. 

9thly.  I  manufacture  a  blue  printing  ink  by  taking  flie  soluble  precipitate  of 
l^yanagen  and  iron,  obtained  by  the  process  described  under  the  first  bead  of  this 
spedflcation,  and  rubbing  up  the  same  in  oil,  aflcr  the  manner  ordinarily  followed  in 
the  manufacture  of  printing  inks;  or  by  boiling  down  the  blue  writing  ink,  produced 
by  (he  said  process  to  a  sufficient  consistence,  and  then  rubbing  up  the  e '"     ' 


lOthly.  I  manufacture  a  black  prirljng  ink  by  boiling  down  the  black  w 
produced  from  the  materials,  and  by  the  process  described  under  the  fifth  ht 
speciRcation,  and  nibbing  it  np  in  oil  as  aforesaid. 


11th.  I  manufacture  a  red  printing  ink  by  taking  the  ammoniacal  solution  of 
cochineal,  obtained  by  the  procesa  described  under  the  sixth  bead  of  this  specification, 
and  rubbing  it  up  in  oil,  adding  protiodide  of  tin  accordiuff  to  the  degree  of  lustre 
required;  or  by  boiling  down  the  red  writing  ink,  produwd  by  the  said  process,  to  a 
sufficient  ctmsistence,  and  then  rubbing  up  the  s^ne  in  oil  as  aforesaid. 

And  12th,  I  manufacture  a  black  printing  ink  by  boiling  chips  of  logwood  (fur 
which  aa  extract  of  It^wood  may  be  substituted),  or  other  dye  woods,  containing 
colouring  matter  and  tannin,  along  with  as  much  of  proto-salt  or  persalt  of  iron  or 
copper,  or  other  precipitate  of  tannin,  as  will  be  equal  to  about  twice  the  Tveight  of  tlie 
tannin  Contained  in  the  wood  or  extract  employed ;  whereby  I  obtain  a  black  or  bliieish 
black  precipitate ;.  the  blueness  of  which  I  diminish,  as  may  be  required,  by  the 
addition  of  bichromate  of  potash,  more  or  less.  I  finally  rnb  up  the  whole  in  oil  as 
aforesaid,  adding  a  small  quantity  of  the  lamp-black,  or  other  black  colouring  matter, 
ordinarily  employed  in  the  manufactute  of  black  printing  inks. 

INULlNE  (Eng.  and  Pr.)  is  a  auhslance  first  extracted  from  the  root  of  the  Innla-Btl- 
lenmm,  or  Elecampane.  It  is  white  and  pulverulent  like  starch  i  and  differs  from  this 
substance  chiefly  because  its  solution,  when  it  cools,  lets  fall  the  inuline  unchanged  in 
]iowder,  whereas  starch  remains  dissolved  in  the  cold,  as  a  jelly  or  paste. 

Inuline  is  obtained  by  boiling  the  root  sliced  in  3  or  4  limes  its  weight  of  water,  and 
selling  the  strained  decoction  aside  till  it  cools,  when  the  pulverulent  inuline  precipilaies. 
It  exists  also  in  the  roots  of  colchicum,  and  pellitory. 

IODINE  (lode,  Fr.;  lod.  Gem.)  is  one  of  the  archteal  undecomponnded  chemical 
bodies,  which  was  discovered  accidentaUy  in  181S  by  M.  Courlois,  a  manufacturer  of 
saltpetre,  in  the  mother-waters  of  that  salt.  Its  affinities  for  other  substances  are  so 
powerful  as  to  prevent  it  from  esisling  in  an  insulated  slate.  It  occurs  comUned  with 
potassium  and  sodinm  in  many  miaeral  waters,  snch  as  the  brine  spring  of  Ashby-de-la- 
Zouche,  and  oilier  strongly  saline  springs.  This  combination  eiists^paringlj  in  sea- 
water,  abundantly  in  many  species  of  /itcus  or  sea-weed,  and  in  Ihe  kelp  made  from 
thfm  ;  in  sponges  ;  in  several  marine  mof/iucc,  such  as  the  doris,  the  ivntti,  oysters,  &c. ; 
in  several  polyparies  and  sea  plants,  as  the  gorgoaia,  the  zostera  marina,  fee;  particu- 
larly in  the  mnlher-walers  of  the  salt-worlis  upon  Ihe  Mediterranean  sea;  and  it  hasi 
been  Ibnnd  in  combination  with  silver,  in  some  ores  brought  from  the  neighborhood  of 
Mexico. 

Iodine  is  most  economically  procured  from  the  mother-waier  of  kelp,  as  furnished  by 
those  manufacturers  of  soap  in  Scotland  and  elsewhere  who  employ  this  crude  alkaline 
matter.  By  pouimg  an  excess  of  sulphuric  acid  upon  that  liquid,  and  exposing  the 
mixture  to  heat  in  a  retort,  iodine  rises  in  violet  vapors  (whence  its  name),  and  condenses 


solution  ol 
■.  He  ihcn 
phate  along 

half  of  Ihe 
igitatcs  the 
iide,  but  the 
compound, 
ck  pcroxyde 
□f  manganese,  and  as  much  sulphuric  acid  as  will  make  the  mixture  into  a  paste ;  which 
mixture  being  introduced  into  a  retort,  and  distilled,  the  iodine  comes  over  in  its  cha- 
racteristic violet  vapors,  which  are  condensed  into  the  glistening  black  substance  in  the 

Iodine  IS  always  solid  at  atmospheric  temperatures,  though  it  slowly  flies  off  with  a 
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peculiar  oRensive  penelrating  odor  somewhat  like  chlorine.  Its  specific  grayity  if 
4'946  at  the  temperature  of  58°  Fahr.  lis  prime  equivalent,  according  to  Eerielius,  it 
63-283,  one  volume  of  hydrogen  heing  1-000 ;  but  126-566,  if  two  volumes  of  Ljdrogen 
be  reckoned  nnity,  as  most  British  chemists  estimate  it,  from  the  composition  of  water. 
It  possesses  in  a  high  degree  electro-negative  properties,  like  oxygen  and  chlorine ;  and 
therefore  makes  its  appearance  at  the  positive  pole,  when  its  compounils  are  placed  in  the 
voltaic  circail.  It  stains  the  skin  yellow;  and  if  applied  for  some  time  to  it,  is  apt  tc 
produce  painful  ulcerations. 

Iodine  melts  only  at  about  390°  Fahr. ;  but  with  the  vapor  of  water  it  volatilizes  at  2I2» 
[t  has  a  great  affinity  for  hydrogen,  and  constitutes  by  that  nnjon  hydriodic  acid  ;  a  com- 
pound resembling  in  some  respects  muriatic  or  hydrochloric  acid.  It  also  can  be  combin- 
ed with  oxygen,  and  forms  thereby  iodic  acid.  Its  compounds  with  carbon,  phosphorus, 
sulphur,  chlorine,  azote,  and  many  metals,  have  not  been  applied  to  any  manufacturing 
Durpose,  and  therefore  need  not  be  described  here. 

The  chief  application  of  iodine  in  the  arts,  is  for  the  detection  of  starch,  which  its 
watery  eolution,  though  containing  only  one  part  in  5000,  does  readily,  by  the  production 
of  B  deep  purple  color  j  this  vanishes  by  exposing  the  starch  to  the  air  for  some  time,  or 
more  quickly  by  healing  it. 

As  a  medicine,  iodine  and  its  compounds,  such  as  the  iodides  of  potassium  and  imn,  are 
supposed  to  possess  great  powers  in  resolving  glandular  swellings.  The  perioiiide  of  mer- 
cury is  a  brilliant  red  pigment,  but  somewhat  evanescent. 

Chlorine,  bromine,  and  iodine,  are  frequently  associated ;  and  it  has  hillier'o  been 
reckoned  a  difficult  problem  to  separate  them  from  one  another.  The  following  ;lan  is 
proposed  by  Mt.  Lovig. 

Meat  the  mixture  of  the  dried  chloride  and  bromide  (or  chloride  and  iodide)  while  a 
current  of  chlorine  is  made  to  pass  over  it,  till  no  more  bromine  is  carried  off  by  the 
chlorine.  Receive  the  gases  in  a  solution  of  potash;  saturate  this  fluid  mixture  of  the 
chloride  of  potassium,  and  the  chlorate  and  bromate  of  potash  with  nitric  acid,  adding 
afterwards  nitrate  of  silver.  A  mixture  of  bromate  and  chloride  of  silver  will  precipitate. 
Dry  the  precipitate,  calcine  it,  and  calculate  the  proportion  of  bromine  from  the  volume 
of  oxygen  gas  now  disengaged.  It  would  he  preferable  to  digest  in  a  vial,  the  precipi- 
tate while  moist,  along  with  water  of  baryta,  which  decomposes  the  bromate  of  silver 
without  acting  upon  the  chloride.  The  excess  of  baryta  being  thrown  down  by  carbonic 
acid,  and  the  liquid  being  evaporated,  a  bromate  of  baryta  is  obtained,  which  may  be 
.vBshed  with  alcohol  of  0-840.  The  solution  of  bromate  of  baryta  may  also  be  neutral- 
ized by  nitric  acid,  and  the  bromic  acid  may  be  precipitated  by  nitrate  of  silver.  The 
same  method  is  applicable  to  the  separation  of  iodine  from  chlorine. 

After  throwing  down  the  solntion  of  the  mixed  salts  by  nitrate  of  silver,  Berzelii^s 
digests  the  washed  precipitate  in  a  closed  bottle  of  water  of  baryta;  whence  results 
bromate  of  baryta  without  any  chloride  of  barium.  On  evaporating  the  liquor  we  ob- 
;Bin  cryslallized  bromate  of  baryta,  which  may  be  freed  from  a  small  accidental  quantity 
of  chloride,  by  washing  with  alcohol  at  0-840.  By  calcination  we  then  obtain  bromide 
of  l>ariiim,  which,  being  distilled  with  sulphuric  acid  and  peroxyde  of  manganese,  affords 

IRIDIUM  is  a  metal  discovered  by  Descotils  in  1803,  as  also  by  Tenant  in  180i  ;  and 
is  so  called  because  its  different  solutions  exhibit  all  the  colors  of  the  rainbow.  It  occurs 
only  in  the  ore  of  platinum,  being  found  there  in  two  states;  1.  united  to  that  metal,  and 
S.  as  alloy  of  osmium  and  iridium,  in  the  form  of  small,  insulated,  bard  grains.  Iridium 
is  the  most  refractory  ol^  all  the  metals ;  and  appears  as  a  gray  metallic  powder.  It  is 
not  fused  by  the  flame  of  the  hydroxygen  lamp. 

IRON  (Per,  Fr. ;  Eism,  Germ.)  is  a  metal  of  a  bluish-gray  color,  and  a  dull  fibrous 
fracture,  but  it  is  capable  of  acquiring  a  brilliant  surface  by  polishing.  Its  specific  gravity 
is  7-78.  It  is  the  most  tenacious  of  metals,  and  the  hardest  of  all  those  which  are  malleable 
and  ductile.  It  is  singularly  suseCttible  of  the  magnetic  virtue,  but  in  its  pure  slate  soon 
loses  it.  When  rubbed  it  has  a  sliabt  smell,  and  it  imparts  to  the  tongue  a  peculiar 
astringent  lasle,  called  chalybeate.  In  a  moist  atmosphere,  iron  speedily  oiydizes  and 
becomes  covered  with  a  brown  coating,  called  rust. 

Euery  person  knows  the  manifold  uses  of  this  truly  precious  metal;  it  is  capable  of 
being  east  in  moulds  of  any  form;  of  being  drawn  out  into  wires  of  any  desired  strenjrlh 
or  fineness;  of  being  extended  inlo  plates  or  sheets;  of  being  bent  in  every  direction;  of 
being  sharpened,  hardened,  and  softened  at  pleasure.  Iron  accommodates  itself  to  all 
our  wants,  oar  desires,  and  even  our  caprices;  it  is  equally  serviceable  to  the  arts,  the 
sciences,  to  agriculture,  and  war;  the  same  ore  furnishes  the  sword,  the  ploughshare,  the 
scythe,  the  pruning  hooir,  (be  needle,  the  graver,  the  spring  of  a  watch  or  of  a  carriage, 
the  chisel,  the  chain,  the  anchor,  the  compass,  the  cannon,  and  the  bomb.  It  is  a 
medicine  of  mnch  virtue,  and  the  only  metal  friendly  to  the  human  frame. 

The  ores  nf  iron  are  scattered  over  the  crust  of  the  globe  with  a  beneficent  profusion, 
i-flporliimed  lo  the  iiliiilj  of  the  metal;  they  are  found  under  every  latitude,  and  ever; 
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lone ;  in  eveiy  ntineml  funnation,  snd  are  disseminated  in  ever;  soi),  Consideied  in  a 
purely  mineralogica!  point  of  view,  without  reference  lo  their  importance  for  reduction, 
Ihey  ma;  be  reckoned  lo  be  19  in  number ;  namelj,  1.  native  iron  of  three  kinds :  pure, 
nickeliferous,  and  steely  r  2.  arsenicfd  iron ;  3.  yellow  sulphuret  of  iron ;  4.  white  su!- 
phurel  of  iron ;  5.  magnetic  sulphuret  of  iron ;  6.  black  oiyde  of  iron,  either  the  load- 
stone, or  susceptible  of  mag:netisin,  and  titaniferous  ]  7.  compact  fir  oligiaie,  sj)e<:a]ar  iron 
ore,  as  of  Elba,  and  scaly  fir  oligisle;  8.  hematite,  affording  a  red  powderj  9.  hematite 
or  hydrate  of  iron,  affording  a  yellow  powder,  of  which  there  are  several  varieties;  10. 
pitchy  iron  ore  ;  II.  siliceo-calcareous  iron,  or  yenite  ;  12.  sparry  carbonate  of  iron,  and 
the  compact  clay  iron-stone  of  the  coal  formation  ;  13.  phosphate  of  iron  ;  14.  sulphate 
of  iron,  native  copperas  \  15.  chromate  of  iron  ;  16.  arseniate  of  iren  j  17.  mnriate  cf 
iron !  18.  oxalate  of  iron ;  19.  titanate  of  iron. 

Among  all  these  different  species,  ten  are  worked  by  the  miner,  either  for  the  sake  of 
the  iron  which  they  contain  ;  for  use  in  their  native  slate  ;  or  for  extracting  some  prin- 
ciples from  them  advantageous  to  the  arts  and  manufactures;  such  ere  arsenical  iron, 
sulphate  of  iron,  sulphuret  of  iron,  and  chromate  of  iron. 

1.  Native  iroa  A.  Pure. — This  species  is  'Very  rare,  and  its  existence  was  long  matter 
>f  dispute ;  ihongh  it  has  been  undoubtedly  found  nol  only  in  volcanic  formations,  but  in 
veins  properly  so  called.  It  is  not  entirely  like  our  malleable  iron  ;  but  is  whiter,  more 
ductile,  more  permanent  or  less  oxydizable  in  the  air,  and  somewhat  less  dense.  Among 
the  best  attested  examples  of  pure  native  iron  is  that  observed  by  M.  Schreber,  in  the 
mountain  of  OuUe  near  Grenoble.  The  melal  was  enungled  in  a  vein  running  through 
gneiss,  and  appeared  in  ramifying  stalactites,  enveloped  in  fibrous  brown-oxyde  of  iron 
mixed  with  q.nartz  and  clay. 

B.  The  native  'nickeliferous  or  meteoric  iron  is  very  malleable,  often  cellular,  but  some- 
times compact,  and  in  parallel  plates,  which  pass  into  rhomboids  or  octahedrons.  It  is 
naturally  magnetic,  and  by  its  nickel  is  distinguishable  from  terrestrial  native  iron.  Mac- 
quart,  in  describing  the  famous  mass  found  at  mount  Kemii  in  Siberia,  says  that  tbe  iron 
is  perfectly  flexible,  and  fit  for  makin?  small  instrnmenis  at  a  moderate  heat ;  but  in  loo 
strong  a  fire,  the  melal  becomes  short,  brittle,  and  falls  into  grains  under  the  hammer. 
Meteoric  iron  is  covered  with  a  sort  of  varnish  which  preserves  its  surface  from  the  rust- 
ing action  of  the  air ;  but  this  preservative  property  does  not  extend  lo  the  interior. 
Ciilailni  has  given  a  list  of  masses  of  meteoric  iron,  which  have  been  known  to  fall  at 
different  limes  from  the  atmosphere,  and  of  mnny  specimens  which  indicate  their  atmos- 
pheric origin,  by  their  aspect  and  composition.  A  portion  of  the  mass  of  meteoric  ii'on 
found  at  Santa-Rosa  near  Santa-Fe-de-Bogota,  was  made  into  a  sword  and  presented  to 
Bolivar. 

c.  Ifalive  steel-iroa. — -This  substance  has  all  the  characters  of  east-steel ;  it  occurs  in  a 
kind  of  small  button  ingots,  with  a  finely  striated  surface,  and  a  fracture  exceedingly  fine 
grained.  It  is  hardly  (o  be  touched  by  the  file,  and  will  scarcely  flatten  under  the  ham- 
mer. M.  Mossier  found  this  native  steel  at  the  village  of  Bouiche,  near  Nery,  depart- 
ment of  the  AUier,  in  a  spot  where  there  had  existed  a  seam  of  burning  coal.  A  mass 
of  16  pounds  and  6  ounces  of  native  steel  was  discovered  in  that  place,  besides  a  great 
mnny  small  globules. 

2.  Arsenical  iron,  Jrsenikkies,  or  Miapickel,  is  a  tin-white  mineral,  which  emits  a  garlic 
smell  at  the  blowpipe,  or  even  when  sparks  are  struck  from  it  by  steel,  accompanied  with 
a  small  train  of  white  smoke.  It  contains  generally  more  or  less  sulphur,  and  sometimes 
n  little  silver,  associated  with  metallic  arsenic  and  iron. 

3.  Ydhv!  sulphuret  of  iron,  commonly  called  Marcasite,  or  Martial  pyrites.  The 
bronze  or  brass  yellow  color  enables  ns  to  recognise  Ibis  mineral.  At  the  blowpipe  it 
gives  oft'  its  sulphur,  and  is  converted  into  a  globule  attractable  by  the  blowpipe.  It  is  a 
bisulphnret  of  iron  containing  33  of  sulphur  and  38  of  metal. 

Copper  pyrites  may  be  distinguished  from  it  by  its  golden  yellow  color,  which  is  fre- 
quently iridescent,  and  by  its  inferior  hardness ;  for  it  does  not  strike  fire  with  steel,  like 
the  preceding  persulphuret.  There  is  no  vein,  stratum,  or  mass  of  metallic  ore  which 
does  not  contain  some  iron  pyrites  ;  and  it  is  often  the  sole  mineral  that  fills  the  veins  in 
quartz.    It  sometimes  contains  gold,  and  at  other  times  silver. 

4',  While  sulphuret  of  iron. — This  is  distingnishable  from  the  preceding  species  only 
hy  :3  color  and  Ibrm  of  crystallization,  and  was  hence  till  lately  confounded  with  it  by 
mineralogists.    Its  surface  is  olten  radiated. 

,5.  Magnetic  salphurel  of  iron,  the  Magnelkies  of  the  Germans. — This  ore  is  atlracl- 
nble  by  the  magnet  like  common  iron.  Its  color  is  reddish-yellow,  passing  into  brown; 
its  fraclnre  is  r  I  co  6  ph         d  S8 

fi.  Black  oxyd    f  m  git  or  d  on       0       'ariety  of  this  species 

has  two  poles    n       h    pe   m      wh   h  m  on  against  the  corres- 

ponding poles  0   a  m  eed         Ah  a  black  powder.      Its 

external  color  h  m  but  somewhat  duller; 
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lescence  of  surface.  Keiiher  nitric  acid  nor  ilie  blowpipe  has  anj 
actioo  upon  il.  Its  specilic  gravity  varies  from  4'24  to  6-4 ;  and  its  constituents  arc 
"I'Sfi  peroxyde,  and  28' 14  proloxyde,  according  lo  Berzelius;  or  in  100  parts,  71-74  ot 
metallic  iron,  and  28-i6  of  oxygen.  Assuming  the  prime  equivalent  of  iron  to  be  3S 
with  the  British  chemists,  then  an  ore  consisting,  lilie  the  above,  of  two  prime  proper 
tions  of  peroxyde,  and  one  of  protoxyde,  would  be  represented  by  the  number  116  =  8C 
+  36 ;  and  would  consist  in  100  parts,  of  iron  72-4,  oxygen  27'6. 

Magnetic  iron-ore  belongs  to  primitive  reck  formations,  and  occurs  abundantly  in 
Sweden,  Dalecarlia,  Korway,  Siberia,  China,  Slam,  and  the  Philippine  isles;  but  il  is 
rare  in  England  and  France.  It  is  norked  extensively  in  Sweden,  and  furnishes  an  ex- 
cellent iron. 

The  titaniferous  oxyde  of  iron,  or  iron  sand,  is  also  attractable  by  the  magnet.  lis 
color  is  B  deep  black,  with  some  metallic  lustre ;  it  is  perfectly  opaque ;  its  fracture  is 
coneboidal ;  it  is  hard  and  difficult  lo  grind  vnder  the  pestle  into  a  dull  black  powder, 
which  stains  (he  lingers  when  it  is  very  fine  ;  it  melts  at  a  high  heat  into  a  black  enamel 
without  lustre.  All  volcanic  rochs  contain  a  greater  or  less  quantity  of  titanic  iron-ore, 
disseminated  through  (hem,  which  may  be  recognised  by  its  brilliant  metallic  lustre,  anil 
its  perfect  coneboidal  fracture. 

7.  Fer  oligisle,  iron-glance,  ipemlar  iron,  and  red  iron  ore. — This  ore  has  the  color  of 
polished  steel ;  and  the  light  Iransmilled  through  the  thin  edges  of  its  crystals  appears  of 
a  beautiful  red.  lis  powder  is  always  of  a  well  marked  brown-red  hue,  passing  into 
cherry-red]  which  distinguishes  it  from  the  black-oxyde  ore.  Its  fracture  is  rough,  or 
vitreona  in  certain  varieties ;  it  breaks  easily  i  but  it  is  hard  enough  lo  scratch  glass.  It 
usually  contains  from  GO  (o  TO  of  metallic  iron  in  100  parts  ;  the  equivalent  proportion 
of  oxygen  in  the  pure  red  oxyde  of  iron  being  30  parts  combined  with  70  of  metal.  Il 
is  a  mistidje  to  snppose  any  specular  Iron  ore  capable  of  yielding  85  per  cent,  of  iron,  for 
100  parts  of  even  protoxyde  of  iron  contain  only  77-77  parts  of  metal. 

The  compact  variety  comprises  the  crystals  of  the  island  of  Elba,  and  of  Framont  in 
the  Vosges,  which  have  a  rough-grained  fracture.  It  exists  in  very  great  masses,  consti- 
tuting even  entire  mountains  ;  in  the  cavities  and  fissures  of  these  masses,  the  beautiful 
crystals  so  much  prized  by  collectors  of  minerals,  occur. 

The  island  of  Elba  is  equally  celebrated  for  its  inexhaustible  abundance  of  rich  specular 
iion  ore,  and  for  the  immemorial  antiquity  of  its  mining  operations.  Fig.  193  is  a  vertical 
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section  passing  through  the  three  working",  called  Pielamonte  (d),  Sanguinaccio  (e). 
Antenna  (f),  through  an  ancient  excavation  a,  through  the  coast  o,  and  the  mole  p,  end- 
ing at  the  canal  of  Piombino  The  total  height  of  the  metalhferous  mountain  above  the 
level  of  the  sea,  is  no  more  than  ISO  metres  or  600  feel 

The  rock  which  constitutes  the  body  of  this  little  mountain  d  I,  is  called  bianchdla  by 
the  workmen.  It  is  a  white  slaty  talc,  slightly  ochreous,  or  yellowish,  consisting  chiefly 
of  silica  and  alumina,  with  some  magnesia. 

The  ore  of  Antenna  (f)  is  a  very  hard  compact  fer  oUgiile,  of  a  brilliant  metallic 
aspect.  The  workable  bed  has  a  height  of  6(i  feet,  and  consists  of  metalliferous  blocks 
mixed  confusedly  with  sterile  masses  of  the  rock ;  the  whole  covered  with  a  rocky  detri- 
tus, under  a  brownish  mould.  From  its  metallic  appearance  and  toughness,  this  bed  is 
tailed  vena/errata,  the  iron  vein.  In  Pietamonte  the  workable  bed  is  composed  entirely 
of  micaceous  specular  iron  ore  (fer  oligiatt),  with  its  fissures  fiUed  with  yellow  ochre. 
This  bed  rests  upon  the  rock  called  tnanchetla ;  the  brilliant  aspect  of  ore  in  this  place 
has  gained  for  it  the  name  of  wnra  lucdala. 

The  metalliferous  hill  d  I,  extends  to  the  north-east,  about  a  mile  beyond  the  work- 
ings D  E  r.      The  ore  contains  about  65  per  cent,  of  iron,  and  is  smelted  in  Calalan 

the  following  description  of  the  figure  will  make  the  siructure  of  this  extraordinary 
mine  well  understood,    a,  is  a  great  excavation,  the  result  of  ancient  workings. 

1,  1 ;  2,  2  j  3, 3,  4,  4, 5,  6,  and  7,  are  roads  for  carrying  off  the  rubbish,  in  correspoad 
Ence  with  thr  several  workine  le'els. 
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b,  b,  b,  masses  of  old  rubbish  (deblaii). 

c,  €,  ditto,  Trom  the  present  worliings  B,  e,  f. 

d,  the  rocky  mass  called  bianchetla,  against  which  the  ore  extracted  from  a  abals. 
f,  the  surface  of  a  bed  of  ore,  near  the  streamlet  k- 

ft  fi  indiCBlion  of  beds  of  iron  pyrites  and  /er  oHgisfe. 

g-,  a  Email  rlTnlet  proceeding  from  the  inEltralion  of  rains,  and  which  is  impregaated 
nith  acidulous  sulphate  of  iron. 

A,  ft,  ravine  which  separates  the  metalliferous  hill  d  I  from  the  barren  hill  t. 

ft,  masses  of  slags  from  ancient  smelting  operations;  such  are  very  common  in  Lhjs 
island.  None  of  any  consequence  now  exist;  nearly  Ihe  whole  of  the  ore  being  ex- 
poiled  to  Tuscany,  the  Romagna,  the  Genoese  territories.  Piedmont,  Naples,  and 
Corsica. 

;,  a  considerable  body  of  rubbish  frpm  ancient  workings,  towards  the  summit  of  the 
metalliferous  hill  d,  I. 

m,  m,  part  of  this  hill  covered  with  rubbish,  (he  result  of  old  workings. 

n,  the  Bile  called  Vigneria. 

0,  houses  upon  the  shore  called  Marii'f  de  Rio,  where  the  workpeople  live,  and  the 
mineral  js  kept  in  store. 

p,  wooden  pier  {mole)  whence  (he  ore  is  shipped ;  terminated  by  a  small  tower,  g. 

Compact  fer  oligute  occurs  also  in  the  Voages,  in  Corsica,  at  Allcnberg  and  Freybut^, 
in  Saxony,  Presnitz,  in  Bohemia,  Norberg  and  Bisberg,  in  Sweden,  &c. 

The  varieties  called  specular  ftr  oligtsle,  and  scaly  Ver  oti^isle,  or  u-on-glance,  do  not 
differ  essentially  from  the  compact,  Kone  of  Ihem  aflects  the  magnetic  needle,  and  Iheir 
powder  is  a  red  of  greater  or  less  vivacity. 

8.  Sed  oxyde  of  iron. — The  varieties  included  under  this  species  afford  a  red  powder, 
do  not  affect  the  magnetic  needle,  and  are  destitute  of  metallic  lustre.  At  the  blowpipe 
'hey  all  become  black,  or  deep  brown;  and  then  they  act  on  Ihe  needle.  The  crystal- 
.ized  variety  consists  of  "0  iron  and  30  oxygen  in  100  parts.  The  concretionary  kind, 
or  hematite,  has  a  brown-red  color;  is  solid,  compact,  and  sometimes  very  hard;  its 
surface  may  be  filed  and  polished  BO  as  to  acquire  a  lustre  almost  metallic ;  its  internal 
structure  is  fibrous,  and  it  exhibits  sometimes  a  resemblance  to  splinters  of  wood.  Ill 
cuter  surface  is  constantly  concretionary,  mammelaled,  and  presents  occasionally  sections 
of  a  sphere,  or  cylinders  attached  to  each  other.  This  is  the  blood-stoneof  the  burnisher 
of  meials.  It  is  a  very  common  mineral.  The  ochry  variety  or  red -iron -ochre  is  dis- 
tinguished from  the  solid  hematite  by  the  brightness  of  its  color.  It  is  used  as  a 
pigment. 

9,  Brtitcn  oxyde  of  iroa,  brouit  iroa'Stom. — This  affords  always  a  yellow  powder, 
without  any  shade  of  red,  which  passes  sometimes  into  the  bistre  brown,  or  velvet  black. 
At  the  blowpipe  this  oxyde  becomes  brown,  and  very  attractable  by  the  magnet;  but  after 
calcination  and  cooling,  the  ore  yields  a  red  powder,  which  stains  paper  nearly  as  red 
as  hematite  does,  and  which  is  much  emp1o;ed  in  polishing  metals.  All  the  yellow  or 
brown  oxydes  contain  a  large  proportion  of  water,  in  chemical  combination ;  and  hence 
this  species  has  been  called  hydrate  of  iron.  There  are  several  varieties  which  assume 
globular,  nniform,  stalactitjc,  and  fruticose  shapes.  As  impure  varieties  of  the  species 
we  must  consider  some  of  the  clay-iron  ores,  such  as  the  granular,  the  common,  the  pisi- 
form, and  the  reniform  ekiy-iron  ore.  According  to  D'Anbuisson,  Ihe  present  specipj 
consists  of  peroxyde  of  iron,  from  82  to  84  pw  cent.;  water,  14  to  H;  oxyde  of  manga- 
nese, 2;  Biliea,lto2.  It  Is  therefore  a  hydrated  peroxyde  of  iron ;  and  ought  by  theory 
to  consist,  in  its  absolute  stale,  of  81-63  peroxyde,  and  18-37  water.  It  occurs  both  in 
beds  and  veins.  The  atites  or  eagle-stones  form  a  particular  variety  of  this  ore.  On 
breaking  the  balls,  so  named,  they  are  observed  to  be  composed  of  concentric  coats,  the 
ontside  ones  being  very  hani,  but  the  interior  becoming  progressively  softer  towards  the 
centre,  which  is  usually  earthy  and  of  a  bright  yellow  color ;  sometimes,  however,  the 
centre  is  quite  empty,  or  contains  only  a  few  drops  of  water.  tEtites  occur  in  abundance, 
often  even  in  continuous  beds  in  secondary  mountains,  and  in  certain  argillaceous  strata. 
These  stones  are  still  considered  by  the  French  shepherds  as  amulets  or  talismans,  and 
maj^  be  found  in  the  small  bags  which  they  suspend  to  the  necks  of  their  favorite  rams ; 
and  they  are  in  such  general  use,  that  a  large  quantity  's  annually  imported  into  France 
from  the  frtiotiets  of  Germany,  for  this  supers  p    p  Vhen  smelted,  they  yield 

The  variety  called  gralmlar  hrowa  oxyde,        bo  or          m  rely  a  modiRcalion  of 

the  preceding.    It  occurs  in  grains  nearly  round  e   n          from  a  millet  setd  to  a 

pea        h  b            m      ed    f            t  '         I    h    d  d    and  =ofl  within      They  are 

g       al       g               d  b        alca  p          b      are  occa=ionaIly  quite 
00         T                                                     mm     mes  accompanied  with 

br               T                       h  n  afforded  by  it  has  been 

ph                           d       m              g  n             orginic  bodies,  with 
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10.  JHichy  hydrafe  of  iron.— Thia  ia  a  r 

ire  mineral  of  a  resinous  aspect,  found  in  a 

3  from  Freyberg,  and  seoms  to  cooeiat  of  red 

oijde  of  iron  and  water. 

11.  Yenite  is  B  mineral  species,  rather  iB 

ce,  composed  of  red  osjde  of  iron,  silica,  and 

12.  Carhovtatt  of  -troa,  sparry  inm,  or  brown'spar. — This  important  species  has  been 
divided  inlo  two  varieties ;  spalhose  iron  and  the  compact  carbonate.  The  first  has  a 
sparry  and  lamellar  fracture ;  with  a  color  varying  from  yellovfish^ray  to  isabella  yel- 
low, or  even  lo  brownish-red.  Il  turns  brown  without  melting  at  the  blowpipe,  and 
becomes  attractable  by  the  magnet  afler  being  slightly  roasted  in  the  flame  of  a  candle. 
Even  by  a  short  exposure  lo  the  air,  aAer  its  extraction  from  the  mine,  it  also  assumes  the 
same  brown  tint,  bnt  without  acquiring  the  magnetic  quality.  II  affords  hut  a  slight 
effervescence  with  nitric  acid,  changing  merely  to  a  red-brown  color.  lis  specific  gravilj 
varies  from  3-00  to  3'67,  Its  primitive  form  is  like  that  of  carbonate  of  lime,  an  obtuse 
rhomboid.  Without  changing  this  form,  ils  crystals  are  susceptible  cf  eonlaining  varia- 
ble quantllies  of  carbonate  of  lime,  UQ  it  passes  wholly  inlo  ihis  minual.  Manganest 
and  magnesia  enter  also  occasionally  into  its  composition. 

Sparry  carbonate  of  iron  belongs  to  primitive  formations  ;  forming  powerful  veins  in 
mountains  of  gneiss,  and  is  associated  in  these  veins  with  quanz,  copper  pyrites,  gray 
copper,  fibrous  brown  oiyde  of  iron,  and  a  variety  of  ramose  carbonate  of  lime,  vulgarly 
called  .^ /erri.  Thus  il  is  found  alAllevatd  andVizille,  near  Grenoble,  at  Saini- 
George  d'Hureti^re,  in  the  Alps  of  Savoys  at  Baigorry,  in  the  Lower  Pyrenees  ;  at  Eis- 
enerz,  in  Styria ;  at  Hullenberg,  in  Carinthiaj  at  Schwartz,  in  the  Tyrol;  in  Saxony, 
Hungaiy,  other  places  in  Germany,  as  also  in  Spain,  Sweden,  Norway,  and  Siberia.  Il 
also  occurs,  along  with  galena  and  other  ores  of  lead,  in  the  mines  of  Lead-Hills  and 
Wanlockhead,  in  Scotland;  and  in  the  mines  of  Cumberland,  Norlhumberland,  and 
Derbyshire ;  likewise  ivilh  lin-ore,  at  Wheal  Maudlin,  Saint-Just,  and  other  places  in 
Cornwall. 

This  ore,  viewed  as  a  metallurgic  object,  is  one  of  the  most  interesting  and  valuable 
that  is  known ;  it  affords  natural  slee]  with  the  greatest  facility,  and  accommodates  itself 
best  lo  the  Catalan  amelting  forge.  It  was  owing  in  a  great  measure  to  the  pecuiiaf 
quality  of  tlie  iron  which  It  produces,  that  the  o^cellence  long  remarked  in  the  cutlerv 
of  the  Tyrol,  Slyria,  and  CarinL'-.ia,  was  due.  It  was  called  by  the  older  mineralogist's 
sleel  ore. 

The  carbonate  of  iron  of  the  coal  formation,  is  the  principal  ore  from  which  iron  is 
smelted  in  England  and  Scotland,  and  it  yiekls  usually  from  30  to  33  per  cent,  of  cast 
metal.  We  are  indebted  lo  Dr.  Colquhonn  for  several  elaborate  analyses  of  the  sparry- 
irons  of  the  Glasgow  coal  Geld ;  ores  which  afford  the  best  q^nalities  of  iron  made  in  that 
district.  The  richest  specimen,  out  of  the  nine  which  be  tried,  came  from  the  neighbor- 
hood of  Airdrie;  it  had  a  specific  gravity  of  3'0533,  and  afforded  in  100  parts,  carbonic 
acid,  35-17;  protoiyde  of  iron,  53*03  ;  lime,  3-33;  magnesia,  ]-77;  silica,  1-4;  alumina, 
0-63 ;  peroxyde  of  iron,  0'!3 ;  carbonaceous  or  bituminous  matter,  303 ;  moisture  and 
loss,  I-4I.    Its  contents  in  metallic  iron  are  41-35. 

The  compact  carbonate  of  iron  has  no  relation  externally  with  the  sparry  variety.  Il 
comprehends  most  of  Ibe  clay-iron  stones,  and  particularly  that  which  occurs  in  flattened 
spheroidal  masses  of  various  size,  among  the  coal  measures.  The  color  of  this  ore  is 
often  a  yellu wish-brown,  reddish-gray,  or  a  dirty  brick-red.  Its  fracture  is  close  groined ; 
il  is  easily  scratched,  and  gives  a  yellowish-brown  powder.  It  adheres  to  the  tongue, 
has  an  odor  slightly  argillaceous  when  breathed  upon,  makes  no  effervescence  with  any 
acid,  blackens  at  the  blow-pipe  without  melting,  and  becomes  attractable  by  the  magnet 
with  the  slightest  calcination. 

This  ore  affords  from  30  to  40  per  cent,  of  iron  of  excellent  quality;  and  il  is  (be 
object  of  moat  extensive  workings  in  Great  Britain.  It  occurs  :n  the  slaty  clay  which 
serves  as  a  roof  or  floor  to  the  strata  of  coal;  and  also  in  continuous  beds,  firim  2  lo  IS 
inohes  thick,  among  the  coal  measures,  as  in  Staffordshire,  Shropshire,  and  Wales.  It  is 
remarkable,  that  the  coal-basin  of  Newcastle  contains  little  clay  iron-stone,  while  thi: 
coal-basin  of  Dudley  is  repleft  with  it. 

13.  Pkoiphale  of  iron. — A  dull  blue  color  is  the  most  reizarkable  external  character 
of  this  species,  which  occurs  in  small  masses  composed  of  aggregated  plates,  sometimes 
in  nn  excessively  fine  powder,  or  giving  other  bodies  a  blue  tinge.  It  assumes  at  the 
blowpipe  a  rusty  hue,  and  is  then  reduced  lo  a  button  of  a  melallic  aspect.  It  dissolves 
completely  in  dilute  nitric  acid,  as  well  as  in  ammonia,  bnt  it  dues  not  communicale  its 
color  to  them,  and  oil  turns  it  black ;  characters  which  distinguish  it  readily  from  blue 
carbonate  of  copper,  whose  color  is  not  altered  by  a 
•melting  ore. 
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14.  Sulphate  0/  iron,  native  gteen  vitriol. — This  is  formed  by  the  o^ygenalion  of  sul 
phurel  of  iron,  and  is  nnimparlant  in  s  mclallurgic  point  of  view. 

15.  ChromaU  of  iim.—For  the  treatment  end  use  of  this  ore,  see  Chbojie. 

16.  Arstniate  of  iron,  WMrfikrx. 
n.  Munaie  0/  iron. 

18.  Oxalate  of  iron;  Humboldtiti,  found  by  M.  Breithaupt  in  the  lignite  of  Kolaw.  It 
consists  of  pcutoxyde  of  iron,  63-86;  oxaliu  acid,  46-14  ;  in  100. 

19.  Titanale  of  irrm  consists  of  proloxyde  and  peroiyde  of  iron,  86;  lilanic  acid,  8; 
oxyde  of  manganese,  2 ;  gangue,  1  =  97.    See  Black  Oxyde  of  iron. 

Of  the  assay  of  iron-ares  byfaiion. — In  the  assays  by  the  dry  way,  the  object  is  to  sep- 
arate exactly  all  the  iron  which  the  ore  may  contain,  witii  the  vieiv  of  comparing  the  result 
with  the  product  of  smelting  on  the  great  scaie.  In  order  to  succeed  in  this  operation, 
we  must  deoxydize  the  iron,  and  produce  al  the  same  lime  such  a  temperature  as  will 
melt  the  metal  and  the  earths  associated  with  it  in  the  ore,  and  obtain  the  former  in  a 
dense  button  at  the  bottom  of  a  crucible,  and  the  latter  in  a  lighter  glass  or  slag,  above  it. 
Sometimes  the  gangue  of  the  ores,  consisting  mostly  of  a  single  earth,  as  quartz,  alumina, 
or  lime,  is  of  itself  very  refractory,  and  hence  some  iluimustbe  added  lo  bring  about  the 
fusion.  The  substance  most  commonly  employed  for  this  purpose  is  boraj ;  hut  ordinary 
flint  glass  may  be  substituted  for  it.  Sometimes,  also,  instead  of  adding  borax,  which 
always  succeeds,  lime  or  clay  may  be  added  to  the  ore,  according  10  the  nature  of  its 
mineralizer  j  that  is,  lime  for  a  clay  iron-stone,  and  clay  for  a  calcareous  carbonate  of 
iron  i  and  both,  when  the  gangue  is  siiidons,  as  occurs  with  the  black  oxyde. 

The  ore,  pulverized  and  passed  through  a  silk  sieve,  is  to  be  well  mixed  with  the  flux, 
and  the  mixture  introduced  into  the  smooth  concavity  made  in  the  centre  of  a  crucible 
lined  with  hard-rammed  damp  charcoal  dust.  Were  the  mixture  dtflused  through  the 
charcoal,  the  reduced  iron  woiild  be  apt  to  remain  scattered  in  little  globules  through 
the  crucible,  and  no  metallic  button  would  be  formed  at  its  bottom.  The  mingled  ore  and 
tluxmusl  be  covered  with  charcoal.  The  crucible  Ihnsfilledmust  be  shut  with  an  earthen 
lid  luted  on  with  fire-clay;  and  it  is  then  set  on  its  base,  either  in  an  air  furnace,  or  on 
the  hearth  of  a  foiTje  ut^edwilh  a  smith's  bellows.  The  heat  should  bevery  slowly  raised, 
not  employing  the  bellows  till  three  q.uarlers  of  an  hour  have  expired.  In  this  way,  the 
water  of  the  damp  charcoal  (brasque)  is  allowed  to  exhale  sldwly,  and  the  deoxydalion  is 
crimpleted  before  the  fusion  begins ;  for  by  acting  otherwise,  the  slags  formed  would  dis- 
solve some  oxyde  of  iron,  and  the  assay  would  not  indicate  the  whole  of  the  iron  10  be 
obtained  from  the  ore.  At  the  end  of  the  above  period,  the  fire  must  be  raised  progres- 
sively lo  a  white  heat,  at  which  pitch  it  must  be  maintained  for  a  quarter  of  an  hour, 
after  which  the  crucible  should  be  withdrawn.  Whenever  it  has  cooled,  it  is  to  be 
opened,  the  hrasque  must  be  carefully  removed  or  put  aside,  and  the  bntton  of  cast-iron 
taken  out  and  weighed.  The  brasqae  may  somelimea  contain  a  few  globules,  which  mnst 
be  collected  by  washing  in  water,  or  the  application  of  a  magnetic  bar.  The  qunnlitj 
of  iron  denotes,  of  course,  the  richness  of  the  ore.  These  assays  furnish  always  a  gray 
cast-iron ;  and,  therefore,  the  quality  of  the  products  can  hardly  be  judged  of,  except  by 
an  experunent  on  the  large  scale.  The  temperalnre  necessary  for  the  success  of  an  assay 
is  about  150°  of  Wedgewood. 

In  the  assays  by  the  humid  way,  we  may  expect  to  find  manganese,  silica,  alumina, 
lime,  magnesia,  and  sometimes  carbonic  acid,  associated  with  the  iron.  100  grains  of 
the  ore  in  fine  powdar  are  to  be  digested  with  nitro-muriatic-acid ;  which  will  leave  only 
the  silica  with  perhaps  a  very  little  aiumina.  If  an  effervescence  takes  place  in  the  cold 
with  a  dilute  acid,  the  loss  of  weight  will  indicate  the  amount  of  carbonic  acid  gas  ex- 
pelled. Tho  muriatic  solution  contains  the  iron,  the  manganese,  the  lime,  magnesia,  and 
most  of  the  alumina,  with  a  little  silica.  On  evaporating  to  dryness,  and  digesting  in 
water,  all  the  silica  will  remain  in  an  insoluble  slate.  If  the  solution  somewhat  acidu- 
lated be  treated  with  oxalate  of  ammonia,  the  lime  will  fall  down  in  the  form  of  an  ox- 
alate ;  ammonia  will  now  precipitate  the  alumina  and  the  oxyde  of  iron  together,  while 
the  manganese  and  magnesia  will  continue  dissolved  In  the  slate  of  triple  salts  (ammonia- 
muriates).  The  alamina  may  be  separated  from  the  ferric  oxyde  by  potash-ley.  The 
manganese  may  he  thrown  down  by  hydros ulphuret  of  potash  ;  and,  finally,  the  magnesia 
may  be  piecipitaled  by  carbonate  of  soda.  100  parts  of  the  red  oxyde  of  iron  contain 
69-34  of  metal,  ond  30-66  of  oxygen. 

If  phosphorus  be  present  in  the  ore,  Ihe  nitfo-murialic  solution,  being  rendered  nearly 
neutral,  will  afford  with  muriate  of  lime  a  precipitate  of  phosphate  of  lime,  soluble  in  an 
excess  of  muriatic  acid. 

When  the  sole  object  is  to  learn  readily  the  per-centage  of  iron,  ihe  ore  may  be  treated 
with  hot  nilro- muriatic,  the  acid  solution  filtered  and  supersaturated  with  ammonia, 
which  will  throw  down  only  Ihe  iron  oxyde  and  alumina  ;  because  the  lime  is  not  pre- 
cipilahle  by  that  alkali,  nor  is  magnesia  and  manganese,  when  in  the  stale  of  ammonia. 
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muiislei.  The  red  iir^cipitate,  bting  digeeled  wilh  soae  potash-ley,  will  lose  ite  &lun]iTlt^ 
and  will  leave  Ihe  ferric  oxjde  nearly  pure.  The  presence  of  sulphar,  pliosphorjf,  ol 
arsenic,  in  iron  ores,  may  always  be  detected  by  the  blowpipe,  or  ustulation  in  the  nssaj 
muffle,  as  described  under  Fchnace. 

Of  the  smellivg  of  iron  oi-es. — We  s'bbII  describe,  in  the  first  place,  the  methods  prae- 
lised  in  Great  Britain,  and  shall  aRerwards  consider  those  pursued  in  other  countries,  in 
the  treatment  of  their  peculiar  ores. 

Iron  is  divided  into  three  kinds,  according  (o  the  different  melallic  slates  in  which  it 
may  he  ofalained  j  and  these  are  called  crude  or  cast  iron;  steel  j  and  bar  or  malleable 
iron.  These  states  are  determined  essentially  by  the  dilierenl  proportions  of  charcoal  or 
carhon  held  in  chemical  combination  ;  cast  iron  containing  more  then  steel,  and  steel  more 
than  malleable  iron  ;  which  last,  indeed,  ought  to  be  the  pure  metal,  a  point  of  perfec- 
tion, however,  rarely  if  ever  attained.  It  is  impossible  to  assign  the  limits  between  these 
three  forms  of  iron,  or  Iheir  relative  proportions  of  carbon,  with  ultimate  precision ;  for 
bar  iron  passes  into  steel  by  insensible  gradations,  and  steel  and  cast  iron  make  such 
mutual  transitions  as  to  render  it  difficult  to  define  where  the  former  commences,  and  the 
latter  ceases,  to  exist.  In  fact,  some  steels  may  be  called  crude  iron,  and  some  cast  irons 
may  be  reclioned  among  steels. 

Towards  the  conclusion  of  the  last  centiiry  the  manu  actare  of  iron  underwent  a  very 
important  revolution  in  Great  Britain,  by  tHfe  substitution  of  pilcoal  for  charcoal  of 
wood,  the  only  combustible  previously  used  in  smelting  the  ores  of  this  metal.  This 
improvement  served  not  merely  to  diminish  the  cost  of  reduction,  but  it  furnished  a 
EoAer  cast  iron,  fit  for  many  new  purposes  in  the  arts.  From  this  era,  iion  works  have 
assumed  an  immense  importance  in  our  national  industry,  and  have  given  birth  to  many 
ingeaious  and  powerful  machines  for  fashioning  the  metal  into  bars  of  every  form,  wilh 
almost  incredible  economy  and  expedition. 

The  profusion  of  excellent  coal,  and  its  association  in  many  localities  wilh  iron-stone, 
have  procured  hitherto  for  our  country  a  marked  superiority  over  all  others  in  the  iron 
trade.;  though  now  every  possible  effort  is  making  by  foreign  policy  to  rival  or  to  limit 
our  future  operations.  In  IB02,  M.  de  Bonnard,  now  divbionary  inspector  in  the  royal 
corps  of  mines  of  France,  and  secretary  of  the  general  council,  made  a  tonr  in  England, 
in  order  to  study  onr  new  processes  of  manufacturing  iron,  and  published,  on  his  return, 
in  the  JoMmal  des  Mines,  torn.  17,  a  memoir  descriptive  of  them.  Since  the  peace,  many 
French  engineers  and  iron-maslera  have  exerted  themselves  in  naturalizing  in  France 
this  species  of  industry ;  and  M.  de  Gallois,  in  particular,  after  a  long  residence  in  Great 
Britain,  where  he  was  admitted  to  see  deliberately  and  minutely  every  department  of  Ib^ 
iron  trade,  returned  with  ample  details,  and  erected  at  Saint-Etlenne  a  lai^e  establish- 
ment entirely  on  the  English  model.  More  recently,  MM.  Dnfrenoy  and  Elie  de  Beau- 
mont, and  MM.  Coste  and  Perdonnet,  have  pubUsbed  two  very  copious  accounts  of  their 
-espeetive  melallurgic  lours  in  Great  Britain,  illustrated  wilh  plans  and  sections  of  our 
furnaces,  for  Ihe  instruction  of  the  French  nation. 

The  argillaeeons  carbonate  of  iron,  or  clay  iron-slone  of  the  coal  measures,  is  the  chiel 
ore  smelted  in  England.  Some  red  hematite  is  used  as  an  auxiliary  in  certain  wotka  m 
Cumberland  and  Lancashire;  but  nowhere  is  the  iion-sand,  or  other  ferruginous  matters 
of  Ihe  secondary  strata,  employed  at  present  for  procuring  the  metal 

Among  the  numerous  coal-basins  of  England  there  are  two,  in  particular,  which  fur- 
nish more  than  three  fourths  of  the  whole  cast  iron  produced  in  the  kiUEdom,  namely, 
the  coal  field  of  Dudley,  in  the  south  of  Staffordshire ;  and  the  coal  fields  of  Monmouth 
shiie,  in  South  Wales,  along  with  those  of  Gloucestershire  and  Somersetshire 

Dudley  is  peculiarly  favored  by  nature.  There  are  found  associated  the  coal,  the 
iron  ore,  the  limestone  for  fiux,  and  the  refractory  fire-clay  for  constructing  the  interior 
brick-work  of  the  furnaces.  This  famous  clay  is  mined  at  Stourbridge,  and  exported 
to  every  part  of  the  kingdom  for  making  cast  steel  crucibles  and  glass  house  melting 

At  Merthyr-Tydvil,  the  centre  of  the  iron-works  of  Wales,  the  ,ron  stone  u  exltemelv 
plentifHl,  forming  16  beds,  or  rather  constituting  an  integrant  portion  of  Jb  beds  of 
Ela<e-c!ay.  Sometimes  it  occurs  in  pretty  long  tables  adjoinint;  each  other,  so  as  to 
resemble  a  continuous  stratum;  but  more  fret[ucntly  it  forms  nodules  of  various  size  and 
abundance,  placed  in  planes  both  above  and  below  the  coal  seam.  Eight  varieties  of 
ore,  beloneing  to  different  beds,  have  been  distinguished  by  the  following  barbarous 
names  !  black  balls,  black  pins,  six-inch-wide  vein,  si\-inch  jack,  blue  lein,  hlue  pin=, 
gray  pins,  seven  pins.  The  bed  containing  the  first  quality  of  iron  stone  is  analogous 
to  the  black  ore  of  Staflbrd shire,  called  gt-lMn;  it  is  often  cleft  nithin  like  itpleria,  and 
its  cavities  are  sometimes  besprinkled  with  crystals  of  carbonate  of  lime  or  quartz  In 
the  snperior  beds  there  ate  nodules  decomposing  into  concentric  coats,  of  which  the 
middle  is  clay.     Crystals  of  oxyde  of  titanium  are  occasionally  found  in  the  middle  of 
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Ihe  balls  of  day  iron-stone ;  to  whieh  the  metallic  tilanium  observed  iii  the  inside  of  Ihe 
dome  of  blast  furnaces,  maybe  traced.  Both  at  Dudley  and  South  Wales,  casts  of  sbells 
belonging  to  the  genus  «m*o,  are  observed  on  the  iron-stone. 

The  averaee  richness  of  the  iron-stones  of  South  Wales  is  somewhat  greater  than  that  ol 
those  of  Staffordshire.  The  former  is  estimated  at  33  parts  of  cast  iron,  while  the  laltei 
rarely  exceeds  30  parts  in  100  of  ore  ;  and  this  richness,  joined  to  the  superior  quality  oi 
cheapness  of  the  coals,  and  the  proiimity  of  the  sea,  gives  Soutli  Wales  a  decided  advan- 
tage as  a  manufacturing  district. 

The  number  of  blast  furnaces  in  the  parish  of  Merlhyr-Tydvil  amounts  to  upwards  of 
30.  The  cast  iron  produced  is,  however,  seldom  brought  into  the  market,  baC  is  almost 
entirely  converted  into  bar  iron,  of  which,  at  Mr.  Crawshay's  worts,  600  tons  are  manu- 
"actured  in  a  week.  Numerous  iron  railways,  extending  through  a  length  of  220  miles, 
acilitale  the  transport  of  the  materials  and  the  exportation  of  the  products.  That  con- 
currence of  favorable  circumstances,  which  we  have  noticed  as  occurring  at  Dudley,  pre- 
vails in  an  equal  degree  in  South  Wales, 

The  same  economy  which  the  use  of  coal  has  introduced  into  the  smelting  of  cast  iron 
trom  the  ore,  also  extends  to  its  refinery  into  bars.  And  this  process  would  supersede  in 
every  iron  work  the  use  of  wood  charcoal,  were  not  the  iron  produced  by  the  latter  com- 
bustible belter  for  many  purposes,  particularly  the  manufacture  of  steel.  In  some  English 
smelting  works,  indeed,  where  sheet  iron  is  prepared  for  making  tin  plate,  a  mised  reiining 
irocesB  is  employed,  where  the  cact  iron  is  made  iitto  bar  iron  by  wood  charcoal,  and 
laminated  by  the  aid  of  a  coal  fire. 

Till  IT'lO,  the  smelting  of  iron  ores  in  England  was  e:(ecuted  entirely  with  wood  char- 
coal ;  and  the  ores  employed  were  principally  brown  and  red  hematites.  Earthy  iron  ores 
were  also  smelted ;  but  it  does  not  appear  that  the  clay  iron-stones  of  the  coal-basins 
were  then  used,  though  ihey  constitute  almost  the  sole  smelting  material  at  the  present 
day.  At  that  era,  there  were  59  blast  furnaces,  whose  annual  product  was  17,350  tons 
of  cast' iron ;  that  is,  for  each  furnace,  294  tons  per  annum,  and  a|  tons  per  week.  By 
the  year  1788,  several  attempts  had  been  made  to  reduce  iron  ore  with  coked  coal ;  and 
there  retnained  only  24  charcoal  bhist  furnaces,  which  produced  altogether  13,000  tons 
of  cast  iron  in  the  yearj  being  at  the  rate  of  546  tons  for  each  per  annum,  or  nearly  11 
tons  per  week.  This  remarkable  increase  of  11  tons  for  5J,  was  due  chiefly  to  the  sub- 
stitution of  cylinder  blowing  machines  worked  with  pistons,  for  the  common  wooden 
bellows.  Already  53  blast  furnaces  fired  with  coke  were  in  activity ;  which  furnished  in 
tofo  48,800  Ions  of  iron  in  a  year ;  which  raises  the  annual  product  of  each  furnace  to 
907  tons,  and  the  weekly^roduct  to  about  17^  tons.    The  quantity  of  cast  iron  produced 

thalyear  (1788)  by  means  of  coal,  was 48,800  tons, 

and  that  by  wood  charcoal,  was         ....-,        13,100 

Constituting  a  total  quantity  of 61,900  tons. 

In  1796,  the  wood  charcoal  process  was  almost  entirely  given  upi  when  the  returns  of 
the  iron  trade  made  by  desire  of  Mr.  Pitt,  for  establishing  taxes  on  (he  manufacture 
afibrded  the  following  results: — 

121  blast  furnaces,  furnisbing  in  whole  per  annum  124,879  tons,  constituting  an  average 
amount  for  each  furnace  of  1032  tons. 

In  1802,  Great  Britain  possessed  168  blast  furnaces,  yielding  a  product  of  about  170,000 
tons;  and  this  product  amounted,  in  1806,  to  250,000  tons,  derived  from  227  coke  fur- 
naces, of  which  only  159  were  in  activity  at  once.  These  blast  furnaces  were  distributed 
aj  follows. 

In  the  principality  of  Wiles         .----,..52 
In  Staffordshire    ------.....42 

In  Shropshire 42 

In  Derbyshire      .---...-...17 
In  Yorkshire       -...-.-...        .jg 
In  the  counties  of  Gloucester,  Monmouth,  Iicicester,  Lancaster,  Cumber- 
land, and  Northumberland 18 

In  Scotland ......28 

227 
In  -820,  ihe  iron  trade  had  risen  to  tlie  amount  shown  in  the  following  table; — 

Wales  manufactured,  per  annum  .......  150,000 

Shropshire  and  Staftbrdshire          .-....,  180,000 

Yorkshire  and  Derbyshire    ..-,,...  50,000 

Scotland,  with  seme  places  in  England  -        .                 ...  20,000 

Total 400000 
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In  a  statistical  view  given  by  M.  de  Villefosse,  of  the  French  and  English  iron  works 
be  assigns  to  the  latter,  in  1S36,  305  blast  furnaces,  distribntcd  as  follows  :— 

In  the  principality  of  Wales         -...-,.,87 

InStaflbrdshire 78 

In  Sliropsbire,  Derbyshire,  Yorlishire,  &c. 84 

In  Scollana -         .         .         56 

305 
BCIivity  at  the  same  iiroe;  and  if  we  suppose  iheir  meat 
a  weeJi,  the  total  product  would  bave  been,  in  1826,  728,000 
tons,  ilut  tbis  estimate  seems  to  be  somewhat  above  Ibe  truth ; .  for,  from  the  informatior 
communicated  by  Mr.'  Philip  Tayior  to.M,  Acbille  Chaper,  a  considerable  French  iron 
master,  who,  in  the  summer  of  1826,  inspecled  iwo  thirds  of  the  blast  fnrnaces  of  Great 
Britain,  their  product  during  this  year  was  about  600,000  loos. 

The  preceding  delails  show  the  succeslive  increments  which  the  manufacture  of  cast 
iron  has  received  ;  and  a  similar  progression  has  taken  pffice  in  its  refinery  into  wrouglit 
iron.  This  operation  was  formerly  effected  i  j  the  agency  of  wood  charcoal  in  refinerie, 
analogons  to  those  still  made  use  of  in  France.  But  when  that  kind  of  fuel  began  to  be 
scarce  in  (his  island,  it  came  to  be  mixed  with  coke  in  various  proportions.  The  bar  iron 
thus  produced  was  usually  hard,  and  required  much  time  to  convert,  so  that  an  establish- 
ment which  could  produce  20  tons  of  bar  iron  in  a  week,  was  deemed  considerable.  At 
that  time,  England  imported  annually  from  Sweden  and  Russia  the  enormous  quantity  of 
70,000  ions  of  iron. 

Mr.  Cort,  to  whom  Great  Britain  is  indebted  for  the  methods  now  pursued  in  this 
country,  succeeded  about  that  lime,  after  many  unsuccessful  experiments,  in  converting 
cast  iron  into  bar  iron,  by  exposing  it  on  the  hearth  of  a  reverberalory  furnace  to  the  flame 
of  pilcoal.  This  method,  which  possessed  the  advantage  of  employing  this  species  of  com. 
busiible  alone,  likewise  simplified  the  treatment,  because  it  required  no  blast  apparatus. 
Bat  this  mode  of  refinery,  consisting  in  the  ose  of  a  reverberatory  furnace  alone,  did  not 
produce  altogether  the  desired  result.  It  was  irregular;  sometimes  the  loss  of  iron  was 
small,  but  at  others  it  was  very  considerable;  and  there  were  great  variations  in  the 
'{uality  of  the  iron,  us  well  as  in  the  quantity  of  fuel  consumed.  Mr.  Cort  succeeded  in 
removing  Ibis  uncertainty  of  result,  by  causing  Uie  puddling  in  the  reverberatory  furnace 
to  he  preceded  by  a  kind  of  refinery  with  coke.  The  intent  of  this  operation  was  to  de- 
carburatethe  iron,  and  to  prepare  it  for  becoming  malleable.  The  metal  took  in  that  case 
the  name  of  ^nef^  metal,  called,  for  the  sake  of  brevity,  fine-tnltat. 

He  also  substituted  the  drawing  cylinders  for  the  extension  under  the  hammer,  an  im- 
provement which  accelerated  greatly  the  manufacture  of  bar  iron.  The  iron  then  yielded 
by  the  operation  of  puddling  was  of  a  very  inferior  quality,  and  could  not  be  directly  em- 
ployed in  the  arts.  In  order  to  give  it  more  consistence,  it  was  subjected  to  a  second  heating 
in  a  reverberalory  furnace  ;  and  whenever  ibis  method  had  arrived  at  a  high  enough  de- 
gree of  perfection  to  afford  products  fit  for  the  market,  it  became  exclusively  employed  in 
Great  Britain.  This  new  method  of  transforming  cast  iron  into  malleable  iron  speedily 
gained  such  an  extension,  that  of  late  years,  a  single  iron-work,  Cyfartha  in  Wales,  man- 
nfactnred  annually  more  than  twice  as  much  as  was  made  annually  from  1740  to  17S0, 
in  the  whole  kingdom. 

In  surveying  the  improvements  which  the  iion  manufacture  has  received  in  England  in 
the  space  of  the  last  60  years,  they  are  seen  to  be  resolvable  into  two  ;  Ibe  first  set  re- 
lating lo  the  smelting  of  fhe  ores ;  the  other,  to  the  conversion  of  Ibe  pigs  into  bar  iron  ; 
hence  naturally  arise  two  heads  under  which  the  subject  of  iron  must  be  (realed. 

1.  Marm/acmre  of  casl-inm  by  ct^e  and  coal. — The  castiron  produced  by  the  English 
and  Scotch  blast  furnaces  is  in  general  black  and  very  soft ;  but  yet  may  be  distinguished 
into  several  qualities,  of  which  three  are  particularly  noticed. 

No.  1.  Very  black  east4roa,  in  large  rounded  grains,  obtained  commonly  near  the  com- 
mencement of  the  casting,  when  an  excess  of  carbon  is  present;  in  flowing,  it  appears 
pasty,  and  throws  out  blue  scintillations.  It  exhibits  a  surface  where  crystalline  vegeta- 
tions develop  themselves  rapidly  in  very  fine  branches;  il  congeals  or  fixes  very  slowly; 
ils  surface  when  cold  is  smooth,  concave,  and  oflen  charged  with  plumbago  ;  it  has  but  a 
moderate  tenacity,  is  lenderunder  the  file,  and  susceptible  of  a  dull  polish.  When  mellei 
3vei  again,  it  passes  into  No.  2,  and  Ibrms  the  best  casiings. 

No.  2.  Black  coal-iron  has  a  somewhat  lighter  shade  than  the  preceding,  and  may 
therefore  on  comparison  be  cijled  blaiiish-gray.  It  presents  less  large  granulations  than 
So.  1 ;  is  tenacious,  easily  turned,  filed,  and  polished;  excellent  for  casting  when  it  ap- 
proaches to  No.  1,  and  for  the  manufacture  of  bar  iron  when  il  has  on  the  contrary  a 
ihadc  somewhat  lighter.    If  repeatedly  melted,  it  passes  into  the  next  qaality,  or 

No.  3.  White  ciiti  iron ;  this  is  bit 'lie,  and  indicates  always  some  derangement  in  thfi 
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working  of  the  furaaeei  ic  flows  i[nperreclly,vand  daris  out,  in  cas ling,  abundance  of 
brilliant  white  scintillations ;  it  fixes  very  quickly  ;  and  on  cooling,  eshibils  on  its  surface 
irregular  asperities,  which  make  it  extremely  rough,  Ii  is  easily  broken,  and  presents  s. 
lamellar  and  radiated  fracture!  ^ad  is  so  hard  that  tempered  steel  cannot  act  upon  it. 
It  is  cast  only  into  weights,  bullets,  or  bombs,  but  never  into  pieces  of  machinery.  When 
exposed  to  the  refinery  processes,  it  affords  a  bad  bar  iron.  It  is  owing  probably  to  the 
different  nature  of  the  east  iron  obtained  in  different  counties  iu  England,  that  Stafford- 
shite  and  Shropshire  furnish  the  greater  part  of  the  great  iron  castings,  while  Wales 
manufactures  almost  exclusively  malleable  iron.  The  lower  price  of  coals  iu  Wales 
i%  perhaps  the  cause  lo  a  certain  extent  of  this  difference  in  the  results  of  these  two  iron 
districts.  It  will  be  interesting,  at  any  rate,  to  describe  separately  the  processes  employed 
in  Staffordshire  and  Wales. 

The  blast  fumatea  of  Staffordshire,  in  the  neighborhood  of  Dudley,  Bilalon,  and 
Wedneabury,  are  constructed  almost  wholly  of  bricks.  Their  oater  form  is  frequently 
a  cone,  olten  also  a  pyramid  with  a  square  base.  They  are  bonnd  about  with  a  great 
many  iron  hoops,  or  with  iron  bars  placed  at  different  heigHuS.  This  powerful  armor 
allows  the  furnaces  to  be  built  much  less  massively  tlian  they  formerly  wcic;  and  admits 
lighter  and  more  elegant  external  forms.  They  are  seldom  insulated  i  but  are  usually 
associated  to  the  number  of  two  or  three  in  Ihe  same  line.  A  narrow  passage  is  left 
between  them,  wliich  leads  lo  the  lateral  openings  where  the  tuyeres  are  placed.    At  the 


front  of  the  furnace,  a  larae  sl  ed  8  alwajt  ra  ^ed  The  ro(fs  of  these  shed  i  e  enl  n 
general  circular  profiles,  and  be  ng  made  of  cast  or  bar  iron,  they  d  splay  a  remarkable 
liBhtness  of  construction.  The  caSt  iron  columns  likewise,  which  support  the  joists  and 
girders,  give  additional  elegance. 

In  Ihe  Dudley  field,  the  furnaces  are  almost  always  in  the  middle  of  the  plain,  and  an 
inclined  rail-way  must  be  formed  lo  reach  their  platform.  These  inclined  plane?,  com- 
posed of  beams  or  rails  placed  alongside  of  each  other,  and  sustained  by  props  and  crjiss- 
bars,  as  indicated  in  fig.  793,  are  set  up  mostly  against  the  posterior  face  of  the  furnace. 
Two  chains  or  ropes,  passmg  over  the  drums  of  gins,  moved  by  a  sleam  engine  (commonly 
the  same  that  drives  the  bellows),  draw  up  Ihe  wagons  of  wood  or  sheet  iron  a  a,  which 
contain  Ihe  various  materials  for  supplying  the  furnace.  To  facilitate  this  service,  the 
platform  round  the  farnaee  is  sometimes  enlai^ed  behind  hy  a  floor ;  while  a  balustrade, 
which  opens  when  Ihe  wagon;,  arrive  at  the  platform,  prevents  accidents.  This  pro- 
jectitin  is  occasionally  covered  by  a  roof.  For  a  furnace  of  the  largest  size,  the  force  ex- 
pended by  this  lifting  apparatus  is  not  more  than  a  two-horse  power. 

Fig.  798  is  a  vertical  section  through  the  firnace  from  front  lo  rear,  or  at  right  angles 
lo  the  line  of  the  lateral  tuy6res.  The  erection  of  n  pair  of  bias!  furnaces,  of  40  feel 
high  each,  costs,  in  the  Dudley  district,  1800  pounds  sterling ;  and  requires  for  building 
each,  160,000  common  bricks  for  the  outside  work,  3900  fire-bricks  for  the  lining  or  shirt 
of  the  fbruace,  and  825  for  Ihe  boshes.  The  dimensions  of  Ihe  fire-bricks  are  various ;  5 
kinds  are  employed  for  the  lining,  and  9  kinds  for  the  boshes.  They  are  all  6  infrhcs 
thick,  and  are  curved  lo  suit  the  jxmssoirs. 

The  namber  of  charges  given  in  12  hours  is  different  in  different  Cnrnaces ;  being 
SO,  25,  and  even  so  high  as  40;  but  ^0  is  a  fair  average.    Kach  charge  is 
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cumposedof  from  a  to  6  cwls.  of  coke,  {or  now  of  3  lo4  cwts.  of  coal  wiih  the  hot  Hart)  j 
3,  4,  and  somelimes  6  cwls.  of  the  roasted  mine,  according  [a  its  richness  and  Che  qaalil; 
of  cast  iron  wanted;  the  limestone  fini is  usually  one  third  of  the  weight  of  the  roaslS( 
iron  stone.  There  are  2  casts  in  24  hours ;  one  at  6  in  the  morning,  and  another  at  6  ir 
the  evening. 

The  heighl  of  the  blast  furnaces  is  very  yariahle;  some  being  only  36  feet  high 
including  the  chimney,  while  others  have  an  elevation  of  60  feel.  These  extreme  limits 
are  Very  lare :  So  Ihae  the  greater  part  of  the  furneees  are  from  45  to  60  feet  high. 
They  are  all  terminated  by  a  cylindrical  chimney  of  from  8  lo  IS  feel  long;  being  about 
one  GAh  of  iho  total  height  of  the  furnace.  Tlie  inside  diametet  of  this  chimney  is  the 
same  as  that  of  the  throat  or  mouth ;  and  varies  from  4  to  6  feet.  The  chimney  is  fi«. 
qoenlly  formed  of  a  single  course  of  bricks,  and  acquires  solidity  from  its  hoops  of  iron, 
so  thickly  placed  that  one  half  of  the  surface  is  often  covered  with  them.  At  its  lower 
end,  the  mouth  presents  one  or  two  rectangular  openings,  through  which  the  charge  is 
given.  It  is  built  on  abasement  circleofcaat-iron,  which  forms  the  circumference  of  the 
throat ;  and  a  sloping  plate  of  cast-iron  h  is  so  placed  as  to  make  the  materials  slide  ov^r 
into  the  furnace,  as  shown  in  the  figure. 

The  insiJe  of  the  blast  furnaces  of  Staffordshire  is  most  freqaenlly  of  a  circular  furm, 
except  the  hearth  and  working  area.  The  inner  space  is  divided  into  funr  portions,  difierent 
in  their  forms,  and  the  functions  which  they  fulfil  in  the  smelting  of  the  ore. 

The  undermost,  called  the  hearth,  or  crucible,  in  which  the  cast-iron  collects,  is  a  right 
rectangular  prism,  elongated  in  a  line  prependicular  to  the  axes  of  the  tuyeres.  The 
sides  of  the  hearth  consist  in  general  of  refractory  sandstone  (Sre-stone),  obtained  mostly 
~rom  the  bed  of  the  cool  basin,  called  miUttone  grit ;  and  the  bottom  of  the  hearth  is  form- 
id  of  a  large  block  of  the  same  nature,  laid  on  a  cast-iron  plate. 

The  second  portion  is  also  made  of  the  same  refractory  grit  stone.    It  has  the  form  of 

quadrangular  pyratoidal,  approaching  considerably  to  a  prism,  from  the  smallness  of  the 
ingle  included  between  the  sides  and  the  arfis. 

The  third  portion  or  lower  body  of  the  furnace  is  conical,  but  here  the  interior  space 
suddenly  expands;  the  slope  outwards  at  this  part  seems  to  have  a  great  influence  on 
the  quality  of  the  cast-iron  obtained  from  the  furnace.  When  No.  2  of  the  blackest  kind 
is  wanted  for  castings,  the  inclination  of  this  cavity  of  the  furnace  is  in  general  less 
considerable  than  when  No.  2  cast  iron  for  conversion  into  bar  iron  is  required.  The 
inclination  of  this  conical  chamber,  called  the  boshes,  varies  from  55  to  60  degrees  with  the 
lorizon.  The  diameterof  this  part  is  equal  to  that  of  the  belly,  and  is  from  11  lo  13  feel. 
The  boshes  are  built  of  masonry,  as  shown  in  fig).  tSi,  795. 
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The  fourl  two  thirds  of  &.e  height  of  Ihe  ftetiiace  froca 

the  base  of  resents  the  figure  of  a  surface  of  revolutioi:, 

generated  bj  ..  ..u..^  ....^v  ..>.ui.«..ij  ■;!  turned  towards  the  axis  of  Ihe  furnace,  onrt 
vhoae  last  tangent  towards  the  bottom  is  almost  vertical.  This  surface  is  sloped  aff  with 
that  of  the  boshes  (eloiagu  in  French),  so  that  no  sharp  angle  may  exist  at  the  belly. 
In  some  furnaces  of  considerable  dimensions,  as  in  that  with  three  tuyeres,  this  portion  o'' 
the  .'urnace  is  cylindrical  for  a  certain  height. 
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Height  from  the  hearth  to  the  throat  or  mouth       ■            .  43 

Height  of  the  crucible  or  liearih           ...  ej 

—  of  the  boshes           .....  g 

—  of  the  cone 30§ 

—  of  the  chitnney  or  mouth  -  .  .  .  8 
Width  of  the  bottom  of  the  hearth  ...  aj 
Ditto  at  its  upper  end         .....  3 

to  of  the  hoshes 12f 

Ditto  at  one  third  of  the  belly        ....  12 

Ditto  Kl  two  thirds  of  ditto       .            -            -            .  8J 

Ditto  at  the  mouth             -            -            -            .            .  41 

Inciinalion  of  the  boshes          ....  59^               g^" 


The  conical  orifice  called  the  tuyere,  in  which  vhe  tapered  pipes  are  placed,  for  impart 
ing  the  blast,  is  seen  near  the  bottom  of  the  fn:nace,^g.  794,  at  a.  Nose  lubes  of  va- 
rious sizes,  from  2  to  4  inches  in  diameter,  are  applied  to  the  extremity  of  the  main 
blast-pipe.  Under  a  is  the  bottom  of  the  hearth,  which,  in  large  furnaces,  may  be  two 
feet  square.  B  is  the  top  of  the  hearth,  about  two  feel  six  inches  square.  A  b  is  Die 
he%"ht  of  the  hearth,  about  six  feet  six  inches,  b  shows  the  round  bottom  of  Uie  conical 
or  fnnnel  part,  called  in  this  coonlry  the  boslies,  standing  upon  the  square  area  of  the 
hearth,  c  is  the  top  of  the  boshes,  which  may  be  about  12  feet  in  diameter,  and  8  feel 
11  perpendicular  height,  c  is  the  furnace  top  or  mouth  (gtuHlard  in  French),  at  which 
rhe  mattriaU  are  charged.  It  may  be  4^  feet  in  diameter.  The  line  between  c,d,  is  the 
height  of  the  internal  cavity  of  the  fiirnace,  from  the  top  of  the  boshes  upwards,  sup- 
posed to  be  30  feet.  A,  D,  is  the  total  height  of  (he  interior  of  the  furnace,  reckoned  at 
Hi  feel,  X  E  is  the  lining,  which  is  built  in  the  nicest  manner  with  the  best  fire- bricks, 
from  12  to  14  inches  long,  3  inches  thick,  and  cnrred  lo  suit  the  circle  of  the  cone.  A 
vacancy  of  3  inches  wide  is  left  all  round  the  outside  of  the  first  lining  by  the  builder; 
which  is  sometimes  filled  with  coke  dust,  but  more  generally  with  sand  firmly  rammed. 
This  void  space  in  the  brick-work  is  for  the  parpose  of  allowing  for  any  expansion  which 
ini?bt  occnr,  either  by  an  increase  in  the  bulk  of  the  building,  or  by  the  pressure  and 
weight  of  the  materials  when  descending  lo  the  bottom  of  the  furnace.  Exterior  lo  e  e 
is  a  second  lining  of  fire-bricks  sunilar  to  the  first.  At  f,  on  either  side,  is  a  cast.iron 
lintel,  8i  feet  long,  by  10  inches  square,  upon  which  the  bottom  of  the  arches  is  sup- 
ported. F,  G,  is  the  rise  of  the  tuyere  arch,  which  may  be  14  feet  high  upon  the  outside, 
and  18  feet  wide.  The  extreme  siie  of  the  bottom  or  sole  of  the  hearth,  upon  each 
side  of  A,  may  be  10  feet  square.  This  part  and  the  boshing  stones  are  preferably  macis 
fiom  a  coarse  sandstone  grit,  containing  large  rounded  grains  of  quartz,  united  by  a  sili- 

The  bottom  of  the  hearth  consists,  first,  of  a  course  of  the  said  gritstone ;  beneatn 
'  '  :h  is  a  layer  of  bedding  sand,  having,  in  its  under 
,  passages  for  the  escape  of  the  vapors  generated 
by  damps  j  the  whole  being  supported  upon  pillars  of 

Kg,  'IBS  represents  the  hearth  and  boshes,  in  a 
vertical  aide  section,  a  is  the  tymp  stone,  and  5  the 
"  tymp  plate  for  confining  the  liquid  metal  in  the  hearth. 
The  latter  is  wedged  firmly  into  the  side-walls  of  the 
-1  hearth ;  c  is  the  dam-stone,  which  occupies  Ibe  whole 
breadth  at  the  bottom  of  the  hearth,  excepting  about  6 
inches,  which  space,  when  the  furnace  js  at  work,  is 
filled,  before  every  cast,  with  a  strong  binding  sand. 
This  stone  is  faced  outside  by  a  cast.iron  plate  d,  called 
the  dam-plate,  of  considerable  thickness,  and  peculiar 
shape.  The  lop  of  the  dam-stone,  or  rather  thq  notch 
of  the  dam-plate,  lies  from  4  to  8  inches  under  the 
level  of  the  tuyere  hole.  The  space  under  the  tymp  plate,  for  5  or  6  inches  down,  is 
rammed  full,  fo^every  cast,  with  strong  loamy  earth,  or  even  fine  clay  ;  a  process  called 
the  tymp  stopping.    The  area  of  the  base  of  this  furnace  being  38  feel,  its  extreme 
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iJte  EldeS|but  so  pointed  that  the  blast  miiy  not  jiurtne  directly  opposite  lines.  In  a  furnace 
aeting  well  in  the  neighborhood  of  Dadley,  the  one  of  the  tuyeres  was  JO  inches  distant 
from  the  posterior  wall  of  the  hearth,  and  the  other  only  four  inches.  In  other  furnaces 
with  3  tuyeres,  the  side  ones  are  placed,  the  one  16§  inches,  and  the  other  6i  inclieE 
from  the  back.  Three  tuyfires  are  seldom  made  to  blow  simullaneously.  The  third  is 
brought  into  action  only  when  the  furnace  seems  to  be  choked  up,  and  when  it 
becomes  necessary  to  clear  it  up  by  a  powerful  concussion.  Too  much  pains  cannot  he 
bestowed  on  the  masonry  and  brickwork  of  a  blast  furnace,  and  on  the  solidity  of  its 
foundalion.  In  a^ofl  ground  it  should  rest  on  piles,  so  driven  that  the  channel  leA 
beneath  for  the  drainage  of  the  building  may  be  above  any  water  level.  Small  passages 
should  likewise  he  left  throughout  the  body  of  the  work,  for  the  transpiration  of  moisture. 
The  blowing  machines  employed  in  Staffordshire  are  generally  cast-iron  cylinders,  in 
which  a  metallic  piston  is  exactly  fitted  as  for  a  steam  engine,  and  made  in  the  same 
way.  Towards  the  top  and  bottom  of  the  blowing  cylinders  orifices  are  left  covered 
with  valves,  which  open  inside  when  the  vacuum  is  maj!e  with  the  cylinders,  and  aller- 
watds  shut  by  their  own  weight.  Adjutages  conduct  into  the  iron  globe  or  chest,  the  air 
expelled  by  the  piston,  both  in  its  ascent  and  descent ;  because  these  blowing  machines 
have  always  a  double  stroke. 

The  pressure  of  the  air  is  made  to  vary  Ibrough  a  very  considerable  range,  according 
to  the  nntiire  of  the  fuel  and  season  of  the  year  i  for  as  in  summer  the  atmosphere  is 
more  rarefied,  it  must  he  expelled  with  a  compensating  force.  The  limits  are  from  IJ 
pounds  lo  3^  pounds  on  the  inch;  but  these  liumbets  represent  extreme  proportions,  the 
average  amount  in  Staffordshire  being  3  pounds.  With  this  pressure  a  furnace  usually 
works,  which  affords  60  tons  of  cast-iron  in  the  week  ;  and  the  pressure  maybe  2i' pounds 
on  an  averafre.  The  orifices,  or  nose-pipes,  through  which  the  air  issues,  also  vary  with 
the  nature  of  the  coke  and  the  ore,  lu  Staffordshire  they  are  generally  from  2  inches  and 
5  tenths  to  2  inches  and  8  tenths  in  diameler. 

The  blowing  machines  of  Staffordshire  are  always  impelled  by  steam  engines.  At  Mr. 
Bagn^U's  works,  two  blast  furnaces,  40  feet  high,  exclusive  of  the  chimney  or  top,  and 
two  finery  furnaces,  are  worked  by  a  steam  engine  of  40  horses  power ;  and  therefore 
the  power  of  one  horse  corresponds  to  the  production  of  aj  tons  of  cast  iron  per  week, 
independently  of  the  finery. 

In  South  Wales,  especially  at  Pontypool,  there  are  slighter  blast  furnaces,  whose  upper 
portion  is  composed  of  a  single  range  of  bricks,  each  cf  which  is  30  inches  long,  4  thick, 
and  9  broad.  The  interior  of  the  chimney  represents  an  inverted  cone."  These  furnaces 
derive  solidity,  and  power  to  resist  the  expansions  and  coDtractions  from  change  of  tem- 
perature, by  being  cased,  as  it  were,  in  horiiontal  hoops,  placed  3  feet,  or,  even  in  some 
cases,  only  6  inches  asunder.  These  flat  rings  consist  of  four  pieces,  which  are  joined 
by  means  of  vertical  bars,  that  Carry  a  species  of  ears  orrings,into  which  the  hoops  enter^ 
and  are  retained  by  bolts  or  keys.  Instead  of  these  ears,  screw  nuts  are  ttlso  employed 
lor  the  junction.  Each  hoop  is  alternately  connected  to  each  of  the  eight  vertical  bars. 
The  interior  of  these  furnaces  is  the  same  as  of  the  others;  being  generally  from  12  10 
14  feet  diameter  at  the  belly,  and  from  50  lo  55  feet  high.  Though  slight,  they  last  as 
long  as  (hose  composed  of  an  outer  body  of  masonry  and  a  double  lining  of  bricks ;  and 
have  continued  constantly  at  work  for  three  years.  In  Wales  also  the  blast  furnaces  are 
generally  somewhat  larger  than  in  Staffordshire ;  because  there  the  object  being  to  refine 
the  cast  iron,  they  wish  to  procure  as  large  a.  smelting  product  as  possible.  But  in  Staf- 
fordshire, a  fine  quality  of  casting  iron  is  chiefly  sought  aAer,  and  hence  their  furnaces 
have  less  height,  but  nearly  the  same  width. 

In  a  blast  apparatus  employed  at  the  Cyfartha  woiks,  moved  by  a  90  horse  steam 
power,  the  piston  rod  of  the  blowing  cylinder  is  connected  by  a  parallelogram  mechanism 
with  the  opposite  end  of  the  working  beam  of  the  steam  engine.  The  cylinder  is  9  feet 
4  inches  diameter,  and  8  feet  4  inches  high.  The  piston  has  a  stroke  8  feet  long,  and  it 
rises  13  times  in  the  minute.  By  calculating  the  sum  of  the  spaces  pereurred  by  the 
piston  in  a  minute,  and  supposing  that  the  volume  of  the  air  expelled  is  equal  to  only  96 
per  cent,  of  that  sum,  which  must  be  admitted  to  hold  with  machines  executed  with  so 
moch  precision,  ne  find  that  12,588  cubic  feet  of  air  are  propelled  every  minute.  Hence 
a  horse  power  applied  lo  blowing  machines  of  this  nature  gives,  on  an  average,  137  cu- 
bic feet  of  air  per  minute.  The  pressure  on  the  air,  as  it  issues,  rarely  exceeds  two  pounds 
on  the  square  inch  in  the  Welsh  works. 

At  the  establishment  of  Cyfartlia,  for  blowing  seven  smelling  furnaces,  and  the  seven 
corresponding  fineries,  three  steam  engines  are  employed,  one  of  90  horse  power, 
another  of  80,  and  a  third  of  40;  which  constitutes  in  the  whole  a  force  of  210  horses, 
or  36  horses  and  X  per  furnace.,  supposing  the  fineries  to  consume  one  eighth  of  the  blast. 
In  the  whole  of  the  works  of  Messrs.  Crawshay,  the  proprietors  of  Cyfartha,  the  power 
of  about  350  horses  is  expended  in  blowing  12  smelting  furnaces,  and  their  subordinate 
fineries ;  which  gives  from  £5  to  26  horses  for  each,  allowing  as  before  one  eighth  for  the 
fineries.    As  'hese  furnaces  produce  each  about  fiO  tons  of  cast  iron  weekly,  we  finil 
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ihat  R  horse  power  corresponds  lo  2  tons  and  a  tenth  ii 
consumes  about  3567  cubic  feel  of  air  per  minute, 
increased  of  late  years. 

The  following  analyses  of  ibe  English  coal  ironstones  have  been  made  by  M.  Betlbier, 
at  the  school  of  mines  in  Paris. 
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On  calculating  the  qnantities  of  carbonate  of  ii 
above  peroxyde  corresponds,  we  haTe; — 
Carbonate  of  iron  -        -  I  88-77  l 

Metallic  iron         -        -        -  |  42-15  | 


31-38 


The  mean  riehness  of  the  ores  of  carbonate  of  iron  of  these  coal  basins  is  not  far  from 
33  per  cent.    About  28  per  cent,  is  dissipated  on  an  ayerage,  in  the  roasting  of  the  ores. 

Eveiy  ferruginous  clay-stone  is  regarded  as  an  iron  ore,  when  it  contains  more  than  20 
per  cent,  of  metal ;  and  it  is  paid  for  according  lo  its  quality,  being  on  an  aversge  at  32 
shillings  per  ton  in  Staffordshire.  The  gubbin,  however,  fetches  so  high  a  price  as  16 
ti  '7  shillings.  The  ore  must  be  roasted  before  it  is  lit  for  the  blast  furnace,  a  process 
caiiied  on  in  the  open  air.  A  heap  of  ore  mingled  with  sma]l  coal  (if  necessaiy)  is 
piled  up  over  a  stratum  of  lai^er  pieces  of  coal;  and  (his  heap  may  be  6  of  7  feet  high, 
by  15  or  20  broad.  The  fire  is  applied  at  the  windward  end,  and  after  it  has  burned  a 
certain  waj',  the  heap  is  prolonged  at  the  other  extremity,  as  far  as  the  nature  of  the 
ground  or  convenience  of  the  work  requires.  The  quantity  of  coal  requisite  for  roasting 
the  ore  varies  from  one  10  four  hundred  weight  per  ton,  according  to  the  proportion  of 
bituminous  matter  associated  with  the  iron-stone.  The  ore  loses  in  this  operation  from 
S5  to  30  per  cent,  of  its  weight.  Three  and  a  quarter  tons  of  crude  ore,  or  two  and  a 
quarter  tons  of  roasted  ore,  are  required  to  produce  a  ton  of  cast-iron  ;  that  is  lo  say,  the 
crude  material  yields  on  an  sTerage  30-7  per  cent.,  and  the  roasled  ore  44-4  of  pig  metal. 
In  most  smelling  works  in  Slafibrdsbire,  about  equal  weights  of  the  rich  ore  in  round 
nodules  called  guMlii,  and  the  poorer  ore  in  cakes  called  blue  Jlat,  are  employed  together 
in  their  roasted  state ;  but  the  proportions  are  varied,  in  order  to  have  a  uniform  mii- 
lure,  capable  of  yielding  from  30  to  33  per  cent,  of  metal. 

The  transition  or  carboniferous  limestone  of  Dudley  is  used  as  the  flui ;  it  is  compact 
and  contains  little  clay.  The  bulk  of  the  flux  is  made  nearly  equal  lo  that  of  the  ore. 
To  treat  two  tons  and  a  quarter  of  roasted  ore,  which  furnish  one  ton  of  pig  iron,  19 
hundred  weight  of  limestone  are  employed  j  consliluling  nearly  1  of  limestone  for  3  of 
unroasted  ore.    The  limestone  costs  6  shillings  the  ton. 

Carbonized  pilcoal  or  coke  was,  till  within  these  few  years,  the  sole  combustible  used 
in  the  blast  furnaces  of  Staffordshire. 

The  coal  is  distributed  in  circular  heaps,  about  5  fed  diameter,  by  4  feel  high  ;  and 
the  middle  is  occupied  by  a  low  brick  chimney,  piled  with  loose  bricks,  so  open  as  to  leave 
interstices  between  them,  especially  near  the  ground.  The  larger  lumps  of  coal  are 
arranged  round  this  chimney,  and  the  smaller  towards  the  circumference  of  the  heap. 
When  every  thing  is  adjusted,  a  kindling  of  coals  is  introduced  into  the  bottom  of  the 
brick  chimney  i  and  lo  render  the  combustion  slow,  the  whole  is  covered  over  with  a  coat 
of  coal  dross,  the  chimney  being  loosely  closed  with  a  slab  of  any  kind.  Openings  are 
occasionally  made  in  the  crust  and  afterwards  shut  up,  to  quicken  and  retard  the  ignition 
Ht  pleasure,  during  its  continuance  of  34  hours.  Whenever  the  carbonization  has  reached 
the  proper  point  for  forming  good  coke,  the  covering  of  coal  dross  is  removed,  and  water 
is  thrown  on  the  heap  lo  extinguish  the  combustion ;  a  circumstance  deemed  useful  to 
the  q'liality  of  the  coke.  In  this  operation  the  Staffordshire  coal  loses  the  half  of  its 
weight,  or  two  tons  of  coal  produce  one  o^  coke. 

As  soon  as  the  blast  furnace  gets  into  a  regular  heat,  which  happens  aboni  15  days  or 
three  weelis  after  fires  have  been  put  in  it,  the  working  consists  simply  in  charging  it,  at 
the  opening  in  the  throat,  whenever  there  is  a  snliicienl  empty  space;  the  only  rule 
being  to  keep  the  furnace  always  full.  The  coke  is  measured  in  a  Ijaskel,  thirteen  of 
whidi  go  to  the  ton.  The  ore  and  the  flux  (limestone)  are  brought  forwards  in  wheel- 
barrows of  sheet  iron.  In  24  hours,  there  are  thrown  into  a  furnace  such  sijig. 
582,  14|  tons  of  coke,  16  tons  of  roasted  ore,  and  6f  tons  of  limestone;  from  which 
about  7  tons  of  pig  iron  are  procured.  This  is  run  off  erery  12  hours;  in  some  works 
the  blast  is  suspended  during  the  discharge.    The  mclal  intended  lo  be  cnnverled  inli" 
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bar  iron,  or  to  be  cast  again  inla  mDi1(i;,  is  ran  into  small  pigs  3  feet  lon^,  and  4  incheE 
diameter;  weighing  each  about  2  hundred  weight  and  a  hair. 

The  disorders  to  which  blast  furnaces  are  liable  have  a  tendency  always  to  produce 
while  GSSt-iron.  The  color  of  the  slag  or  scorice  is  the  surest  test  of  these  derange- 
ments, as  it  indicates  the  quality  of  the  producia.  If  the  furnace  is  jiehling  an  iron 
proper  for  casting  into  moulds,  the  slag  has  a  uniform  vitrificalioQ,  and  is  Eh  an 
lucid.  When  the  dose  of  ore  is  increased  in  order  lo  obtain  a  gray  pig  n  li  f 
fabrication  Into  bars,  the  slag  is  opaque,  dull,  and  of  a  greenish-yellow  t  n  h  b  u 
enamelled  zones.  Lastly,  when  the  furnace  is  producing  a  white  metal,  h  be  a 
black,  glassy,  full  of  bubbles,  and  emit  an  odor  of  sulphureled  hydrogen.    T  le 

from  a  coke  are  much  more  loaded  with  lime  than  tbose  from  a  cliarcoal  b         u    a 
This  excess  of  lime  appears  adapted  to  absorb  and  carry  off  the  sulphur,  wh    h  w     d 
otherwise  injure  the  qualilj  of  Ihe  iron.    The  slags,  irhen  breathed  on,  em    an  arg    a 

A  blast  furnace  of  60  or  60  feet  in  height  gives  commonly  from  60  to  70  tons  of  cast- 
iron  per  week;  one  from  50  lo  55  feet  high,  gives  60  tons;  (wo  united  of  45  feel  produce 
logether  100  tons ;  and  one  of  36  feet  furnishes  from  30  to  40.  A  blast  furnace  should 
go  for  four  or  five  years  without  needing  restoralion.  From  3|  lo  4  tons  of  coal,  inclu- 
sive of  the  coal  nf  calcination,  are  required  in  Staffordshire  to  obtain  one  ton  of  cast-iron; 
and  the  expense  in  workmen's  wages  is  about  IS  shillings  on  that  quantity. 

At  the  Cjfartha  works  of  Messrs.  Crawshay  in  South  Wales,  the  average  price  of  the 
lilhoid  carbonate  of  iron,  ready  for  roasting,  is  only  7s.  Sd.  a  ton,  and  its  richness  is  about 
33  per  cent.  The  furnaces  for  roasting  the  ore  in  that  country  are  made  in  the  form  of 
cylinders,  placed  above  an  inverted  cone.  The  cylindrical  part  in  6  feet  high  and  wide, 
and  the  cone  is  abont  4  feet  high,  with  a  base  equal  to  that  of  the  cylinder ;  towards 
the  bottom  or  narrowest  part  of  the  inverted  cone,  there  is  an  aperture  which  terminates 
in  an  outlet  on  a  Jevel  with  the  bottom  of  the  terrace  in  which  the  furnace  is  built. 
Sometimes,  however,  all  the  roasting  furnaces  are  in  a  manner  combined  into  one, 
which  resembles  a  long  pit  about  6  feet  in  \^idLh  and  depth,  and  whose  bottom  presents 
a  series  of  inverted  hoHow  quadrangular  pyramids,  6  feet  in  each  side,  and  4  deep.  The 
bottom  or  apex  of  each  of  these  pyramids  communicates  with  a  mouth  or  door-way  that 
.  opens  on  a  lower  lerrace,  through  v/hich  Ihe  ore  falls  in  proportion  as  it  is  roasted  ;  and 
whence  it  is  wheeled  and  tumbled  into  the  throat  of  an  adjoining  blast  furnace,  on  the 
same  level  with  Ihe  terrace;  for  in  Wales  the  blast  furnace  is  generally  built  up 
against  the  face  of  a  hill,  which  makes  one  of  its  fronts.  The  above  roasting  fur- 
naces, which  closely  resemble  lime-kDne,  after  being  filled  with  alternate  slrata  of  small 
cob!  aid  ore,  are  set  on  fire;  and  the  roasted  ore  is  progressively  withdrawn  below,  a? 
already  mentioned. 

The  product  of  coke  from  a  certain  weight  of  coal  as  greater  in  Wales  than  in  Staf- 
fordshire, though  the  mode  of  inanufselare  is  the  same.  At  Pen-y-Darran,  for  example, 
5  of  coal  furnish  Sisf  coke;  or  100  give  70;  at  Dowlais  100  of  coal  afford  71  of  coke, 
and  the  product  would  be  still  greater  if  more  pains  were  bestowed  npon  the  process. 
At  Dowlais,  coal  costs  only  2  shillings  a  ton ;  at  Cyfarlha,  it  is  worth  from  Ss.  6fi.  lo  5 
shillings.     AhonC  2  tons  of  coke  are  employed  in  obtaining  I  Ion  of  cast-iron. 

According  to  M.  Berthier's  analysis,  the  slag  or  cinder  of  Dowlais  ccnsisis  of  silica, 
40-4;  lime,38'4;  magnesia,  5-2;  alumina,  IJ'2;  protojyde  of  iron,  3-8 ;  andatraceof 
sulphur.  He  says  that  the  silica  contains  as  much  oxygen  as  all  Itie  other  bases  united ; 
or  is  equivalent  to  them  tn  SBlur:<ing  power;  and  lo  the  excess  of  lime  he  ascribes  the 
freedom  from  sulphur,  and  the  good  quality  of  the  iron  produced.  The  specimen  exam- 
ined was  from  a  furnace  at  Merthyr-Tydvjt.  Other  slags  from  the  same  furnace,  and  one 
from  Dudley,  furnished  upwards  of  2  per  cent,  of  manganese.  Tkose  which  he  Enalyzed 
from  Saint  Elienne,  in  France,  afforded  about  1  per  cent,  of  sulphur. 

The  consumption  of  coal  in  the  Welsh  smelting  furnaces  may  be  estimated,  on  an 
average,  at  3  ions  per  ton  of  cast-iron  ;  corresponding  lo  2'1  of  their  coke.  Fiom  this 
economy  in  the  quantity  of  fnel,  a%  well  as  from  its  cheapness  and  that  of  Ihe  iron  ore, 
the  iron  of  South  Wales  can  be  brought  into  the  market  at  a  much  lower  rale  than  that 
ofany  other  district.  These  blast  furnaces  remain  inaction  from  5 -to  10  years;  at  the 
end  of  which  lime,  only  Iheir  interior  surfac^  has  to  be  repaired.  The  lining  of  the 
upper  pari  lasts  much  longer;  for  examples  are  not  wanting  of  its  holding  good  for 
nearly  40"years. 

One  of  the  greatest  improvements  ever  made  by  simple  means  in  any  manufacture  is 
the  employment  of  hot  air,  instead  of  the  ordinary  cold  air  of  the  atmosphere,  in  supply- 
ing the  blast  of  furnaces  for  smelling  and  founding  iron.  The  discovery  of  the  supe- 
rior power  of  a  hot  over  a  cold  blast  in  fusing  refractory  lumps  of  cast-iron  was  acci- 
dentally observed  by  my  pupi),  Mr.  James  Beaumont  Keilson,  engineer  to  Ihe  Glasgow 
gas  works,  about  the  year  1827,  at  a  smith's  foi^e  in  that  citj',  and  it  was  made  Ihe 
subject  of  a  patent  in  the  month  of  September  of  Ihe  following  year.  Ko  particular 
constfuclion  of  apparatus  was  described  by  the  inventor  by  which  the  a-rwas  lo  bp 
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heated,  a^d  conveyed  lo  the  furnace ;  but  it  was  merely  stated  tnat  the  air  may  be 
tieated  in  a  chamber  or  closed  vessel,  haying  a  fire  under  it,  or  in  a  vessel  connected  in 
any  convenient  manner  with  the  forj^e  or  furnace.  From  this  vereel  the  air  is  to  be  forced 
py  means  of  bellowa  into  the  furnace.  The  quantity  of  surface  which  a  healing  furnace  is 
required  to  have  for  a  forge,  is  about  1260  cubic  inches;  for  a  cupola  furnace,  about  10,000 
cubic  inches.  The  vessel  may  be  enclosed  in  brickwork,  or  fixed  in  any  other  manner 
iliat  may  be  found  desirable,  the  application  of  healed  air  in  any  'way  lo  furnaces  oi 
ibrges,  for  the  purposes  of  working:  iron,  being  the  subject  c,aimed  as  consiilating  the 
invention. 

Wherever  a  forced  stream  of  air  is  employed  for  combnslion,  the  resulting  temperature 
must  evidenlly  be  impaired  by  tlie  coldness  of  the  air  injected  upon  the  fuel.  The  heat 
developed  in  combustion  is  distributed  into  three  portions;  one  is  communicated  lo  tlie 
remaining  fuel,  another  is  communicated  to  the  aiole  of  the  atmosphere,  and  to  the  vo- 
latile products  of  combustion,  and  a  third  lo  Ibe  iron  and  flnues,  or  other  surroundini; 
matter  to  be  afterwards  dissipated  by  wider  diffusion.  This  inevitable  distribution  takes 
place  in  such  a  way,  that  there  is  a  nearly  equal  temperature  over  the  whole  extent  of  a 
fire-place,  in  which  an  equal  degree  of  etimbuslion  exists. 

We  Ibus  perceive  that  if  the  air  and  the  coal  be  very  cold,  the  portions  of  heat  ab- 
sorbed by  them  might  be  very  considerable,  and  sufficient  to  prevea  the  resulting  tem- 
perature from  rising  to  a  proper  pitch;  but  if  they  were  very  hot  (iey  would  absorb 
less  caloric,  and  would  leave  more  to  elevale  the  common  temperature.  Let  ns  suppose 
two  furnaces  charged  with  burning  fuel,  into  one  of  which  cold  air  is  blown,  and  into 
the  other  hot  air,  in  the  same  quantity.  In  the  same  time,  nearly  equal  quantities  of  fuel 
ivZ'  be  consumed  with  a  nearly  equal  production  of  heal ;  but  notwithstanding  of  this, 
there  will  nut  be  the  same  degree  of  heal  in  the  two  furnaces,  for  the  one  which  re- 
ceives the  hot  air  will  be  hotter  by  all  the  excess  of  heat  in  its  air  above  that  of  the 
other,  since  (he  farmer  air  adds  to  the  heat  while  the  latter  abstracts  from  it.  Kor  are 
we  to  imagine  that  by  injecting  a  little  more  cold  air  into  the  one  furnace,  we  can  raise 
its  temperature  to  that  of  the  other.  With  more  air  indeed  we  should  burn  more  eoals 
in  the  same  time,  and  we  should  produce  a  greater  quantity  of  heat,  but  this  heat  being 
diffused  proportionally  among  more  considerable  masses  of  malter,  wonld  not  produce  a 
greater  temperature;  we  should  have  a  latter  space  heated,  but  not  a  greater  intensity 
of  heat  in  the  same  space. 

Thns,  according  to  the  physical  principles  of  the  production  and  distribution  of  heat, 
fires  fed  with  hot  air  should,  with  the  same  fuel,  rise  10  a  higher  pitch  of  temperature 
Ihan  fires  fed  with  common  cold  air.  This  consequence  is  independent  of  the  masses, 
being  as  true  fur  a  small  stove  which  burns  only  an  ounce  of  charcoal  in  a  minute,  as 
for  a  furnace  which  burns  a  hundred  weight ;  but  the  excess  of  temperature  produced  by 
hot  air  cannot  be  the  same  in  small  fires  as  in  great ;  because  the  waste  of  heat  is  usually 
less  the  more  fuel  is  burned. 

This  principle  may  he  rendered  still  more  evident  by  a  numerical  illustration.  Let 
IIS  lake,  foe  example,  a  blast  furnace,  into  which  600  cubic  feet  of  air  are  blown  per 
minute ;  suppose  it  to  contain  no  ore,  but  merely  coal  or  coke,  and  that  it  has  been  bum. 
inn  long  enough  to  have  arrived  at  The  equilibrium  of  temperature,  and  let  us  see  what 
excess  of  temperature  it  would  have  if  blown  with  air  of  300°  C,  (572°  F.),  instead  of  be- 
in^  blown  with  air  at  0°  C. 

600  cubic  feet  of  air  under  the  mean  lemperature  and  pressure,  weigh  a  little  more 
than  45  pounds  avoirdupois;  they  contain  10'4  pounds  of  oxygen,  which  wonld  burn  very 
nearly  4  pounds  of  carbon,  and  disengage  16,000  times  as  much  heat  as  would  raise  by 
one  degree  Cent,  the  temperature  of  two  pounds  ot  water.  These  16,000  portions  of  heat, 
produced  every  minute,  will  replace  16,000  other  portions  of  heat,  dissipated  by  the  sides 
of  the  furnace,  and  employed  in  heating  the  gases  which  escape  from  its  mouth.  This 
must  take  place  in  order  to  establish  the  assumed  equilibriom  of  calotic. 

If  the  45  pounds  of  air  be  heated  beforehand  up  lo  300°  C,  Ihey  will  contain  abont 
the  eighth  part  of  the  heat  of  the  16,000  disengaged  by  the  combustion,  and  Ihei  e  will 
be  therefore  in  the  same  space  one  eighth  of  heat  more,  which  will  be  ready  lo  operate 
upon  finy  bodies  within  its  range,  and  to  heat  them  one  eighth  more.  Thus  the  blast 
of  300°  C.  gives  a  temperature  which  is  nine  eighths  of  the  blast  al  zero  C,  or  at  even 
the  ordinary  atmospheric  temperature;  and  as  we  may  reckon  at  from2200'  to  2700°  F. 
(from  1200°  to  1500°  C),  the  temperature  of  blast  furnaces  worked  in  the  common  way 
we  perceive  that  the  hut  air  blasl  produces  an  increase  of  temperature  equal  to  from  270° 
to  360°  F. 

Now  in  order  to  appreciate  the  immense  eifecls  which  this  excess  of  lemperature  may 
produce  in  melallurgic  operations,  we  must  consider  that  oflen  only  a  few  degrees  more 
lemperature  are  required  to  modify  the  stale  of  a  fusible  body,  or  to  determine  the  play 
of  affinities  dormant  at  lower  degrees  of  heal.  Water  is  solid  at  ]"  under  32^  F. ;  il 
is  liquid  at  1°  above.     Every  fusible  body  has  a  determinate  inelti;i(!  point,  a  very  few 
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degrees  aboie  which  it  is  quite  iuid,  thonfth  it  may  be  pasty 
eecvation  applies  to  ordinary  ehemieal  affinities  i  charcoal,  fot 
the  greater  part  of  metallic  oxydes,  begins  to  do  so  unly  at  a  i 
perature,  under  which  it  is  inoperative,  hut  a  few  degrees  aboi 
and  complete.  It  is  unnecessary,  in  this  article,  to  enter  into  i 
the  inflaenee  of  a  few  degrees  of  heat,  more  or  less,  in  a  furna 
■ions,  or  merely  upon  physical  changes  of  slate. 

These  consequences  might  have  been  deduced  long  Bgo,  and 
oeen  enriched  with  a  new  application  of  science  i  hut  philosop 


are  too  mach  estranged  from  the  study  of  the  usefnl  arts,  and  content  themselves  loo 
much  with  the  minutioe  of  the  laboratory  or  theoretic  abstractions.  Within  the  space  of 
7  years,  the  use  of  the  hot  blast  has  been  so  much  extended  in  Great  Bntam,  is  to  have 
enabled  many  proprietors  of  iron  works  to  add  50  per  cent,  to  their  weeklj  production  of 
melal,to  diminish  the  expenses  of  smelting  by  50  per  cent.,  and,  in  many  eaaeo,  to  produce 
a  better  sort  of  cast  iron  from  indifferent  materials. 


The  figtires  here  given  rtpresent  the  blast  fnrnace,  and  all  the  details  of  the  air  healing, 
ftfif)  at  one  view.     Fig.  794  is  a  vertical  section  of 

the  furnace  and  the  apparatus ;  fig.  796  repre- 
sents the  plan  at  the  height  of  Ihc  line  I,  2,  of 
Jig.  794-  The  blowing  machine,  which  is  not 
shown  in  this  view,  injects  the  air  through  the 
pipe  A,  into  the  regulator  chamber  n,  fig.  796 ; 
the  air  thence  issues  by  the  pipe  b,  proceeds  to 
c,  where  it  is  subdivided  into  two  portions;  the 
one  passes  along  the  pipe  c  n  to  get  lo  the 
tuyere  t,  the  other  passes  behind  the  furnace, 
and  arrives  at  the  tuyere  t'  by  the  pipe  c  e  f. 

These  pipes  are  distributed  in  a  long  furnace 
or  flue,  whose  bottom,  sides,  and  top  are  formed 
with  fire-brick,  where  they  are  eiposed  lo  the 
action  of  the  flame  of  the  three  fires  x,  v,  z. 
The  flame  of  (he  Are  x  ptays  round  the  pipe  n  at 
its  entrance  into  the  flue,  and  quits  it  only  to  go 
into  (he  chimney  h  ;  that  of  the  fire  v  acts  from 
the  point  d  to  (be  same  chimney,  passing  by  the 
elbow  c ;  that  of  the  fire  z  acts  equally  upon  f 
and  H,  in  passing  by  the  elbow  e. 

JHapoaitioa  of  the  fires  avd  fumaa.—Fig. 
:   limes   larger  than  fif-.   796,  the   section  of  the 


797  represents,  i 
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Ere  I,  6f  which  ihe  plan  is  seen  injig.  lafi,  and  llie  elevation  in  Jig.  794;  asalsoinlht 
oulside  view  of  the  blast  furnace,  Jig.  800. 

The  grate  is  at  t;  the  fuel  13  introduced  by  the  door  p.  Jig.  194;  the  flame  rises  above 
the  bridge  r  k,  and  proceeds  along  the  vaulted  flue  towards  the  chimney  H.  Through  a 
length  of  about  S3  feet,  indnding  Ihe  grate,  the  furnace  is  on  each  side  supported  by 
oblong  plates  of  cast-iron,  which  are  bound  together  by  4  upright  ribbed  or  feathered 
bars,  also  on  each  side;  these  bars,  n,  being  bound  together  by  iron  rods  furnished  wiih_ 
screw  nuts  at  their  ends  (^gj.  194,  196, 191).  Beyond  this  distance,  the  outside  of  tJie' 
rumace  is  mere  brickwork. 

The  fires  v  and  z  have  exactly  a  like  disposition  with  the  above. 

Fig.  791  indicates  the  dimensions  and  the  cnrvature  of  the  arch  above  the  grate,  near 
the  bridge ;  Jig.  198  represents  the  section  of  [he  furnace  and  of  the  pipe  beyond  the  casl- 

r  find  that  the  furnace  is  only  about  3  feet  wide  at  the  botlom,  and  that  the  elevation 
of  the  arch  above  the  bottom  is  no  more  than  30  inches.    Perhaps  it  might  be  made  a 
little  wider  with  advantage ;  the  combustion  would  be  rnore  vigorous  and  effective ;  and 
if  the  sides  also  were  a  liltie  thicker,  the  heat  would  be  better  confined. 
The  distance  from  the  fire-place  i  to  the  chimney  h,  is  43^  feel, 

—  —        s  to  ihe  point  c,  is        13    — 

—  —        z  to  the  chimnej',  is      29    —    including    the 

turn  of  the  elbow  e. 

BiilTibatiim  of  Ihe  pipes. — At  b  the  pipe  is  18  inches  diameter  outside,  and  one  inch 
thick  of  metal,  and  it  tapers  to  c;  fromc  to  d  and  from  d  [0  clhe  pipes  are  only  11  inches 
in  external  diameter,  and  three  fourths  of  an  inch  thick ;  they  are  5  feet  long,  and  are 
united  by  two  kinds  of  joints;  the  Ordinary  ones,  and  those  of  compensation,  to  give 
plaj  for  the  expansion  and  contraction.  One  of  these  is  seen  between  s  and  c,  one  be- 
tween c  and  D,  one  between  c  and  e,  and  a  fourth  between  e  and  r.  These  pipes  and 
their  adjustment  are  seen  more  at  large  in  Jig.  199  ;  u  v  is  one  of  these  pipes,  its  widened 
mouth  receives  the  extremity  m  of  the  preceding  pipe.  These  pieces  are  truly  bored  and 
turned  to  fit  each  other,  and  slide  out  and  in  like  telescope  tubes,  by  the  effect  of  dilata- 
tion and  contraction  of  the  pipes  with  changes  of  temperature. 

At  certain  distances  castors  or  friction-rollers  of  cast-iron  are  placed  to  carry  thepipes, 
which  roll  upon  oblong  plates  of  cast-iron  laid  upon  the  floor  of  the  flues.  These  castors 
are  shown  at  a,  t,  c,  d,  e,  /,  g.  Jig.  IBS ;  one  of  them  is  shown  separate  upon  a  larger 
scale  at  c,  in  fig.  19S,  as  also  the  plate  or  rail  s,  on  which  it  runs. 

The  tuylres  t  t'  are  adjusted  into  the  pipe  behind  themj  this  is  truly  bored,  so  as  to 
allow  the  thick  end  of  the  tuy6re  to  slide  tightly  backwards  and  Torwards  in  it,  like  a 
piston  in  the  barrel  of  a  pump;  a  diaphragm  moreover  prevents  the  tuyere  from  being 
drawn  or  forced  entirely  out  of  its  tube.  At  the  side  of  this  tube  there  is  a  small  orifice, 
which  may  be  shut  or  opened  at  pleasure  with  a  stopcock  or  screw-plug  :  it  serves  to  try 
the  degree  of  beat  of  the  air-blast ;  if  a  lead  wire  does  not  melt  when  held  at  this  hole, 
the  temperature  is  reckoned  too  low;  being  under  the  61£th  degree  of  Fahrenheit.  The 
nozzles  are  2  Inches  in  diameter. 

Near  the  fire-places  of  the  air-heating  furnaces  the  pipes  are  at  a  cherry-red  beat ;  and 
lest  they  should  be  burned,  they  are  there  coated  with  a  lute  of  fire-clay,  as  shown  near 
K,  in  Jig.  197,  By  this  means  the  air  is  kept  up  at  the  heat  of  353°  C,  or  662°  F.,  a 
little  above  the  boiling  point  of  quicksilver. 

Quantity  of  air  and  pressure. — The  blowing-machine  belonging  to  the  above  blast- 
furnace is  moved  by  a  water  wheel  of  22  horse  power;  the  pistons  are  4  feet  in  diameter, 
have  a  3i-feet  stroke,  work  double,  and  expel  1900  cubic  feet  of  air  in  Uie  minute;  or 
600  cubic  feet  for  each  nozzle.  The  piessure  of  the  air  is  equivalent  to  no  more  than 
2  or  2j  inches  of  mercury  ;  formerly  with  cold  air  it  amounted  to  3^  inches.  This  fur- 
nace yields,  upon  an  average,  5i  tons  of  cast-iron  daily,  and  consumes  IJ  cwl.  of  ooiie 
for  each  cwl.  of  cast-iron  produced  ;  being  7  tons  of  coke  per  diem. 

The  consumption  of  the  three  flue  fires  is  30  pounds  of  small  coal,  for  100  pounds  of 
cast-iron  produced,  which  may  be  reckoned  equivalent  to  15  pounds  of  coke  ;  hence  alto- 
gether, each  ton  of  cast-iron  requires  for  its  production  1 J  tons  of  coke. 

The  same  furnace  worked  with  the  cold  blast,  the  same  pressure,  and  the  same  ores, 
produced  only  3}  Ions  of  cast-iron  daily,  with  an  expenditure  of  2-55  of  coke  for  1  of 
cast-iron  ;  in  which  case  the  coke  amounted  to  9  tons  daily. 

The  returns  by  the  hot  blast  compared  with  those  by  the  cold,  are  therefore  as  the 
numbers  3  and  2,  which  shows  an  advantage  by  the  former  plan  of  50  per  cent.  The 
consumption  of  fuel  in  the  two  cases  is  as  S  to  9,  being  a  saving  in  this  article  of  about 
11  per  cent.    Coke  is  used  on  account  of  sulphur  in  the  coal. 

Hot-blast  healed  by  ihe  /ame  of  Ihe  fv,mace  moii(ft.— This  system  is  mounted  in  Staf- 
fordshire. The  healing  apparatus  is  (here  set  immediately  upon  the  mouth  of  the  fur. 
nace ;  and  is  composed  of  two  large  cast-iron  cylinders  of  the  same  length,  the  one  withir 
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;he  other,  leaving  a  space  between  Ihem.  This  annular  interval  amounts  to  16  indivs 
and  it  is  closed  at  top  and  hottoni !  but  the  innermost  cylinder  is  open  at  both  ends,  aal 
rocnis,  indeed,  the  vent  of  the  chimney  or  furnace.  It  carries  nine  rows  of  iiipes,  ihrec 
in  each  row,  which  cross  its  inlerior,  and  open  into  Ihe  annular  space. 

The  flame  of  the  furnace  passes  between  the  intervals  of  the  cross  pipes,  healins 
ihem,  and  also  the  two  upright  cylinders  with  which  they  are  connected.  The  air  ol 
the  blowing  machine  arrives  by  a  vertical  pipe,  which  is  placed  at  the  back  of  the  fur 
nace  ;  it  enters  into  the  above  annular  space,  and  thence  circnlales,  with  more  or  less 
velocity,  through  the  27  cross  tubes,  upon  which  the  flame  is  continually  playing ;  lastly, 
it  is  drawn  through  to  the  bottom  of  the  annular  space  ;  the  two  tubes  which  conduct  it 
to  the  two  tuyeres,  pass  down  within  the  brickwork  of  the  furnace,  and  thus  prevent  the 
dissipation  of  its  heal. 

Below  this  heating  apparatus  there  is  a  door  for  putlini;  the  charges  into  the  furnace. 

The  above  arrangement  does  not  seem  lo  be  the  besl  for  obtaining  the  greatest  possi- 
ble heat  for  the  blast,  nor  for  favoring  the  free  action  of  the  furnace  ;  bui  it  illustrates 
perfectly  well  the  principle  of  this  application.  A  serpentine  movement  in  a  long  benl 
hot  channel  would  be  much  better  adapted  for  coinniunicaling  heat  to  so  had  a  conductoi 
as  air  is  known  to  be. 

In  the  month  of  July,  1836, 1  paid  a  visit  to  Codner  Park  and  Bulterly  works,  in  Der- 
byshire, belonging  to  the  eminent  iron-masters,  Messrs.  Jessop  &,  Co.,  where  I  was 
kindly  permitted  not  only  lo  study  the  varions  processes  of  the  manufacture  of  cast  and 
wrought  iron,  but  to  inspect  the  registers  of  the  products  of  cast  iron  in  their  blast 
furnaces  for  several  years  back.  It  appeared  that  in  the  year  1829,  only  29  tons  of 
cast-iron  were  made  weekly  in  each  of  the  Mast  furnaces  at  Codner  Park.  They 
were  then  worked  with  coke,  and  blown  with  cold  air.  Each  Ion  of  iron  required 
for  its  production,  at  thai  time,  fi'82  tons  of  coak,  made  into  coke  for  smelting ;  willi 
2-64  of  roasted  iron  ore  (carbonate),  called  mine  ;  and  0-87  of  limestone,  the  casiim  of 
the  French. 

In  1835  and  1836,  the  same  furnaces  turned  out  weekly  49  Ions  of  cast-iron  each;  ani 
every  ton  of  iron  required  for  its  production  only  3  tons  of  coal  (not  made  into  coke) ; 
2-73  tons  of  mine;  and  0-77  of  lime. 

In  J829,  and  for  many  years  before,  as  well  as  one  or  two  after,  each  ion  of  coals  is  said 
lo  have  cost  for  coking  the  sum  of  6s.,  whence  the  6-82  tons  of  coals  then  converted  into 
coke  for  smelting  one  tonofiron,  cost  fully  40s.  ih  coking  alone,  in  addition  to  their  prime 
cost.  The  saving  in  this  respect,  therefore,  is  40).  upon  each  ton  of  iron,  besides  the 
saving  of  fully  half  the  coal,  and  the  increased  produce  of  nearly  60  per  cent,  of  metal 
per  week.  The  iron-master  pays  the  patentee  Is.  upon  every  ton  of  iron  which  he 
makes,  and,  at  the  prices  of  1836,  he  lessened  his  expenses  by  at  least  30i.  or  40:i  per 
ton  by  the  patent  improvement. 

The  following  tabular  view  of  the  progression  in  the  management  and  results  of  the 
hot  blast,  is  given  by  M.  DufrSnoy,  aflei  visiting  the  various  iron  works  in  this  country 
where  it  had  been  introduced. 

"  At  the  Clyde  iron  works,  near  Glasgow  j  in  1829,  when  the  combustion  was  effected 
by  Che  cold  air  blast, —  q^^^ 

There  were  consumed,  for  smelting,  3  tons  of  colte,  equivalent  to         -    6     13     0 
—         for  the  blowing  engine    -  -  -  -     I      0    7 

Total  coal  per  ton  of  iron         -    7     13    7 
Limestone         -            -            -    0     10^  0 
la  I83I,  with  the  hot  blast  at  450^  F.,  coke  being  still  used  i*  smelting, — 
There  were   consumed,   for  smelting,  1   ton,  18  cwt.  of  coke,  equiva- 
lent lo  4      6    0 

—  for  heating  the  air,  5  cwt.  ) 

—  (or  the  blowing  engine,  7  cwt.  4  lbs.  J 

Total  coal  per  ton  of  iron 
Limestone        -  -  - 

In  July,  1833,  with  the  hot  blast  at  612°  F.,  rawcoal  alone  being  used 

for  smelling, — 
There  were  consumed  ;  for  smelting       ----- 
—  for  healing  the  air         - 

—  ior  the  blowing  engine  -  .  -  - 
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"At  the  last  period  the  use  of  hot  air  had  increased  the  make  cf  the  furnaces  by  more 
;han  one  third,  and  had  consequently  produced  a  great  saving  of  expense  ia  the  arlicl* 
of  labor.  The  quantity  of  blast  necessary  for  the  furnaces  was  also  sensibly  diminished 
for  a  blowing  engine  of  seventy-horse  power,  wliich,  ia  1839,  served  only  for  tliree  blast 
furnaces,  was  now  sufficient  for  the  supply  of  four. 

"  On  comparinf  these  several  results,  we  fi  d  ha  m  n  proportion 

lo  the  temperature  to  which  the  air  is  raise  it  varies  in 

every  work,  according  to  the  nature  of  the  coal  wi      whi       he  operation 

is  conducted. 

"This  process,  though  it  has  been  four        rs  w  ear  Glasgow 

(which  it  has  rescued  from  certain  ruin),  has  of  Scotland : 

the  marvellous-  advantages,  however,  which  i  p  mn    g  to  triomph 

over  prejudice,  and  gradu^y  to  extend  its  us  diff  E  g  is    iron  districts. 

There  are  one-and-twenty  works,  containing  ogel  e  .aty  seven  blast  furnaces,  in 
which  hot  air  is  used.  The  pig  iron  run  out  of  these  furnaces  is  generally  No.  J,  and  is 
fit  for  making  the  most  delicate  castii^s.  This  process  is  equally  applicable  to  forge 
pigs  for  the  manufacture  of  bar  iron ;  since  in  order  to  obtain  this  quality  of  iron,  it  is 
only  necessary  to  alter  the  proportion  of  fiiel  and  mineral.  In  the  forces  of  the  Tyne  iron- 
works, near  Newcastle,  and  of  Codner  Park,  near  Derby,  pigs  made  in  furnaces  blown  by 
hot  air,  are  alone  used  in  the  manufacture  of  bar  iron! 

"  In  the  side  of  the  tay6re  pipe  a  small  hole  is  mode,  by  means  of  which  the  heat  of 
the  air  may  be  ascertained  at  any  moment.  This  precaTition  is  indispensable,  it  being  of 
importance  to  the  Iseneficial  use  of  hot  air,  that  it  be  kept  fit  a  uniformly  high  temperature. 
With  a  proper  apparatus  the  air  is  raised  lo  612  degrees  Fahr.,  which  is  a  greater  heat, 
by  several  degrees,  than  is  necessary  for  the  fusion  of  lead." 

"  At  Calder  works  the  consumption  of  fuel  has  diminished  in  the  proportion  of  7  tons 
17  cwls.  to  2  tons  2  ewts.  There  has  also  been  a  great  diminution  of  expense  in  limestone, 
of  which  only  5Jcwts.  are  now  used,  instead  of  13  cwls,,  which  were  used  in  18S8.  This 
decrease  results,  as  I  have  already  said,  from  the  h%h  temperature  which,  the  furnace  has 
acquired  since  the  introduction  of  hot  air. 

"  The  quantity  of  blast  has  heen  reduced  from  3500  cubic  feet  per  ininu,  e,  to  2627 
cubic  feet ;  the  pressure  ijso  has  been  reduced  from  3^  lo  2|  lbs." 

Of  the  refiners  of  cast-iron,  or  its  comeraitra  into  ior-iVoa,  ia  Etigtaiid. — This  ,iperation 
is  naturally  divisible  into  three  distinct  parts.  The  first,  or  the  finery  properly  aieaking, 
is  executed  in  peculiar  furnaces  called  ranra'ng  oii(  firet ;  the  second  operation  ecmpletes 
the  first,  and  is  called  puddlmg  ;  end  the  third  consists  in  welding  several  iron  I  ars  to- 
gether, and  working  them  under  forge  hajnmers,  and  between  rolls. 

1.  The_^™ry/uTJiocesaie  composed  of  abody  of  brickwork,  about  9  feet  square;  rising 
but  little  above  the  surface  of  the  ground.  The  hearth,  placed  in  the  middle,  is  two 
feet  and  a  half  deep ;  it  is  rectangular,  being  in  general,  3  feet  by  2,  with  its  greatest 
side  parallel  to  the  face  of  the  ttiy6res ;  and  it  is  made  of  cast  iron  in  four  plates.  On  the 
side  of  the  tuySres  there  is  a  single  brick  wall.  On  the  three  other  sides,  sheet  iron  doors 
are  placed,  to  prevent  the  external  air  (rom  cooling  the  metaj,  which  is  almost  always 
worked  under  an  open  shed,  or  in  the  open  air,  hut  never  in  a  space  surrounded  by  walls. 
The  chimney,  from  15  to  18  feel  high,  is  supported  upon  fonr  columns  of  cast  iron ;  its 
lintel  is  four  feet  above  the  level  of  the  hearth,  in  order  that  the  laborers  may  work  with- 
out restraint. 

The  number  of  tuyeres  is  from  two  lo  three  |  they  are  placed  at  the  he%ht  of  the  lip 
of  the  crucible  or  hearth,  and  distributed  so  as  to  divide  its  len^h  into  equal  parts ; 
their  axes  being  inclined  towards  the  bottom,  at  an  angle  of  from  25°  lo  30°,  so  as  to  point 
upon  the  bath  of  melted  metal  as  it  flows.  The  cast-iron  nose-pipe  is  incased,  and  water 
is  made  lo  circulate  in  the  hollow  space  by  means  of  cylindrical  tubes ;  being  introduced 
by  one  tube,  and  let  off  by  another,  so  as  lo  prevent  tlie  tuyeres  from  getting  burned  in 
the  process. 

Two  nozzles  are  usually  placed  in  each  tuyere,  to  render  the  blast  constant  and  uni- 
(l»m  i  and  for  the  same  end,  the  air  impelled  by  ihe  bellows,  is  sometimes  received  at 
firsts  in  a  regulator.  The  quantity  of  air  blown  into  the  fineries  is  considerable ;  being 
nearlyi400  cubic  feet  per  minute  for  each  finery;  or  about  the  eighth  part  of  the  consump- 
tion of  a  blast  Aimace. 

The  finery  fomace,  or  running  out  fire,  is  represented  in  figi.  811  and  803.  It  is  a 
smelting  hearth,  in  which  by  first  fusing  and  then  cooling  gray  cast  iron  in  a  peculiar 
way,  it  is  converted  into  white  cast  iron,  called  fine  iron,  or  fine  metal,  of  the  quality  of 
forge  p^,  for  making  malleable  iron  by  the  puddling  process,  llie  fiirnace  resembles  the 
forge  hearth  employed  in  Germany  and  France  for  converting  forge  pig  iaio  wrought 
iron  ;  but  it  differs,  particularly  in  this,  that  the  fused  iron  is  run  out  into  an  oblong  iron 
tioQgh,  for  sudden  congelalion. 

a  is  the  air-chest,  in  communication  with  tlio  Unnlng  cylinder,  or  bellows;  the  aii 


which  are  the  openings  for  the  Wast  pipes.  All  ihe  sides  of  the  furnace  are  hollow,  and 
are  kept  cool  by  the  circulation  of  water  throagh  the  cavity  between  them,  c  is  the  front 
wall  of  the  fhrnace,  having  a  strong  cast  iron  plate  containing  the  tap  holes  for  running 
off  the  melted  metal,  d  rf  is  the  exterior  wall  of  the  furnace,  which  corresponds  to  the 
cimJrc-Miif  and  ash-hearth  of  the  French  refining  forge,  e,  is  the  lop  plate  upon  which  the 
colieis  piled  up  in  store.  ff,ff,  iron  props  of  the  chimney,  (not  ^own  in  Uiis  view),  g, 
cast  iron  trough  into  which  (he  fine  iron  is  ran  off  in  fusion ;  which  is  sometimes  made 
in  one  piece,  but  more  usually  in  separate  plates  joined  together.  Beneath  this  mould 
a  stream  of  water  is  made  to  iiow.    A  is  the  bottom  of  the  hearth,  covered  with  sand. 

In  the  finery  process,  the  hearth  or  crucible  of  the  furnace  is  filled  with  coke  ;  then'sis 
pigs  of  cast  iron  are  laid  horizontally  on  the  hearth,  namely,  four  of  them  parallel  to 
the  four  sides,  and  two  in  the  middle  above ;  and  the  whole  is  covered  up  in  a  dome- 
form,  with  a  heap  of  coke.  The  fire  is  now  lighted,  and  in  n  qoarter  of  an  hour  the 
blast  is  applied.  The  cast  iron  fiows  down  gradually,  and  collects  in  the  crucible ;  mom 
coke  being  added  as  the  first  quantity  bums  away.  This  operation  proceeds  by  itself; 
the  melted  metal  is  not  stirred  about,  as  in  some  modes  of  refinery,  and  the  temperature 
is  always  kept  high  enough  to  preserve  the  metal  liquid.  During  this  stage  the  coals 
are  observed  continually  heaving  up,  a  movement  due  in  fort  to  the  action  of  the  blast, 
and  in  part  to  an  expansion  caused  in  the  melal  by  the  discharge  of  gaseous  oxyde  of 
carbon.  When  all  Ihe  pig  iron  is  collected  at  the  bottom  of  the  hearth,  which  happens 
commonly  at  the  end  of  two  hours,  or  two  and  a  half,  the  tap  hole  is  opened,  and  (he 
fate  metal  flows  out  with  the  slag,  into  the  loam-coaled  pit,  on  a  plate  10  feet  long, 
3  broad,  and  from  2  inches  to  2^  thick.  A  portion  of  the  slag  forms  a  small  crust  on  the 
surface  of  the  metal ;  but  most  part  of  it  coliects  in  a  basin  scooped  out  at  the  bottom  of 
the  pit,  into  which  the  fine  metal  is  run. 

A  lar^e  quantity  of  water  is  thrown  on  the  fine  metal,  with  the  view  of  rendering  il 
brittle,  and  perhaps  of  partially  oiydiiiing  it.  This  melal  suddenly  cooled,  is  very  white, 
and  possesses  in  general  a  fibrous  radiated  lestare  ;  or  sometimes  a  cellular,  including  a 
considerable  nnmber  of  small  spherical  cavities,  like  a  decomposed  amygdaloid  rock.  If 
the  cast  iron  be  of  bad  quality,  a  little  limestone  is  occasionolly  used  in  the  above 
operation. 

Three  samples  of  cinder,  analvzed  by  Berthier,  gave. 

Silica  0-276;  protox.  of  iron,  0-6I2i  alumina,  0-040 ;  phosp.  acid,  0'072,  Dudley. 

—  0-368  —  0-610        —        0-015;  puddling  of  Dowlais. 

—  0-424  —  0-520        —        0-033 ;  ditto. 

The  remarkable  fact  of  the  presence  of  phosphoric  acid,  shows  how  important  this  oper- 
alioft  is  to  the  purification  of  the  iron.  The  charge  varies  from  a  ton  and  a  quarter  to  a 
ton  and  a  half  of  pigs ;  and  the  loss  by  the  process  varies  from  12  to  17  per  cent. 

The  Jiiif  mdal  is  -broken  into  fragments,  and  sent  to  the  puddiir^  furnace  after  the 
product  of  each,  operation  has  been  we^hed.  The  cool  consumed  in  the  fine  metal 
process  is  from  4  to  5  hundred  weight  for  the  ton  of  cast  iron.  About  10  Ions  may  be 
refined  fa  dura,  a  quantity  somewhat  greater  than  the  snpply  from  a  blast  furnace ;  but 
the  fineries  are  not  worked  on  the  Sundays ;  and  therefore  a  smelting  furnace  just  keeps 
one  of  them  in  play.  Whatever  care  be  taken  in  this  process,  the  bar  iron  finally 
ic;;ulting  is  never  so  gow!  as  if  wood  charcoal  had  been  used  in  the  refinery ;  and  hence 
in  making  sheet  iron  for  the  tin  plate  manufacture,  wood  charcoal  is  substituted  for 
soke  in  one  Welsh  establishment.    The  cast  iron  treated  with  charcoal,  gets  into  doti 
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ar  lijinps  in  the  finer)  furnace,  which  are  lifted  oatj  set  under  (he  hammer,  ami  flatlejieo 
inlo  thin  cokes. 

The  main  eiFeet,  of  the  finery  process,  is  probably  Ihe  separation  of  Ihe  plumbegi- 
noiis  part  of  the  charcoa.1,  which  is  disseminated  through  the  gray  cast  iron  in  a  state 
of  imperfect  chemical  combination.  When  that  is  removed  the  metal  becomes  more 
homogeneous,  having  no  crystalline  carbon  present  lo  counteract  its  tcanailion  into  pure 
iron  i  much  of  the  silica  and  majiganese  are  also  vitrified  together,  and  mn  off  in  the  finery 

2.  The  jnuMiiig  funtaee  is  of  Che  reverberatory  form.  It  is  bound  generally  with  iron, 
as  represented  in  the  side  view,  Jig.  803iby  means  of  horizontal  and  vertical  bars,  ■whiel 


are  joined  together  and  fixed  by  wedges,  to  prevent  them  from  starting  asur.der.  Very 
frequently,  indeed,  the  reTerberatorj  furnaces  are  armed  with  cast-iron  plates  over  the, 
whole  surface.  These  are  retained  by  upnght  bars  of  cast  iron  applied  lo  the  side  wall 
and  by  horiontal  bars  of  iron,  placed  across  the  arch  or  roof.  The  furnace  itself  is 
divided  interiorly  into  three  parts ;  the  fire-place,  the  hearth,  and  tbe^uc.  The  fire-place 
varies  from  3^  to  4J  feet  lo!^,  by  from  2  feet  8  inches  to  3  feet  4  inches  wide.  The  door 
way  by  which  the  coke  is  charged,  is  8  inches  square,  and  is  bevelled  off  towards  the  out- 
side of  the  furnace.  TTiis  opening  consists  entirely  of  cast  iron,  and  has  a  quantity  of 
coal  gathered  round  it.  The  bars  of  the  fire  grate  are  moveable,  to  admit  of  more  readilj 
clearing  them  from  ashes. 
Fig.  804  is  a  longitudinal  section  referring  lo  the  elevation,   fig.  803 ;  and  fig.  805, 


in  the  side  of 


I  a  ground  plan.    When  the  furnace  is  a  single  one,  a  square  hmr  js  ici  u.  mc  aiuc  i>i 
le  fire-place  opposite  to  the  door,  through  which  the  rakes  are  introduced,  in  order  to  be 

st-iron  hearth  plates,  resting 
e  to  the  cast-iron  binding 
r  sand ;  g,  is  the  main 
lever  g',  and  chain  lo 
inches  square,  through 
may  also  be  clused  air- 
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tight.  There  is  a  second  woiking  door  h,  near  the  flue,  for  introaucing  the  cast  jron, 
so  that  it  may  soften  slowly,  till  it  be  ready  for  drawing  towards  the  bridge,  i,  is  lh« 
chimney,  from  30  to  50  feet  high,  which  receives  commonly  the  flues  of  two  furnaces,  each 
SOS  provided  with  a  damper  plate  or  register.    Fig.  80ii, 

shows  the  main  damper  foe  the  top  of  the  common 
chimney,  which  may  he  opened  or  shut  to  any  degree  by 
means  of  the  lever  and  chain,  k,  fig,  804,  is  the  tap  or 
floss  hole  for  mnnlng  off  the  slag  or  cinder. 

The  sole  is  sometimes  made  of  bricks,  sometimes  of 
cast  iron.  In  the  first  case  it  is  composed  of  fire-bricka 
set  on  edge,  forming  a  species  of  fiat  vault.  It  rests 
iramedittlely  on  a  body  of  brickwork  either  solid  or 
arched  below.  When  it  is  made  of  cast  iron,  which  is 
now  beginning  to  be  the  general  practice,  it  may  be 
made  either  of  one  piece  or  of  several.  Il  is  commonly 
in  a  single  piece,  which,  however,  canses  the  inconvenience  of  reconslnicting  the  fumact 
Entirely  when  the  sole  is  to  be  changed.  In  this  case  it  is  a  little  hollow,  as  is  shown  in  the 
preceding  vertical  section ;  butif  it  consistsof  tereral  pieces,  it  is  usually  made  flat. 

The  hearths  of  cast  iron  rest  upon  cast  iron  pillars,  to  the  number  of  four  or  five ; 
which  are  supported  on  pedestals  of  cast  iron  placed  on  large  blocks  of  stone.  Such  an 
arrangement  is  shown  ill  the  %ure,  whece  also  the  square  hole  a,Jig.  803,  for  healing  the 
rake  irons,  may  be  observed.  The  length  of  the  hearth  is  usually  sis  feet;  and  its  breadth 
varies  from  one  part  to  another.  Its  greatest  breadth,  which  is  opposite  the  door,  is  four 
feel.  In  the  furnace,  whose  horizontal  plan  is  given  above,  and  which  produces  good  re- 
suits,  the  sole  exhibits,  in  this  part,  a  species  of  ear,  which  enters  into  the  mouth  of  the  door. 
At  its  origin  towards  the  fireplace,  it  is  3  feet  10  inches  wide ;  from  the  Are  it  is 
separated,  moreover,  by  a  low  wall  of  bricks  (the  fire-hridge)  10  inches  thick,  and  from 
3  inches  to  5  high.  At  the  other  extremity  its  breadth  is  2  feet.  The  curvature 
presented  by  the  sides  of  the  sole  or  hearth  is  not  symmetrical ;  for  sometimes  it  makes 
an  advancement,  as  is  observable  in  the  plan.  At  the  eitremily  of  the  sole  furthest  from 
the  fire,  there  is  a  low  rising  in  the  bricks  of  E|  inches,  called  the  altar,  for  preventing 
the  metal  from  nmning  ont  at  the  JtoiiJiole  when  it  begins  to  fuse.  Beyond  this  shelf 
the  sole  terininates  in  an  inclined  plane,  which  leads  to  the  Jloss,  or  outlet  of  llie  slag 
from  the  furnace.  Thisjtotj  is  a  little  below  the  level  of  the  sole,  and  is  hollowed  out  of 
the  basement  of  the  chimney.  The  slag  is  prevented  from  concreting  here,  by  the  flame 
beint;  made  to  pass  over  it,  in  its  way  to  the  sank  entry  of  the  chimney ;  and  there  is  also 
a  plate  of  cast  iron  near  this  opening,  on  which  a  moderate  fire  is  kept  up  to  preserve  the 
fluidity  of  the  scoriffi,  and  to  hurn  the  gases  that  escape  from  the  furnace,  as  also  to  quicken 
the  draught,  and  to  keep  the  remote  end,  of  the  furnace  warm.  On  the  top  of  this  iron 
plate,  and  at  the  bottom  of  the  inclined  plane,  the  cinder  accumulates  in  a  small  cavity, 
whence  it  ai^erwards  flows  away ;  whenever  it  tends  to  congeal,  the  workman  must  clear 
it  out  with  his  rake. 

The  door  is  a  cast  iron  frame  filled  up  inside  with  iire-brieks  ;  through  a  small  hole  in 
its  bottom  the  workmen  can  observe  the  state  of  the  furnace.  This  hole  is  at  other  times 
shut  with  a  stopper.    The  chimney  has  an  area  of  from  14  to  16  inches. 

The  hearth  stands  3  feet  above  ie  ground.  Its  arched  roof,  only  one  brick  thick,  is 
raised  2  feet  above  the  fire-bridge,  and  above  the  level  of  the  sole,  taken  at  the  middle  of 
the  fornftce.  At  its  exlreinG  point  near  the  chimney,  its  elevation  is  only  8  inches ;  and 
the  same  height  is  given  to  the  opening  of  the  chimney. 

Inmost  iron  wt-iks  the  sole  is  covered  with  a  layer  of  refractory  sand  from  2|  to  3  inches 
thick,  which  is  lignt-y  beat  down  with  a  shovel.  At  each  operation  a  portion  of  the  sand 
is  carried  away  j  and  is  replaced  before  another.  Within  these  few  years,  there  has  been 
substituted  for  the  sand  a  body  of  pounded  slags ;  a  sobstilution  which  has  occasioned,  it 
is  said,  a  great  economy  of  iron  and  fuel. 

The  fine  metal  obtained  by  the  coke  is  paddled  by  a  continnous  operation,  which  calls 
lor  much  care  and  skill  on  the  part  of  the  workmen.  To  charge  the  puddling  furnace, 
pieces  of_^iic  melal  are  successively  introduced  with  a  shovel,  and  laid  one  over  another  on 
the  sides  of  the  hearth,  in  the  form  of  piles  rising  to  the  roof;  the  middle  being  left  open 
for  puddling  the  melal,  as  it  is  succrasively  fused.  Indeed,  the  whole  are  kept  as  far  sepa- 
rate as  possible,  to  give  free  circulation  to  the  air  round  the  piles.  The  working  door  of 
[he  furnace  is  now  closed,  fuel  is  laid  on  the  grate,  and  the  mouth  of  the  fireplace,  as  well 
as  the  side  opening  of  the  grate,  are  both  filled  up  with  coal,  at  the  same  time  that  the 
damper  is  entirely  opened. 

The  fine  metal  in  about  twenty  minul*s  comes  to  a  white-red  heat,  and  its  thin-edged 
fragments  begin  lo  melt  and  fall  in  drops  on  the  sole  of  the  furnace.  At  this  period  (he 
workman  opens  the  small  hole  of  the  jlimace  door,  delaclies  with  a  rake  the  pieces  of 
Gne  melal  that  begio  to  melt,  tries  to  expose  new  surfaces  to  the  action  of  the  heat,  and 
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ji  order  to  prevent  the  metal  from  running  together  as  it  softens,  he  removes  it  from  tha 
vicinity  of  the  fire-bridge.  When  Ihe  whole  of  the  fine  metai  has  thus  got  reduced 
lo  a  pasty  condition,  he  must  lower  the  temperature  of  the  fumaoe,  to  prevent  it  from 
becoming  more  fluid.  He  closes  the  damper,  lakes  oul  a  portion  of  the  fire,  and  the 
ribs  of  the  grate,  and  »Jso  throws  a  little  water  sometimes  on  the  semi-fused  mass.  He 
then  works  about  with  his  paddle  the  clotty  metal,  which  swells  up,  with  the  discharge 
of  gaseous  oxyde  of  carbon,  burning  with  a  blue  flame,  as  if  (he  bath  were  on  fire.  The 
metal  becomes  finer  by  degrees,  and  less  fusible ;  or  in  the  language  of  the  workmen,  it 
begins  to  gel  dry.  The  disengagement  of  the  oxyde  of  carbon  diminishes,  and  soon 
slops.  The  workmen  continue  meanwhile  to  puddle  the  metal  till  the  whole  charge  be 
reduced  to  the  state  of  incoherent  sand ;  and  at  that  time,  the  ribs  of  the  grate  are 
replaced,  the  fire  is  restored,  and  the  register  is  pri^essively  opened  up.  With  the 
lelum  of  the  heat,  the  paitieles  of  metal  begin  to  agglutinate,  the  charge  becomes  more 
difficult  to  raise,  or  in  the  laborers'  lai^uage,  it  juorfej  hinvy.  The  refining  is  now 
finished,  and  no^ng  remains  but  to  gather  the  iron  into  balls.  The  founder  with  his 
paddle  takes  now  a  little  lump  of  metal,  as  a  nucleus,  and  makes  it  roll  about  on  the 
snrface  of  the  furnace,  so  as  to  collect  more  metal,  and  form  a  ball  of  about  60  or  70 
pounds  weight.  With  a  kind  of  rake,  called  in  England  a  dolly,  and  which  he  heals 
beforehand,  the  workman  sets  this  ball  on  that  side  of  the  furnace  most  exposed  to  the 
action  of  the  heat,  in  order  to  unite  its  different  particles ;  which  he  then  stiueezcs 
together  to  force  out  the  scoriee.  When  all  the  balls  are  fashioned,  (they  take  about 
20  minutes  work,)  the  small  openii^  of  the  working  door  is  closed  with  a  brick,  to  cause 
the  heat  to  rise,  and  to  facilitate  the  welding.  Each  ball  is  then  lifted  out,  either  with 
longs,  if  retching  rollers  are  to  be  used,  as  in  Wales,  or  with  an  iron  rod  welded  to  the 
'ump  as  a  handle,  if  the  hammer  is  to  be  employed,  as  in  Staffordshire.  Thus  we  see 
that  the  operation  lasts  in  whole  Irom  2  hours  to  2J ;  in  a  quarter  of  an  hour,  the  line 
metal  melts  at  its  edges,  when  the  puddling  begins,  in  order  to  efiect  its  division ;  at  the 
end  of  an  hour  or  an  hour  and  a  half,  the  metal  is  entirely  reduced  lo  a  sand  ;  a  state 
that  is  kept  up  for  half  an  hour  by  continual  stirring ;  and  finally,  the  balling  operation 
takes  nearly  Uie  same  time. 

The  charge  for  each  operation  is  from  3|  to  4  hundred  weight  j  and  sometimes  the 
cuttings  of  bar-ends  are  introdaced,  which  are  puddled  apart.  The  loss  of  iron  is  here 
very  variable,  according  to  the  degree  of  skill  in  the  workman,  who  by  negligence  may 
suirer  a  consiileraWe  body  of  iron  to  scorify  or  to  flow  into  the  hearth  and  raise  the  bot- 
tom. In  good  working,  the  loss  is  from  8  to  10  per  cent.  In  Wales,  the  consumption 
of  coal  is  estimated  at  one  ton  for  every  ton  of  fine  metal.  About  five  puddling  furnaces 
are  required  for  the  service  of  one  smelting  furnace  and  one  finery.  The  hearth  of  the 
puddling  furnace  should  be  exposed  to  heat  for  12  hours  before  the  work  begins  on  the 
Mondays ;  and  on  the  Saturdays,  the  old  sole  must  be  cleared  out,  by  melting  it  off,  and 


Mr.  Schafthault  obtained,  in  May,  I83S,  a  patent  for  the  c 
wrought  iron,  by  adding  a  mixture  of  black  oxyde  of  manganese,  common  salt,  and 
potter's  clay,  in  certain  small  portions,  successively,  to  the  melting  iron  in  the  puddling 
furnace. 

Tkt  reJieatiug  fttriineea,liallins  furnaces,  m-  mill  furnaces,  axe  analogous  to  the  puddling 
furnaces,  but  only  of  larger  dimensions. 

The  wood  charcoal  foige  hearth  is  employed  for  working  up  scrap  icon  into  boiler  plate, 
&c.  Here  22  bushels  of  charcoal  are  consumed  m  making  one  ton  of  iron  of  that  descrip- 
tion, from  boiler  plate  parings. 

Mackiass  for  forging  and  condennng  ihe  iron. — In  England  there  are  employed  for  the 
forging  and  drawing  out  of  the  iron,  cast-iron  himmers  of  great  weight,  and  cylinders  ol 
different  dimeiLsions,  for  beatmg  out  the  balls,  or  extending  the  iron  into  bars,  as  also 
powerful  shears.  These  several  mechanisms  are  moved  either  by  a  steam  engine,  as  in 
Staffordsliire,  and  in  almost  nil  the  other  counties  of  England,  or  by  water-wheels  when 
the  localities  are  favorable,  as  in  many  establishments  in  South  Wales.  We  shall  heie 
offer  some  details  concerning  these  machines. 

Th^  main  driving  shaft  usually  carries  at  either  end  a  large  toothed  wheel,  which 
communicates  motion  to  the  different  machines  through  smaller  toothed  wheels.  Of 
these,  there  are  commonly  six,  four  of  which  drive  four  different  systems  of  cylinders, 
and  the  two  others  work  the  hammer  and  the  shears.  The  different  cylinders  of  an  iron 
work  should  never  be  placed  on  the  same  arbor,  because  Ihey  are  not  to  move  together, 
and  they  must  have  different  velocities,  according  to  their  diameter.  In  order  to  econo- 
mize lime  and  facilitate  labor,  care  is  taken  to  associate  on  one'side  of  the  motive  ma- 
fhine  the  hammer,  the  shears,  and  the  reducing  cj'linders ;  and  on  the  other  side  lo  placa 
the  several  systems  of  cylinders  for  drawii^  out  the  iron  into  bars.  .  For  the  same  reason 
the  puddling  furnaces  ought  to  be  grouped  on  the  side  of  the  hammer ;  and  the  reheating 
furnaces  on  the  other  side  of  the  works. 


wilh  IHctiott  into  the  former,  and  js  retained  in  its  place  by  wedges  of  iron  or  wiwi 
The  head  consists  of  several  faces  or  planes  receding  (rom  each  otiier ;  for  the  pnrposo 
of  givii^  different  forms  to  the  baUlnmps.  A  rii^  of  cast-iron  o,  called  the  cnm-ring  6ag, 
bearing  moveable  cams  b  b,  drives  the  hammer  d,  by  lifting  it  up  round  itsfalcram  /,  aiil 
then  leltit^  it  fall  alternately.  In  one  iron  work,  this  rang  was  found  to  be  3  feel  in  diam- 
eter, 18  mches  Ihict,  and  to  weigh  4  Ions.  The  weight  of  the  helve  (handle)  of  the 
corresponding;  hammer  was  3  tons  and  a  half,  and  that  of  the  head  of  the  hammer,  8  hun- 
dred weight. 

The  anvil  e  consists  also  of  two  parts ;  the  one  called  the  pane  of  the  anvil,  is  the  coun- 
terpart of  the  pane  of  the  hammer;  it  likewise  weighs  8  hundred  weight.  The  second,  g, 
named  the  slock  of  the  anvil,  weighs  4  tons.  Its  form  is  a  parallelopiped,  with  the  edges 
rounded.  The  btoom  or  rough  ball,  from  llie  puddle  furnace,  is  laid  and  turned  ahoul 
upon  it,  hy  means  of  a  rod  of  iron  welded  to  each  of  them,  called  a  porter.  Since  the 
we^ht  of  these  pieces  is  very  great,  and  the  shocks  very  considerable,  the  utmost  pre- 
cautions should  be  taken  in  setting  the  hammer  and  its  anvil  upon  a  substantial  mass  of 
masonry,  as  shown  in  the  figure,  over  which  is  laid  a  double,  or  even  quadruple  flooring 
of  wood,  formed  of  beams  placed  in  transverse  layers  close  to  each  other.  Such  beams 
possess  an  elastic  force,  and  thereby  partially  destroy  the  injurous  reaction  of  the  shock. 
In  some  works,  a  six-feet  cube  ol'cast  iron  is  placed  as  a  pedestal  to  the  anviL 

Foi^e  hmnmers  are  very  frefiuenlly  mounted  as  levers  of  the  first  kind,  wilh  the  centre 
of  motion  about  one  third  or  one  fourth  of  the  length  of  the  helve  from  the  cam  wheel. 
The  principle  of  this  construction  will  be  understood  by  inspection  of jSg.  816.  The  short 
end  of  the  lever  which  is  struck  down  by  the  lappet  c,  is  driven  against  the  end  of  an  elastic 
beam  a,  and  immediately  rebounds,  causing  the  long  end  to  strike  a  harder  blow  upon  the 

The  shears  are  composed  of  two  branches,  the  one  fixed  and  the  other  moveable,  each 
[brmed  of  two  pieces.  The  fixed  branch  is  a  east-iron  plate,  which  forms  one  mass  with 
a  horizontal  base  feed  to  a  piece  of  wood  or  cast  iron  buried  in  the  ground.  A  sharp- 
ened chisel  is  fastened  to  its  upper  part  by  screws  and  nuts.  The  moveable  branch  is 
likewise  of  cast  iron ;  it  bears  an  axis  round  which  il  turns,  and  this  axis  passes  through 
tiie  fixed  part.  It  is  also  furnished  with  a  cutting  chisel,  fixed  on  by  nuts  and  screws. 
An  eccentric  or  an  ellipse,  moved  directly  by  a  toothed  wheel,  lifts  the  moveable  branch 
of  the  shears,  and  forces  it  to  cut  the  iron  bars  presented  to  it.  The  pressure  exerted  by 
these  scissors  is  such,  that  they  can  cut  without  difficulty,  iron  bars,  one  half  or  two  thirds 
of  an  inch  thick. 

Cylindert. — The  compression  between  cylinders  now  effects,  in  a  few  seconds,  that 
condensation  and  distribution  of  the  fibres,  which,  40  years  ago,  could  not  be  accom- 
plished tUl  after  many  heats  in  the  furnace,  and  many  blows  of  the  hammer.  The 
cylinders  may  be  distinguished  into  two  kinds;  1.  those  which  serve  to  draw  out  the 
ball,  called  puddling  roUt,  or  roughing  roUs,  and  which  are,  in  fact,  reducing  cylinders ; 
I.  the  cylinders  of  extension,  called  rdUerii,  for  drawing  into  bars  the  massive  iron  after 
t  has  received  a  welding,  to  make  it  more  malleable.    This  second  kind  of  cylinders  ii 
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subdivided  into  several  varieties,  according  to  the  patterns  of  bar  iron  itist  are  required. 
These  may  Tary  from  2  inches  square  to  less  than  one  siilh  of  an  inch. 

Beneath  the  cylinders  there  is  usually  formed  an  oblong  fosse,  into  which  the  scoria; 
and  the  scales  fall  when  the  iron  is  compressed.  The  sides  of  tlus  fosse,  constructed  of 
stone,  are  founded  on  a  body  of  solid  masonry,  capable  of  sapporting  the  enormous  load 
of  the  cylinders.  Beams  of  wood  form  in  some  measure  the  sides  of  this  pit,  to  which 
cylinders  may  be  made  fast,  by  seeoring  (hem  with  screws  and  bolts.  Massive  bare  of 
cast  iron  are  found,  however,  to  answer  still  better,  not  only  because  the  uprights  and 
bearers  may  be  more  solidly  fixed  to  Ihem,  but  because  the  basement  of  heavy  metal  is 
more  diiiicull  to  shatter  or  displace,  an  accident  which  happens  frequently  to  tlic 
wooden  beams.  A  rill  of  water  is  supplied  by  a  pipe  to  each  pair  of  cylinders,  to 
hinder  them  from  getting  hot ;  as  also  to  prevent  the  hot  iron  fram  adhering  to  the 
cylinder,  by  cooling  its   surface,  and  perhaps  producing  on    it  a  slight  degree  of 

The  shafts  are  one  fljol  in  diameter  for  the  hammer  and  the  roughing  rolls ;  and  sii 
inches  where  they  communicate  motion  to  the  cylinders  destined  to  draw  the  iron  into 

The  roughing  rolls  are  employed  either  to  work  oat  the  lump  or  ball  immediately 
after  it  leaves  the  puddling  furnace,  as  in  the  Welsh  forges,  or  only  to  draw  out  the 
piece,  after  it  has  been  shaped  under  the  hammer,  as  is  practised  in  most  of  the  Stalford- 
shire  establishmeats.  These  roughing  cylinders  are  generally  7  feet  long,  including 
the  trunnions,  or  5  feet  between  the  bearers,  and  18  inches  diameterj  and  weigh  in  the 
whole  from  4  to  4J  tons.  They  contain  from  5  to  7  grooves,  commonly  of  an  elliptical 
form,  one  smaller  than  another  in  regular  progression,  as  is  seen  in  Jig.  808.  The  small 
axis  of  each  ellipse,  as  formed  by  the  union  of  the  apper  and  under  grooves,  is  alwaj's 
pls.ced  in  the  vertical  direction,  and  is  equal  to  the  great  axis,  or  horizontal  axis  of  the 
sncceeding  groove ;  so  that  in  transferrii^  the  bar  from  one  groove  to  another,  jl  must 
receive  a  quarter  of  a  revolution,  whereby  the  iron  gets  elongated  in  ei'ery  direction. 
Sometimes  the  roughing  rolls  serve  as  preparatory  cylinders,  in  which  case  they  bear 
towards  one  extremity  rectangular  grooves,  as  the  figure  exhibits.  Several  cf  these 
large  grooves  are  bestudded  with  small  asperities  analogous  to  the  teeth  of  files,  for 
biting  the  lump  of  icon,  and  preventit^  its  sliding.  On  a  level  with  the  under  side  of 
the  grooves  of  the  lower  cylinder,  there  is  a  plate  of  cast  iron  with  notches  in  its  edge 
adapted  to  the  grooves.  This  piece,  called  the  apron,  rests  on  iron  rods,  and  serves  lo 
support  the  bijls  and  bars  exposed  to  the  action  of  the  rollers,  and  to  receive  the  fragments 
of  ill-welded  metal,  which  fall  off  during  the  drawing.  The  housing  frames  in  which  the 
rollers  are  supported  and  revolve,  are  made  of  great  strength.  Their  height  is  5  feet ; 
their  Uticllness  is  1  foot  in  the  side  perpendicular  to  the  axis  of  the  cylinders,  and  10 
inches  in  the  other.  Each  pair  of  bearers  is  connected  at  their  upper  ends  by  two  iron 
rods,  on  which  the  workmen  rest  their  tongs  or  pincers  for  passing  the  lamp  or  bar  from 
one  side  of  the  cylinders  to  the  other. 

The  cods  or  bushes  are  each  composed  of  two  pieces ;  the  one  of  hard  brass,  which 
presents  a  cylindrical  notch,  is  framed  into  the  other  which  is  made  of  cast  iron,  as  is 
clearly  seen  'mjig,  808. 

The  iron  bar  delivered  from  the  square  grooves,  is  cut  by  the  shears  into  short  lengths, 
which  are  collected  in  a  bundle  in  order  to  be  welded  together.  When  this  bundle  of 
bars  has  become  hot  enough  in  the  furnace,  it  is  conveyed  to  the  rollers ;  which  differ 
in  their  arrangement  according  as  they  are  meant  to  draw  iron  fiiom  a  large  or  small 
piece.  The  first,  fig.  808,  possess  both  elliptical  and  rectangular  grooves;  are  1  fool 
in  diameter  and  3  feet  long  between  the  bearers.  The  bar  is  not  finished  under  these 
cylinders,  hut  is  transferred  lo  another  pair,  whose  grooves  have  the  dimensions  proper 
for  the  bar,  with  a  round,  triangular,  rectangular,  or  fillet  form.  The  triangular  grooves 
made  use  of  for  square  iron,  have  ftr  their  profile  an  isosceles  triangle,  slightly  obtuse, 
so  that  the  space  left  by  the  two  grooves,  together  may  be  a  rhombus,  diffeiing  little 
from  a  square,  and  whose  smaller  diagonal  is  vertical.  When  the  bar  is  to  be  passed 
successively  through  several  grooves  of  this  kind,  the  larger  or  horiiontal  diagonal  of 
each'following  groove  is  made  equal  to  the  smaller  or  upright  of  the  preceding  one, 
whereby  the  iron  must  be  turned  one  fourth  round  at  each  anccessive  draught,  and  thus 
receive  pressure  in  opposite  directions.  Indeed,  the  bar  is  often  tumed  in  succession 
through  the  triangular  and  rectangular  grooves,  that  its  fibres  may  be  more  accurately 
worked  ti^ether.  The  decrement  in  the  capacity  of  the  grooves  follows  the  proportion 
of  1510  II. 

When  it  is  intended  to  reduce  the  iron  lo  a  small  rod,  the  cylinders  have  such  a  diam- 
eter, that  three  may  be  set  in  the  same  housing  frame.  The  lower  and  middle  cylinders 
are  employed  as  roughing  rollers,  while  the  upper  and  middle  ones  are  made  to  draw  out 
Uie  rod.  When  a  rod  or  bar  is  to  be  drawn  with  a  channel  or  gutter  in  its  face,  thp 
rooves  of  the  rollers  are  suitably  formed. 


all  size,  as  naU-rods,  a  system  of  smail  roller*  i3 
■•  are  'iharp-edged,  and  enter  into  the  opposite 
grooi  es  9  J  inches  deep ;  so  Ihal  the  flat  bar  in 
pa>ismB  between  such  rollers  is  instantnneouslj 
divided  into  several  slips.  For  this  purpose 
the  rollers    represented   in  fig,  809  maY  h* 


The  velocity  of  the  cylinders  varies  with 
their  dimensions.  In  one  work,  cylinders  for 
drawing  out  iron  of  from  one  third  lo  two 
thiris  of  an  inch  thick,  make  140  revolutions 
per  minute  ;  while  those  for  iron  of  from  two 
Ihuds  of  an  inch  to  3  inches,  make  only  65. 
In  another  work,  the  cylinders  for  two  inch 
11  in,  m^lie  05  revolutions  per  minute  ,■  those 
iuF  iron  from  two  thirds  of  an  inell  to  an  inch 
and  a  third,  make  138 ;  and  those  for  bars 
from  one  tiiird  to  two  thirds  of  an  inch,  150. 
The  Toaghing  roliirs  move  with  only  one  third 
the  velocity  of  the  drawing  cylinders. 

The  'Jhingling  and  plate-rollin?  mill  is  rep- 
resented in  fig.  808.  The  shingling  mil],  for 
convertmg  tie  blooms  from  the  balling  fur- 
Tace  mto  bare,  consists  of  two  sets  of  grooved 
cj  linders,  the  first  being  called  jwddlitig  ToiU 
ur  rouekmg  roth ;  the  second  are  for  reducing 
or  drawing  the  iron  into  mill-bars,  and  are 
called  simply  rol/j. 

a,  a,  a,  a,  are  the  powerilil  uprights  or  stand- 
ards called  AoKiiHg/ramej,  of  cast  iron,  in  which 
the  gudgeons  of  the  rolls  are  set  to  levolve  ; 
b,  b,  b,  b,  arc  bolt  rods  for  binding  these  fVames 
tt^ether  at  top  and  bottom ;  c,  are  the  roughing 
roLi,  ha^  ing  each  a  series  rflriangolar  grooves, 
such  that  between  those  of  the  upper  and 
under  cylinder,  rectangular  concavities  are 
formed  in  the  circumference  with  slightly 
■jlnping  sides.  The  end  groove  to  the  right 
of  (,  should  be  channelled  like  a  roL^hflle,  in 
order  to  take  the  better  hold  of  the  blooms,  or 
to  bite  the  metal,  as  the  workmen  say ;  and  give 
It  the  preparatory  elongation  for  entering  into 
and  passing  through  the  remaining  grooves 
till  It  comes  to  the  square  ones,  where  it  be- 
comes a  mill-bar.  d,  d,  are  the  smooth  cyl- 
inders, hardened  upon  tie  surface,  or  chilled 
as  It  IS  called,  by  being  cast  in  iron  moulds, 
Sir  rolling  iion  into  plates  or  hoops,  e,  e,  e,  e,  are  strong  screws  with  rectangular  threads, 
which  work  by  means  of  a  wrench  or  key,  into  the  nuts  e'  e'  e'  e',  fixed  in  the  standards ; 
ihey  serve  to  regulate  the  height  of  the  plummet  bloclts  or  bearers  of  the  gudgeons,  and 
thereby  the  distance  between  tha  wjper  and  under  cylinders,  /  is  a  junction  shaft ;  g 
g,  g,  are  solid  coupling  bo:!eB,  which  embrace  the  two  separate  ends  of  the  shafts,  and  make 
(hem  turn  togellier.  k,  k,  are  junction  pinions,  whereby  motion  is  communicated  from  tht 
driving  shaft  /,  through  the  under  pinion  to  the  upper  one,  and  thus  to  both  upper  and 
under  rolls  at  once,  i,  i,  are  the  pinion  standards  in  which  their  shatls  run  ;  they  arc 
smaller  than  Ihc  uprights  of  the  rofis.  ft,  fc,  are  screws  for  fastening  the  head  pieces  I  lo 
Jin  top  of  the  pinion  standards.      All  the  standards  are  provided  with  sole  plates  m, 
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wtereL/  Ihey  are  screwed  to  Ihe  foundation  beams  n,  of  wood  or  preftrably  bon,  as 
shown  by  doited  lines ;  o  o  are  the  binding  screw  bolts.  Each  pair  of  rolls  at  work  is 
itept  cool  by  a  small  stream  of  water  let  down  upon  it  from  a  pipe  and  slop-cock. 

In  the  cylinder  drawing,  the  workman  who  holds  the  ball  in  longs,  passes  it  into  the 
SisC  of  the  elliptical  grooves  ;  and  a  second  workman  on  the  other  side  of  the  cylinders, 
receives  this  lamp,  and  hands  it  over  to  the  first,  who  re-passes  it  betweea  the  rollers, 
after  bringing  them  somewhat  closer  to  each  other,  by  giving  a  turn  to  the  adjusting  pres- 
sure screws.  After  the  lump  has  passed  fiye  or  six  times  throi^h  the  same  groove,  it  has 
sol  an  elliptical  form,  and  is  called  in  England  a  Noam.  It  is  neit  passed  through  s 
second  groove  of  less  size,  which  stretches  the  iron  bar.  In  this  slate  it  is  subjected  to 
a  second  pair  of  cylinders,  by  which  the  icon  is  drawn  into  flat  bars,  4  inches  broad  and 
half  an  inch  thick.  Fr^menls  of  the  ball  or  bloom  fall  round  about  the  cylinders ; 
which  are  afterwards  added  to  the  puddling  charge.  In  a  minute  and  a  half,  the  rude  lump 
is  transformed  into  bars,  with  a  neatness  and  rapidity  which  the  ineipecienced  eye  can 
hardly  follow,     A  steam  engine  of  Ihicly-horse  power  can  rough  doom  in  a  week,  200  tons 

Tliis  iron,  called  mill-bar  iron,  is  however  of  too  inferior  a  quality  to  be  employed  in 
any  machinery ;  and  it  is  subjected  to  another  operation,  which  consists  in  welding 
several  pieces  together,  and  working  them  into  a  mass  of  the  desired  quality.  The  iron 
bars,  while  still  hot,  are  cut  by  the  shears  into  a  length  proportional  to  the  size  of  iron 
bar  that  is  wanted ;  and  four  rows  of  these  are  usually  laid  over  each  other  into  a  heap 
or  pile,  which  is  placed  in  the  ■re-heaiijig  furnace  above  described,  and  exposed  to  a  free 
circulation  of  heat ;  one  pile  being  set  crosswise  over  another.  In  a  half  or  three 
quarters  of  an  hour,  the  iron  is  hot  enough,  and  the  pieces  now  sticking  together,  aie 
tarried  in  successive  piles  to  the  bar-drawii^  cylinders,  to  be  converted  into  strong  bars, 
which  are  reckoned  of  middle  quality.  When  a  very  irugh  iron  is  wanted,  as  for  anchors, 
-mother  welding  and  rolling  must  be  given.  In  the  re-heating  ovens,  the  loss  is  from  8 
to  10  per  cent,  on  the  lai^e  bar  iron,  and  JVom  10  to  12  in  smaller  work.  A  ton  of  iron  con- 
sumes in  this  process  about  ISO  lbs.  of  coals. 

It  Is  thought  by  many  that  a  purer  iron  is  obtained  by  subjecting  the  balls  as  ihey 
come  out  of  the  puddling  furnace,  to  the  action  of  the  hammer  at  first,  than  to  the 
roughing  rollers  ;  and  that  by  the  latter  process  vitrified  specks  remain  in  the  metal,  which 
the  hammer  expels,.  Hence,  in  some  works,  ^e  balls  are  first  worked  under  the  foj^- 
hammer ;  and  these  atampinga  being  afterwards  heated  in  the  form  of  pies  or  cakes  pilci 
over  each  other,  are  passed  through  the  roughing  rollers. 

Having  given  ample  details  concerning  the  manufacturing  processes  used  in  England 
for  making  cast  iron,  it  may  be  proper  to  subjoin  a  few  observations  upon  its  chemical 
constitution.  It  has  heen  generally  believed  and  taught  that  the  dark  gray  cast  iron. 
No.  1  or  No.  2,  contains  more  carbon  than  the  white  cast  iron;  and  that  the  snpertor 
quality  of  the  former  in  tenacity  and  softness,  is  to  be  ascribed  to  that  excess.  But 
the  distii^uished  German  melallui^st,  M.  Karslen,  in  his  instructive  volume,  "  Hand- 
buch  der  Eisenhiittenkunde,"  or  manual  of  the  ait  of  smelting  iron  ores,  has  proved,  on 
ihe  contrary,  that  the  white  cast  iron  contains  most  charcoal ;  that  this  substance  exists 
in  it  in  a  stale  of  combination  with  the  whole  body  of  the  iron ;  that  the  foliated  or  la- 
mellar while  cast  iron  contains  as  much  carbon  as  iron  can  absorb  in  the  liquid  state ;  and 
that  this  constitutes  a  compound  of4  atoms  of  iron  combined  with  1  of  charcoal,  or  112-|-6; 
or  5J  per  cent. ;  whereas  the  dark  gray  cast  iron  contains  generally  from  3  to  4  pci 
cent.,  in  the  state  of  plumbago  merely  dispersed  through  the  metal.  He  has  further 
confirmed  his  opinion,  by  causmg  the  while  variety  to  pass  into  the  gray,  and  recipro- 
cally. Thus,  dark  gray  ca=t  metal  melted  and  suddenly  cooled,  gives  a  silvery  white 
metal,  hard  and  brittle.  On  the  other  hand,  when  the  while  cast  iron  is  cooled  very 
slowly  after  fusion,  the  condition  of  the  carbon  m  it  changes,  and  a  dark  gray  cast  iron 
is  obtained.  These  phenomena  show  that  thp  graphite  or  plumbago,  which  requires  a 
high  temperature  for  its  formation,  cannot  be  produced  but  by  a  slow  cooling,  which  al- 
lows the  carbon  to  agglomerate  itself  in  the  iron  in  the  state  at  graphite ;  while  under  a 
rapid  congelation,  the  carbon  remains  dissolved  in  the  mass,  and  prodoces  a  white  metal. 
Henee  we  may  understand  how  each  successive  fusion  of  dark  gray  iron  hardens  and  whitens 
it,  though  in  contact  with  coke,  by  completing  that  chemical  dissolution  of  the  carbon  on 
which  Uie  while  state  depends. 

In  the  manufacture  of  the  blackest  No.  1  cast  iron,  it  sometimes  tappens  that  a  con- 
siderable quantity  of  a  glistening  carburet  of  iron  appears,  floating  on  the  top  of  the 
metal  as  it  is  run  out  into  the  sand-moulds.  This  substance  is  called  kisk  by  the 
English  workmen;  and  it  aSbrds  a  sure  test  of  the  good  slate  of  the  furnace  and  quality 
of  the  iron. 

The  most  remarkable  fact  relative  to  the  smelting  of  cast  iron,  is  the  difference  of  pro- 
duct between  the  workings  of  the  summer  and  the  winter  season,  though  all  the  materia., 
nnd  machinery  be  the  same.    In  fact,  no  cold-blast  furnace  will  carry  so  great  a  border 
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in  aurnmer  as  in  vinteT,  thaC  is,  atTord  so  great  a  product  of  metal,  or  liear  so  greet  B 
charge  of  ore  with  the  satoe  quantity  of  coke.  This  difference  is  undoabtedly  due  to  tha 
dilated  and  hnmid  state  of  the  atmosphere  in  the  warm  season.  A  very  competent  judge 
of  this  matter,  stales  the  diminution  in  summer  at  from  one  fifth  to  one  seventh,  indepen 
dently  of  deterioration  of  iiaalitj". 

Some  of  the  foreign  irons,  particularly  certain  Swedish  and  Russian  bars,  are  im- 
ported into  Great  Britain  in  large  quantities,  and  at  priees  much  greater  than  those  oi 
the  English  bars,  and  therefore  the  modes  of  manufacturing  such  excellent  metal  deserve 
examination.  All  the  hest  English  cast  steel,  indeed,  is  made  ftom  the  hoop  L  iron  from 
Dannemora,  in  Sweden. 

The  processes  pursued  in  the  smelting  works  of  the  Continent  have  frequently  in  view 
to  obtain  ftom  the  ore  malleable  iron  directly,  in  a  pure  or  nearly  pure  stale.  The  furnaces 
used  for  this  purpose  are  of  two  kinds,  called  in  French,  1.  i'eitx  de  Loupes,  or  Forges 
Cafalane) ;  and  2.  Foumeanx  a  pUce,  or  Forges  AUemandes. 

In  the  Catalan,  or  French  method,  the  ore  previously  roasted  in  a  kiln  is  aftenvards 
Btcongly  torrefied  in  the  forge  before  the  smelting  begins ;  operations  which  follow  in 
iiranedrate  succession.  Ores  treated  in  this  nay  should  be  very  fusible  and  very  rich ; 
Euch  as  black  oxyde  of  iron,  hematite*;,  and  crlain  spalhose  iron  ores.  From  100 
parts  of  ore,  50  of  metalhc  iron  tnie  been  procured  but  the  average  product  is  35 
The  fnrnaces  employed  are  rectangular  hearth',  flgs.  810,  and  811,  the  water  blowing 


machine  being  employed  to  giie  the  blast  Si'e  METAttrRrv  There  are  three 
iarietie<:  of  this  forge ,  the  Catalan,  the  Navarrese,  and  the  Biscayin  The  dimensions 
of  the  first,  the  one  most  generallj  emploj  ed,  are  as  foUows  21  inches  long  in  thp 
iiuection  p  f,fiz  811 ,  18^  brtad,  at  the  bottom  of  the  hearth  or  crevKt  in  the  line 
A  B  i  and  17  inches  deep,  Jig.  810.  The  tuySre,  g  y,  is  placed  9i  inches  above  the  bottom, 
so  that  its  axis  is  directed  towards  Ihe  opposite  side,  about  2  inches  above  the  bottom. 
But  it  must  be  moveable,  as  its  inclination  needs  to  be  changed,  according  to  the  stage 
of  the  operation,  or  the  quantity  of  the  ores.  It  is  often  raised  or  lowered  with  pellets 
of  clay ;  and  even  with  a  graduated  circle,  foe  the  woctmeo  mate  a  great  mystery  of 
this  matter.  The  hearth  is  lined  with  a  layer  of  firasjite  (loam  and  charcoal  dusl 
worked  together),  and  the  ore  after  being  roasted  is  sifted ;  the  small  powder  being  set 
aside  to  be  used  in  the  course  of  the  operation.  The  ore  is  piled  up  on  the  side  opposite 
to  the  blast  in  a  sWp  saddle  ridge,  and  it  occupies  one  third  of  the  furnace.  In  the  re- 
maining space  of  two  thirds,  the  charcoal  is  put.  To  solidify  the  small  ore  on  the  hearth, 
it  is  covered  with  moist  cinders  mixed  with  clay. 

The  fire  is  ui^ed  with  moderation  during  the  first  two  hours,  the  workman  being 
continually  employed  in  pressing  down  more  charcoal  as  the  former  supply  burns 
away,  so  as  to  keep  the  space  full,  and  prevent  the  ore  from  crumbling  down.  By  a 
blast  so  tempered  at  the  beginning,  the  ore  gets  well  calcined,  and  partially  reduced  in 
the  way  of  cementation.  But  after  two  hours,  the  full  force  of  the  air  is  given  j 
at  which  period  the  flisioo  ought  to  commence.  It  is  easy  to  see  whether  the  lorrc- 
faction  be  sufficiently  advanced,  by  the  aspect  of  the  flame,  as  well  as  of  the  ore, 
which  becomes  spongy  or  cavernous ;  and  the  workman  now  completes  the  fusion,  by 
detaching  the  pieces  of  ore  from  the  bottom,  and  placing  them  in  front  of  the  tny^e. 
WJien  the  fine  sifting^  are  afterwards  tiirown  upon  the  lop,  they  must  be  watered, 
to  prevent  Iheir  beit^  blown  away,  and  to  keep  them  evenly  spread  over  the  whole 
surface  of  the  light  fuel.  They  increase  the  quantity  of  the  products,  and  give  a  propei 
fusibility  to  the  scoriae.  When  the  Bcorias  are  viscid,  the  quantity  of  siftings  must  be 
i!iminished;'butif  thin,  they  must  be  increased.  The  excess  of  slag  is  allowed  tomnofi' 
by  the  Ma  or  floss  hole.  The  process  lasts  from  five  to  six  hours,  after  which  the  pasty 
mass  is  taken  out,  and  placed  under  a  hammer  to  be  cut  into  lumps,  which  are  afterwards 
Totted  into  bars. 

Each  mass  presents  ft  mixed  variety  of  iron  and  steel;  in  proportions  which  may 
be  modified  at  pleasure  j  for  by  nsing  much  of  the  siftings,  and  making  the  tuyere  dip 
!n  iranls  the  sole  of  the  hearth,  iron  is  the  chief  product ;   but  if  the  operation  be  cor 


,  C.ooglo 


IRON  1039 

dtt   ed    ow      w  Ih  a  small  quantity  of  f  iftings,  and  an  upraised  tay^re,  Ihe  qiionlity 

e    IS  m    e  considerable.      Tlus  pciinitive  process  is  favoraWy  spolten.  of  by  M. 

B    n  n  a        The  weight  of  the  lump  of  metal  vaiies  from  200  to  400  pounds.    As  the 

unp     n    f  charcoal  is  very  great,  amounting  in  the  Palatinate  or  Hheinkteis  io 

n     m      h   weight  of  iron 'obtained,  though  in  thePyreneea  it  is  only  thrice,  the 

C       an  f  g      an  be  profitably  employed  only  where  wood  is  exceedingly  cheap  and 

ab  ndan 

Th.  F  xau^  apUce  of  the  French,  or  Stnck-ofea  of  the  Germans,  resemh.es ^g.  885 
ICoEPER)  1  tlie  tuyere  (not  shown  there)  havii^  a  dip  towards  the  bottom  of  the  liearth, 
where  the  smelted  matter  collects.  When  the  operation  is  finished,  that  is,  at  least 
once  in  every  24  hours,  one  of  the  sides  of  the  hearth  must  he  demolished,  to  take 
out  the  pasty  mass  d"  iron,  more  or  less  pnre.  This  furnace  holds  a  middle  place  in  the 
treatment  of  iron,  between  the  Catalan  forge  aad  the  cast-iron  j^oss-o/ra,  or  high-blast 
'umaces.  The  s(«cfc-q/"e»  are  from  10  to  15  feet  high,  and  nboat  3  feet  in  diameter  at 
.he  hearth.  Most  usually  there  is  only  one  aperture  for  the  tuy^a  and  for  working ; 
with  a  small  one  for  the  escape  cf  the  dag;  on  which  accoont,  the  bellows  are  removed 
to  make  way  for  .the  lifting  out  of  the  lump  of  tnetal,  which  is  done  through  an  opening 
left  on  B  level  with  the  sole,  temporarily  dosed  with  brielts  and  potters'  day,  while  the 
ftirnaee  is  in  action. 

This  outlet  being  dosed,  and  the  furnace  filled  with  charcoal,  lire  is  kindled  at  the 
botloin.  Whenever  the  whole  is  in  combustion,  the  roasted  ore  is  introduced  at  the  top 
in  alternate  chaises  with  charcoal,  till  the  proper  r[nantily  has  been  introduced.  The  ore 
[alls  down ;  and  whenever  it  comes  opposite  to  the  tuySie  the  slag  begins  to  ilow,  and  the 
iron  drops  down  and  collects  at  the  bottom  of  the  hearth  into  the  mass  or  ilnck ;  and  in 
proportion  as  this  mass  increases,  tlie  Jlois-hole  for  the  slag  and  the  tny^  Js  raised 
higher.  When  Ihe  quantity  of  iron  accumulated  in  the  hearth  is  judged  to  be  sujiicier.., 
the  bellows  are  stopped,  the  scoriie  are  raked  off,  the  little  brick  wall  is  taken  down,  and 
the  mass  of  iron  is  removed  by  rakes  and  tongs.  This  mass  is  then  flattened  under  the 
hammer,  into  a  cake  from  3  to  4  inches  thick,  and  is  cut  into  two  lumps,  which  are  sub- 
mitted to  a  new  operation;  where  it  is  treated  in  a  peculiar  refinery,  lined  with  cliarcoal 
^rasque,  and  exposed  to  a  nearly  horizontal  blast.  The  above  mass,  seized  in  the  jaws 
if  a  powerful  tongs,  is  heated  before  the  tuyere ;  a  portion  of  the  metal  ftows  down  to  the 
bottom  of  the  hearth,  loses  its  carbon  in  a  bath  of  rich  slags  or  fused  oxydes,  and  forms 
thereby  a  mass  of  iron  thoroi^hly  refined.  The  portion  that  remains  in  the  tongs  lOr- 
nishes  steel,  which  is  drawn  oat  into  bars. 

This  process  is  employed  in  Camiola  for  smdtii^  a  granular  oxyde  of  iron.  The  mass 
3V  slack  amounts  to  from  15  to  20  hundred  weight,  aftflt  each  operation  of  24  hours. 
Eight  strongmen  are  required  to  UK  it  out,  and  to  carry  it  under  a  large  hammer,  where 
t  is  cut  into  pieces  of  aboat  1  cwt.  each.  These  are  afterwards  refined  and  drawn  into 
tt^rs  as  above  described.  These  fiimaces  are  now  almost  generally  abandoned  on  the 
:;ontinent,  in  favor  of  charcoal  high  or  blast  furnaces. 

fig,  385  represents  a  skachtofen  <hut  withont  the  tuyere,  whicli  may  be  supposed  to  be 
in  the  usual  place),  and  is,  like  all  the  continental  Hants  jounieoua;,  remariiable  for  the 
excessive  thickness  of  its  masonry.  The  charge  is  put  in  at  the  throat,  near  the  summit 
of  the  octagonal  or  square  concavity,  for  they  are  made  of  both  forms.  At  tlie  bottom 
of  the  hearth  there  is  a  dam-stone  with  its  plate,  for  permitting  tlie  overflow  of  the  slag, 
while  it  confines  the  subjacent  fliiid  metal ;  as  well  as  a  tymp-slone  with  its  plate,  which 
forms  the  key  to  the  front  of  the  hearth;  the  boshea  are  a  wide  flumel,  almost  flat,  to 
□bslmct  the  easy  descent  of  the  chaises,  whereby  the  smelting  with  charcoal  would  pro- 
ceed to(i  rapidly.  The  bottom  of  the  hearth  is  constructed  of  two  large  stones,  and 
the  hiniie;  part  of  one  great  stone,  called  in  German,  rickslcin  (black  stone),  which  the 
French  have  corrupted  into  rHstiT\s.  In  other  countries  of  the  Continent,  tlie  boshes  are 
frequently  a  good  cieal  more  tapered  downwards,  and  the  hearth  is  larger  than  here  rep- 
resented. The  refractory  nature  of  the  Hartz  iron  ores  is  the  reason  ass^ed  for  this 
peculiarity, 

la  Sweden  there  are  blast-furnaces,  schachiofeti,  35  fea:  in  height,  measured  from  the 
soshes  above  the  line  of  the  hearth,  or  creaatt.  Their  cavity  has  the  tbrrn  of  an  elonga 
tul  ellipse,  whose  small  diameter  is  8  feet  across,  at  a  height  of  14  feet  above  tlie  bottom 
of  the  hearth;  hence,  at  this  part,  the  interior  space  constitutes  a  belly,  corresponding 
with  the  upper  part  of  the  boshes.  In  other  respects,  the  details  of  the  constraelion  of 
the  Swedish  furnaces  resemble  the  one  figured  above.  Marcher  relates  that  a  furnace  of 
that  kind,  whose  height  was  only  30  feet,  in  which  brown  hydrate  of  iron  ()iwno(ife)  was 
smelted,  yielded  47  pir  ceid.  in  cast-iron,  at  the  rate  of  5  hundred  weight  a  day,  or  36 
hundred  weight  one  week  after  another ;  and  that  in  tlie  production  rf  100.  pounds  of 
cast-iron,  130  ponnds  of  charcoal  were  consumed.  That  ftirnaee  was  worked  with  forgf 
bellows,  mounted  with  leather. 
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The  decaiburation  of  cast-iron  is  merely  a  restoration  of  the  carbon  lo  the  surface,  id 
tracing  inversely  tlie  same  progressive  steps  as  had  carried  it  into  llie  interior  during  the 
smelting  of  the  ore.  The  oxygen  of  the  air,  acting  titst  at  the  surface  of  the  cast  metal, 
upon  the  carbon  which  il  finds  there,  hurns  it :  fresh  charcoal,  oozing  Irorn  the  interior 
somes  then  lo  occupy  the  place  of  what  had  been  dissipated ;  till,  finally,  the  whole  car- 
bon is  transferred  from  the  centre  to  the  surface,  and  is  there  conTerled  into  either  car- 
honic  acid  gas,  or  oxyde  of  carbon  j  for  no  direct  experiment  has  hitherto  proved  which 
of  these  is  the  precise  product  of  this  combustion. 

This  diffiisibility  of  carbon  through  the  whole  mass  of  iron  constitutes  a  movement  by 
means  of  which  cast-iron  may  he  t^ned  eveii  without  undei^oing  fusion,  as  is  proved  by 
a  mullilude  of  phenomena.  Every  wojjjman  has  observed  thai  sleel  loses  a  portion  of 
its  steely  properties  every  lime  it  is  heated  in  contact  with  air. 

On  Ihe  above  principle,  cast-iron  may  he  refined  at  one  operation.  Three  kinds  of  iron 
ate  susceptible  of  this  continuous  process : — 1.  The  specified  cast-iron,  which  contains 
such  a  proportion  of  oxygen  and  carbon  as  with  the  oxygen  of  the  air  and  the  carbon  of 
the  fuel  may  produce  sufficient  and  complete  saturation,  hut  nothing  in  eicesE  2.  The 
dark  gray  casl-iton.  3.  The  while  cast-iron.  The  nature  of  the  crude  melfci  requires 
variations  both  in  the  forms  of  the  furnaces,  and  ia  the  manipulations. 

Indeed,  malleable  iron  may  he  obtained  directly  from  the  ores  by  one  fusion.  This 
mode  of  working  is  practised  in  the  Pyrenees  to  a  coneiderahle  extent.  All  the  ores  of 
iron  ate  not  adapted  for  this  operation.  Those  in  which  the  metallic  oiyde  is  mixed  with 
much  earthy  matter,  do  not  answer  well ;  but  those  composed  of  the  pure  hlaek  oxj^i", 
red  oxyde,  and  carbonate,  succeed  much  better.  To  extract  the  metal  from  such  ores,  it 
is  sufEcient  to  expose  them  to  a  h^h  temperatnie,  in  contact  either  with  charcoal,  or 
with  carbonaceous  gases ;  (he  metallic  oxyde  is  speedily  reduced.  But  when  several 
earths  are  present,  these  tend  continually,  during  the  vitrification  which  they  suffer,  lo 
retain  in  their  vitreous  mass  the  unreduced  oxyde  of  tton.  Were  such  earthy  ores,  as 
our  ironstones,  to  be  put  into  the  low  furnaces  called  Catalan,  through  which  the  charges 
pass  with  great  rapidity,  and  in  which  Ihe  contact  with  the  fuel  is  merely  momentary, 
there  would  he  found  in  the  crucible  or  hearth  merely  a  rich  metallic  glass,  instead  of  a 
lump  of  metal. 

In  smelting  and  refining  by  a  continuous  operation,  three  diflerent  stages  may  he  dls, 
lii^uished:  1.  The  roasting  of  the  ore  to  expel  the  sulphur,  which  would  be  less 
easily  separated  afterwards.  The  roasting  dissipates  likewise  the  water,  the  caibonic 
acid,  and  any  other  volatile  substances  which  the  minetals  may  contain.  2.  The  deoxj'- 
dizement  and  reduction  lo  metal  by  exposure  lo  charcoal  or  carbureted  vapors.  3.  The 
melting,  agglutination,  and  refining  of  the  metal  to  fit  it  for  the  heavy  hammers  where 
it  gets  nerve.  There  are  several  forges  in  which  these  three  operations  seem  lo  be  con 
founded  into  n  single  one,  because,  although  still  successive,  they  are  practised  at  one 
single  heating  without  interruption.  In  ofiier  forges,  the  processes  are  performed  sepa- 
rately, or  an  interval  elapses  between  each  stage  of  the  work.  Three  systems  of  this 
kind  are  known  to  exist : — 1.  The  Corsican  method ;  2.  The  Catalan  with  wood  char- 
coal; and  3,  The  Catalan  with  coke. 

The  furnaces  of  Corsica  are  a  kind  of  semicircular  basins,  IS  laches  in  diameter,  and 
6  inches  deep.  These  are  excavated  in  au  area,  or  a  stnall  elevation  of  masonry,  8  or  10 
Het  long  by  5  or  6  broad,  and  covered  in  with  a  chimney,  'I'his  area  is  lulle  similar  lo 
that  of  the  ordinary  hearths  of  our  blast-furnaces. 

The  tuyere  stands  5  or  6  inches  above  Ihe  basin,  and  has  a  shght  mchnition  doun 
wards.  In  Corsica,  and  the  whole  portion  of  Italy  adjoining  the  Mediterranean  shores, 
the  iron  ore  is  an  oxyde  similar  lo  the  specul  E  This  ere  con- 

tains a  little  watef,  some  carbonic  acid,  occns  p  mm      quanlih      Be- 

lore  deoxydizing  the  ore,  it  is  requisite  to  exp       h   w         an  acid  combmed 

with  (he  oxyde,  as  well  as  the  sulphur  of  th  ea 

The  operations  of  roasting,  reduction,  fus  d  a^  lecuted  in  the 

game  furnace.    These  are  indeed  divided  int    tw         g  is  a  continuation 

of  the  other.      In  the  first,  Ihe  two  prima       pe  ed  at  once, — (be 

redaction  of  a  portion  of  the  roasted  ore  is  be  un  m         t  a  portion  of 

the  raw  ore  is  roasted !  these  two  substance    ar      ft  rward         ar  In  the  second 

stage,  the  dcoxydizement  of  the  metal  is  co  hi  oy         the  prccedins 

stage;  it  is  then  melted  and  agglutinated,  so  m  bmittLd  to  the 

forge-baiumer. 

The  reasted  pieces  are  broken  down  lo  Ih  mak  duction  of  the 

metal  easier.  In  executing  the  first  step,  the  basin  and  area  of  the  furnace  ir  ust  be 
lined  with  a  brasgae  of  charcoal  dust,  3, 4,  or  even  5  inches  thick  over  this  brusque  a 
mound  is  raised  with  lumps  of  charcoal,  very  hard,  and  4  or  5  mches  high  A  semi- 
circle is  Ibrmed  round  the  tuyere,  the  inner  radius  of  which  is  5  or  6  mches  This  mass 
fif  charcoal  is  next  surrounded  with  another  pile  of  the  roasted  and  broken  ores,  which 
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must  be  coTt'Cii  with  chareoai  dusl.  The  ■whole  is  sustained  with  large  hloclis  of  (he 
raw  ore,  which  form  externally  a  third  wall. 

These  three  piles  of  charcoal,  with  roasted  and  unroasted  ore,  are  raised  in  three  suc- 
cessive beds,  each  7  inches  Ihidi  i  they.are  separated  ftom  each  other  by  a  layer  of  char- 
coal dast  of  about  an  inch,  which  makes  the  whole  24  inches  high.  This  is  afterwards 
cohered  over  with  a  thick  coat  of  pounded  charcoal. 

The  blocks  of  raw  ore  which  compose  the  oolward  wall  form  a  slope ;  the  larger  and 
stronger  pieces  are  at  the  bottom,  and  the  smaller  in  the  upper  part.  The  large  blocks 
are  sunk  Tery  firmly  into  the  charcoal  dust,  to  enable  thera  belter  to  resist  the  pressure 

On  the  bottom  of  the  semicircular  well  formed  within  the  charcoal  lumps,  kinilled  pieces 
are  thrown,  and  over  these,  pieces  of  black  charcoal ;  after  which  the  blast  of  a  water- 
blowing  machine  (irompc)  is  given.  The  fire  is  kept  np  by  constantly  throwing  char- 
eoa!  into  the  cental  well.  At  the  beginning  of  the'  operation  it  is  thrust  down  with 
wooden  rods,  lest  it  should  affect  the  building ;  but  when  tie  heat  becomes  too  intense 
for  the  workmen  to  come  so  near  the  hearth,  a  loi^  iron  rake  is  employed  for  the  pur- 
pose. Al  the  end  of  about  3  hours,  the  two  processes  of  roastii^  and  reduction  are  com- 
monly finished  :  then  the  raw  ore  no  longer  exhales  any  fumes,  and  the  roasted  ore,  liein^ 
softened,  unites  into  lumps  more  or  less  coherent. 

The  workman  now  removes  the  blocks  of  roasted  ore  which  form  the  outer  casing, 
rolls  them  to  the  spot  where  Ihey  are  to  be  broken  into  small  pieces,  and  pulls  down  vhe 
brasque  {small  charcoal)  which  surrounds  the  mass  of  reduced  ore. 

The  second  operation  is  executed  by  cleaning  the  basin,  removing  the  slags,  covering 
the  basin  anew  with  2  or  3  brasques  (coats  of  pounded  charcoal),  and  piling  up  to  the 
r^ht  and  the  left,  two  heaps  of  charcoal  dust.  Into  the  interval  between  these  conical 
piles  two  or  three  baskets  of  charcoal  are  cast,  and  on  its  top  some  cakes  of  the  reduced 
crude  metal  being  laid,  the  blast  is  resumed.  The  cakes,  as  they  heat,  undei^o  a  sore 
of  liqaation,  o(  sweating,  by  the  action  of  the  earthy  glasses  on  the  unreduced  Hack 
oxyde  present.  Very  fusible  slags  flow  down  through  the  mass;  and  the  iron,  reduced 
and  melted,  passes  finally  through  the  coals,  and  falls  into  the  dag  basin  below.  To  the 
first  parcel  of  cakes,  others  are  added  in  succession.  In  proportion  as  the  slags  pro- 
ceeding from  these  run  down,  and  Ihe  melted  iron  falls  lo  the  bottom,  the  thin  slag  is  run 
off  by  an  upper  overflow  or  ikio  hole,  and  the  reduced  iron  kept  by  the  heat  in  the  pasty 
condition,  remains  in  the  basin :  all  its  parts  get  agglutinated,  forming  a  soft  mass,  which 
is  removed  by  means  of  a  hooked  pole  in  order  to  be  forged.  Each  lump  or  bhom  of 
malleable  iron  requires  3  hours  and  a  half  for  its  production. 

The  iron  obtained  by  this  process  is  in  genera)  soft,  very  malleable,  and  but  little 
steely.  In  Corsica  four  workmen  are  employed  at  one  forge.  The  produce  of  their 
labor  is  only  aboot  4  cwls,  of  iron  from  10  cwta.  of  ore  and  20  of  charcoal,  mingled 
with  wood  of  beech  and  chestnut.  Though  their  ore  contains  on  an  average  65  percent, 
of  iron,  only  about  40  parts  are  extracted ;  evincing  a  prodigious  waste,  which  remains 

The  difference  between  the  Corsican  and  the  Calalonian  methods  consists  in  the  latter 
roasting  the  ore  at  a  distinct  operation,  and  employing  a  second  one  in  the  reduction, 
a^lntination,  and  refining  of  the  metal.  In  Ihe  Catalonian  foiges,  100  pounds  of  iron 
are  obtained  from  300  pounds  of  ore  and  310  pounds  of  charcoal ;  belhg  a  produce  of 
only  33  per  cent.  It  may  be  concluded  that  there  is  a  notable  loss,  since  (he  spairy  iron 
ores,  which  are  those  principally  smelted,  contain  on  an  avenge  from  54  to  56  per  cent, 
of  iron;  The  same  ores,  smelted  in  the  ordinary  blast  furnace,  produce  about  45  percent, 
of  cast  iron. 

On  the  Continent,  iron  is  fi-eqaently  refined  from  the  cast  melal  of  the  blast  fur- 
naces by  three  operations,  in  three  difl'erent  ways.  In  one,  the  pig  being  melted, 
with  aspersion  of  water,'  a  cake  is  obtained,  which  is  again  melted  in  order  lo  foim 
a  second  cake.  This  being  treated  in  the  refinery  fire,  is  then  worked  into  a  bloom.  In 
another  system,  the  pig  iron  is  melted  and  cast  into  plates:  these  are  melted  anew  in 
order  tD  obtain  emde  balls,  which  are  finally  worked  into  blooms.  In  a  third  mode  of 
manufacture,  the  pig-iron  is  melted  and  cast  into  plates,  ndiich  are  roasted,  and  then  strongly 
heated,  to  form  a  bioom. 

The  French  fusible  ores,  such  as  the  silicates  of  iron,  are  very  apt  to  smelt  into  while 
cast  iron.  An  excess  of  fiuiee, light  charcoals,  too  strong  a  blast,  pri^uce  the  same  re&alts. 
A  surcharge  of  ores  which  deranges  the  furnace  and  affords  impure  slags  mixed  with 
much  iron,  too  rapid  a  slope  in  the  boshes,  too  low  a  degree  of  heat,  and  too  great  con- 
densation of  the  materials  in  the  upper  part  of  the  furnace ;  all  tend  also  to  produce  a 
while  cast  iron.  In  its  stale  of  perfection,  white  cast  iron  has  a  silver  color,  and  a 
bright  metallic  lustre.  It  is  employed  frequently  in  Germany  for  the  mannfactore  of 
iteel,  and  is  then  called  steel  ft^s,  or  lamellar Jloss,  a  title  which  it  slUI  retains,  though  it 
be  baldly  silver  while,  and  have  ceased  to  be  foliated.  When  its  color  takes  a  bl'iish- 
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pay  tinge,  aud  its  fVactme  appears  striated  or  splintery,  or  when  it  eiliibils  gray  spotBi 
it  is  then  styled  Jloieer  Jlois,  In  a  third  species  of  white  cast  iron  we  observe  still  much 
lustre,  but  its  color  verses  npon  gray,  and  its  texture  is  variable.  Its  fracture  has  been 
sometimes  compared  to  that  of  a  broken  cheese.  This  variety  occurs  very  frequently. 
It  is  a  white  cast  iron,  mode  by  a  surcharge  of  ore  in  the  furnace.  If  the  white  color 
becomes  less  clear  and  lurna  bluish,  if  its  fracture  be  contorted,  and  cohtains  a  great  mnny 
empty  spaces  or  air-ceUs,  the  metal  takes  the  name  of  eavemoas-fiosa,  or  tender^oa.  The 
whitest  metal  cannot  be  employed  for  casting.  When  the  white  is  mixed  with  the  gray 
cast  iron,  il  becomes  ribaiid  or  Inml  cast  iron. 
Tlie  German  reining  Jbrge-^Figa.  813,  81S  represent  one  of  the  numerous  (efioery 


rnrnaces  so  common  in  the  Hartz,  The  example  is  taken  from  the  MaadethoU  works, 
in  the  neighborhood  of  Eibingerode,  Fig.  BIS  is  an  elevation  of  this  forge  d  ib  the 
refinery  hearth,  provided  with  two  pairs  of  bellows.  Fig.  813  is  a  vertical  'cction, 
showing  parliculiu'ly  the  constmction  of  the  crucible  or  hearth  in  the  refinery  forge  d. 
c  is  an  overehot  vraler  wheel,  which  gives  an  alternate  impulsion  lo  the  two  bellows  a  b 
by  means  of  the  revolving  shaft  e,  and  tie  cams  or  lappets  rf/eg. 

D,  the  hearth,  is  lined  with  cast  iron  plates.  Througb  the  pipe  I,  cold  water  may  be 
introduced,  under  the  bottom  plate  m,  in  order  to  keep  dovm,  when  necessary,  the  tem- 
perature of  the  crucible,  and  facilitate  the  solidification  of  the  loupe  or  bloom.  An  orifice 
II,  fi!(i.  812,813,  called  the  diio  (floss  hole),  allows  the  melted  slag  or  cinder  to  flow 
ok  from  the  surface  of  the  melted  metal.  The  copper  pipe  or  nose  piece  p,  Jig.  811, 
conducts  the  blast  of  both  bellows  into  the  hearth,  as  shown  at  bx,  Jig,  813,  and  n  g  p, 
■fig-  811, 

The  substance  subjected  to  this  mode  of  refinery,  is  a  gray  carbonaceous  cast  iron, 
from  the  works  of  Rothehutle.  The  hearth  r,  being  filled  and  heaped  over  with  live 
charcoal,  upon  the  side  opposite  to  the  tiiyire  i, /ga:  813, 813,  long  pigs  of  cast  iron  are 
laid  with  their  ends  sloping  downwards,  and  are  drawn  fom^rds  successively  into  the 
hearth  by  ahookedpoker,  so  that  the  extremityof  each  may  be  plunged  into  the  middle  of 
the  fire,  at  a  distance  of  6  or  8  inches  from  the  mouth  of  the  tnylre.  The  workman  pro- 
ceeds in  this  way,  till  he  has  melted  enough  of  metal  lo  form  a  loupe.  The  cast  iron,  on 
melting,  falls  down  in  drops  to  the  bottom  of  the  hearth ;  being  covered  by  the  fused  slags, 
or  vitreous  matters  more  or  less  loaded  with  oxyde  of  iron.  After  running  them  off  by 
the  orifice  n,  he  then  works  the  cast  iron  by  powerful  sturmg  with  an  iron  rake  (rmgard), 
tin  it  is  converted  into  a  mass  of  a  pasty  consistence. 

During  this  operation,  a  portion  of  the  carbon  contained  in  (he  cast  iron  combinet 
vj-'th  the  atmospherical  oxygen  supplied  by  the  bellows,  and  passes  off  in  the  form  of 
carbonic  oxyde  and  carbonic  acid.  Wiien  the  lump  is  coo^ated  sufficiently,  the  workman 
Iprns  it  over  in  the  hearth,  then  increases  the  heal  so  as  to  melt  it  afresh,  meanwhile 
exposing  it  all  round  lo  the  blast,  in  order  to  consume  the  remainder  of  the  carbon,  thai 
13,  till  the  iron  has  become  ductile,  or  refined.  If  one  fusion  should  prove  inadequate  to 
this  effect,  two  are  given.  Before  the  conclusion,  the  workman  runs  off  a  second 
stratum  of  vitreous  slag,  but  at  a  higher  level,  so  that  some  of  il  may  remain  upon  the 

The  weight  of  such  a  ioupe  or  bloom  is  about  2  cwls.,  being  the  product  of  2  csls.  and 
I'o  "f  P's  iron  (  the  loss  of  weight  is  therefore  about  26  per  cent.  149  pounds  of  charcoal 
are  consumed  for  every  100  pounds  of  bar  iron  obtained.  The  whole  operation  lasts 
nbont  5  hours.  The  bellows  are  stopped  as  soon  as  the  bloom  is  ready ;  this  is  immtdi- 
attJy  -Tansferred  fo  a  forge  hammer,  such  as  is  represented  Jig.  816 ;  the  cast  iron  head 
of  which  weighs  8  or  9  cwts.  The  bloom  is  greatly  condensed  thereby,  and  dischnrgea 
R  considerable  o'lantitv  of  semi-flnid  cinder,     the  lump  i?  ihcn  divided  bv  the  hamme- 
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ana  a  chisel  into  4  or  6  pieces,  which  are  reheated,  one  after  another,  in  the  same  refinery 
fire,  in  order  to  be  forged  into  bars,  while  another  pig  of  cast  iron  is  laid  in  its  place,  to 
prepare  for  the  formation  of  a  new  bloom.  The  above  process  is  called  by  the  Germans 
kJwnip^fnachen,  or  lump-refinins;.  It  diifers  from  the  dardt-brech'/riaclieti,  because  in  the 
latter,  the  lump  is  not  turned  oyer  in  mass,  but  is  broken,  and  exposed  in  separate  pieces 
successively  to  the  refining  power  of  the  blast  near  the  tuyere.  The  French  call  this  a/. 
Ifiage  par  pord'nns  ;  it  is  raucii  lighter  work  than  the  other. 

The  quality  of  the  iron  is  tried  in  various  ways ;  as  first,  by  raising  a  bar  by  one  end. 
with  the  two  hands  over  one's  head,  and  bringing  it  forcibly  down  to  strike  across  a  nar. 
row  anvil  at  its  centre  of  percussion,  or  one  thtrdfrom  the  otber  extremity  of  the  bar ;  aftei 
which  it  may  be  bent  backwards  and  forwards  at  the  place  of  percussion  several  limes ; 
2.  a  heavy  W  may  be  laid  obliquely  over  props  near  its  end,  and  struck  strongly  willi  a 
hammer  with  a  narrow  pane,  so  as  to  curve  it  in  opposite  directions ;  or  while  heated 
to  redness,  they  may  be  kneed  backwards  and  forwanis  at  the  same  spot,  on  the  edge  of 
(he  anvil.  This  is  a  severe  trial,  wliich  the  boop  L,  Swedish  iron,  bears  surprisingly, 
emitting  as  it  is  hammered,  a  phosphoric  odor,  peculiar  to  it  and  to  the  bar  in^  o! 
Ulverstone,  which  also  resembles  it,  in  furnishing  a  good  steeL  The  fiirging  of  a  horse- 
shoe is  reckoned  a  good  criterion  of  the  quality  of  iron.  Its  freedom  from  flaws  is 
detected  by  the  above  modes ,-  and  its  linear  strength  may  ts  determined  by  suspending 
a  scale  to  the  lower  end  of  a  hard-drawn  wire,  of  a  given  sue,  and  adding  we^hts  till 
the  wire  breaks.  The  treatises  of  Barlow  and  Tredgold  may  be  consulted  with  advan- 
II  the  methods  of  proving  the  strength  of  different  kinds  of  iron,  in  a  great  variety 


Steel  of  cementation,  or  blistered  steel  and  cast  steel,  are  treated  under  the  article  Steel. 
But  since  in  the  conversion  of  cast  iron  into  wrougbt  iron,  by  a  very  slight  difference  in 
ihe  manipulations,  a  species  of  stee!  may  be  produced  called  mriitrai  ateel,  I  shall  describe 
this  process  here. 

Fig.  814isa  viewof  the  celebrated  steel  iron  works,  called  Konigshiitle,(fcing's/or^e), 
in  Upper  Silesia,  being  one  of  the  best  arranged  in  Germany,  for  smelting  iron  ore  by 


means  of  coke.  The  front  shown  here  is  about  400  English  feet  long,  a  a  are  two  blast 
furnaces.  A  third  blast  furnace,  all  like  the  English,  is  situated  to  the  left  of  one  of  the 
towers  b.  b  b  are  the  chai^ng  towers,  into  which  the  ore  is  raised  by  machinery  from 
the  level  of  the  store-houses  I  I,  up  to  the  mouth  of  the  furnaces  a  a ;  c  c  point  to  clie 
positions  of  the  boilers  of  the  two  steam  engines,  which  drive  two  cylinder  bellows  at  /. 
n  n  n  n  are  arched  cellars  placed  below  the  store-houses  1 1,  for  containing  materials  and 
tools  necessary  for  the  establishment. 
Figs.  810,  816,  are  vertical  sections  of  the  forge  of  Konigshulle,  for  making  natural 
steel ;  jfg.  810  being  drawn  in  the  line  a  b  of 
the  plan.  Jig.  811,  a  is  the  bottom  of  the  hearth, 
consisting  of  a  fire-proof  gritstone ;  i  is  a  space 
filled  with  small  charcoal,  damped  with  water, 
under  which,  at  u,  in  ^g.  SIS,  is  a  bed  of  well 
rammed  clay ;  d  isa.  plate  of  cast  iron,  which  lines 
the  side  of  the  hearth  called  ruckstein  (bacltslonc) 
'  1  German,  and  corrupted  by  the  French  into 
rtistaie  ;  /  is  the  plate  of  the  counter-blast ;  g  the 
plate  of  the  side  of  the  tuyere ;  behind,  upon  Ihe 
9  only  5  J  inches  deepj  in  front  as  well  as  apon  the 
By  means  of  a  mound  made  of  dry  charcoal,  the  pos- 
ir  face  d  is  raised  to  the  height  of  the  face  /.  »,  fig.  811,  is  the  floss-hole,  by  which 
the  slags  are  runoff  from  the  hearth  during  the  working,  and  throngb  which,  by  removing 
some  bricks,  the  lump  of  steel  is  taken  out  when  finished. 

k  I  m  are  pieces  of  cast  iron,  for  confining  the  fire  in  front,  that  is,  towards  the  side  where 
the  workman  stands ;  o  is  the  level  of  the  floor  of  the  works ;  p  a  copper  tayere ;  it  is 
situated  4^  inches  above  the  bottom  a,  slopes  5  degrees  towards  it,  and  advances  4  inches 
into  the  hearth  or  flre-place,  where  it  presents  an  orifice,  one  half  inch  in  horizontal 
length,  and  one  inch  up  and  clonn;  jthe  nose  pipes  of  two  bellows,  like  Ihwiie  represent  cd 
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in  Jig.  813,  and  undu  Silver  ;  the  round  orifice  of  each  of  them  williin  the  luyire  beinj 
one  inch  in  diameter.  )■  is  the  lintel  oi-  top  areh  of  the  Iviyere,  beneath  which  is  seun  thf 
iross  section  of  Ihe  pij  of  cast  iron  under  operation. 

For  the  produotion  of  natural  steel,  a  while  cast  iron  is  preferred,  whicii  contains  littk 
tarl)on,  wluch  does  not  flow  tiiin,  and  which,  beii^  cemented  over  or  abooe  the  loind,  falls 
down  at  once  throngh  the  hlaat  to  the  hottom  of  the  hearth  in  the  state  of  steel.  With 
this  view,  a  very  flat  fire  is  used ;  and  ehould  the  metal  run  too  fluid,  sorae  malleabls 
lumps  are  introduced  to  five  the  mass  ^  tliiclcer  pasty  consistence. 

If  tire  natural  steel  be  supposed  to  contain  too  little  carbon,  which  is  »  very  rare  case, 
the  metal  bath  coTered  with  its  cinder  slag,  ia  diligently  stirred  with  a  wo.iden  iiole,  or  it 
may  receive  a  little  of  the  more  highly  carbureted  iron.  If  it  contains  the  i^ht  dose  of 
Oarbon,  tlie  earthy  and  other  foreign  matters  are  made  progressively  to  sweat  out,  into  the 
supernatant  slag.  When  the  mass  is  found  by  the  txM  of  a  sample  to  be  completely  con- 
verted, and  has  aeqnired  the  requiate  sliffness,  it  is  lifted  out  of  the  furnace,  by  the  open- 
ing in  front,  snbjocted  to  the  forge  hammer,  and  drawn  into  bars.  In  Sweden,  the  east 
iron  pigs  are  heated  to  a  cherry-red,  and  in  this  slate  broken  to  pieces  wider  the  hammer, 
before  they  are  exposed  in  (he  steel  furnace.  Tiiese  natural  steels  are  much  employed  on 
the  ContinHit  in  making'  agricultural  implemenls,  on  account  of  their  cheapness.  The 
natural  steel  of  Styria  is  re^irded  as  a  very  good  article. 

Woolz  is  a  natural  steel  prepared  from  a  black  ore  of  iron  in  Hindostan,  by  a  process 
analogous  to  that  of  the  Catalan  hearth,  but  still  simpler.  It  seems  lo  contain  a  minute 
portion  of  _  the  combustible  bases  of  alumina  and  silica,  to  which  its  peculiar  hardness 
when  tempered  may  possibly  be  ascribed.  It  is  remarkable  for  the  property  of  assuming 
a  damask  surface,  by  the  action  of  dilute  sOlphwJc  acid,  after  it  has  been  forged  and 
polished.     See  Damascus  and  Steel. 

Pig.  816  is  the  German  forge-hiiinmer  ;  to  the  left  of  1,  is  the  axis  of  the  rotatory 
cnm,  2,  3,  consisting,  of  8  sides, 
each  formed  of  a  strong  broad  bar 
of  cast  icon,  which  are  joined  to- 
gether to  make  the  octi^on  wheel. 
i,  5,  6,  are  cast  iron  binding  rings 
or  lioops,  made  fast  by  wooden 
wedges,  b,  b,  are  standards  of  the 
ftame-work  e,  I,  m,  in  which  the 
helve  of  the  forge-hammer  has  its 
Ihlcrmn  near  «.  h,  the  sole  part 
of  the  frame.  Another  east  iron 
base  or  sole  is  seen  at  in.  n  is  a 
strong  stay,  to  strengthen  the 
frame-work.  At  r  two  parallel 
y  hammers   are   placed,    with   cast- 

iron  heads  and  wooden  helves,  s  is  the  anvil,  a  very  massive  piece  of  cast  iron,  i  is  the 
end  of  a  vibrating  beam,  for  throiving  back  the  hammer  from  it  forably  by  recoil.  xy\% 
the  outline  of  the  water-wheel  which  drives  the  whole.  The  cams  or  tappets  are  shown 
mounted  upon  the  wheel  6,  g,  6. 

Aiuilysi)  of  irons, — Oxydized  substances  cannot  exist  in  metallic  iron,  and  Ihe  fore^n 
iubstanees  it  does  contain  are  present  in  such  small  quantities,  that  it  is  somewhat 
diffioult  lo  determine  their  amount.  The  most  intricate  point  is,  the  proportion  of 
carbon.  The  free  carbon,  which  is  present  only  in  gray  cast  iron,  may,  indeed,  be  deter- 
mined nearly,  for  miHt  of  it  remains  ailer  solution  of  the  metal  in  adds.  The  combined 
charcoal,  however,  changes  by  the  action  of  muriatic  acid  into  gas  and  oil;  solphuric  acid 
also  occasions  a  great  loss  of  carbon,  and  nitric  acid  dissipates  it  almost  entirely.  Either 
nitreorchlorideof  silver  may  be  employed  lo  ascertain  the  amount  of  carbon;  bnCwben 
the  iron  contains  chrominm  and  much  phosphorus,  the  determination  of  the  carbon  is  at- 
tended with  many  difficulties. 

The  quantity  of  sulphur  is  always  so  small,  Uial  it  can  scarcely  be  ascertained  by  the 
weight  of  the  precipitate  of  sulphate  of  barsles  from  the  solution  of  the  iron  in  nitro- 
murialio  acid.  Th^  iron  should  be  dissolved  in  muriatic  aeid ;  and  the  hydrogen,  as  it 
escapes  charged  with  the  sulphur,  should  be  passed  through  an  acidulous  solution  of 
acetate  of  lead.  The  weight  of  the  precipitated  snlphuret  shows  the  amount  of  sulphur, 
allowing  13-45  of  the  latter  for  lOOof  the  former.  In  this  experiment  the  metal  should 
be  slowly  acted  upon  by  the  acid.  Cast  iron  takes  from  10  to  15  days  to  dissolve,  steel 
from  8  to  10,  and  malleable  iron  4  days.  The  residuum  of  a  black  color  does  not  contain 
a  trace  of  sulphur. 

Phosphorus  and  chromium  aie  deteimined  in  the  foEowing  way.  The  icon  must  be 
dissolved  in  nitro-muriatic  acid,  to  oxygenate  those  tivo  bodies.  The  solution  must  be 
evaporated  cautiously  to  dryness  ]a  porcelain  capsules,  and  the  saline  residuum  healed 


10  redness.  A  little  chloride  of  iron  is  .volatilized,  and  the  remainder  resemliles  the 
red  brunn  oxide  This  must  he  mLted  with  Ihrice  its  weight  of  carbonate  of  poSash, 
and  fused  in  a  platinmn  crucible  (  the  quantity  of  iron  being  from  ^0  to  50  grains  a' 

The  mixture,  after  being  acted  upon  by  boiling  water,  is  to  he  left  to  settle,  to  allon 
the  oxyde  to  be  deposited,  for  it  is  so  fine  as  to  pass  through  a  filler.  If  the  iron  con- 
tained mangineae,  this  would  he  found  al  Jirat  in  the  alkaline  solutiouj  but  man- 
gancie  spontaneously  separates  by  exposure  to  the  air.  The  alkaline  liquor  must  be 
supersaturated  \Mlh  mnriatic  acid,  and  evaporated  to  dryness.  TJie  liquor  acidulated, 
ind  deprived  of  its  silica  by  filtration,  is  to  be  supersaturated  with  ammonia;  when 
the  alumma  will  precipitate  in  the  stale  of  a  subphosphale.  When  the  liquor  is  now 
Eupersaturaled  with  acetic  acid,  and  then  treated  with  acetate  of  lead,  a  precipitate 
of  phosphate  of  lead  almost  always  falls.  There  is  hardly  a  bit  of  iron  to  be  found 
■which  does  not  contain  phosphorus.  The  slightest  trace  of  chrome  is  detected  by  the 
yellow  color  of  the  lead  precipitate,-  if  this  be  white  there  is  none  of  the  colorii^  metal 
prcKent. 

100  parts  of  the  precipitated  phosphate  of  lead  contain,  after  calcination,  19-4  parts  of 
phosphoric  acid.  The  precipitate  should  bo  previously  washed  with  acetic  acid,  and  then 
with  water.     These  19-4  parts  contain  8-525  parts  of  phosphorus. 

Cast  iron  sometimes  contains  calcium  and  barium,  w.iiich  may  be  detected  by  Iher 
well-known  reagents,  oxalate  of  ammonia,  and  sulphuric  acid.  In  malleable  iron  they 
are  seldom  or  never  present. 

The  charcoal  ftund  in  the  residuum  of  the  nitro-muriatic  solution  is  to  be  burned  awnj 
under  a  mufile.  The  solution  itself  contains  along  witli  the  oiyde  of  iron,  proloxyde  of 
manganese,  and  other  oxydes,  as  well  as  the  earths,  and  the  phosphoric  and  arsenic  acids. 
Tartaric  acid  is  to  be  added  to  it,  till  no  precipitate  be  formed  by  supersaturation  with 
caustic  ammonia.  The  ammoniacal  liquormnst  be  treated  with  hydrosulphoret  of  ammo- 
nia as  long  as  it  is  clouded,  then  thrown  upon  a  filter.  The  precipitate  is  usually  very 
voluminous,  and  must  he  well  washed.  The  iiqnot  wliich  passes  through  is  to  be  satu- 
rated with  muriatic  acid,  to  decompose  all  the  snlphurels. 

The  solution  still  contains  all  the  earths  and  the  oijile  of  titanium,  besides  the  phos- 
phoric acid.  It  is  to  be  evaporated  to  dryness,  whereby  the  ammonia  is  expelled,  and 
the  carbonaceous  residuum  must  be  burned  under  a  muffle.  If  the  iron  contains  mucli 
phosphorus,  the  ashes  are  strongly  agglutinated.  They  are  to  be  fused  as  already 
described  along  with  carbonate  of  potash,  and  the  mass  is  to  be  treated  with  boUing 
water.  The  residuum  may  be  examined  for  silica,  lime,  barytes,  and  osjde  of  tilaninin. 
Muriatic  acid  being  digested  on  it,  then  evaporated  l6  dryness,  ajid  the  residutun  treated 
with  water,  will  leave  the  silica.  Caustic  ammonia,  poured  into  the  solution,  will  sepa- 
rate the  alumina,  if  any  be  present,  and  the  oxyde  of  titanium  ;  but  the  former  almost 

Manganese  is  best  sought  for  by  a  distinct  operalioc.  The  iron  must  be  dissolveil 
at  the  heat  of  boiling  water,  in  nilro-muriatic  acid ;  and  the  solution,  when  very 
cold,  is  to  be  treated  with  small  successive  doses  of  solution  of  carbonate  of  am- 
monia. If  the  iron  has  been  oxydized  to  a  maximum,  and  if  the  liquor  has  been 
sufficiently  acid,  and  diluted  with  water,  it  will  retain  the  whole  of  the  manganese. 
This  process  is  as  good  as  that  by  succinate  cf  ammonia,  which  requires  many 
precautions. 

The  liquor  is  often  tinged  yellow  by  carbon,  after  it  has  ceased  to  contain  a  single  trace 
of  iron  oxyde.  As  soon  as  litmus  paper  begins  to  be  blued  by  carbonate  of  ammonia,  we 
should  stop  adding  it ;  immediately  throw  the  whole  upon  a  filter,  and  wash  contmuously 
with  cold  water.  What  passes  llu-ough  is  to  be  neutralized  with  muriatic  acid,  and  con. 
centraled  by  evaporation,  It  may  contain,  besides  manganese,  some  lime  or  barytes.  It 
Ehould  therefore  be  precipitated  with  hydro-sulphuret  of  ammonia,  the  hydrosulphuret  of 
manganese  should  be  collected,  dissolved  in  strong  muriatic  acid,  filtered,  and  treated,  at 
a  boiling  heal,  with  carbonate  of  potash.  The  precipitate,  well  washed  and  calcined, 
contains,  in  100  parts,  T2'75  parts  of  metallic  manganese. 

The  copper,  arsenic,  lead,  tin,  bismnth,  antimony,  or  silver,  are  best  separated  by  a 
■stream  of  sulphureted  hydrogen  gas  passed  through  the  solution  in  nitro-muriatic  acid, 
afteritis  lai^ely  diluted  with  water.  The  jwecipilate  must  be  cautiously  roasted  in  a 
porcelain  teit,  to  bum  away  the  large  quantity  of  sulphur  which  is  depositsd  in  con- 
sequence of  the  conversion  of  the  peroxyde  of  iron  into  the  protoxyde.  If  nothing 
rcmams  upon  the  test,  none  of  these  metals  is  present.  If  a  residuum  be  obtained,  it 
must  be  dissolved  in  nitro-muriatic  acid,  and  sul^ected  to  examination.  But,  in  lacl, 
carbon,  sulphur,  phosphorus,  silicon,  and  manganese,  are  the  chief  c 
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dJonde  (if  a  pale  yellow  color  must  he  employed.  The  operation  is  to  be  iierfbnned 
in  c\)se  vessels,  with  the  addition  of  a.  great  deal  of  water,  and  a  few  drops  of  muriatit 
acid.  The  carbonaceous  residuum  is  occasionally  slightly  ncled  upon.  We  ma) 
iudge  of  this  circumstance  by  the  gases  disengaged,  as  well  as  by  tne  appearance  cf  she 
eharcoaL 

Ductile  iron  and  soft  sleel,  as  well  as  while  cosl-iron  which,  has  been  rendered  gray 
by  roasting:,  when  decomposed  by  chloride  of  silver,  afibrd  a.  hlackish-bmwn  unmagnelic 
ohareoal,  and  a  plumbaginous  sabstance  perfectly  similar  to  what  is  eitracted  from  llie 
same  kinds  of  iron,  by  solution  in  acids.  A  portion  of  this  plumbago  is  also  converted 
into  charcoal  of  a  blackish  brown  color,  by  the  action  of  llie  chloride.  Hence  this 
agent  does  not  nflbrd  the  means  of  obtaining  what  has  been  called  the  poly-carburet,  till 
it  has  produced  a  previous  decomposition.  But  we  obtain  it,  in  this  manner,  purer  and  in 
greater  quantity  than  we  could  by  dissolving  the  metal  in  the  adds.  The  only  subject 
of  regret  ia,  that  we  possess  no  good  crilerionfot  judging  of  the  progress  of  Ibis  nnalyiical 
operation. 

Gray  cast  iron  leaves,  besides  Ihe  poly-cotburel,  a  residuum  of  plumbago,  and  carbon 
which  was  not  chemically  combined  with  the  iron ;  wliile  tempered  steel  and  while  cast 
mia  afford  merely  a  blackish  brown  charcoal ;  but  Ihe  operation  is  extremely  slow  with 
the  latter  two  bodies,  because  n  layer  of  charcoal  forms  upon  the  surface,  which  ob- 
structs their  oxydizement.  For  this  reason  the  white  cast  iron  onghl  to  be  previously 
changed  into  giay  by  fusion  in  a  crucible  lined  with  charcoal,  before  being  subjected  to  the 
chloride  of  silver;  if  this  process  be  emr loved  for  tempered  steel,  the  combined  carbon 
becomes  merely  a  poly-carburet.  Itwti'd  nol  be  possible  lo  operate  upon  more  than 
15  grains,  which  require  from  60  to  80  times  thai  quamjly  of  the  chloride,  and  a  period 
of  15  days  for  the  experiment. 

The  residuum,  which  is  separable  from  the  silver  only  by  mechanical  means,  should  be 
dried  a  long  time  at  the  heat  of  boiling  water.  It  contains  almost  always  iron  and  silica. 
After  its  weight  is  ascertained,  it  is  to  be  burned  in  a  crucible  of  platinum  til!  the  ashea 
no  longer  change  Iheir  color,  and  are  not  attractable  by  the  magnet.  The  difference  be- 
tween the  weights  of  the  dried  and  calcined  residuum  is  the  weight  of  the  charcoal.  The 
oxyde  of  iron  is  afterwards  separated  from  the  silica  by  mtuialic  acid. 

In  operating  upon  gray  cast  iron,  we  should  ascertain  separately  the  proportion  of 
graphite  or  plumbago,  and  that  of  the  combined  charcoal.  To  determine  the  former, 
we  dissolve  a  second  quantity  of  Ihe  cast  iron  in  nitric  acid,  with  a  little  muriatic ;  the 
residuum,  which  is  graphite,  is  separated  from  the  silica  and  the  combined  carbon  by  the 
action  of  caustic  potash.  After  being  washed  and  dried,  it  must  be  weighed.  The  weight 
of  the  graphite  obtained  being  deducted  from  the  quantity  of  carbon  resulting  from  the  de 
composition  effected  by  the  chloride  of  silver,  the  remainder  is  the  amount  of  the  chemi 
(aJy  combined  carbon. 

By  employing  muriatic  acid,  we  could  dissipate  at  once  the  combined  carbon ;  but  Ihf 
method  wouW  be  inexact,  because  the  hydrogen  disengaged  would  carry  off  a  portion  cf 
the  graphite. 

According  lo  Karsten,  Mushel's  table  of  the  quantities  of  carbon  contained  in  differen . 
steels  and  cast  irons  is  altogether  erroneous.  It  gives  no  explanation  why,  with  equa 
proportions  of  charcoal.  Cast  iron  constitutes  at  one  time  a  gray,  soft,  granular  metal,  and 
at  another,  awhile,  hard,  brittle  metal  in  lamellar  facets.  The  incorrectness  of  Mushel's 
statement  becomes  most  manifest  when  we  see  the  while  lamellar  cast  iron  melted  in  a 
crucible  lined  with  charcoal,  take  no  increase  of  weight,  while  Ihe  gray  cast  iron  treated 
in  the  same  way  becomes  considerably  heavier. 

Analysis  has  never  delected  a  trace  of  carbon  tinaltered  or  of  graphite  in  white  cast  iron, 
if  it  did  not  proceed  Ixom  small  quantities  of  the  gray  mixed  with  it ;  while  perfect  gray 
cast  iron  affords  always  a  much  smaller  quantity  of  carbon  altered  by  combination,  and  a 
much  greater  quantity  of  graphite.  Neither  kind  of  cast  iron,  however,  betrays  the  pres- 
ence of  any  oxygen.  Sleel  affords  merely  altered  carbon,  without  graphite  |  the  same 
Ihjng  holds  true  rfmalleable  iron;  while  Ihe  iron  obtained  by  fusion  with  2a  per  cent,  of 
scales  of  iron  contains  no  carbon  at  all. 

^Tie  graphite  of  cast  iron  is  obtained  in  scales  of  a  metallic  aspect,  whereas  the  com- 
binsd  carbon  is  obtained  in  a  fine  powder.  When  the  white  cast  iron  has  been  roasted, 
and  become  gray,  and  is  as  malleable  as  the  softest  gray  cast  iron,  it  slDl  affords  no  gra- 
phite as  the  latter  does,  though  in  appearance  both  are  alike.  Vel  in  their  properliea 
they  arc  still  essentially  dissimilar. 

With  4J  per  cent,  of  carbon,  the  white  cast  iron  preserves  its  lamellar  texture  ;  bnl 
with  less  carbon,  it  becomes  granular  and  of  a  gray  color,  growing  paler  as  the  dose 
af  carbon  is  diminished,  while  the  metal,  after  passing  through  an  indefinite  numbei 
of  gradations,  becomes  steely  cast  iron,  very  hard  steel,  soft  steel,  and  steely  wroughl 

TTie  Eleels  of  Ihe  forge  and  the  cast  steels  examined  by  Karsten,  afforded  him  froii 
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f-'d  to  li  per  cent,  of  carbon  j  in  the  steel  of  cementation  (blistered  steel),  he  never 
fijond  above  1|  of  carbon.  Some  ivrouglil  irons  which  ought  to  contain  no  charcoal,  hold 
as  much  as  J  per  cent,  and  they  then  approach  to  steel  in  nature.  The  soAest  and  puresi 
runs  contain  Etill  0-2  per  cent,  of  carbon. 

The  quantity  of  graphite  which  gray  cast-iron  contains,  varies,  according  to  Karslen's 
experiments,  from  2-57  to  3'75  per  cent. ;  but  it  contains,  besides,  some  carbon  in  a  state 
of  alteration.  The  total  contents  in  carbon  varied  from  3'15  to  4-65  per  cent.  When 
the  congelation  of  melted  iron  is  very  slow,  the  carbon  separates,  probably  in  conse- 
quence of  its  crystaUizing  force,  so  as  to  form  a  gray  cast-iron  replete  with  plumbago. 
If  the  gray  do  not  contain  more  charcoal  than  the  white  Gom  which  it  has  been  formed, 
and  if  it  contain  the  charcoal  in  the  state  of  mechanical  mixture,  then  it  can  have  little 
or  none  in  a  state  of  combination,  even  mnch  less  than  what  some  steels  contain.  Hence 
we  can  account  for  some  of  its  peculiarities  in  reference  to  white  cast-iron;  such  as  its 
granular  texture,  its  moderate  hardness,  the  length  of  time  it  reqvures  lo  receive  anneal- 
ing colors,  the  modifications  it  experiences  by  contact  of  air  at  elevated  temperatures,  the 
high  degree  of  heat  requisite  to  fuse  it,  its  liquidity,  and  finally  its  tendency  to  rust  by 
porosity,  much  faster  than  the  white  cast-iron. 

We  thns  see  that  carbon  may  combine  with,  iron  in  several  maoners ;  that  the  gray 
cast-iron  is  a  mixture  of  steely  iron  and  plumbago;  that  the  wliite,  rendered  gray  and  soft 
by  roasting,  is  a  compound  of  steely  iron  and  a  carburet  of  iron,  in  which  the  carbon  ;re- 
dominates ;  and  that  untempered  steel  is  in  the  same  predicament. 

For  the  following  analyses  of  cast-irons,  we  are  indebted  lo  MM,  Gay  Lussac  and 
Wilson. 

Table.— In  100  parts. 


Ca.,-i.„. 

,™. 

C..W. 

smc. 

pK; 

Msiiga- 

H...... 

White 

94-338 

2-690 

0-230 

0-162 

2-590 

By  wood  charcoal. 

Do. 

Coblentz    - 

94-654 

a-441 

o-2:jo 

0-T85 

2-490 

Do. 

a,  d.  Champ 

96-133 

2-324 

0-840 

0-703 

a  trace 

do. 

Do. 

Isere      -    - 

94-687 

2-636 

0-260 

0-280 

2-137 

Gray 

95-673 

2-254 

1-030 

1-043 

a  trace 

do. 

Do. 

95-573 

a-319 

1-920 

0-1 SH 

do. 

Mixt'eofcoke&do, 

Do. 

95-971 

2-100 

1-060 

0-869 

dn. 

Charcoal. 

2-021 

3-490 

0-604 

dn, 

Cote, 

no. 

95-689 

2-800 

MHO 

0-351 

do. 

do. 

Do. 

Wales   -    - 

94-842 

1-666 

3-000 

0-492 

do. 

do. 

Do. 

Do.  -    -    - 

95-310 

2-550 

1-200 

0-440 

do. 

do. 

Do. 

Do. 

95-150 

2-450 

1-620 

0-780 

do. 

do. 

n  the  following  results  as  to  carbon,  in  100  parts  of  gray  cas^iron. 


0,.,-*... 

r^rbon. 

i'blL 

carbon. 

B™.rX., 

SiKgen,  from  brown  iron  stone    - 
Siegen  <Widderstein),  from  brown 
and  sparry  iron  -    -_   -  _  -    - 
Malapane,  from  spheroBidcrile    - 
Konigshutte,  from  brown  ore     - 
Do,  at  a  lower  amcltir^  heat  -    - 

0-89 

1-03 
0-75 
0-58 
0-95 

3-71 

3-62 
3-15 
2-57 
2-70 

4-60 

4-65 
3-90 
3-15 
3-65 

By  wood  charcoal. 

do. 
do. 
coke, 
do. 

Fable  of  Results  obtained  from  Experiments  on 
Cast  Iron,  from  the  principal  Iron  Works  i 
raiibttirn. 
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TjWd^Ho.  ft  Gold  B 
Omn,  Ko.  a.  CoU  I 


ClS%I,^IIil.'! 

MiiiiUddi^ii.a.: 


Ru(e. — To  find  from  the  above  table  the  breaking  weight  in  rectangular  bars,  gene- 
rally, calling  ft  and  d  the  breadth  and  depth  in  inches,  and  I  the  distance  between  the 

supports  in   feel,   and  putting  4'5  for  4   (1.  6  in.,  we   have -■    ■  =  breaking 

weight  in  lbs.,  the  value  of  S  being  taken  from  the  table  above. 

For  example : — What  weight  woald  be  neceasarj-  to  break  a  bar  of  Low  Mooi 

iion,  a  inches  broad,  3  inches  deep,  and  G  feet  oetween  the  supports  T    Acoording  to 

Analyses  of  ^n  Spec'mejis  of  Cast  Iron  made  from  South  Staffordshire  Iron  Qrf,  Wen 

of  B-adtey. 

Iron  from  Hot  Blait. 


I, 
1.5 1 

I. 

ir. 

ni. 

IV. 

T. 

Yl. 

CS   T   79i 

1   I 
0*7 

trOL 

fi3'S4 

co-ST  a-sa 

0-S4 
traca 

9S-60 

0-14 
tracs 

minnd^ 

1)1)8 
0'40 

louas 

>«■• 

looeo 

101.11  1            B8-55 

lOO-OO 

Hod-ki  80        d     jaelff      tl     B  t  I  li    V   mi  U  n  for 
Eeport,  vol  9L 
t  The  moiiuIoB  of  elaattolty  was  usnuilr  taJien  tmm  tl 


,  and  cold  Mast  Iron,  nude  tiy  Mr 
cement  of  Science.— See  Setenth 

n  csii>vd  br  lie  lbs.  an  tif  4  H 
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Iron  from  Cold  Blast. 


Silica 
Manga,Qese 
Cobalt  -  - 
Chromium  - 
Calcium  - 
Sodium  - 
Potassium  - 
Sulphur  - 
Phosphonie 


C1-9S  8-71    ea- 


table.    Then  - 


'  ^  6372  lbs,,  the  breaking  weight. 
(  found  to  impart  to  iron  a  great  degree  of 


A  very  small  amount  of  phosphor 
brittlencss,  irhen  bar  iron  contains  bui  u  d  nor  ceai. 

J7jf.  818.  represents  in  section,  and*?.  8lY  in  plan,  the  famous  cupola  furnace  for  cast- 
ing iron  employed  at  the  Koyal  Foundry  in  Berlin.  It  rests  upon  a  foundation  a,  from  18 
to  24  inches  high,  which  supports  the  liasement  plate  of  east  iron,  furnished  with  .ledges, 
for  binding  the  lower  enda  of  the  upright  side  plates  or  cylinder,  e.  Near  the  mouth 
there  is  a  top-plate  J,  made  in  several  pieces,  which  serves  to  bind  the  aides  lit  their 
upper  end,  as  Edeo  to  cover  in  the  walls  of  the  shaft.  "Iliese  plafea  are  moat  readily  se- 
cured in  their  places  by  screws  and  bolts.  Within  this  iron  case,  at  a  little  distance 
from  it,  the  proper  furnace-shaft  e,  is  built  with  fire-briclta,  and  the  space  between  this 
and  the  iron  is  filled  np  with  ashes.  The  sole  of  the  hearth  /,  over  the  basement-plate, 
is  composed  of  a  jnistura  of  fire-clay  and  quartz-sand  firmly  beat  down  to  ^e  thickness 
of  6  or  8  inches,  with  a  slight  slope  towards  the  discharge-hole  for  running  otf  the 
metal,  g  is  the  form  or  the  tuyere  (there  are  sometimes  one  on  each  side) ;  h  thu 
nose  pipe;  the  discharge  aperture  i  is  12  inches  wide  and  16  inches  high;  across 
which  the  sole  of  the  hearth  is  rammed  down.  During  the  melting  operation  this 
opening  is  filled  up  with  fire-clay  ;  when  it  ia  completed,  a  small  hole  merely  is  pierced 
through  it  at  the  lowest  point,  for  running  oK  the  liquid  metal.    The  hollow  AuR  diould 


UJ", 


oe  somewhat  wider  at  bottom  than  at  top.  Its  dimensions  vary  with  the  magnitude  of 
the  foundry.  When  6  feet  high,  its  width  at  the  level  of  the  tuyere  or  blast  hole  may 
be  from  20  to  22  inches.  From  260  to  SOO  cubic  feet  of  air  per  minute  are  required 
for  the  working  of  such  a  cupola.  For  running  down  100  pounds  of  iron,  after  thy 
furnace  has  been  brought  to  its  heat,  48  pounds  of  ordinary  coke  are  used ;  but  with  the 
hot  blast  much  less  will  suffice.  The  furnace  requires  feeding  with  alternate  charges 
of  coke  and  iron  every  8  or  10  minutes.  The  waste  of  iron  by  oxidation  and  ulag 
amounts  in  most  foundries  to  fully  5  per  cent.  For  candying  off  the  burnt  air,  a  chim 
ney-bood  is  commonly  erected  over  the  cupola.    See  FouNnaT. 
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The  double  ardieil  air  or  wind-furnace  used  in  the  foandries  in  Staffordshire  for  melticg 
east  iron,  has  been  found  advantageous  in  saving  fuel,  and  preventing  wasle  bj  slag.  It 
(■equires  fire-brjcks  of  great  size  and  the  best  composition. 

J'he  main  central  key-stone  is  constructed  of  large  fire-briclia  made  on  purpose ;  against 
flint  kej-stone  the  two  aiiJies  press,  having  tlieir  abutments  at  the  sides  against  the  walla. 
The  highest  point  of  the  roof  is  only  8  inches  ahove  the  melted  metal.  Tlio  sole  of  the 
heart])  la  composed  of  a  layer  of  sand  8  inches  thick,  resting  upon  a  bed  of  iron  or  of 
brickwork.    The  edge  of  the  fire-bridge  is  only  3  inches  above  tlie  fluid  iron. 

In  from  2  to  4  hours  from  1  to  S  tons  of  metal  may  be  founded  in  sucli  a  furnace, 
according  to  its  size;  but  it  ought  always  to  bo  heated  to  whiteness  before  tlie  iron  is 
introduced.  100  pounds  of  cast  iron  require  from  1  to  IJ  cubic  foot  of  coal  to  melt  them, 
llie  waste  varies  from  5  to  6  per  cent. 

I  shall  conclude  the  subject  of  iron  with  a  few  miscellaneous  obaervalions  and  atafiati- 
cal  tables.  Previously  to  the  discovery  by  Mr.  Cort,  in  1186,  of  the  methods  of  puddling 
and  rolling  or  shingling  iron,  this  country  imported  70,000  tons  of  this  metal  from 
Kussia  and  Sweden ;  an  enormous  quantity  for  the  time,  if  we  consider  that  the  cotton 
and  other  automatic  manufectures,  which  now  consume  so  vast  a  quantity  of  iron,  were 
then  in  tlieir  infancy.  From  the  following  table  of  the  prices  of  bar  iron  in  succes- 
sive years,  we  may  infer  the  eucceasive  rates  of  improvement  tand  economy,  with  slight 
vicissitudes. 


Tears. 

Per  T™. 

... 

Per  Ton, 

£     J         £ 

g 

9     0  to  10 

0 

1830 

1826 

10     0  —  14 

0 

1S31 

1826 

8   10—10 

0 

18S3 

18S7 

0 

5  10  —  6     0 

J  834 

6    0  —  e  10 

1829 

5  10—    7 

0 

1        1835 

6  10  —  1     0 

The  export  of  iron  in  1836,  in  bars,  rods,  pigs,  castings,  wire,  anchors,  hoops,  nails,  and 
old  iron,  amounted  to  189,390  tons ;  in  unwrought  steel  to  8,014,  and  in  cutlery  to  21,072 ; 
in  whole  to  213,418;  leaving  apparently  for  internal  consumption  776,622  tons,  from 
which  however  one-lenth  should  probably  be  deducted  for  waste,  in  the  conversion  of  the 
bar  iron.  Hence  700,000  tons  may  be  taken  as  the  approximate  quantity  of  iron  made 
use  of  in  the  United  Kingdom,  in  the  year  1836. 

The  years  1835  and  1836  being  those  of  the  railway  mania  over  the  world,  produced 
a  considerahlo  temporary  rise  in  the  price  of  bar  iron;  but  as  this  increased  demand 
caused  Uie  construction  of  a  great  many  more  smelling  and  reSning  furnaces,  it  has  tended 
eventually  to  lower  the  prices  ;  an  effect  also  to  be  ascribed  to  the  more  eeneral  use  of 
the  hot  blast. 

The  exports  of  foreign  produce  in  18B0  amounted  to  5,996  tons,  in  1851  to  4,818 
tons;  of  British  produce  of  all  kinds  (except  steel)  in  1850,  772.830  tons,  in  1851 
908,955  tons;  the  declared  value  being  respectively  4,966,a08J.  and  5,414,121i.  The 
imports  in  bars  unwrought  amounted  in  1850  to  34,066  tons,  and  in  1861  to  40,279. 

The  relative  cost  of  making  cast  iron  at  Merthyr  Tydvil  in  South  Wales,  and  at 
Blasgow,  was  as  follows,  eight  or  nine  years  ago. 


Coal  at  6  2      16        0 

Limestone  1        6        2 

Other  cliarges         .... 

Total  Cost 

At  Glasffoa. 

s     J  Tom.    Cwl3. 

Raw  mme  at  4    6  S        10 

Splint  coal  at  2     5  5         15 

Limestone  at  0    3  0        14 

Coals   for  tlio   engine  1        10 
Other  chaises  ... 

lotil  Co»t  .  .  .  . 


The  cnst  is  alill  nearly  tbe  anme  at  Merthjr,  but  it  has  been  greatly  decreased  at 

Tbe  saving  of  fuel  by  tbe  hot-blast  is  said  lo  be  in  faet  aj  great,  tbat  blowing 
cylinders,  ■which  were  adequate  merely  to  work  three  furnaces  at  the  first  period,  were 
competent  to  work  four  furnaces  at  the  laat  period.  The  Baring  of  materials  has  more- 
over been  accompanied  by  an  increase  of  one-fourth  in  the  quantity  of  iron,  in  the  same 
time ;  as  a  furnace  which  turned  out  only  60  tons  a  week  with  the  cold  blast  now  turnj 
out  no  less  than  80  tons.  Tbat  the  iron  so  made  ia  no  worse,  but  probably  better,  wbec 
judiciously  smelted,  would  appear  from  tbe  following  statement.  A  considerable  order 
was  not  long  since  given  to  four  Iron-irork  companies  in  England,  to  supply  pipes  to 
one  of  the  London  wale       mp    '  Th         f  th  se      pph  d  p  pe         d    1         the 

cold-blast  iron ;  the  fourth    t  1      ppl   d  p  p      m  d    w  th  th    h  t  bl    t  On 

subjecting  these  several  ae       fpp      tth       q      ttlby  hyd    ul     p  the 

last  lot  was  found  to  eta  d  th    p  oof  i      It         b       any   f  tli    f   m      th      ~T)  at 

I  have  been  8m<:e  told  by  m  t  m  t  f  M  thj  tb  t  Ih  1  t  m  t  t  ds 
in  need  of  confirmation,  t  p  b  bly  Itog  tb  p  ypl  1  d  tl  t  tl  tind 
the  hot  blast  weakens  tb  tlywll     tdptt 

Between  the  cast  irona*iad        diff       t  p    t     f  G      t  B   ta  n  th  h       ter- 

ietic  differences.  The  Staffordshire  metal  runa  remarkably  fluid,  and  m  k  fl  1  rp 
cflstingB.     Tbe  Welsh  is  strong,  less  fluent,  but  produces  bar  iron    f      p  q    1  ty. 

Tlie  Derbyshire  iron  also  forma  excellent  costings,  and  may  be  V    k  d  w  th  ca  to 

very  good  bar  iron.     The  Scotch  iron  ia  very  valuable  for  casting      1    h  11  w  w  as 

it  affords  a  beautiful  smooth  skin  from  tba  moulds,  so  remarkable       th         t  f  the 

Carron  company,  in  Stirlingshire,  and  of  the  PhteniK  foundry,  at  Glasg  iv  ITi  Sh  op- 
shire  iron  resembles  the  Staffordshire  in  its  good  qualitiea. 

The  average  quantity  of  fine  metal  obtainable  from  the  forge-p  t  M  tl  y  T  dvil, 
from  the  finery  furnace,  is  one  ton  for  22^  cwt,  of  oast  iron,  With  a  consumption  of  about 
9i  cwt.  of  roal  per  ton. 

Etlimale  of  the  aoerage  coat  of  erecting  three  Matt  furttaeet. 


Foundations £430 

Masonry  of  hewn  grit-stones       ....-.-  60C 

Common  bricklayers'  work           .......  120C 

Lining  of  the  furnace,  hearih,  <tc.,  in  fire-bricks  -            .            -            -            .  JUO 

Fire-day  for  builciing       ........  80 


For  tbe  binding-hoops,  keys,  &c.;  5  tons  for  each 
Bricklayers,  masons,  and  labourers  in  building   ■ 


Scaffolding 

Tools       .... 
Shed  in  front  of  each  furnace 
Terracing,  cost  of  ground,  &e. 

Total  cost  of  erecting  the  furnaces 


Blowing  machinery,  and  steam  engine  of  80-horso  power            ...  6^00 

inclined  railway  for  mounting  the  charges          .....  120 

Gallery  for  charging        .-.-....  160 

Steam  engine  house         ........  400 

Carried  forward         -  16.988 


,  Google 


1103  IRON. 

Brought  forward       -                        •  i.  16,98S 

Chimneys,  boilers,  Ac,      ■            -            -            -            -            ■            -            -  480 

Roasting  kiloa     .            .            -            .            -                        -                        .  480 

Coke  hilns            ........            .  goQ 

Dwelling  houses  for  workmen     .            -            -                                                 .  goo 

Total  cost  of  3  furnaces  cotoplete        ---...  £19,548 

Estimate  from  tke  Ncalh-Abbeg  Works  in  S.  Wales,  0/ Ihe  cost  of  machines  requisite  for 
a  forge  and  ihiiiglinff  mill,  capaUs  of  turning  mri  120  tons  if  bar  iron  per  week, 

1.  Steam-engine  upon  Bolton  and  Watt's  conatrucfion  ;  of  40  mchcs  diameter 
:d  the  cylinder,  and  8-feet  stroke ;  T'ith  boilers,  pipes,  grate,  bars,  fire- 
doors,  Ac.  Ac,  complete      .......  £1,600 

5.  System  of  great-geerin^  for  transmitting  tke  crank-motion  of  the  engine  to 

the  mill-work,  with  fly-wheel,  Aa  -            •            -            -            -            -  l.OaO 

3.  A  system  cf  rou^ng  rolls,  with  pinions,  uprights,  and  every  thing  else 

necessary    ...---.            .  505 

4.  Two  paiia  of  finisher  tolls,  with  all  their  Bccessorias             -            -            -  626 

6.  Two  pairs  of  shear-machines,  at  nol.  a-piece            ....  gio 

6,  One  pair  of  rolls  of  10  inches  diameter,  for  making  small  bar  iron,  with  all 

7.  Forge  hammer,  including  the  anvil,  the  cam-shafts,  and  all  the  other  le- 

quiatea       ......                         .            .  185 

8.  A  complete  turning  lathe      -                        ,            ,            .            .            .  200 

£4,695 

9,  To  the  above  must  be  added,  spare  oylmdei's  weighing  about  60  tons          -  960 

10.  Duplicate  articles  for  the  steam-engine         -            -            ■            -            -  ? 

11.  160  tons  of  cast-iron  plates,  to  cover  the  floor  of  the  mill     -            -            ■  900 

12.  Eight  tons  of  cBst-iron  pieces  for  a  revecberatory  furnace    -            -            -  62 

13.  Tools  of  malleable  iron;  rakes,  oars,  Ac       ■            ■            -            ■            -  28 

14.  Castings  for  mounting  a  cupola  furnace  .....  60 
16.  Blowing  machine  for  the  cupola  ..-,..  go 
1 6.  Pieces  of  iron  for  a  sraall  foi^e,  with  two  fires,  two  bellows,  two  anvils, 

iron  tools  SAcei  nith  steel,  and  common  iron  tools,  Ac.      -            -            -  100 
n.  Eight  tens  of  cast-iron  pieces,  and  wronght-iron  pieces  for  14  puddling 

furnaces      .---.-...  983 

18.  Seven  tons  of  cast-iron  peces,  and  wrought-iron  for  4  re-hcating  furnaces  252 

19.  Tools  for  the  puddlera  and  other  workmen  -  .  -  -  .  15 
SO,  Iron  mountings  for  two  cranes,  partly  made  of  wood           -            -            -  50 

Total  cost  of  madiincB,  and  pieces  of  iron       .....  8165 

To  the  above,  the  cost  of  the  steam  engine  house  is  to  be  added,  that  of  another  forge 
hammer,  and  incidental  expenses. 

In  Staffordshire  the  following  estimate  has  been  given : 

A  steam-engine  of  60-horso  power          ......  2016 

Rolls,  with  tlie  iron-work  of  the  furnaces,  Ac,  to  moke  120  tons  of  bar  iron 

weekly 2873 


The  Neath-Abbey  estimate  is  greater,  but  that  company  has  a  high  character  for 
making  substantial  well-finished  machinery. 

Bar  iron  made  entirely  from  ore  without  admiiture  of  cinder,  or  vitrified  oxide,  is 
always  reckoned  worth  IDi.  a  ton  more  than  the  average  iron  in  the  market,  which  is 
frequently  made  by  smelting  25  per  cent,  of  cinder  with  75  of  ore  or  minB,  as  it  is  called 

M.  Virlel's  Statistical  Table  of  the  Produce  of  Iron  in  Europe 

Qolnttls. 

England  (1827) 1,098,000 

France  (1S34) 2,200,000 

Eiissja  (1884)  ......               1,160,000 

Austria  (1829)  ....                                          850,000 

Sweden  (1825)  ...                           ...      850,000 

Prasiia  .......     800,000 


The  Hartz  Mtiuntains 
Holland  a:  "  "      " 
Elbn  and  Italy 
Piedmont 

Horway 

Denmark 

Bavaria 

Sasony 

Poland 

Switzerland 


teds  of  the  coal  measures  tbat  the.y 
a  produced  in  Great  Britain  ;  but  tlua 
"     '  'o  them.    The  carbo- 


Tbe  gross  annual  production  of  iron  in  Great  Britain  is  now  upwards  ot  2,250,000 
tons.  Of  this  quantity  South  Wales  furnishea  100,000,  South  Staffordshire,  including 
Worcesterfihire,  600,000,  and  Scotland  600,000  tons. .  The  remainder  is  divided  anions 
Die  several  smaller  districts.  One  of  the  principal  causes  of  ^e  advantages  posseted 
by  Great  Britain  in  the  manufacture  of  iron  ariaea  from  the  number  and  variety  of  tbe 
uieaauree  of  argillaceous  and  black  band  ironstones  which  alternate  with  tbe  beds  of 
coal  in  almost  all  the  coal  fields ;  and  in  conscquonce  of  xvhich,  the  same  localities,  and 
in  many  instances  the  same  mineral  wortioga,  frequently  furnish  both  tbe  ore  and  the 

fuel  to  smelt  it.    So  extensive  are  the  ironstone  tj' '"  "  "  '   """'  """'  "     ' 

fitrnbb  in  themselves  the  greater  part  of  the  ir 
iron-making  resources  of  the  kingdom  are  by  ni 
niferous  or  mountain  limestones  of  Lancashire,  Cumberland,  Durham,  the  Forest  of 
Dean,  Derbyshire,  Somersetshire  and  Sonth  Wales,  all  furnish  important  beds  and  veins 
of  hiematile ;  those  of  TJlverstiaie,  Whitehaven  and  the  Porcst  of  Dean,  are  the  most 
extensively  worked,  and  Eeem  to  be  almost  ezhaustless.  The  brown  hicmalites  and 
white  carbonates  of  Alston  Moor  and  Weardale  also  ejiist  in  such  large  masses,  that 
they  must  ultimately  become  of  vast  importance.  In  the  older  rocks  of  Devon  and 
Cornwall  are  found  miportant  veins  of  black  hiematite,  and  in  the  granite  of  Dartmoor 
numerous  veins  of  magnetic  aside  and  specular  iron  ore.  Tlie  new  red  sandstone 
furnishes  m  ita  lowest  measures  beds  of  hxmatitic  conglomerate.  In  the  lias  and 
oolites  are  important  beds  of  argillaceous  ironstones,  now  becammg  extensively  worked ; 
and  the  iron  ores  of  the  green  sand  of  Sussex,  once  the  seat  of  a  considerable  manu- 
facture of  iron,  will  in  all  probability  soon  again  become  available  by  means  of  the 
facilities  of  railway  communication. 

In  the  following  classification  the  number  of  the  blast  furnaces  in  each  district  is 
given,  and  the  ironstone  ot  the  coal  meaeures  are  arranged  in  the  definite  order  in 
which  they  occur  in  the  different  coal  fields ;  so  that  their  position  in  reference  to  llie 
beds  of  coal  alternating  with  them  is  at  once  seen.  The  more  important  of  the  ci>nl 
fields  are  also  subdivided  into  districts  showing  the  changes  which  occur  in  encii,  ami 
thus  giving  a  concise  view  of  their  general  character. 

The  produce  of  the  iron  manufacture  in  Great  Britain  in  1750  was  only  alj.nit 
S0,000  tons;  in  1300  it  had  increased  to  180,000  tons;  in  I82B  to  600,000  tons.  Soi 
Metaluo'  SrArisTics. 


IRON,  PRODUCTION  OF. 
South  Wales.    {Eastern  Outcrop.) 
il  Works  :~ 

Owm  Bran  .  ,  .  ,  . 

Pontypool  -  .  ,  .  . 

Abersychan         -  .  -  .  . 

Pentwyn  -  ,  .  .  . 

Vateg 

Gelynos  -■...-. 
Blaenavon  .... 

28  FuroncM      .... 


^Ciuogle 


SouTB  Wales.    (North  Eattim  Oulerop.) 


Principal  Works : — 
Clydach 
Nant-y-glo 
Coalbrook  Vale 
Blaina     - 
CwiD  Celyn 
Beaufort 
Ebbw  Tale 


50  Furnaces 

Tba  beds  of  coal  in  this  division  of  the  coal-fii 
coala  only  are  given  in  this  section.  The  iro 
although  aome  important  beds  of  blncltband  o' 
Tlie  total  thickness  of  the  coal  measures,  in  this 
bottom  coal,  is  about  150  yards. 


d  are  all  bituminous.  The  principal 
Btonea  are  principally  argillaceous, 
carbonaceous  ironstone  esist  locally, 
cries,  from  the  Soap  Vein  Mine  fo  tha 


SocTH  Wales.    (A'briAern  Oulrrap,) 


Cytharfa- 


Duffr jn  and  Furnace  Tcha 

Tnysiacli 

Aberdare 

Aberammon 

Gadlys    . 


70  Furnaces 


Principal  Works : — 

Oat  wood 
Garth      - 


(Cmtral  Anticlinal  Bktrict.) 


South  Wales.  (  Wtstsrn  or  Anlhracite  District) 

n_-    ■    1  111-    1  Blast  F 

Principal  Works ; —  In. 

Venalt    -  -  -  -  -  .  -    0 

Yatalyfera 5 

Yni  seed  win         •  .  .  -  -  .3 

Banwen  -  ■  -  -  -  -  -    0 

Onllujn  or  Erin  -  -  ...    2 

Cwm  Ammon      •  -  •  -  -  -    S 

Trim  Sarea  .  -  -  -  -  -J 

Gwendrarth         -  .  .  .  ,  0 


IRON. 
South  Waleb.    {Soi^thern  Outcrop.) 


Principal  Worts 
Penti 


Blast  Fi 


entjrcu  -  -  ■  •  -  -20 

■oqJu 11 

Cefn  Case 12 

Cefn  Cribbur       -  -  -  -  -  -    0        1 

11  Furiiaeea     -  -  -  -  •     1        i 

The  iron  ore  prindpally  used  at  the  Pentyrch  worka  ia  liEematite,  from  the  carlio 
niferoua  limestone  on  the  south  of  the  South  Welsh  coal-Seli  The  annual  praJuotioi 
of  iron  on  the  south  outcrop  is  about  25,000  tons. 

NoKTH  Wales. 
Principal  Works : —  In,       Out 

Rhuabon -  ■  •  -  -  -  -21 

Brjnihio    .  .  ....     1  1 


SHaoPSBlEE. 

Blast  Fun 


Principal  Works ; — 

Madeley  Wood   -  -  -  -  -  -    3        0 

Madeley  Court    ■  -  -  ■  -  -2         1 

The  Castle J         1 

Light  Moor  -  -  -  -  -  -20 

Horse-hay  -  -  •  -  -  -    2        1 

Lawley   -  -  -  -  -  -  -10 

Hinkahay 0         3 

Stircliley  -  -  •  -  -  .40 

Dark  Lane  -  -  -  -  -  -02 

Kew  Lodge  -  -  -  ■  -  -11 

Donnington  -  -  -  -  -  -30 

SnedsHill SO 

Langley  -  -  -  -  -  -  -    1         I 

Kctley    -  -  -  -  -  -  -    1        1 

33  Furnaces      ■  -  -  -  •  23  JO 

South  STAFFOKDaniiiE. 

In.  OW. 

143  Furnaces  lOS  43 

North  STASFoanaHiHE. 

Blast  Fumsc 
Principal  Works  : —  In.       Out 

SilvBrdale  -  -  ■  ■  ■  -     1         4 

Apedale  -  -  ■  -  -  -  -22 

Kidsgrove  - 3        0 

Goldendale         -  ■  ■  ■  -  -    2        1 

Etruria    -  -  -  -  -  -  -.SO 

Lcngton  - 2         1 

21  Furnaces      ■  -  ■  -  -  13        8 

ToKKSHiaE.    (^orl/iem  Dislricl.) 

In.  Out. 

Bowling  -  -  -  .  -  -     3  2 

Low  Moor  ...  ..12 

New  Begirt  -  •  ■  •  •  -    3  0 

Shelfe 0  1 

Bierley   -  -  -  -  -  -  -    3  1 

Farnley  -  -  -  -  -  •  -     1  0 

16  Furnaces  -  -  -  -  -  10        8 
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Annual  production  of  iron  about  9S.O00  tons.  Tbe  qualUj  of  iron  made  is  verj 
Bupecior.  The  I/iw  Moor  and  Bowling  marks  are  especially  celebrated.  Tlie  beda  of 
cnal  in  this  district  are  exceedingly  thin.  The  Better  Bed  coal  is  tbe  only  oaa  used  for 
■ron  making  purpoaee.  The  Wuite  Bed  and  Blaolt  Bed  mines  of  this  district  probably 
correspond  with  the  Thornclifle  White  mine  nnd  the  Clay  Wood  mine  of  the  southern 
division  of  this  field. 

YoHKSHiRE.    (Sottiksm  Bistriet) 

Principal  Works : —  In.      Oot 

Worsbro'  Dale  -  -  -  -  ■  -01 

Elaecnr    -  -  •  -  -  -  -     0         3 

MiKon     -  -  -  •  -  -  -     1        1 

Thoindiffs  -  -  -  -  -  -11 

t'hapeltown  -  -  ■  -  -  -11 

Holmes    -  -  -  ■  -  -  -     1        1 

Parbgate  ■  -  -  -  -  -    1        0 

IS  Furnaces ii        8 

Annual  production  of  iron  about  50,000  tons,  Thickness  of  measures  from  the 
llobbimer  to  Mlrtotnley  beds  of  Coal  about  480  yards.  Tlie  entire  thickness  of  the 
coal  series  is  liowover  much  more.    The  measures  thin  out  rapidly  towards  the  north. 


Principal  Works: — 
Huston    - 
Reioshaw 
Staveley  - 
Duckmanton 
Birmington  Moor 
Newbold 
Winger  worth 
Ciaj  Cross 
Morley  Park 
Alfreton  - 
Buttcrlej 
Codnor  Park 
West  Hallam 
Stanton    - 


Annual  production  of  iron  about  60,000  tons  ;  average  thickness  of  coat  ii 
from  magnesian  limestone  to  Kilburne  or  lowest  worked  coal,  600  yai'ds.  Many  of  Ibe 
beds  of  ironstone  lie  in  such  a  thickness  of  measure  as  only  to  be  workable  to  adVanfaga 
by  open  worker  ball  pits.  Where  these  means  of  working  can  be  adopted  the  produce 
per  acre  is  oftentimes  very  large ;  in  tho  Honeycroft  Rake  it  is  6,000  tons  per  acre : 
m  tho  black  shale  8,000  tons. 


ITOKTUUMBERLASD,  CuMBEKLANi: 


,SD  DUBI 


Blsst  Tan 


Principal  Works:— 

Walker '2. 

Tyne 2 

Wylam 1 

Hareshaw            -            -            -            ■            -           -  0 

Eedesiiale            ■            ■            -            •            -            -  0 

Eiriley 1 

WittonPark 3 

Taw  Law 2 

Consett  and  Crookheail    -            -            -            -            -  7 

Stanhope             -            -            -            -           •            -  1 

38  Furnaces      •            -            -            -           -  19 


IRON.  HOT 

Annlisl  production  of  iron  about  90,000  ions.  The  iron  works  of  this  district  are 
gradually  increasing  iu  importance,  the  cost  of  fuel  b^ng  so  low  ae  to  permit  ores  to  bt 
brought  from  many  different  localities.  The  bands  of  Scotlaud  and  of  Hajdon  Bridge 
the  brown  hffimatites  and  white  carbonates  of  Alston  and  Weardale,  and  the  argillaceous 
ironatones  of  the  lias  of  Whitby  and  Middlesborougb,  are  all  used  for  the  supply  of  the  iroi; 
works  of  tills  district 

The  brown  lisematitas  dastn-ve  especial  attention.  They  are  found  assoraated  in  very 
large  masses  with  the  lead  yeins  of  this  district,  and  occasionally  thay  occur  as  distinct 
and  regular  beds.  They  coolain  from  2(J  to  40  per  cent,  of  iron.  Sometimes  they  csist 
as  "riders"  to  the  vem,  sometimes  tliey  form  its  entire  mass,  and  In  this  case  they  occa- 
sionally  attain  a  thickness  of  20,  80,  and  even  SO  yards.  Their  employment  for  iron 
making  purposes  is  only  recent,  but  the  supply  of  oca  which  they  can  furnish  is  almost 
unlimited,  and  when  some  better  means  of  separating  the  nine  and  lead  associated  with 
them  shall  have  been  discovered,  they  will  doubtless  be  found  to  be  of  great  importance 
liemarkablc  changes  sometimes  occur  in  the  charactei-  of  the  metalliferous  reins  of  thiji 
district ;  the  same  vein  which  at  ono  point  bears  principally  lead-ore  changing  to  a  cala- 
mine vein,  and  then  again  to  brown  hiematites. 

Lanoashike  and  West  Cumbeeland. 

Principal  Works;—  In.  Out. 

Cleator  Iron  Company  -  .  -  3    0 

3  Furnaces. 

The  production  of  iron  in  this  district  is  very  limited,  being  conhi  ed  to  the  Cleitoi 
works  and  cue  or  two  small  charcoal  works  in  the  Ulvcrstone  district  The  quality  of 
the  latter,  charcoal  being  used  for  fuel,  is  very  Quperior,  and  rhe  pro  luce  commands  the 
highest  prices,  as  it  combines  with  tho  fluidity  of  cast-iron  a  certa  n  malleabil  ty, 
espedally  after  careful  annealing.  The  iron  of  the  Cleator  works  is  smelted  with  coal, 
and  though  ia  consequence  not  equal  to  the  other,  is  yet  superior  m  quality  The  ore 
both  of  the  Wliiteliaven  and  the  Ulverstane  and  Furness  districts  is  raised  mcst  exten- 
sively for  shipment  to  the  iron  works  of  Yorkshire,  Staffoi-dshire,  and  North  and  South 
Wales.  In  quality  these  ores  may  be  considered  as  the  finest  in  this  kingdom  and  tho 
supplies  which  these  districts  are  calculated  to  produce  are  very  great.  11  e  large  per- 
centage of  iron  which  they  contain,  from  60  to  65  per  cent,  and  their  superior  quility, 
also  enable  them  to  bear  tlie  cost  of  transport,  and  they  are  becoming  every  day  of 
greaffcr  importance.  They  are  found  both  as  beds  traversing  the  beds  of  mountain  lime- 
stone'formation  transversely  to  the  lines  of  stratification,  and  also  as  beds  more  or  less 
regular.  The  formac  is  the  general  character  of  the  Ulveratone  and  Furnoss  ores,  no 
clearly  defined  bed  being  as  yet  known  in  that  district,  whilst  at  Whitehaven  tlicre 
are  two,  if  not  more,  beds  of  irregular  thickness,  but  with  clearly  defined  floors  and 
roofs,  and  oftentimes  subdivided  by  regular  partings.  These  beds  attain  a  con^dera- 
ble  thickness,  occasionally  20  or  30  feet.  The  area  over  which  they  extend  is  not 
aa  jet  weU  known ;  but  they  have  been  worked  eitensively  for  many  years,  and  the 
workings  upon  them  are  rapidly  increasing.  They  lie  beneath  and  cloeo  to  the  coal 
measures,  which  both  fumisliefl  the  necessary  fuel,  and  also  important  beds  of  argil- 
laceous ironstones  for  admixture. 

FosEST  o?  Dean. 


Forest  of  Dean  Company  -  -  -  3    0 

G  Furnaces  5    0 

Annual  production  of  iron  about  30,000  tons.  The  ores  of  the  Forest  of  Dean  are 
carboniferous,  or  mountain  limestone  ores  lying  beneath  the  coal  measures,  which  are 
not  here  prwlucfive  in  argillaceous  ironstones,  as  in  other  principal  coal  fields  of  the 
kingdom.  Besides  the  limestone  ore  there  is  a  bed  ia  the  millstone  grit  measures ;  but 
which  is  only  worked  very  locally.  The  limestone  ore  occupies  a  regular  position  in 
the  limestone  measures,  although  in  itself  exceedingly  irregular,  assmning  rather  the 
character  of  a  series  of  chambers  than  a  regular  bed.  These  chambers  are  sometimes 
of  great  extent  and  contain  many  thousand  tona  of  ore,  which  ia  generally  raised  at  an 
exceedingly  low  coat,  no  timbering  or  other  supports  for  the  roof  being  required.  The 
supply  of  ore  produdble  in  the  Forest  of  Dean  is  almost  unlimited.  The  iron  made 
from  it  is  of  a  red  short  nature,  and  especially  celebrated  for  the  manufacture  of  tin 
71' 
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plates.  Its  superior  quality  always  commands  a  high  price.  Tbis  ore  is  raised  esten 
sirely  for  shipment  to  the  iron  worfea  of  South  Wales.  It  was  worked  at  a  very  ancient 
dale,  either  by  the  Romans  or  the  Britons,  as  is  evident  from  the  remains  of  old  workings 
along  the  outcrop  of  the  ore  bed.    This  ore  averages  from  SO  to  40  per  cent. 

For  certain  new  processes  fur  making  malleable  iron,  Mr.  W.  N.  Olay  has  obtained  two 
successive  patents.  Under  the  first,  of  December,  IBS'!,  he  mixed  bruised  hsroatite  witli 
one-fifth  of  its  weight  of  clean  carbonaceona  matter  in  coarse  powder,  and  subjected  tlie 
raijTtare  in  a  ft  shaped  retort  to  a  bright  red  heat  for  twelve  or  more  hours,  till  the  ore 
be  reduced  to  the  metallic  state,  as  is  easily  ascertained  by  applying  a  file  to  one  of  tlie 
fragments.  When  discharged,  the  metal  is  to  be  transferred  lalo  a  balling  or  puddling 
furnace,  along  with  about  five  per  cent,  of  ground  coke  or  anthracite,  and  ■worked  therein 
in  the  usual  way.  He  also  proposes  to  use  a  conical  kQn,  Lka  that  for  burning  lime, 
instead  of  the  retorts. 

In  his  second  patent,  dated  March,  1940,  Mr.  Clay  prescribes  above  28  per  cent,  {from 
80  to  10)  of  carbonaceous  matter  to  be  mixed  with  the  ground-iron  ore,  containing 
at  least  45  per  cent,  of  metal,  which  mixture  is  to  be  directly  treated  in  a  paddling 
furnace.  He  also  proposes  to  use  a  mixture  of  pig  or  scrap  u'on  and  ore,  in  equal 
quantities.  _ 

The  application  of  the  waste  gases  (carbonic  oxide  chiefly)  of  the  blast  furnace  to  the 

furpose  of  beating  the  puddling  or  balling  furnace,  was  made  the  subject  of  a  patent  in 
uae,  1841,  by  a  foreigner  not  named.  The  process  had  been  previously  practised  in 
Germany,  and  was  fully  described  In  the  AnnaUs  des  Minei  some  years  ago. 

In  Jig.  819.  the  manner  of  conveying  the  waste  carbonic  oxide  from  a  blast  furnace  is 
shown,  a,  a,  a,  arc  openings  leadmg  into  the  i  ertioal  channels  or  passages  6,  and  from 
thence  into  the  chamber  c.  There  is  a  top  to  this 
chamber,  with  openings  corresponding  to  the  pas- 
sages b  These  openings  are  closed  with  cast-iron 
plates  that  can  be  taken  off  for  the  purpose  of 
clearing  out  the  passages  i,  and  the  chamber  c. 
From  the  chamber  c,  the  gas  may  be  conducted  in 
ajiy  direction,  and  to  a  distance  of  several  hundred 


feet 
In  s 


wher 


Figs.  SSO.  and  821.  represent 
or  working  it  with  the  gases, 
lection,  and  Jig.  821.  a  Sectional  pli 


reqmred  to  take  the  gas  from  a  blast  furnace  in 
operation,  a  metal  cylinder,  of  a  smaller  diameter 
than  the  top  of  the  furnace,  and  of  a  depth  equal  to 
lis  diameter,  n  suspended  vertieallj  within  the  top 
of  the  blast  fnrnaeo  the  whole  of  its  length.  The 
space  between  the  cylinder  and  the  furnace  at  the 
top  or  mouth  is  to  be  hermetically  sealed,  and  the 

furnace  is  to  be  charged  through  the  cylinder  which 
must  be  kept  full  of  minerals  and  combustibles. 
Thus   tl  e   space  between  the  cylinder  and  the 

nter  r  of  the  furnace  remains  vacant,  but  the 
gas  may  be  conducted  out  of  that  part  laterally, 

f  req   red     The  gases  led  off  from  tlie  blast 

fur  ace  may   if  need  be,  pass  through  heated 

p  pes  as  for  the  hot  blast 

1   g  f  rna  e  for  iron,  with  the  necessary  apparatus 

.thout  the  use  of  other  fuel;  Jig.  820.  being  a  vertical 


IS  from  the  blast  furnace  is  brought  into  the  cl  tmb^r  a  a  anJ  [.ass  ng  througll 
ig  i  b,  it  enters  the  furnace,    c  i  are  a  series  of  blow  p  pes   thr  ugh  wh   h  the 
heated  air  ia  forced  into  the  furnace.    In  the  space  between  the  part  marked  6  and  the 
tubes  c,  the  gas  becomes  mixed  with  the  heated  atmospherical  air. 

This  combustible  gas  from  the  blast  furnace,  mixed  with  the  heated  air,  produces  an 
.ntense  heat  in  the  furnace,  adequate  to  the  refining  of  iron.  The  warm  air  for  burning 
he  gas  is  usually  obtained  from  the  blowing  machine  aud  hot  blast  pipes. 


IRON. 


nos 


For  giving  a  still  greater  heat,  the  air  may  be  carried  through  the  tube  /,  into  tlio 
iron  cliambers  ^  j,  or  a  syetem  of  pipe?,  whence  it  is  led  through  the  tube  A  into  tha 
aemi-circulfir  chamtier  i,  and  then  through  the  small  pipea  c,  c,  c,  into  Ibe  furnace. 

Tlie  metal  to  bo  refined  is  placed  in  the  space  dd,iDa  liquid  etnte,  if  the  arrange- 
oient  of  the  fumaees  will  admit  of  ila  being  so  taken  from  the  blast  furnace ;  if  not,  it 
may  be  nearly  melted  by  the  waste  heat  in  the  chamber  e  e.  In  order  to  deearbouize 
Ihe  metal,  a  quantity  of  warm  air,  from  the  pipe  h,  ia  conducted  ibrongh  the  pipe  k, 
wiiich  is  divided  into  two  nozzles  or  luyires  1 1,  and  blown  npon  Ihe  fluid  metal  in  thf 
space  d  d.  Ailer  having  been  thus  exposed  for  an  hour  or  two,  it  is  run  off  Ihrougi 
[lie  opening  m  and  will  be  found  in  a  refined  stale 

F"//!!  823  b"*  show  the  ippl  cat  on  lo  a  puddhng  fur  ace  The  open  ngs  n  i  admil 
a  stream  of  cold  water  to  flow  tl  ro  "h  the  cait  ron  p  ece  c  t  prcser*  e  it  from  njurj 
bj  the  fire 


Kg. 824ia  a  welding  furnace;  the  interior  dimensions  and  the  easing  of  the  hearth 
tieing  different,  as  weli  as  the  fire  bridge,  from  those  of  the  puddling  furnace.  The 
pipes  for  conducting  the  gases  are  made  of  cast-iron,  and  must  have  at  least  a  sectional 
area  of  one  fool  for  every  furnace  that  ia  to  be  healed. 

Mffs.  82B,  B26  827,  828,  8^9  show  the  application  of  fhi'  invention  to  tbe  genemtion 
of  steam.    Achimnej  la  hero  employed  only  at  the  commencement  of  the  operation.    Tb« 


air  IS  foiled  into  the  furnace  by  any  sort  of  Wowbg  madiinc,  or  in  any  olher  con 
venient  way.  The  fuel  ia  introduced  into  the  fireplace,  upon  the  grate  n  ii,  tlirough 
the  door  a,  which  can  be  closed.  The  fireplace  must  contain  as  much  fuel  aswill  lasi 
for  several  hours.  When  the  fire  is  first  lighted,  the  combustion  lakes  place  in  the 
ordinary  way,  on  opening  the  door  d,  and  the  slide-valve  6,  and  carrying  through  them 
a  current  of  air  by  the  chimney  dranght.  This  is  continued  till  the  steam^ngine 
(i..-.>ono  "--"'""-orking  (power)  engine  is  in  operation,  after  which  a  blowing  apparatus 
ir  through  the  tube  c,  as  siiown  in^g.  826.  The  openings  d 


is  employed  to  force  the  ai 
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and  b  aie  then  dosed;  the  nir  forced  ii 

round  and  beneath  the  boiler.     The  air,  on  arriving  at  th"e  point  g,  i ,„,  „„ 

portion  passes  through  (he  opening  ft,  regulated  by  a  Talve,  info  the  open  space  beneath 
the  gruto  an,  to  assist  in  tbe  slow  combustion  of  the  fuel.  The  other  part  of  the  air 
passes  through  a,  into  h  h,  round  the  fire-place,  in  order  to  heat  the  air  to  an  infense 
degree.  After  the  second  portion  of  the  air  has  passed  into  the  chamber  A  h,  it  enters 
another  i  i,  thence  through  a  series  of  blowpipes,  or  through  o,  into  p  p,  beneath  the 
boiler.  Tlie  burnt  air  goes  off  through  p  p,  into  a  small  chimney,  through  the  openiiio 
0  b,  which  is  regulated  by  a  Talve. 

[JION.  Hot  Blatl.  To  the  account  of  this  interesting  iniovation  in  the  smelling 
of  iron  ores,  given  in  llie  dietionarj-,  I  have  now  the  pleasure  of  representing  in 
Bccwate  plans,  the  complete  system  mounted  at  the  Codner  Park  Works  belonging  to 
William  Jessop,  Esq.  For  the  drawings,  from  which  the  woodcuts  are  faithfully 
copied,  I  am  iadehled  lo  Mr.  Joseph  Glynn,  F.R.S.,  the  distinguished  engineer  of  the 
Butterly  Iron  Works. 

i^igs.  830,  831,832,  eihibitthe  apparatus  of  the  hot  blast  in  every  requisite  detail. 
The  smelling  furnaces  have  now  generally  three  tuvcres,  and  three  sets  of  air  henling 


(uraaces.  The  figures  s 
account  of  peculiar  local 
ground  plan,  fig.  830,  on 
section  iaJlg.SSl,  and  pi 
other  aide ;  whence  it  pro 
laterally,  their  section  bei 
more  depth  of  pipe  (in  th 


i  huilt  together;  the  third  set  being  detached  o» 
s.  The  air  enters  Uie  horizontal  pipe  A,  in  the 
me  side  of  the  arched  or  syphon  pipes,  shown  in  upright 
ises  through  these  pipes  to  the  horizontal  pipe,  B,  on  the 
eeds  lo  the  Mast  furnace.  These  syphon  pipes  are  flattened 
g  a  parallelogram,  to  give  more  heating  sutface,  and  also 
vertical  plane),  so  as  to  make  it  stronger,  and  less  liable  lo 


^ 
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bend  hj  its  own  weight  when  softened  by  the  red  heal.  This  system  of  aicheil  pips 
apparatus  is  set  in  a  kind  of  oven,  from  which  the  flue  is  taken  out  at  Uie  top  of  it; 
but  it  thence  again  descends,  before  it  reaches  the  chimney,  entering  it  nearly  at  the 
lerel  of  the  fire  grate  (as  with  coal  gas  retorts).  By  tliis  conliivance,  ike  pipes  ara 
kent  in  a  bath  of  ignited  air,  and  not  exposed  to  the  corroding  influence  of  a  cnrrent  of 
The  places  and   directions  of  these  oven  flues  areplaioiy  marktJ.  in  thn 


Fig.  883  is  a  plan  of  the  blast  furnace,  trawn  t. 
areceding  figures. 


»  smaller  icaie  than  that  of  the 


The  three  sets  of  hot-blast  apparatus,  all  communicate  with  one  line  of  conducting 
pipes,  A,  which  leads  to  the  furnace.  Thus  in  case  of  repairs  being  required  in  oni 
set,  the  other  two  may  be  kept  in  full  activity,  capable  of  supplying  abundance  of  hot 
air  to  the  blast,  though  of  a  somewhat  lower  temperature.  See  Smelting  for  con- 
structions of  different  blast  furnaces  ;  also  PuEotraG. 

During  a  visit  wliich  I  have  recently  made  to  Mr.  Jessop,  at  Bultetley,  I  found  ttij 


(  .nii(;|p 


remunta  upon  nis  hot. 
I  to  winch  the  arched 
about  to  employ  fiva 
uig  and  explatiution  uf  hia  furnace-feeding 


eminent  nnJ  verj  mgenious  iron-maater  tad  made  severJ 
blast  arrangementa,  whereby  he  prevented  the  alteration 
pipes  were  sutyect  at  a  high  temperature,  rs  also  that  1 
luyires  instead  of   three.      For  a  dra 
apparatus,  sec  Sheltino. 

IRON  CAST,  impronedhy  omlnnation  miih  vmrught  iron.  This  improvement,  invented 
and  patented  by  Mr.  Morries  Stirling,  has  been  reported  upon  by  the  Government 
Commisaionera  on  the  applicatiou  of  iron  to  railway  purposes.  It  is  applicable  to  both 
east  and  wrought  iron.  A  mixture  of  the  two  in  certain  proportions  has  the  effect  of 
giving  a  fibrous  nature  to  the  cast  metal,  and  tlierehy  greatly  increasing  its  slj^ngth  and 
tenacity.  For  all  kinds  of  beams,  girders,  and  other  castings  ■where  strength  is  required, 
its  use  is  found  very  advantageous  and  economical.  Beams  cast  of  such  toughened  iron 
may  be  made  of  leas  dimensions  to  support  the  same  load ;  and  tbej  have  the  advantage 
ot  deflecting  to  a  greater  extent,  and  are  therefore  not  so  liable  to  sudden  failure.  At 
pa^e  101.  of  the  ComniiasLoners'  Report,  an  abstract  is  given  of  a  aeries  of  trials,  from 
which  it  will  be  seen  that  Mr.  StirHng's  alloy  ia  nearly  60  per  cent,  superior  to  16  other 
sorts  of  iron  experimented  upon.  Various  other  experiments  have  been  made  by  Mr. 
Owen  for  the  Admiralty,  and  bv  Messrs.  Eennie  and  others,  all  with  the  same  results, 
showing  (he  increase  of  st  ngtl  a  tl  patent  iron.  Common  Scotch  pig  iron  thus 
toughened  can  be  had  n  w  (I&51)  1  ah  ut  il.  10s.  pei-  Ion ;  and  it  is  at  least  60  per 
nent.  stronger  than  the  b   t  Blaena    n      n  wbidi  costs  S7.  Zb.  per  ton. 

The  imnrovements  i  he  m  n  fa  u  of  wrought  iron  are,  first,  the  admixture  of  a 
certain  alloy  in  the  p  ddl  g  fu  lace  by  ivhieh  all  malleable  iron  is  rendered  much 
more  fibrous  and  tough  than  mm  n  wrought  iron,  bo  much  so  that  common  or 
merchant  bar  becomes  q  a\  b  t  b  hus  saving  one  process  to  the  manufacturer. 
Also  very  ordinary  iron  whi  1  n  sea  el  be  used  at  all,  is  made  equal  (o  the  best.  The 
oHowing  abstracts  of  experiments  are  given  in  the  Report  of  Commissioners  (p  417.' 
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BnaklDg  Btr«!i 
!a  Tons  per 
SqnarB  Indt 
Average  of  Mr.  Jesse  Hartley's  experitnentg  at  Liverpool  on  many 

sorts  of  malleable  iron  .....        23-23 

Average  of  S.  C.  Crown  Iron  from  numeroua  trials  at  Woolwich 

Dockyard  -  -  .  -  .  .  -        24-47 

Average  of  beat  Dnndjvan  bar         .....        24'33 
Average  of  Mr.  Sterling's  best  qnnlity  -  -  -        27-81 

Do.        another  quality        ■  ....        27-70 

The  cost  of  the  process  is  onlj  a,  few  ahillings  per  ton.  Wlien  Mr.  Stirling's  toughened 
pig  is  used  in  the  puddliog  furnace  instead  of  common  pig,  and  tie  alloy  added,  an  iron 
is  produced  of  a  very  anperior  quality,  of  a  very  fibrous  nature,  and  much  finer  in  the 
fibre  than  the  Ji-oa  mentioned  above ;  this  will  be  found  very  advantageous  in  the  manu- 
factnre  of  thin  plates  and  eheets. 

Second,  the  admixture  of  a  different  alloy  in  tlie  puddling  furnace,  whereby  a  qnantity 
of  iron  is  produced  quite  opposite  in  its  character  to  the  last ;  instead  of  being  fibrous, 
it  becomes  hard  and  crystalline,  approaching  to  the  natnre  of  steel.  The  average 
strength  of  common  round  bars,  1  inch  diameter,  is  about  3  inches  per  foot ;  -whereas  tlie 
average  of  Mr.  Stirlmg's  hardened  iron  ia  from  one-elghtli  to  Ihree-eighths  of  an  inch 
per  foot.  This  shows  the  great  stiffness  obtained  by  this  method.  The  crystalline 
nature  of  this  description  of  iron  causes  it  to  resist  compression,  lamination,  and  abrasion. 
Thus  for  the  lop  portions  of  wrought  iron  girders,  it  is  precisely  what  is  reijuired 
to  resist  the  compression  force,  the  fibrous  iron  being  used  &r  the  bottom  portion,  to 
resist  the  tension.  Tor  rails  and  tyres  for  wheels  this  sort  of  iron  is  peculiarly  adapted ; 
the  top  of  the  rails  and  the  outside  of  the  tyres  being  made  with  it,  will  resist  the  wear 
and  tear  and  lamination  so  nniversally  cumpluned  of;  and  r^ls  made  of  the  patent  iron 
are  found  to  answer  Teraarliably  well.  They  have  been  used  on  the  East  lancasliire, 
Caledonian,  Edinbutgh  and  Glasgow,  and  other  railways,  with  great  success ;  the  eittra 
cost  of  rails  made  of  this  iron  being  only  from  7s.  6(1.  to  lOs.  per  ton. 

The  first  of  these  improvements  in  the  manufacture  of  metallic  sheets  is  the  use 
of  polished  rolls  to  such  sneota  as  are  either  intended  for  being  coated  with  other  metals, 
or  after  such  sheets  have  been  so  coated ;  and  this  improvement  is  more  particularly 
applicable  to  iron  plate  either  coated  or  to  be  coated  with  tin,  zinc,  or  other  of  the  more 
fusible  metals.  After  the  plates  or  sheets  of  iron  have  been  cleaned  by  pickling  or  other- 
wise in  the  usual  way,  they  are  to  be  passed  between  polished  rollers,  using  sufficient 
pressure  to  smooth  the  surface  without  injuring  the  quality  by  producing  brittleness; 
and  as  iron  is  of  such  different  qualities  as  regards  its  ductility,  both  when  hot  and  cold 
(according  to  the  district  from  whence  the  ore  is  produced,  and  peculiariliea  of  make,) 
no  absolute  rule  respecting  the  amount  of  pressure  can  be  given,  but  a  little  practice 
will  enable  a  workman  to  judge,  and  care  is  to  be  tak     th  t  th       U  I  Tl 

plates  so.polished  are  then  to  be  dipped  in  the  usual  ma  th    m 

tended  for  the  coating.    After  the  plates  or  sheets  have  co 

alloy,  they  are,  where  a  high  degree  of  smoothness  i  g 

polished  rolls,  the  degree   of  pressure  being  carefully  re  as 

brittlenesa    It  is  not  essential  that  the  sheets  of  metal  asse    be 

smooth  rolls  before  coating,  but  it  is  preferred  thai  sucli  be        caa 

IttON  Cast,  Ekakelled.    The  Great  Exhibition  conta  wi 

Model  of  an  enamelled  tank  or  cistern  composed  of  c 
with  gutta  percha  joint. 

Model  of  enamelled  water  or  gaa  pipes  and  water 
trough,  poultry  trough,  and  spittoon. 

The  application  of  enamel  for  the  prot«cUon  of  wate  m 

tion  and  for  the  lining  of  cooking  utensils  is  of  compara  ce  Tl 

materials  of  which  the  coating  is  composed  (silcs  being  ) 

fluid  state ;    the  article  to  be  coated  is  dipped  in  3i    m  fl 

adheres;  it  is  then  subjected  to  the  heat  of  a  muffie,  an  co 

reduced  into  a  glossy  covermg,  afibrding  an  excellent 
iubstitute  for  the  protection  afforded  by  tinning. 

Ibos,  Zinsino  of.    See  Zinkinb. 

IRON  ORES  (Aiial^iis  of,  hy  Bickromate  of  Fota 
thespecimen  isreduced  tocoarse  powder,  and  one-half  p 

verized,  until  it  is  no  longer  gritty  between  the  finge         Tl  h 

mateof  potash  is  next  prepared,    44-4  gr.  of  the  salt       fin        wd  w 

and  put  into  an  alkalimeler  (graduated  'm\t>  100  divis  an    tep  w 

afterwards  poured  In  until  the  instrument  is  filled  to  0     Th   p   m 
Bflcurely  placed  on  the  top,  and  the  contents  imitated  b       pe 
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Btrument  nut  I     li    ealt       d      1    d   a  d  the       1  t   n      nde  ed   of  unifirni    dcnaitji 
throughout.     I  b  that     abd  uCth        Itn    hua    prepared  contain' 

0-414gr.  ofb  b    mate   wl    h  p    d    t    J  a  gr<un    f  m  tall lo  iron     The  tiohto 

mate  of  potash  u    duthp  mtf  bp      hased  puro   (rm-ulosoby 

repeated  crjatallizat   n  a  d  t   h    Id  be  th       gllyd     d  by  b  iag  heated  to  inc  p  ent 

!00  grains  of  the  pulverhied  ironstone  are  now  introduced  info  a  Fl'reiice  flisL  ir  th 
HoK.  by  measure  of  strong  hydrochloric  acid,  and  J  an  ounce  of  distilled  water  Heit 
ia  cautiously  applied,  and  the  mixture  occasionally  agitated,  antil  tbe  efftrveeccnce 
cauBed  bj  the  escape  of  the  carbonic  acid  ceases;  the  heat  is  tben  mcreased  and  tbe 
misture  made  to  boil,  and  kept  at  moderate  ebullition  for  ten  mioutes  or  a  quarter  of 
an  lionr.  During  these  operationa  it  will  be  advisablelo  incline  the  flask,  in  order  to 
aToid  the  projecljon  and  consequent  loss  of  any  portion  of  the  hquid  by  spirtini. 
About  6  oz.  of  water  are  next  added,  and  raised  -ivitb  the  contents  of  die  flasl.  and  tbe 
whole  rapidly  transferred  to  an  evaporating  basin.  The  flask  ia  rinsed  sereral  t  nesw  tl 
water  to  remove  all  adhering  solution. 

Several  small  portions  of  a  weaksoIiilioQ  of  pure  red  prussiate  of  potash  (contain  ng 
1  part  of  tbe  salt  to  40  of  water)  are  now  dropped  upon  a  wbite  porcelain  slab  which  is 
conveniently  placed  for  testing  the  solution  in  the  basm  durin?  tbe  next  operation. 

The  prepared  solution  of  bichromate  of  potash  in  Uie  alkalimeter  is  then  added  very 
cautiously  to  (be  solution  of  iron,  which  must  he  repeatedly  stirred,  and  as  soon  as  it 
assumes  a  dark  greenish  shade,  it  should  be  occasionally  tested  with  the  red  prussiate  of 
potflsb.  Thia  may  be  easily  done  by  taking  out  a  small  quantity  on  the  end  of  a  glass 
rod,  and  mixing  it  with  a  drop  of  the  solution  on  tbe  porcelain  slab.  When  it  is  notieed 
that  the  last  drop  communicates  a  distinct  red  tinge,  tbe  operation  ia  terminated.  The 
nikalimefer  is  allowed  to  drain  for  a  few  minulea,  and  the  number  of  divisions  of  the  i 
liquor  consumed  read  ofE  This  number  multiplied  by  2  gives  the  amount  of  iron 
cent,  in  the  specimen  of  ironstone,  assuming  tliat,  as  directed,  100  grs.  liave  been  m 
for  the  experiment  The  necessary  calculation  for  ascertaining  the  corresponding  qu 
tity  of  protoxide  is  ohvioua. 

When  blacfe-band  ironstone  is  the  subject  of  analysis,  or  when  the  ore  affords  indi 
tioDB  bj  its  appearance,  or  during  the  treatment  with  hydrochloric  acid,  that  it  c 
tains  an  appreciable  quantity  of  carbonaceous  matter,  then  the  hydrochloric  add  solu- 
tion must  be  filtered  before  being  transferred  to  the  basin,  and  (he  filter,  with  tbe  in- 
soluble ingredients,  must  be  washed  in  the  usual  way  with  warm  distilled  water,  slightly 
acidulated  with  hydrochloric  add,  until  the  filtrate  ceases  to  give  a  blue  colour  with  red 
prussiate  of  potash.  In  those  cases,  also,  where  the  presence  of  iron  pyrites  in  the 
ironstone  is  suspected,  it  will  he  necessary  to  remove  the  insoluble  matter  by  filtering 
before  using  the  liichromate  solution ;  bnt  with  ironstones  in  which  the  insoluble  ingredi- 
ents are  merely  clay  and  silica,  filtration  is  not  essential. 

Now  it  ia  evident  that  the  foregoing  process,  so  far  as  I  have  described  it,  serves  for 
the  determination  of  that  portion  of  iron  only  which  exists  in  tbe  ore  in  tbe  state  of 
protoxide.  But  many  specimens  of  the  common  ironstone  of  this  country  contain  ap- 
preciable quantities  of  peroxide  of  iron,  which,  being  unacted  upon  by  the  bichromate  of 
potash,  -woidd  eacape  estimation  by  the  present  method.  By  an  additional  and  easy 
operation,  however,  the  amount  of  metallic  iron  in  this  ingredient  may  be  likewieo  de- 
termined. It  is  only  necessary  to  reduce  it  to  the  minimum  statu  of  oxid.ition,  and  then 
to  add  the  bichromate,  as  previously  directed. 

The  best  and  most  convenient  agent  for  effecting  the  reduction  of  the  persalta  of  iron, 
is  sulphite  of  aodn.  The  only  precaution  to  be  observed  is  to  use  it  in  auflScient 
quantity,  and  at  the  same  time  to  lake  care  that  the  iron  solution  contains  excess  o{ 
acid.  When  the  reduction  ia  complete,  a  few  minutes'  ebullition  sufEoea  to  decompose 
the  excess  of  aulpbite  of  soda,  and  effectually  to  espel  every  trace  of  sulphurous  acid. 

In  order  to  lest  the  exactness  of  this  mode  of  estimating  the  iron  in  the  peroxide,  I 
made  several  esperimcnts  with  peroxide  prepared  from  known  quantities  of  pure  iron 
wire.  The  peroxide  was  thoroughly  washed,  dissolved  in  hydrochloric  acid,  reduced 
with  sulphite  of  soda,  and  after  complete  expulsion  of  the  excess  of  sulphurous  acid,  the 
solution  was  diluted  with  water  and  treated  with  bichromate  of  potash.  I  select  three 
of  the  experiments : — 

Exp.  I,      10  grs.  of  iron  consumed    8'87  ofbicbromate. 
Exp.  II.    18  do.        do.  15'94  do. 

Exp.  III.    2B  do.         do.  2215  do. 

The  mean  of  all  my  experiments  on  this  point  gives  the  ratio  of  100  of  iron  to  S8*6  o( 
bichromate,  which  is  in  close  accordance  with  the  former  results. 

Whenever,  therefore,  the  ore  of  iron  contains  peroiide,  it  will  be  necessary  to  add 
eulphito  of  soda  to  the  hydrochloric  acid  solution  l>efore  the  addition  of  the  t(»t  liqnor 
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B  m    h      li  1  ra  t        Th  Ij  li  t     h    Id  be  dissolTed  in  distilled  water,  and  added 

t    tl     Bol  t         f  m  11                    portions,  Until  a  diop  of  the  liqnor  girea 

ly              p    k      1  'i      ^P,''         °"'^  of  potBBBiuin,  -whidi  indicates  that  tha 

J    t         f   h    p       It   f  ffi        ij  perfect.    The  liquid  ia  now  heifed  fill  the 

"d          f      Ip!                 d  S     P    '=eptible     These  operations  should  to  per- 

f        d  wh  1    Ih       1  th    llaslt    nd  before  it  is  filtered  or  tranaferred  fo  the 

I  will  1        m    t        f     th         d  f  those  irho  may  not  be  fully  aware  of  the 

t  f  h        d       f  th  t  tl  tence  pf  an  appreeinble  quantity  of  peroxide 

th  t       m  y  b         dily  dLs    r     d  br  dissolving  (as  directed  in  the  proceas)  30 

or  4.0  grs.  of  the  ore  in  hydrochloric  acid,  diluting  wili  about  8  oz.  of  water,  filtering 
and  testing  a  portion  of  the  solution  with  Bulpho-ojaoide  of  potassium.  If  a  decided 
dark  blood-red  colour  ia  produced,  the  quantily  of  peroxide  in  the  stone  must  be  deter- 
mined ;  but  if  the  colour  is  ordy  light  red  or  rose  pint,  the  proportion  ia  exceedingly 
Bmidl,  and  for  practical  porposes  not  worth  eatimating.  Of  course,  when  the  specimen 
of  ironstone  has  an  ochrey  or  a  reddish  appearance  on  the  surface  or  in  the  fracture,  the 
presence  of  a  large  proportion  of  peroxide  is  mdioiled,  and  its  exact  quantity  must  be 
delermined. 

In  conclusion,  I  mast  not  omit  to  notice  one  or  two  circumstances  which  appear  at 
first  to  militate  against  the  accuracy  of  this  process.  It  may  be  qoestioned  whether 
solutions  of  the  protosalts  of  iron  do  not  absorlj  oxygen  so  rapidly  from  the  air  as  to  in- 
fluence the  results  obtained  by  this  method.  Marguerite  has  shown,  and  my  own  ob- 
servations completely  confirm  his  statement,  that  protosalts  of  iron,  in  an  acid  solution, 
hecome  peraxydiaed  very  slowly ;  and,  in  a  particular  experiment,  I  found  that  contact 
with  the  air  durmg  several  hours  caused  no  diminution  in  the  quantity  of  bichromate 
of  potash  required.  As  the  process  may  be  completed  in  a  few  minutes,  it  is  oertam 
that  no  inaccuracy  can  arise  from  this  cause. 

It  is  also  important  to  inquire  whether  the  chromic  acid  in  the  chronmtes  of  pota  1 
may  not  be  partially  deoxymzed  by  hydrochloric  acid  alone  witl  out  the  p  esen  e  of  a 
protojyJt  of  iron.  Such  a  reaction  would  obviously  give  rise  to  a  se  oub  e  o  it 
well  known  (bat  concentrated  hydrochloric  acid  rapidly  decomposes  the  ch  om  e  a  d  f 
tlio  ehromates  when  aided  by  the  application  of  heat  But  I  have  sal  sfied  my  el  b 
numerous  experiments,  that  this  acid  exerts  vetr  little  appreciable  a  t  n  upon  d  In 
Bolutiona  of  the  ehromates  of  potash,  either  cold  or  warm,  and  that  the  act  on  s  onlj 
partial  even  after  continued  ebullition  ;  so  that  the  present  method  s  f  ee  from  naccu 
racy  on  this  account. — Dr.  Penneif. 

Broming  of  polished  iron. — The  barrels  of  fowling-pieces  and  fl  s  a  e  occis  onally 
bronzed  and  varnished,  to  relieve  the  eye  of  the  sportsman  from  the  la  e  of  a  polished 
metal,  and  to  protect  the  surfece  from  rusting.  The  liquid  used  fo  b  oii  n  ng  the  barrels 
is  made  by  mixing  nitric  acid  of  specific  gravity  1.2,  with  its  own  we  ght  of  spa  t  of  n  t  c 
ether,  of  alcohol,  and  tincture  of  muriate  of  iron  ;  and  adding  to  that  mixture  a  quantity 
of  sulphate  of  copper  ejjual  in  weight  to  the  nitric  acid  ancf  athereons  spirit  taken  toge- 
ther. The  sulphate  mnst  be  dissolved  in  wafer  before  being  added;  and  the  whole  being 
diluted  with  about  10  times  its  weight  of  water,  is  to  be  bottled  up  fVir  use.  This  liquid 
must  be  applied  by  friction  with  a  rag  to  the  clear  barrel,  wliich  mast  then  be  rubbed 
with  a  hard  brush  ;  processes  to  be  alternated  two  or  three  times.  The  barrel  sliould  be 
afterwards  dipped  in  boiling  water,  rendered  feebly  alkaline  wiUi  carbonate  of  potash  or 
soda,  well  dried,  bumisbed,  and  heated  slightly  for  receiving  several  coats  of  tin-sraitii's 
lacquer,  consisting  of  a  solution  of  shellac  in  alcohol,  coloured  with  dragon's  blood. 

ISINGLASS,  or  Fish  glue,  called  in  UiJn  ichthyocolla,  is  a  whitish,  dry,  lough,  semi 
transparent  substance,  twbfed  into  different  shapes,  often  in  the  form  of  a  lyre,  auu 
consisting  of  membranes  rdled  together.  Good  isinglass  is  unchangeable  m  the  air,  has 
a  leathery  aspect,  and  a  mawkish  taste,  nearly  insipid ;  when  steeped  in  cold  water  it 
swells,  softens,  and  separates  in  membranous  laminie.  At  the  boiling  lieat  it  dissolves 
in  water,  and  the  solution,  on  cooling,  forms  a  white  jelly,  which  is  semi-transparent, 
soluble  in  weak  adds,  but  is  precipitated  from  them  by  alkalis.  It  ia  gelatine  nearly 
pure ;  and  if  not  brittle,  like  olhw  glue,  this  depends  on  its  fibrous  and  elastic  texture. 
Th^  whitest  and  finest  is  preferred  in  commerce.  Isinglass  ia  prepared  from  the  air- 
bladders  of  sturgeons,  and  especially  the  great  etui^eon,  the  accipfn^er  htiso;  which  is 
fished  on  the  shores  of  the  Caspian  Sea,  and  in  the  rivers  flowing  into  it,  for  the  sake 
chiefly  of  its  swim  bladder. 

The  preparations  of  isinglass  in  this  part  of  Russia,  and  particularly  at  Astracan, 
consists  in  steeping  these  bladders  in  water,  removing  carefully  their  external  coat,  and 
the  blood  which  often  covers  them,  putting  them  info  a  hempen  bog,  squeezing  them, 
snftening  them  between  the  hands,  and  twisting  them  into  small  cylinders,  which  are 
afterwards  bent  into  the  shape  of  a  lyre.  They  are  ready  for  the  market  immediatelj 
ifter  being  dried  in  the  sun.  and  whitened  with  the  fumes  of  burning  sulohur. 
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